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Potential therapeutic compounds against hypercholesterolemia:

an in-silico analysis

Sara Tahir ', Madeeha Khan
Ubair Aziz ‘, Quratul Ain

ABSTRACT

Objective: To identify and evaluate potential alternative compounds targeting
HMG-CoA reductase through in-silico methods for the treatment of
hypercholesterolemia, aiming for improved safety and pharmacokinetic profiles
compared to existing statins.

Methods: We employed in-silico analysis to identify molecules that can bind to

drug target of statins; 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA
reductase) and could be used as potential drugs against hypercholesterolemia and
with fewer side effects. Molecular docking analysis of the eight compounds [25-
Hydroxycholesterol (25HC), TAK-715, Flufenamic acid, Piceatannol, Retinol,
Nortriptyline hydrochloride, Losmapimod and AG555 (tyrphostinb46)] was
performed against HMG-CoA to probe the ligand protein interaction profile.
Subsequently, molecular dynamics simulation was performed by Maestro in
Schrodinger Suite to study the dynamic behavior of each compound.
Molinspiration server was utilized for the in-silico drug-likeness and bioactivity
while the SwissADME and admetSAR were used for ADMET analysis.

Results: All eight repurposed compounds showed favorable binding interactions
with HMG-CoA reductase and demonstrated good ADMET properties,
including blood-brain barrier permeability, CYP2Dé binding, intestinal
absorption, and Caco-2 permeability. TAK-715 and Tyrphostin b46 exhibited the
lowest docking scores and stable molecular dynamics, indicating strong binding
affinity. Piceatannol showed the most stable ligand-protein complex in RMSF
analysis. Drug-likeness and toxicity assessments confirmed the acceptable
pharmacokinetic profiles. Overall, TAK-715, Tyrphostin b46, Losmapimod, and
Flufenamic acid emerged as the most promising candidates for further
explorationin hypercholesterolemiatherapy.

Conclusion: This study identifies repurposed compounds, particularly TAK-715
and Tyrphostin b46, as promising HMG-CoA reductase inhibitors. Their
favorable profiles warrant further experimental validation for
hypercholesterolemia treatment.

Keywords: Hypercholesterolemia (MeSH); Statins (MeSH);
Hydroxymethylglutaryl-CoA Reductase Inhibitors (MeSH); HMG-CoA
reductase (MeSH); In-silico (MeSH); Computer Simulation (MeSH); Molecular
Docking Simulation (MeSH).
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INTRODUCTION

ypercholesterolemia refers to

dyslipidemia with increased

levels of circulating cholesterol
that can accumulate within the lining of
the vascular walls, interrupting its
structure and function, leading to
cardiovascular, cerebrovascular, and
peripheral vascular diseases.' Primary
hypercholesterolemia can be due to
common hypercholesterolemia, familial
hypercholesterolemia, combined

hyperlipidemia, and severe hy-
pertriglyceridemia.' Secondary causes
of hypercholesterolemia can either be
caused by existing disorders (type 2
diabetes mellitus, kidney disorders,
etc.) or by certain drugs or by excessive
intake of dietary cholesterol and
smoking.' Hypercholesterolemia has
been identified as a causal risk factor for
atherosclerotic cardiovascular disease
(ASCVD), which remains a leading
cause of morbidity and mortality around
the world, with 523.2 million cases and
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18.6 million deaths in 2019 worldwide.”

Generally, lifestyle modifications and
dietary interventions are recommended
as a primary treatment option for
managing hypercholesterolemia. Statins
and other drugs are a secondary
treatment option for the reduction of
LDL-C levels and prevention of
ASCVD.’ Statins reduce the total
cholesterol and LDL-C in blood by
inhibiting the rate-limiting enzyme in
cholesterol biosynthesis, HMG-CoA
reductase, which converts HMG-CoA
to mevalonate that further leads to the
production of cholesterol and
isoprenoid through a series of
biochemical reactions.*

Generally, statins can result in
approximately 20% to 55% reduction
in LDL-C level.’ Despite the ability of
the statins to lower cholesterol, statin
withdrawal and non-adherence are
constant problems. Statin-associated
muscle symptoms (SAMSs), accounting
for 72% of all the adverse side effects of
statins, are the major reason for
discontinuation.” Moreover, the
efficiency of lipid-lowering activity of
statins could also be influenced by
genetic polymorphism in the solute
carrier organic transporter [BI
(SLCOIBI) gene, which is expressed at
the basolateral membrane of
hepatocytes and helps internalize
statins. Two most common
polymorphisms, SLCOIBI 52IT>C
and 388A>G, identified in ethnically
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diverse populations, play a major role in
interindividual differences in statin
disposition and response and can lead to
reduced hepatic uptake and clearance
of statins and increased risk of statin-
induced adverse impacts.’ These two
genotypes have been identified among
various ethnic groups in the Pakistani
population, which could potentially
impact the pharmacokinetics and
pharmacodynamics of statins.’

Ezetimibe is a second-line therapy along
with statins.’ Other drugs such as
proprotein convertase subtilisin/kexin
type 9 inhibitors (PCSK9 inhibitors),
mipomersen, and bempedoic acid are
promising therapies for managing
dyslipidemias™ While these agents are
effective in reducing cholesterol levels,
their use is often restricted due to issues
of tolerability, cost, and limited global
accessibility.” Moreover, interindividual
variability in response, partly attributed
to genetic polymorphisms such as those
in the SLCOIBI gene® further
emphasizes the need for alternative
therapeutic strategies. Drug
repurposing presents a cost-effective
and time-efficient approach for
identifying promising candidates.
Accordingly, the present study was
undertaken to identify and evaluate
alternative compounds targeting HMG-
CoA reductase through in-silico
methods, with the aim of discovering
safer and pharmacokinetically favorable
agents as potential substitutes for
current statin therapy.

METHODS

Selection of the compounds:
Datasets2tools repository retrieved
compounds for the queried disease.’ A
total of 100 compounds including FDA-
approved drugs that reverse
hypercholesterolemia were retrieved
from Datasets2tools. The ligands with a
poor drug-like properties were
discarded by employing drug-likeness
and absorption, distribution,
metabolism, excretion, and toxicity
(ADMET) analysis. The major
parameters for drug-likeness and
ADMET-related properties including
Lipinski's rule of five, pharmacokinetic
properties, and toxicity were
considered for further screening of
compounds analysis. Eight of the
compounds were short listed for

further analyses. Tak-715, Flufenamic
acid, Piceatannol, Retinol, Nortriptyline
hydrochloride and AG555 were
finalized for further analysis, as they
passed the major parameters criteria
for drug selection (drug likeliness and
ADMET analysis) whereas 25-
hydroxycholesterol was selected as it
binds with HMG-CoA reductase which
is the drug target for statins,” while
Losmapimod was selected owing to its
anti-atherosclerotic properties. The
canonical SMILES of the compounds
were taken from PubChem database
(https://pubchem.ncbi.nlm.nih.gov/).
Open Babel tool was utilized for PDB-
format 3D structure of compounds
(https://openbabel.org/).

Protein preparation: The protein
structure was retrieved from the
protein data bank (PDB)
(https://www.rcsb.org/). The 3D
structure of the enzyme HMG-CoA
reductase (PDB ID: 1dQ9) was
downloaded in the PDB format. The
energy minimization was done by the
MOEserver(https://www.chemcomp.c
om/Products.htm). The online software
Datasets2Tools ° was used for the
prediction of compounds that could
help in reversing hypercholesterolemia.

Molecular docking: The molecular
docking of the compounds was done by
MOE software version 19
(https://www.chemcomp.com/Product
s.htm), which uses docking algorithms
such as Dock, Triangle Matcher, and
London dG for protein-ligand binding
studies. The binding pocket selected for
the docking analysis was based on the
spatial conformation of the ligand
naturally present in HMG-CoA
reductase. The three-dimensional pose
evaluation was performed using PyMOL
(https://pymol.org/2/).

Molecular dynamics simulation: All
molecular dynamics simulation were
performed using Maestro in
Schrodinger Suite
(https://www.schrodinger.com)
(V.12.8.117). The protein complexes
were then solvated with TIP3P water
models in a cubical box with distance of
at least 10 A from each side of the box
with protein-ligand complex. The
system was neutralized by adding
Sodium (Na+) and Chloride (Cl-),
maintaining a concentration of 0.15 M.
Finally, 5 ns Molecular Dynamics

Simulation was carried out using
Maestro. The stability of each protein-
ligand complex was assessed by
evaluating the CaRMSD and CaRMSF
analysis with respect to the starting
structures.

In silico drug-likeliness and
bioactivity prediction: Molinspiration
server(https://www.molinspiration.co
m) was used to analyze the drug-
likeliness and bioactivity of the selected
compounds. There are 2 important
features in the drug-likeliness analysis by
the Molinspiration server that is:
lipophilicity level (log P) and polar
surface area (PSA) directly linked with
the pharmacokinetic properties (PK) of
the compounds. The ideal value for
lipophilicity is logP < 5 whereas for
TPSA<100.

Lipinski's rule of five helps to describe
the molecular properties of drug
compounds that are essential for
assessment of vital pharmacokinetic
features like absorption, distribution,
metabolism, and excretion.

During bioactivity analysis, the
bioactivity score of the compounds
concerning G protein-coupled
receptors (GPCR), ion channel
modulators, kinase inhibitors, nuclear
receptor ligands, protease inhibitors,
and other enzyme targets was
calculated by Bayesian statistics.

In silico ADMET analysis: The
pharmacokinetic features ADMET of
the drugs were predicted by the
SwissADME server
(http://www.swissadme.ch/) and
admetSAR server
(http://Immd.ecust.edu.cn/admetsar2/ )
The absorption (A) of excellent drugs is
determined by the parameters such as
membrane permeability (determined
by the Caco-2 colon cancer cell line),
human intestinal absorption (HIA), and
the presence of either a P-glycoprotein
substrate or inhibitor. The ability to pass
the blood-brain barrier is crucial for
drug distribution (D) (BBB) whereas the
CYR MATEI,and OATPIBI- OATPIB3
models are used to calculate drug
metabolism (M) while the drug's
excretion (E) is calculated using the
renal OCT substrate. The drug's
toxicity (T) is then projected based on
the suppression of human Ether-a-go-
go-related genes, carcinogenicity, and
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acute oral toxicity.

RESULTS

Docking analysis: To identify more
drugs against hypercholesterolemia, the
selected compounds (25-

hydroxycholesterol, Flufenamic acid,
piceatannol, AG555, nortriptyline
hydrochloride, retinol, Losmapimod
and tak-715) were docked with the
active site of HMG-CoA reductase.

All the compounds displayed effective

interaction with HMG-CoA reductase
(Figure 1).

However, after simulation the

compound Flufenamic acid forms |

hydrogen and ionic bond with Lys™ and
568

01 ionic bond with Arg™ of the enzyme
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Figure |: Protein-Ligand- interaction profile (PLIP) of selected compounds with
HMG-CoA reductase before and after simulation A,B) TAK-715 C,D)
Tyrphostin b 46 E,F) 25 hydroxycholesterol G,H) Piceatannol L,J) Retinol
K,L) Losmapimod M,N) Flufenamic acid ©O,P) Nortriptyline hydrochloride.
Blue color shows nitrogen or amino group and red color shows oxygen or
hydroxyl group; Green and purple color shows ligand. Orange, pink, and

cyan color depicts the receptor residues
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Figure 2: RMSD graph of compounds with HMG-CoA reductase A) Retinol B) Tyrphostin b46 C) TAK-715 D) Piceatannol
E) Losmapimod F) 25-hydroxycholesterol G) Flufenamic acid H) Nortriptyline hydrochloride; Blue color shows protein

while Piceatannol forms 2 hydrogen
bonds with active site residue Glu™.
The interaction of Losmapimod remains
same before and after simulation as it
forms | hydrogen bond with residue
Arg’’' of the enzyme. 25-
hydroxycholesterol forms 2 hydrogen

and dark pink color shows ligand.

bonds with Asn755 and His’ and has 01
11—H bonding with His*' of the enzyme.
Tyrphostinb46 forms a single interaction
with Arg568 of the enzyme.TAK-715
and retinol formed | hydrogen bond
with residue Ser** while nortriptyline
seemed to be non-reactive as it showed

no interaction. After visualizing the
ligand and receptor interactions, we
identified a ligand showing the minimum
S score among all the compounds. TAK-
715 and Tyrphostin b46 showed
minimum S score towards HMG-CoA
reductase (Supplemental Table $4).
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Table I: Molinspiration bioactivity analysis of compounds under study

Compound GPCR lon channel | Kinase Nuclear Protease | Enzyme
name modulator | inhibitor | receptor ligand | inhibitor | inhibitor

25-hydroxych- | 99 0.06 0.44 0.92 0.07 0.59
olesterol
Tyrphostinb46 | -0.15 -0.15 -0.15 -0.12 -0.06 -0.08
Flufenamic | 502 | 0.6 0.18 0.16 021 0.06
acid
Nortriptyline | (g 0.48 0.16 0.35 0.23 0.69
hydrochloride
Retinol -0.01 0.32 -0.25 1.02 -0.16 0.06
Piceatannol -0.12 0.05 -0.11 0.08 -0.34 0.07
Tak-715 0.12 -0.31 0.50 0.11 -0.09 0.10
Losmapimod 0.12 -0.03 0.36 -0.18 0.14 0.06

GPCR: G protein-coupled receptors

Table II: Molinspiration Drug likeliness analysis of compounds
under study

Lipinski's parameters
Compound Molecular . H-bond H bond n q
name . miLogP Violations
weight <5 donor acceptor o
< 500DA - <5 =10

25-hydroxych- 402.66 6.42 2 2 [
olesterol
Ag555 322.36 2.85 3 S 0
Flufenamic 281.23 484 2 3 0
acid
Nortriptyline
Piceatannol 244.25 2.50 4 4 0
Retinol 286.46 5.92 | | |
Tak-715 399.52 5.12 | 4 |
Losmapimod 383.47 3.52 2 5 0

Losmapimod and Flufenamic acid
exhibited better binding affinity than the
other four studied compounds i.e.,
retinol, 25-hydroxycholesterol,
piceatannol and nortriptyline
hydrochloride. However, the lowest
score shows the overall binding affinity
for a target protein. The best docking
energy is illustrated by lowest value of S
score. On a comparative analysis of
minimum S score, TAK-715 displayed
highest binding affinity towards HMG-
CoA reductase followed by Tyrphostin-
b46 and nortriptyline.

Molecular dynamics simulation:
Molecular dynamic (MD) simulations

were carried out for all 8 compounds
having good interactions, best docking
scores, as well as better ADMET
properties. The stability of all the
compounds with the ligand was studied,
considering the RMSD parameters of
the whole complex. Simulations were
run for a total of 5 ns to analyze the
comparative stability of the compounds
with reference structure. The reference
structure of the protein displayed
constant stability throughout the entire
simulation period. The stability of the
main structure of the protein measured
in terms of the RMSD indicates that the
protein's core structure remained

mainly unchanged despite being
introduced with diverse ligands in the
binding pocket. The ligands displayed
different levels of structural deviations
from their initial binding poses. Three
compounds (Retinol, Tyrphostin b46,
and TAK-715) showed lower RMSD and
thus indicate relatively stable binding
conformation throughout the 5ns
simulation (Figure 2).

An average RMSD change of only 1.2
angstroms indicating negligible
deviations was demonstrated by the
protein structure. During the
simulation, the RMSD values for the
protein structure remained within a
relatively narrow range, changing
between 1.0 A and 2.2 A. The
consistent stability illustrates the
flexibility of the protein's core
conformation within the complex.
Simultaneously, the compound retinol
demonstrated a relatively stable
conformation from 2.5 ns to 4.8 ns, with
an RMSD difference of 3.0 A. The RMSD
values for the ligand consistently fell
within the range of 8.0 Ato 110 A
during this period, suggestive of a
distinct and dynamically favored binding
pose (Figure 2a). This stable ligand
behavior features the significance of the
Retinol-HMG interaction and proposes
the presence of a vigorous ligand-
protein binding mode.

In Tyrphostinb46-HMG Complex, the
protein structure remained stable
throughout the 5ns simulation, with an
RMSD change of 0.9A (Angstroms),
changing within the range of 1.0A to
I.9A. The ligand also maintained
relative stability, with an RMSD change
of 2.6A, ranging from 2.4A to 5.0A
(Figure 2b). Similar to the
Tyrphostinb46-HMG complex, in the
TAK-715-HMG complex the protein
structure displayed stability, with an
RMSD change of I.3A within the range
of I.IA to 2.4A. The ligand also
reserved a stable conformation, with a
lower RMSD of 3.0A, upholding this
stability from Ins to the end of the
simulation (Figure 2c).

The protein structure in the
Piceatannol-HMG complex, attained
stability after |.5ns of simulation, with
an RMSD change of 0.9A, inconsistent
between |.7A and 2.6A. However, the
ligand showed less stability, with a
variable RMSD ranging from 3.2A to
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6.2A, initially at 0.5ns (Figure 2d). The
protein structure remained relatively
stable throughout the 5ns simulation,
with an RMSD change of | 2A within the
range of | 0A to 2.2A in the
Losmapimod-HMG complex.
However, the ligand exhibited instability
after 0.6ns, with an RMSD change of
3.6A, varying between 1.2A and 4.8A
(Figure 2e). The protein structure
sustained stability with an RMSD change
of 2.0A, shifting from 0.8A to 2.8A in the
25-hydroxycholesterol-HMG complex.
The ligand showed stability from Ins to
|.8ns, with an RMSD difference of | .6;&,
ranging from 1.8A to 3.4A (Figure 2f).
The protein structure in the Flufenamic
Acid-HMG complex remained relatively
stable after 0.7ns, with an RMSD change
of 0.5A within the range of | TAt02.2A.
However, due to half of the ligand
structure being anchored and the other
half freely hanging, structural changes
caused higher oscillations in the RMSD
graph, with a change of 6.0A ranging
from 2.0At08.0A (Figure 2g).

But, in the Nortriptyline
Hydrochloride-HMG complex, the
protein structure retained stability
throughout the simulation, with an
RMSD change of | 2A ranging from | 2A
to 2.4A. Yet, the ligand displayed higher
RMSD values, with variations from 6.5A
to 10.5A and displayed instability
(Figure 2h). However, the RMSF results
revealed that the residues binding with
each compound had a completely
different pattern of fluctuations
(Supplemental Figure S1).

TAK-715 had higher peaks for residues
19-21 (2.2 A-3.9 A), indicating that the
ligand was more flexible in this region.
However, the other residues to which
the ligand was bound were more stable.
Tyrphostin b46 also had higher peaks for
residues 1-3 (1.9A-2.9A), 12-16 (1.2A
-2.1 A), and 21-23 (1.9A-2.54),
demonstrating that the ligand was more
flexible in these regions. However,
considering other parameters such as
RMSD and docking score, this
compound could still be considered a
good candidate in term of binding
stability. Retinol had fluctuations for
residues 2-20 (2.9 A58 /&), showing
that the ligand was more flexible in this
region. The peaks with higher RMSF
showed that the complex was less
stable. 25-hydroxycholesterol had

higher peaks for ligand-bound residues
4-23 (2.6 A-4.5A), signifying that the
ligand was more flexible in this region.
The higher RMSF indicated the less
stability of this compound. Piceatannol
had very less fluctuations for residues 2-
3 (1.5A -2 A), showing that the ligand
was very stable in this region. A higher
peak was observed in Losmapimod for
residues 6-11 (1A-3.9A), but the rest of
the residues to which the ligand was
attached showed very less fluctuations,
designating that the complex was stable
overall. Flufenamic acid had fluctuations
for residues 1-3 (4.1A) and 17-19 (3.2A
—4.2A), but the stability of the complex
was less clear. Nortriptyline
hydrochloride had greater fluctuations
for residues 2-19 (2.2;& -3.8,&), showing
that the ligand was more flexible in this
region. The stability of the complex was
unclear.

Overall, the RMSF plots showed that
Piceatannol had the most stable ligand-
protein complex, while TAK-715,
Tyrphostin b46, Retinol, and
Nortriptyline hydrochloride had less
stable complexes than piceatannol.

In silico prediction of drug-likeness
property and bioactivity score:
Molinspiration evaluates the significant
molecular properties of Octanol-water
partition coefficient logP (milogP),
Topological polar surface area (TPSA),
number of hydrogen acceptor and
donor of the compounds. The results
indicate that the milogP value of AG555
(2.85), Flufenamic acid (4.84),
nortriptyline hydrochloride (3.94),
Losmapimod (3.52) and piceatannol
(2.14) had ideal lipophilicity (logP < 5);
while 25-hydroxycholesterol (6.42),
tak-715 (5.12) and retinol (5.92) were
predicted to have poor lipophilicity
(logP > 5).

The TPSA of 25-hydroxycholesterol
(40.46), Flufenamic acid (49.33), retinol
(20.23), nortriptyline hydrochloride
(12.03), tak-715 (54.88), AG555
(93.35), piceatannol (80.92) and
Losmapimod (71.09) were < 140 A,
which shows that the compounds have
good oral absorption or membrane
permeability. Most of the targets of
existing drugs belong to one of the
mentioned protein families: G protein-
coupled receptors (GPCR), ion
channels, kinases, nuclear hormone
receptors, proteases, and other

enzymes (Table |). The molecule having
bioactivity score greater than 0.00 is
expected to have significant biological
activity and values -0.50 to 0.00 are
likely to be moderately active. The
molecule with a value less than -0.50, is
assumed to be inactive.

All compounds followed the Lipinski
rule 'rule of five' (lipophilicity, molecular
weight, hydrogen bonding, charge, and
polar surface area) (Table Il). According
to this rule, the molecules must have a
molecular weight < 500DA, hydrogen
bond donors =< 5 (expressed as the sum
of OHs and NHs) and acceptors < 10
(expressed as the sum of Ns and Os),
calculated octanol-water and partition
coefficient log P< 5 and < 4 number of
violations. Three of the compounds, 25-
hydroxycholesterol, nortriptyline
hydrochloride and retinol showed one
violation of the Lipinski rule.

Bioavailability Radar demonstrates the
quick evaluation of drug-likeness. The
compounds under study had most of the
properties stated in the bioavailability
radar (Supplemental Table SI).

In silico ADMET analysis: The
absorption (A) analysis shows that all the
compounds except Losmapimod had
high Caco-2 permeability suggesting
their absorption by the human intestine.
Only nortriptyline hydrochloride,
Losmapimod and TAK-715 are
substrates for P-glycoprotein.

The Distribution (D) analysis showed
that only Flufenamic acid, Retinol,
Losmapimod and nortriptyline
hydrochloride can cross the blood brain
barrier easily. BOILED-Egg for
ADMET/Drug-likeness is a precise
analytical model used to evaluate
numerous points of drug discovery. This
model works by evaluating the
lipophilicity and polarity of small
molecules. The boiled egg model
consists of the yolk (i.e., the
physicochemical area for very plausible
BBB permeation) and the white (i.e., the
physicochemical area for very plausible
HIA absorption).” (Supplemental Table
S2). The two most important
cytochrome P450s (CYP) subtypes are
CYP2Dé6 and CYP3A4, that are
enzyme-systems vital for metabolizing
drug in the liver. The metabolism (M)
analysis showed that 25-
hydroxycholesterol was a non-inhibitor
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to CYP2Dé and CYP3A4 whereas
tyrphostinb46, retinol, Losmapimod
and TAK-715 were inhibitors for both
CYP2Dé6 and CYP3A4. Flufenamic acid
and nortriptyline hydrochloride were
inhibitors for CYP2D6 and a non-
inhibitor of CYP3A4. Piceatannol was an
inhibitor for CYP3A4 whereas it was a
non-inhibitor to CYP2D6. The results
revealed that 25-hydroxycholesterol,
piceatannol, Flufenamic acid,
nortriptyline hydrochloride, TAK-715,
Losmapimod, and tyrphostinb46 non-
inhibitors for OATP2BI| and inhibitors
for OATPIB| and OATPIB3, whereas
retinoic acid was non-inhibitor for
OATP2BI,OATPIBI,and OATPIB3.

Excretion (E) of drugs is linked to their
hydrophilicity and molecular weight. In
the kidney, organic cation transporters
(OCTs) and multi-drug and toxin
extrusion proteins (MATE) are the
important carriers for the clearance of
cationic drugs in the urine. Flufenamic
acid, 25-hydroxycholestrol,
piceatannol, TAK-715, Losmapimod,
retinol and tyrphostinb46 were non-
inhibitors to MATE-1 and OCT-2
whereas nortriptyline hydrochloride
was non-inhibitor to MATE-| and
inhibitor to OCT-2.

The toxicity (T) analysis revealed that all
compounds are non-carcinogenic, non-
eye corrosive, and weak inhibitors of
Human ether -a -go-go- related gene
inhibition. In acute oral toxicity,
Flufenamic acid belongs to category Il
which shows that it is moderately toxic
and irritating whereas the remaining
compounds fit in category Il which
might indicate slight toxicity and
irritation potential of these compounds
(Supplemental Table S3).

DISCUSSION

The present study gives the analysis of
eight compounds that have the potential
to combat different diseases like
rheumatoid arthritis,
facioscapulohumeral dystrophy
(FSHD), cancer, inflammation, skin
conditions, nerve pain, and depression
were studied for their probable
inhibitory activity against HMG-CoA
reductase.

25-hydroxycholesterol: 25-
hydroxycholesterol (25HC) is a
cholesterol metabolite that binds to 1) a

variety of receptors including nuclear
receptors LXRs (Liver X receptors ),
retinoic acid receptor- (RAR-) related
orphan receptors (ROR) and the
estrogen receptor a (ERa)’, as well as
membrane receptor G protein-coupled
receptor 183, 2) a few oxysterols
binding proteins, such as the insulin-
induced gene protein (INSIG),
Niemann-Pick protein (NPC), and 3)
steroidogenic acute regulatory-related
lipid transfer (START) domain proteins.’
The lipid-lowering activity of 25HC has
been observed in both in vivo and in
vitro studies, where 25HC resulted in
the reduction in total cholesterol and
LDL-C levels, along with the
suppression of HMG CoA reductase
level.™"' Furthermore, a significant
increase in the formation of oxysterol
sulfate by the overexpression of
sulfotransferase 2B1b (SULT2BIb) was
observed in mice fed with a high-fat diet,
which led to the inhibition of
LXRa/SREBP-1c, thus reducing
circulating and hepatic lipid levels.
However, this phenomenon happens
only when there is enough 25HC."” The
present study revealed that 25 HC
effectively binds with HMG CoA
reductase and is therefore expected to
inhibit the production of cholesterol.
Moreover, the physicochemical and
ADMET properties also strongly
support this compound.

Piceatannol: Piceatannol is a naturally
occurring polyhydroxylated compound
present in a variety of fruits, and
possesses beneficial effects against
hyperlipidemia, atherosclerosis, and
cancer.” It has been shown to
significantly reduce LDL-C, TC, and TG
levels and then LDL-C/HDL-C ratio in
vivo.” Our docking analyses showed
that piceatannol formed interactions
through active site residue Glu™ and
exhibited strong binding with HMG
CoA reductase. Due to the formation of
probable interaction and good physical
and chemical properties, this study
suggests that piceatannol might be a
strong candidate for the treatment of
hypercholesterolemia.

Flufenamic acid: Flufenamicacid (FFA)
is an FDA-approved drug that belongs
to the class of nonsteroidal anti-
inflammatory drugs (NSAIDs)" and is a
member of anthranilic acid derivatives.
FFA can increase LDL binding, cell

association, and degradation in HepG2
cells, by increasing the expression of
mRNA of LDLR protein." Our results
indicate that FFA is capable of binding
with HMG CoA reductase with a
significant docking score of (-6.1119),
presented good interactions with CoA
binding pocket residues, and showed
putative ADMET properties.
Therefore, this study suggests that
Flufenamic acid could be a potential
candidate for lowering lipid levels.

Retinol: Retinol is a derivative of
vitamin A, that possesses anti-aging and
anti-inflammatory activity, however, it
does not exert significant biological
action on tissues, rather it needs to be
converted into more active metabolites
particularly retinoic acid to function."”
Retinoic acid treatment of apoE-
deficient mice decreased total and LDL
cholesterol and increased HDL
cholesterol." In another study, retinoic
acid decreased serum cholesterol and
triglyceride levels in mice."” Because of
its antagonistic behavior towards lipid
levels and its ability to attain stable
conformation with HMG-CoA
reductase during molecular dynamic
simulation with a lower RMSD points
towards the potential of retinol as a
promising candidate against
hypercholesterolemia.

Nortriptyline hydrochloride:
Nortriptyline hydrochloride is a tricyclic
antidepressant that inhibits the
reuptake of neurotransmitters
serotonin and norepinephrine at the
presynaptic neuronal membrane.
Moreover, it can also inhibit the activity
of histamine, 5-hydroxytryptamine, and
acetylcholine.”® Our results revealed
that Nortriptyline hydrochloride can
bind with HMG CoA reductase with a
low docking score (-5.2947). Moreover,
the ADMET results revealed that this
compound is a non-carcinogenic, non-
eye corrosive, weak inhibitor of human
ether-a-go-go related genes, has caco2
permeability, and could be absorbed in
the human intestine which suggests it is
an efficient drug candidate for
repurposing against
hypercholesterolemia.

Ag555: AG555 is an epidermal growth
factor receptor (EGFR) tyrosine kinase
inhibitor.” The inhibition of EGFR
results in reduced protein expression
associated with lipogenesis and
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cholesterol synthesis.” The current
study found that Tyrphostinb46 binds
HMG-CoA reductase with a low
docking score (-7.0207) and interacts
with ARG* in the CoA binding pocket
residue. Furthermore, the
physicochemical and ADMET
properties of this compound are
favorably suggesting tyrphostinb46 to
be effective for the management of
hypercholesterolemia.

TAK 715 and losapimod: TAK 715 is
an inhibitor of p38 mitogen-activated
protein kinases (MAPK) and isused as an
anti-arthritis agent’> whereas
Losmapimod is a new, orally
administered inhibitor of p38 mitogen-
activated protein kinase (MAPK) a and
B.} Data from randomized controlled
trials show that Losmapimod treatment
resulted in reduced vascular
inflammation along with the reduction
of inflammatory biomarkers.”** TAK-
715 displayed the lowest docking score
in this study and maintained a stable
conformation through the simulation
period with a lesser RMSD whereas
Losmapimod showed good ADMET
properties. We indicate that the high
affinity for binding between HMG-CoA
reductase and these two compounds
may contribute to the inhibition of
cholesterol synthesis.

CONCLUSION

This in-silico study identified various
repurposed compounds, 25-
hydroxycholesterol, TAK-715, retinol,
tyrphostin b46, flufenamic acid,
piceatannol, losmapimod, and
nortriptyline hydrochloride, as potential
inhibitors of HMG-CoA reductase, the
key enzyme in cholesterol biosynthesis.
Among these, TAK-715 and tyrphostin
b46 demonstrated the strongest
binding affinity, stable molecular
dynamics, and favorable ADMET
profiles, highlighting their promise as
alternative lipid-lowering agents. While
most compounds adhered to drug-
likeness criteria and showed low
predicted toxicity, the diverse attributes
observed across the group suggest
varying degrees of efficacy.

These findings support drug
repurposing as a cost-effective strategy
for identifying novel therapeutic
candidates against

hypercholesterolemia. Further in-vitro
and in-vivo studies are warranted to
explore and harness the therapeutic
implications of these compounds in
biological systems against
hypercholesterolemia.
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