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ABSTRACT

Objective: This study aimed to identify active compounds among existing molecules by drug repositioning as potential hits of Phosphoinositide 3-
Kinase (PI3Ka) inhibitors. FDA-approved ligands were docked using structure-based in silico screening, and the top ten molecules based on docking
score were studied for their in silico pharmacokinetic and ligand-receptor interactions.

Methods: FDA-approved ligands were docked with the protein PI3Ka enzyme (PDP ID: 4JPS) and were checked for their molecular interactions and
docking scores using the GLIDE program of Schrédinger software. The top 10 ligands were subjected to ADMET and MMGBSA studies to predict
pharmacokinetic properties and binding affinity. The best two molecules and the standard alpelisib were subjected to Molecular dynamics with 100
nsec simulation time to deduce interaction at the atomic level.

Results: Two molecules, ZINC000003794794 (Mitoxantrone) and ZINC000004098633 (Polydatin), were found to be promising based on docking
score, ligand interaction diagram, and MMGBSA scores of-13.084 and-11.364 and-75.38 and-58.88 respectively and were in a comparable range to
the standard alpelisib. These two molecules were then subjected to Induced Fit Docking (IFD) and molecular dynamics to better understand protein
stability and inhibitor activity in physiological conditions. The IFD values of these molecules were very close to the standard, and the residues of the
best poses coincided with the desired residues, such as V851, S854, and Q859, seen in the alpelisib.

Conclusion: However, further in vitro and in vivo screening is needed to confirm the PI3Ka inhibitory activity of these ligands, which could serve as
promising lead molecules in treating TNBC with fewer side effects compared to existing drugs.
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INTRODUCTION

Breast cancer accounts for the highest number of cases reported by
WHO, with about 2.26 million cases and deaths reaching 685,000
recorded in the year 2020 [1-3]. In breast cancer hormone therapy, it
requires hormone receptors Estrogen (ER) and Progesterone (PR)) and
HER2 (Human Epidermal Growth Factor-2) expression to be effective,
but in the case of Triple Negative Breast Cancer (TNBC), these receptors
are not expressed, and the prognosis of patients with TNBC is poor and is
more aggressive than other types of breast cancer [4].

TNBC accounts for almost 15% of the total breast cancer cases and is
also linked to poor clinical outcomes. TNBC usually affects women under
the age of 40 years and those who have genetic aberrations like BRCA1
or BRCA2 mutation [5, 6]. TNBC being triple negative, the usual drug
therapies like abemaciclib given for hormone-positive breast cancer or
trastuzumab, a monoclonal antibody used as an anti-HER2 agent but
cannot be considered as targeted TNBC therapies [5-8].

In the carcinogenesis of the breast, PI3K alterations are the major
pathway, and there is an interdependent connection between the
PI3K enzyme, protein kinase B (AKT), and mTOR (Mammalian
Target of Rapamycin) receptor, which together form a distinctive
pathway. The PI3K/AKT/mTOR pathway, when exposed to certain
factors like receptor tyrosine kinases and G-Protein Coupled
Receptors, can lead to uncontrolled cell growth and cell division,
leading to cancer [9, 10]. It is initiated by the formation of
phosphoinositol trisphosphate (PIP3) from Phosphoinositol
bisphosphate (PIP2); the PIP3 then picks up the protein kinase AKT,
which is activated by the phosphorylation of mTORC2 (mTOR
Complex 2). The stimulated AKT leads to the activation of other target
proteins like FOXO (Forkhead Box 0) and TSC2 (Tuberous Sclerosis
Complex 2), which are the main components that form the known
cancer cell properties [7-12]. The mutations in the PI3K pathway and

its downstream regulators tend to be the major factor in TNBC. PI3Ka
is mainly composed of two main subunits one is the catalytic subunit
(P 110a) and the regulatory subunit (p 85a) [13]. The p85a subunit
includes alternative splicing comprising (p50a, p55a, and p85a) whose
function is controlled by the PI3K1 gene [14].

Drug repurposing helps us find drug molecules that are already
approved but with a new possible pharmacological action by using
artificial advancements and artificial intelligence. The benefit of this
approach is that it skips the processes, financial load, and time
involved in getting a new drug molecule approved [15].

Molecular dynamics is an important component in drug discovery
which is calculated by calculating the bonded and non-bonded forces
acting on each atom and combined with quantum mechanics together,
forming a force field; this force field is further used to calculate the
position of the atoms by analyzing the lengths and dihedral angles of
these atoms as experienced in reality by these molecules as MD is
simulated based on normal body conditions [16, 17].

Alpelisib is the only PI3Ka selective drug in the market sold under the
brand name Pigray. Clinical reports mention a few drawbacks to its
monotherapy. Hyperglycemia is a major side effect due to both the
absorption and release of insulin and has not shown good efficacy
against TNBC even though PI3K aberrations were seen, hence raising
the need to find better drugs targeting this pathway and novel lead
compounds for the treatment of this aggressive TNBC [18, 19].

MATERIALS AND METHODS
In silico studies

The computational simulations were performed on Schrédinger
software Maestro version 11.7.012, Release 2018-3, platform Linux-
x86 64.
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Receptor

Protein PI3Ka selective enzyme (PDB ID: 4JPS) was chosen for
docking from the protein data bank and is composed of two chains, A
and B, having a sequence length of 1074 and 293, respectively. The
resolution of the protein is 2.20A, has an observed R-value of 0.206,
and is found in Homo sapiens. It contains a cocrystallized ligand
alpelisib having the ID: 1LT, which is present on chain a of the
protein [20]. Alpelisib is a selective inhibitor for the p110a subunit
used in various types of breasts and gastric cancer.

Protein preparation, site map analysis, receptor grid generation

In Maestro, the protein is prepared using a protein preparation
wizard in which the missing hydrogens, side chains, and side loops
are added using the prime tool in Maestro. The Protein is then
optimized by altering the spatial bonds of the hydrogen. The
unwanted water molecules were removed, and the protein was
minimized using the force field OPLS3E [21, 22].

The minimized protein was then split into ligands, waters, and others.
Site Map analysis was performed on the apoprotein to find the suitable
pocket for binding the ligand on the receptor. The best site based on
the site score and the D score (druggability score) was compared with
the position of the co-crystallized ligand, and chain B was deleted.

The Receptor Grid is generated using the Glide tool. The Van Der Waal
radius factors were left at default; that is, the scaling factor was 1.0,
and the partial charge cut-off, which considers the non-polar positions
of the protein, was kept at 0.25. The size of the grid box was kept at
default. The coordinates of the box: X=-1.3, Y=-9.36, Z= 16.53.

Ligand preparation

FDA-approved ligands 1615 were downloaded from the Zinc
database. These ligands were prepared using the LigPrep program
(Epik tool). The ligands were set to default pH 7.0+2.0, and under
the stereoisomers tab, determine chirality from the 3D structure was
ticked and generated at most 1 per ligand. LigPrep is required to
generate energy-minimizing structures and correct mistakes that
might have occurred due to computational errors.

Molecular docking

The program used for molecular docking is Grid-Based Ligand
Docking with Energetics (GLIDE). In molecular docking, the receptor
is rigid, while the ligands are flexible and checked for various poses
to find the best conformation and orientation of the ligand [23]. The
affinity of the ligand-receptor complex is given by a scoring function
that focuses on finding a global extremum of the value by finding the
ideal binding mode of the ligand [24].

The ligands from LigPrep are docked onto the generated receptor
grid. The initial precision is set to High Throughput Virtual
Screening (HTVS), and the ligands are arranged based on their
Docking score. The top 500 compounds are further subjected to
Standard Precision (SP), which is slightly more refined and precise
than HTVS. The top 100 compounds from SP are then subjected to
Extra Precision (XP), which utilizes a more complex but more
accurate and thorough scoring function that sorts the ligands semi-
quantitatively based on their binding to the receptor [25].

The XP values are preferred for further studies because the scores
obtained are a more complex scoring algorithm and are “harder”
than those obtained from HTVS or SP and also take into
consideration the shape formed by the ligand-receptor complex, and
this helps to eliminate the false positive results obtained from SP.

The docking was validated by calculating the Root mean Square
(RMS) of the co-crystallized ligand experimentally determined by X-
ray diffraction with the same ligand generated after XP. The ligands
were first aligned using quick align, and the Superposition task was
selected. The RMS value was computed, and the results are shown in
table 1. The interactions of the ligands with the amino acid residues
of the XP minimized protein are presented in table 2.

ADMET

ADMET was performed using QikProp, where the top 10 molecules
based on XP docking glide score were selected, and the
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information regarding the physicochemical properties of the
ligands such as the polar surface area, logarithmic values,
Lipinski’s rule of five, such as molecular weight, Hydrogen Bond
Donors and Hydrogen bond Acceptors was calculated, and the
results are shown in table 3 and 4.

MM/GBSA

The Prime tool in maestro performs molecular Mechanics with
Generalized Born and Surface Area. The molecules from ADMET are
further selected along with the XP minimized protein, solvation
model employed is VSGB and force field OPLS3E.

The free energy binding between ligand and receptor was calculated
by finding the individual free energies of the protein-ligand complex,
the free energy of protein, and the free energy of the ligand. Internal,
electrostatic, and van der Waal energies are required to calculate the
free energy, and their respective polar and non-polar free energies
are required [26]. The results are depicted in table 1.

Induced fit docking

The molecules are subjected to induced fit docking where the
receptor, as well as the ligand, are flexible. The docking is performed
by the Glide tool, and the refinement is performed by the Prime tool.
The first step involves a relaxed docking technique using van der
Waal scaling, and then, based on the residues, a minimization is
carried out for each ligand that considers the different positions and
orientations of each ligand as it forms ligand-receptor complexes.
The last step is docking the ligand to the induced-fit protein using
the Glide tool and XP precision [27]. The protein selected is the
initial minimized protein with the co-crystallized ligand, and the
ligands from MM/GBSA are selected for induced fit docking. All the
parameters are kept at default except for glide redocking, which was
changed to XP, and ‘write XP descriptors’ was ticked, and the
program was run.

Molecular dynamics

Dynamics is used to determine the position and movement
(velocity) of atoms in a protein after each femtosecond by using
Newtonian laws of motion, which consider the various forces acting
on each atom [28, 29]. Force fields are used to calculate the potential
energies of the atoms, which use molecular mechanics.

The first step in molecular dynamics is to form a ligand-protein
complex by merging the ligand with the protein. The system builder
task was selected from the Desmond application, and the complex
was engulfed with water molecules using the predefined solvent
water model, simple point charge (SPC), which is original and
refined. The boundary parameters were kept at the default settings;
the box shape was orthorhombic, the method for box size calculation
was buffer, and the box dimensions were kept equally from all
points, that is, 10A distance and 90 angles. The volume was
minimized by clicking minimize the volume and ticking the show
boundary box. The project was run, and the system build model was
developed and presented in the workspace. The next step is
minimization from the Desmond application, where the system build
model was loaded from the workspace, the simulation time was set,
and the job was run. The last step is selecting the molecular
dynamics task from the Desmond application and loading the
minimized model from the workspace. The stimulation time was set
to 100ns at the start and approximately 1000 frames. Under the
ensemble class, NPT was chosen and kept at the default temperature
(300K) and default pressure (1.01325 bar) [30].

RESULTS

The protein selected for the study is a PI3Ka enzyme selected from
the protein data bank having a PDB ID: 4]PS. The missing parts of the
structure were added using the prime tool and Prot Assign at the
default pH of 7.0+2.0. The structure was optimized and then
minimized in Maestro. The 2,531 prepared ligands were obtained
after LigPrep and were docked onto the receptor grid of 4JPS.

Structure-based virtual screening was executed on the receptor grid,
which was generated around the co-crystallized ligand. The glide
tool docked the prepared ligands onto the receptor within the box.

212



A. Mathew et al.
Int J App Pharm, Vol 16, Issue 5, 2024, 211-219

First, HTVS was performed for all the prepared ligands; then, for the The validation was done by selecting the co-crystallized ligand from
top 500 SP and the top 100 compounds, XP was performed. The the protein taken from the data bank and the XP obtained pose of the
RMSD to input ligand geometries option was ticked in the output co-crystallized ligand. The RMS score was 0.6097, which is less than
function of ligand docking, and hence we got the RMSD scores. 2.000, hence validating the docking protocol.

Table 1: Top 10 compounds after XP docking with their chemical structure, docking, and MM/GBSA score

Compound Chemical structure Docking score MM GBSA (kcal mol1)
ZINC000003794794 -13.084 -75.38
(Mitoxantrone)
ZINC000008143866 -11.449 -34.09
ZINC000049783788 -11.393 -60.19
(Valrubicin)
ZINC000004098633 -11.364 -58.88
(Polydatin)
ZINC000085540219 -11.099 -27.79
(Ioxilan)
ZINC000003964126 -10.959 -44.27
(rivaroxaban)
ZINC000003830946 -10.945 -21.27
ZINC000003830958 -10.923 -31.27
I
gH ‘ gH
HD\/\/N n\/'\/oH
o I o
ZINC000003813010 £ -10.825 -24.66
(Floxuridine) i /D‘/OH
ZINC000008035377 - -10.736 -26.70
R
Alpelisib a -12.607 7237
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Table 2: Ligand interaction with amino acid residues of the top 10 compounds obtained from XP with the protein

Compound Ligand-Interaction diagram Amino acid residues
ZINC000003794794 S H-Bond: N853, S919, T856, V851(2), E849
. f 3 Pi-Pi stacking: Y836, W780
’_‘/ /._/ ’ Charged(-ve):E849, D933, E798

ZINC000008143866

ZINC000049783788

ZINC000004098633 a—

ZINC000085540219 o

ZINC000003964126

ZINC000003830946 _— '/ -

ZINC000003830958 /
/

Charged(+ve): R852, R770

Polar: S919, S854, T856, N853, Q859
Hydrophobic: V851,V850, 1848, 1932, Y836, 1800,
M772,W780, M922, F930, M858

H-Bond: $854 (2), S919, S774, K802, D933.
Halogen Bond: E849

Charged(-ve): D933, D810, D805, E849
Charged(+ve):):R852, K802

Polar: : N920, S919, S854, H855, T856, S774, N853
Hydrophobic: V851,V850, 1848, 1932, Y836, 1800,
M772,W780, M922, P778, F930, F934, L807

H-Bonds: S854, V851

Pi-Pi stacking: W780, Y836

Charged(-ve): D933, E849, E798

Charged(+ve): R770, R852

Polar: N853, S854, H855, T856, 0859, Q728, S773
Hydrophobic: V851,V850, 1848, 1932, Y836, 1932,
1800, M772, W780, M922.

H-Bonds: S854(2), V851, D933

Charged(-ve): D933, E849

Charged (+ve): R852, K802,R770

Polar: N853, S854, H855, T856, Q859
Hydrophobic: V851,V850, 1848, F930, L814, 1932,
Y836,1932,L.807,1800,M772 W780,M922

H-Bond: S854, D810, D933, Y836, S774
Charged(-ve):D810, D933

Charged(+ve): K802, R852

Polar: S919, S774, H855, T856, S854

Hydrophobic: V851,V850, 1848, 1932, Y836, 1800,
M772,P778, W780, M922, F930, L807, C838, F934,
L814

H-Bond: V851(2), Y836, K802

Pi-Pi stacking: H855, Y836

Charged(-ve): E849, D933, D810
Charged(+ve):K802, R852

Polar: N853, H855, S854

Hydrophobic: V851, V850, 1848, 1932, Y836, 1800,
M772,W780, M922, L807, F934, F930, L814

H-Bond: S854(2), K802, D933, Y836,

Halogen Bond: E849

Charged (-ve): D810,D933, E849

Charged (+ve): R852,K802

Polar: N853, S854, H855, T856, S919, S774,
Hydrophobic: V851,V850, 1848, F930, C838,L814,
Y836,1932,F934,1.807,1800,M772,P778,W780,M922

H-Bond: S854(2), V851, K802, D933(2)

Halogen Bond: E849

Charged(-ve): E849, D810, D933
Charged(+ve):K802, R852

Polar: S919, N853, H855, T856, S854
Hydrophobic: V851, V850, 1848, 1932, Y836, 1800,
M772,W780, M922, L807, F934
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Compound

Amino acid residues

Ligand-Interaction diagram

N
RS

ZINC000003813010

B

e

ZINC000008035377 N

Alpelisib
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(O <&
¥\ =0
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H-Bond: V851(3), E849

Pi-Pi stacking: W780

Charged(-ve): D933, E849

Charged(+ve): R852

Polar: S854, Q859

Hydrophobic: V851, V850, 1848, 1932, Y836, 1800,
M772, W780, M922, F930

H-Bond: V851, D933 (2), K802.

Charged(-ve): D933, D810, D806, D805
Charged(+ve): R770, R852, K802

Polar: N920, S919 S854, H855, T856, S774
Hydrophobic: V851,V850, 1848, 1932, Y836, 1800,
M772,W780, M922, P778, F930, F934, L807
Glycine: G935

H-Bond: S854, Q859(2), V851(2)

Charged(-ve): D933, E849

Charged(+ve): K802, R770, R852

Polar: N853, S854, H855, T856, Q859, S774
Hydrophobic: V851, V850, 1848, 1932, Y836, 1800,
M772,W780, M922, F930, P778

The docking scores of the top 10 molecules from XP docking were in
the range 0f-13.084 to-10.736 and the MM /GBSA scores were in the
range of-75.38 to-21.27 kcal/mol, the standard Alpelisib, which is
the co-crystallized ligand showed a docking score value of-12.607
and an MM/GBSA score-72.37 kcal/mol. Alpelisib showed H-
bonding interactions with the residues S854(H-bond interaction at
the nitrogen of the amide group) and V851(2 H-bond interactions,
one at the secondary amine and the other on the nitrogen of the

ZINC000003794794) showed better docking and MM/GBSA scores
than the standard, as shown in table 1.

ADMET analysis: Five compounds deferred from the rule of five in less
than 2 parameters, as shown in table 3. Following the analysis, seven
compounds showed no related cardiac toxicity by blocking the HERG
channel since their QPlog HERG value is greater than -5.0 [31-34]. The
cell gut permeability QPPCaco values are less than 500, and QPlogBB
values are negative, indicating that all ten compounds will not cross BBB

thiazole ring). The best ligand in this study (Zinc ID: and thus would not cause the undesired CNS effects, as shown in table 4.
Table 3: Lipinski’s rule of 5 for the top 10 compounds
Compound code Mol MW Donor HB Acceptor HB Rule of 5 PSA % HOA
ZINC000003794794 444.486 4. 9 1 186.680 10.94
ZINC000008143866 807.116 8 18 3 222.288 0.00
ZINC000049783788 723.653 3. 16 2 222.078 34.49
ZINC000004098633 390.389 6 10 1 145.747 39.40
ZINC000085540219 791.116 7 16 3 197.786 6.93
ZINC000003964126 435.881 1 10 0 117.107 84.87
ZINC000003830946 821.143 8 18 3 226.986 0.00
ZINC000003830958 791.116 6 16 3 182.677 14.92
ZINC000003813010 246.195 3 8 0 118.019 63.99
ZINC000008035377 821.143 8 18 3 222.419 0.00
Table 4: ADMET properties of top 10 molecules
Compound code QPlogkhsa QPlogPo/w QPlogS QPlogHERG QPPCaco QPlogBB QPPMDCK
ZINC000003794794  -0.410 0.133 -1.284 -7.239 0.611 -3.061 0.203
ZINC000008143866  -1.428 -1.592 -2.272 -4.788 5.361 -3.804 7.619
ZINC000049783788  -0.557 2.030 -4.855 -4.704 16.054 -3.065 51.136
ZINC000004098633  -0.754 0.115 -2.948 -6.079 24.107 -3.040 8.823
ZINC000085540219  -1.137 -0.576 -2.659 -4.519 17.461 -2.982 31.226
ZINC000003964126  -0.345 2.052 -4.859 -5.704 367.062 -0.905 728.060
ZINC000003830946  -1.343 -1.364 -2.472 -4.758 4.459 -3.870 6.621
ZINC000003830958  -1.159 -0.291 -2.933 -4.830 39.411 -2.659 73.870
ZINC000003813010  -0.783 -0.778 -1.427 -2.629 210.959 -0.829 162.695
ZINC000008035377  -1.385 -1.529 -2.515 -4.937 3.745 -4.099 4.468
Induced fit docking IFD scores, along with a 3-D structure of their respective complexes

IFD is a tool that takes into consideration the conformational
changes that happen to a protein when a small drug molecule binds
to it [27]. IFD was performed for two molecules
(ZINC000003794794 and ZINC000004098633) and standard. The

of the two main compounds and the standard, is shown in fig. 1. The
IFD values of the two molecules are very close to the standard, and
the residues of the best poses are also coinciding with our desired
residues such as V851, S854 and Q859 which are the residues seen
in the alpelisib IFD.
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)

Fig. 1: 3D ligand interaction diagram of the top 2 molecules and the standard alpelisib along with their IFD score; A: ZINC000003794794
(2198.21), B: ZINC000004098633 (-2199.24), C: Alpelisib (-2198.71)

Molecular dynamic simulations

The selection of the compounds was based on XP dock scores,
MM/GBSA scores, and ligand interaction diagram. The dynamics
simulation was performed on ZINC000003794794 (Mitoxantrone),
which had the highest dock score and MM /GBSA score in the study
and was also higher than the standard. ZINC000004098633
(polydatin) had a comparable score in terms of dock score and
MM/GBSA score to valrubicin, but the reason for selecting this
molecule was that it had a higher IFD score and the number of amino
acid interactions were higher and better suited for enzyme
selectivity as compared to valrubicin. The molecular dynamics of
ZINC000003794794 showed very stable interaction with D933,

which was also seen in polydatin, and the standard selected was
alpelisib, which is also the co-crystal ligand of PI3K o protein (4]PS),
and the results obtained were compared.

The RMSD of the protein shown in fig. 2 lies between 1.5A and
approximately 4.34, which is in the acceptable fluctuation range. The
promising factor in these dynamics reports, apart from the higher
dock score and MM/GBSA score, is the relative stability of the
receptor-ligand complex as we see both the Ca and the lig fit prot
almost on par with each other and also at some points overlapping
can be noticed showing that the ligand can keep up with the
conformational changes of the protein and is stable at the initial
binding site.

udi,

Fig. 2: ZINC000003794794 MD; A) RMSD plot of protein-ligand complex, B) Histogram of protein-ligand complexes, C) Diagram of protein-
ligand contacts, D) Number of contacts and duration of contact with the protein
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Fig. 3: ZINC000004098633 MD; A) RMSD plot of protein-ligand complex, B) Histogram of protein-ligand complexes, C) Diagram of protein-
ligand contacts, D) Number of contacts and duration of contact with the protein
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The RMSD of ZINC000004098633 in fig. 3 showed that the protein
RMSD was seen to be between 2-3.5A and the lig fit on prot was seen
to be stable throughout the 100nsec simulation in the range of 2-
2.54, no drastic difference is seen in both their ranges, meaning the

Int J App Pharm, Vol 16, Issue 5, 2024, 211-219

ligand was pretty stable within the complex. The RMSD of the
protein is stable within the range of 2.0A and 4.04, and the lig fit on
prot is at a lower range of 0.5 A and 2.5 A&, which is in the acceptable
range, as shown in fig. 4.
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Ligand-Protein Contacts
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Protein-Ligand Contacts

Fig. 4: Alpelisib MD; A) RMSD plot of protein-ligand complex, B) Histogram of protein-ligand complexes, C) Diagram of protein-ligand
contacts, D) Number of contacts and duration of contact with the protein

DISCUSSION

The genetic dysregulation of the PI3K enzyme is one of the major
causes of cancer, and it found that the a subtype is majorly
expressed in breast cancers, especially in TNBC [8]. PI3KCA is shown
to have various mutations that either tend to repress the activity of
the catalytic subunit P110a by the regulatory subunit p85 or amplify
the relationship between the catalytic subunit to the lipid membrane
at E545K in exon 9 and H1047RK in exon 20 respectively [14]. With
technological advancements and the development of in silico tools,
possible lead molecules could be discovered that would bind well to
our desired enzyme of interest, PI3Ka, which was selected after
extensive study of how the protein deregulates cell proliferation and
loss of apoptosis in Triple Negative Breast Cancer.

The ligand interaction diagrams reflected the amino acid residues
involved in binding the ligand with the protein. Of the ten molecules,
the most common H-bonding residues were V851 and S854 and
D933 and K802 residues but are comparatively lesser than the
former residues shown in table 2. V851 is a valine hydrophobic
residue, also known as the hinge residue, and S854 is a serine polar
residue that is critical for a selectivity to bind to the carbonyl group
of the serine residue. D933 is a negatively charged aspartic acid
residue, and K802 is a positively charged lysine residue. There are a
few molecules that showed pi-pi stacking residue W780, which is
tryptophan and is unique to the a subunit, hence increasing its
selectivity over the beta subunit of the residue and is preserved
within the PI3K class of enzymes [33, 34]. Further studies were done
with induced fit docking and molecular dynamics.

The best drug molecule in this study, Mitoxantrone, is an anti-
neoplastic agent [35]. The molecular dynamics report of the ligand-
protein contact diagrams of ZINC000003794794, as seen in fig. 2
shows that D933 and V851 are the two highest occurring interactions
and are almost completely involved in the binding of the ligand and the
protein throughout the 100 sec, although it is seen that the number of
contacts with D933 is higher indicated by the darker shades of orange
in the fourth diagram of fig. 2 and the histogram also shows a much
higher interaction fraction. Val 851, on the other hand, shows a high
percentage of contact of about 89% with the hydroxyl group of the
ligand, confirming that it was almost completely part of the complex
and is also reported in papers to be a critical residue for PI3Ka
selectivity [36]. T780, which forms a pi-pi stacking bond with the
molecule, is reported to be an important interaction for o selectivity,
and the tryptophan amino acid is preserved within the PI3K class;
hence, in the case of beta selectivity, T781 will be seen [33].

The next best drug that was selected in this study based on docking
score, residue interaction, MMGBSA score, and IFD score was

polydatin. Polydatin is a polyphenolic compound derived mainly
from the roots of Polygonum cuspidatum that is enriched with a
plethora of pharmacological uses ranging from being an anti-
oxidant, anti-diabetic, anticancer agent, and many more [32].

The molecular dynamics report of ZINC000004098633 showed
protein-ligand contacts show that V851 is the major residue
involved in the complex formation and the darker orange portion of
diagram four along with the percentage of contact seen in diagram 3
of fig. 3. It is possible to say that the residue has a high number of
contacts with the ligand almost completely the entire 100nsec. The
other major interactions are seen with S854 after 20nsec with more
contacts and D810 with a percentage contact of 65% with the
molecule. The acceptable criteria for fluctuation is between 1-4 A.
The promising findings are that most residues taking part in the
complex formation are considered crucial interactions for PI3Ka
activity, including M922 and 1932 [37].

These molecules have no reports of hyperglycemia being a side
effect like that seen in various papers about alpelisib [19]. The
molecular dynamics of our top two drugs show much better results
than our standard regarding their stability. The protein-ligand
diagrams of alpelisib show that the major interactions are with V851
and S854, which have almost continuous contact with the ligand at
higher contact points. The fourth diagram shows darker shades of
orange. S854 shows H-bonds with the amino group as well as with the
water molecule surrounding it and is also confirmed in the histogram,
whereas the V851 has only H-bond formation with the thiazole ring
and the secondary amine of alpelisib as shown in fig. 4. The MD of
alpelisib showed larger conformational changes in the protein
structure indicating that the complex was not very stable whereas the
top 2 ligands showed minor conformational changes in the protein
structure although more stable than the standard, indicating
mitoxantrone and polydatin have better binding activity with the
PI3Ka receptor and could also provide better pharmacological
response, in the case of this study a possible anti TNBC agent.

CONCLUSION

The study aimed to find safer and more potent PI3Ka inhibitors that
could be used as possible agents against TNBC through drug
repurposing of US-FDA drugs using insilico tools. A total of 1615
compounds were taken from the ZINC database to study docking.
The top 10 molecules based on docking score were then selected,
and their pharmacokinetic profile was studied. Further screening of
ZINC000003794794 (Mitoxantrone) and ZINC000004098633
(Polydatin) based on docking score, MM/GBSA, and ligand-
interaction diagram were subjected to induced fit docking and
molecular dynamics. The results obtained from the computational
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study prove to be promising step forward in obtaining potential
candidates in treating this very aggressive form of breast cancer, but
further in vitro and in vivo studies need to be carried out to study
their cytotoxic activities against TNBC and its importance to do an
enzyme selectivity test of these molecules to see the inhibitory
activity of these molecules to the PI3K enzyme as well as against its
subtypes to get a clearer picture of how these drugs would bind to
the PI3K enzyme practically.
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