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ABSTRACT

The anti-hypercholesterolemic potentials of various flavonoids and C-glycosylated flavonoids present in
Passiflora incarnata were assessed using computational methods. Molecular docking studies indicate that
flavonoids and C-glycosylated flavonoids inhibit Lanosterol Synthase, a crucial enzyme in cholesterol synthesis,

through strong binding. These compounds exhibit various interaction patterns, inducing structural deformation

in the enzyme which leads to the loweringof its activity and consequently reducing blood cholesterol levels.
ADMET analysis highlighted their pharmacological potential, showing positive Human Intestinal Absorption
(HIA) for favourable oral bioavailability. Moreover, their non-substrate status for CYP450 enzymes suggests a
reduced risk of drug interactions, improving their pharmacokinetic profile. With acute oral toxicity values
below 2.5 mol/kg indicating safety, these compounds emerge as promising candidates for Lanosterol Synthase
inhibition, presenting a novel approach for managing cholesterol levels.
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Introduction

Hypercholesterolemia, characterized by elevated
cholesterol levels in the bloodstream, leads to a
substantial global health challenge due to its close
correlation with cardiovascular diseases, including
heart attacks and strokes, which remain the leading
causes of mortality worldwide. The prevalence of
hypercholesterolemia is increasing globally, caused by

&

factors such as unhealthy diets and lifestyles. This
trend emphasizes the urgent need for effective
therapeutic interventions to manage cholesterol
levels and reduce the risk of cardiovascular
diseases.Existing synthetic medicationsare generally
effective in reducing cholesterol levels and lowering
the risk of cardiovascular events (Sirtori, C.R., et
al,2020). Synthetic cholesterol-lowering medications,
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1.1.

while effective for many, can pose limitations and
potential side effects such as muscle pain, liver
abnormalities, or digestive issues (McKenney, J.M.,
2002). This underscores the need for exploring
alternative treatment options that may offer
comparable efficacy with potentially fewer adverse
effects.Natural products, derived from plants, herbs,
or other sources, have gained increasing interest as
potential sources of bioactive compounds with
therapeutic properties (Sun, W., et al, 2023).Research
into natural products has led to the identification of
compounds with cholesterol-lowering properties,
such as plant sterols and stanols, as well as
polyphenols found in foods like green tea, red wine,
and certain fruits and vegetables(Moreau, R.A., et al,

2018).
Lanosterol Synthase
Lanosterol synthase plays a crucial role in

cholesterol biosynthesis by catalyzing the conversion
of 2,3-oxidosqualene to lanosterol, a precursor of
cholesterol (Cerqueira, N.M., et al, 2016). The precise
structural conformation of lanosterol synthase is
essential for its enzymatic activity, allowing it to
efficiently carry out this biochemical conversion. Any
alterations or deformations in its structure can
significantly impact its function, leading to reduced
efficiency in cholesterol biosynthesis. When potential
ligands effectively bind to lanosterol synthase, they
can induce structural changes that disrupt its
enzymatic activity. This disruption ultimately
interferes with the production of lanosterol and
subsequent cholesterol synthesis within cells. This
disruption highlights lanosterol synthase as a potential
target for therapeutic intervention in managing
cholesterol levels. By inhibiting lanosterol synthase
activity, it is possible to modulate cholesterol levels
effectively, offering a potential avenue for managing
hypercholesterolemia and reducing the risk of
cardiovascular events.

1.2.Passiflora incarnata

elSSN1303-5150

Passiflora, commonly known as passionflower,
holds significant importance in therapeutics due to its
diverse pharmacological properties. Among its various
varieties, Passiflora incarnata stands out as one of the
most extensively studied species. Research has
demonstrated its potential therapeutic effects in the
management of anxiety, insomnia, and nervous

&

disorders. P. incarnata has been traditionally used as a
natural sedative and anxiolytic agent (Fonseca, L.R.D.,
et al,2020). Studies suggest that P. incarnata may
modulate neurotransmitter levels, such as GABA,
serotonin, and dopamine, in the central nervous
system (Rodriguez-Landa, J.F, et al, 2022).
Additionally, it exhibits antioxidant, anti-inflammatory,
and neuroprotective properties (Grosso, C., et
al,2023). Clinical trials have shown promising results
regarding its efficacy and safety profile in treating
anxiety and sleep disorders. It is widely used in herbal
medicine formulations and is included in various
pharmacopoeias worldwide. The bioactive
compounds found in P. incarnata, including flavonoids
and alkaloids, play a crucial role in its pharmacological
activities. Flavonoids exhibit antioxidant properties
and may contribute to the anxiolytic and sedative
effects of P. incarnata. Alkaloids, on the other hand,
have been implicated in its potential to modulate
neurotransmitter systems, such as GABA, serotonin,
and dopamine, in the central nervous system(Ravi, M.,

2021).
This study aims to explore potential anti-
hypercholesterol therapeutic strategies using P

incarnata through molecular docking. This is the first
ever study on the inhibitory actions of
variousflavonoids and C-glycosylated flavonoids from
Passiflora. Molecular docking techniques has been
used to elucidate the binding interactions and assess
the effectiveness of these compounds in inducing
structural changes in the enzyme. Additionally,
ADMET analysis has been conducted to further
evaluate their pharmacological properties.

2. Materials and Methods

2.1.Selection of flavonoids and C-glycosylated
flavonoids based on literature review

C-glycosylated flavonoids found in P. incarnata
consistmainly of a glucose group directly linked to the
aromaticnucleus only in positions 6 and 8 of the
flavonoid core (Chopin, J., et al, 1980).The aqueous
extract is phytochemically characterized by aset of C-
glycoside flavonoids such as vitexin, Isovitexin,
Schaftoside, Isoschaftoside, Orientin, Isoorientin, and
Swertisin (Wohlmuth, H.,et al, 2010). Moreover, the
free flavonoids Apigenin, Luteolin,
Quercetin,Kaempferol, and Chrysin are also found
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(Dhawan, K.,et al, 2004).Figure 1 illustrates the chemical structures of the flavonoids of P. incarnata.

Ligands | PubChem CID Ri R Rs Ra Rs Re
C- Glycosylated flavonoids
Vitexin 5280441 OH H H H OH Glucose
Isovitexin 162350 OH H H Glucose OH H
Schaftoside 442658 OH H H Glucose OH Arabinose
Isoschaftoside 3084995 OH H H Arabinose OH Glucose
Orientin 5281675 OH OH H H OH Glucose
Isoorientin 114776 OH OH H Glucose OH H
Swertisin 124034 OH H H Glucose OCH; H 258
Flavonoids
Apigenin 5280443 OH H H H OH H
Luteolin 5280445 OH OH H H OH H
Quercetin 5280343 OH OH OH H OH H
Kaempferol 5280863 H OH OH H OH H
Chrysin 5281607 H H H H OH H

Figure 1: Flavonoids of Passiflora incarnate

2.2. Protein preparation

The 3D crystal protein-structure of Lanosterol Synthase (PDB ID: 1W6J) were extracted from the RCSB
PDB database (https://www.rcsb.org/). The 3D crystal structure of 1W6J was prepared for molecular docking using
Discovery Studio software to remove all ligands, non-protein parts and water molecules. Figure 2 illustrates the
structure of the protein.
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Figure 2: Structure of Lanosterol Synthase (PDB ID: 1W6)J )

2.3. Molecular Docking
Molecular docking simulation was carried out to

analyze the protein-ligand interaction mechanism to
obtain information about the binding affinity and ligand
activity. In the present work, we performed the molecular
docking analysis using AutoDock Tools and AutoDock 4.2
software, to analyze docked conformations and the
interaction between the ligand and the protein
(Guimaraes L.S., et al, 2014). The grid maps were
constructed with a value of 60 A in all directions (X, Y, Z
axes), with a default grid spacing of 0.375 A, the Grid
Coordinates for the main protease binding site
determined as (x = 32.97, y = 72.07, z = 8.87). The
established interaction analysis as well as the 2D and 3D
visualizations were exploited using the BIOVIA Discovery
Studio Visualizer 2020.
2.4. ADMET Analysis

ADMET analysis was conducted using admetSAR to
evaluate the pharmacological properties of the
compounds. This comprehensive analysis assesses
absorption, distribution, metabolism, excretion, and
toxicity parameters. By leveraging admetSAR, the study
gained valuable insights into the compounds' potential
bioavailability, tissue distribution, metabolic stability,
elimination pathways, and potential toxicity risks. These
findings are instrumental in guiding further preclinical

and clinical development of P. incarnata-derived
compounds for anti-hypercholesterol therapy.

3. Results and Discussions

3.1. Analysis of the binding modes of
flavonoids and C-glycosylated flavonoids with

1we)

The 2D visualization of the best active
compounds, based on the number of hydrogen bonds
with the important amino acids of the 1W6J -Lanosterol
Synthase, were presented in Table 1. The table includes
the chemical structures of flavonoids and C-glycosylated
flavonoids, along with details of their interactions and the
types of bonds formed with the enzyme.The results
indicate that all the selected compounds exhibit diverse
interactions and form bonds with the active sites of
amino acids within Lanosterol Synthase. This interaction
leads to denaturation or structural deformation of the
protein, potentially impairing its enzymatic function. The
disruption of protein structure may interfere with the
catalytic activity of Lanosterol Synthase, ultimately
inhibiting the biosynthesis of cholesterol. These findings
suggest that the selected compounds from P. incarnata
hold promise as potential inhibitors of Lanosterol
Synthase, highlighting their therapeutic potential in
combating hypercholesterolemia.

Table 1: 2 D Structures, interactions and type of bonds of flavonoids and C-glycosylated flavonoids docked against

Lanosterol Synthase.
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3.2. Analysis of binding affinities of flavonoids and C-
glycosylated flavonoids docked against Lanosterol
Synthase.

The analysis of the binding modes of flavonoids with
1We6J involves molecular docking simulations, which are
pivotal in evaluating the strength and nature of
interactions between ligands and target molecules. These
interactions include van der Waals forces, hydrogen
bonding, and electrostatic interactions, each contributing
to the overall binding affinity. Van der Waals interactions

entail attractions between non-polar molecules due to
transient dipoles, while hydrogen bonding involves polar
bonds formed between hydrogen and electronegative
atoms like oxygen or nitrogen. Electrostatic interactions,
on the other hand, result from the attraction or repulsion
between charged atoms or molecules. Table 2 provides
the results of the calculated binding affinities of each
ligand with 1W6J, shedding light on their potential as
inhibitors of Lanosterol Synthase.

Table 2: Binding affinities of flavonoids and C-glycosylated flavonoids docked against Lanosterol Synthase.

Ligands Binding Energy ((Kcal/mol)
Vitexin -7.2
Isovitexin -8.6
Schaftoside -7.9
Isoschaftoside -7.2
Orientin -7.2
Isoorientin -8.7
Swertisin -8.0
Apigenin -10.2
Luteolin -10.0
Quercetin -9.8
Kaempferol -9.9
Chrysin -10.6

Studies revealed that all ligands have favourable binding affinities with the target molecule, as evidenced
by the negative binding energies.Typically, effective drug-protein interactions involve relatively strong binding
energies, indicating tight binding between the drug molecule and its target protein. Strong binding energies often fall in
the range of -5 to -12 kcal/mol (or approximately -20 to -50 kJ/mol).All the molecules exhibit strong binding energies,

as indicated in the table.
3.3. ADMET Analysis
ADMET profiles of C-glycosylated flavonoids and flavonoids

were given in Table 3 & Table 4 respectively

265

Table 3: ADMET profiles of C-glycosylated flavonoids

Property Vitexin Isovitexin ‘ Schaftoside ‘ Isoschaftoside ‘ Orientin Isoorientin Swertisin
Absorption

BBB BBB - BBB - BBB - BBB - BBB - BBB - BBB -

HIA HIA + HIA + HIA + HIA + HIA + HIA + HIA +

Caco-2 Caco-2 - Caco-2 - Caco-2 - Caco-2 - Caco-2 - Caco-2 - Caco-2 -
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P-gp substrate Non- Non- Non- Non- substrate Non- Non- Non-
substrate substrate substrate substrate substrate substrate
p-gp inhibitor Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
Distribution and Metabolism
CYP 450 Substrate
CYP 450 3A4 Substrate Substrate Substrate Substrate Substrate Substrate Substrate
CYP 450 2C9 Non- Non- Non- Non- substrate Non- Non- Non-
substrate substrate substrate substrate substrate substrate
CYP 450 2D6 Non- Non- Non- Non- substrate Non- Non- Non-
substrate substrate substrate substrate substrate substrate
CYP 450 Inhibition
CYP 4503A4 Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2C9 Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2C19 Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2D6 Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 1A2 Non- Non- Non- Non-Inhibitor Non- Non-Inhibitor Non-
Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2C8 Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP Inhibitory Low Low Low Low Low Low Low
Promiscuity
Excretion and Toxicity
HERG Inhibition Weak Weak Strong Strong Weak Weak Strong
Inhibitor Inhibitor Inhibition Inhibition Inhibitor Inhibitor Inhibition
Carcinogen Non- Non- Non- Non- Non- Non- Non-
carcinogen | carcinogen | carcinogen carcinogen carcinogen | carcinogen | carcinogen
Nephrotoxicity Low Low Low Low Low Low Low
Fish Toxicity High High Low Low High High Low
H.B. Toxicity Low Low Low Low Low Low Low
Biodegradation Not readily | Not readily | Not readily Not readily Not Not readily Not
readily readily
Acute Oral Toxicity Category Category Category Il Category Il Category Category IV Category
v 1] v 11
ADMET Predicted Profile- Regression
Water Solubility -2.398 -1.983 -2.07 -2.07 -2.398 -2.398 -2.03
(logs)
Plasma Protein 66.7 63.1 54.3 52.8 63.3 53.9 51.8
Binding (%)
Acute Oral Toxicity 1.519 1.432 2.304 2.291 2.155 2.409 2.271
log(1/(mol/kg))
TP (pIGC50 (ug/L)) 1.543 1.506 1.186 1.183 1.444 1.131 1.182
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Table 4: ADMET profiles of flavonoids

Property Apigenin ‘ Luteolin ‘ Quercetin ‘ Kaempferol Chrysin
Absorption
BBB BBB - BBB - BBB + BBB - BBB -
HIA HIA + HIA + HIA + HIA + HIA +
Caco-2 Caco-2 + Caco-2 + Caco-2 + Caco-2 + Caco-2 +
P-gp substrate Non- Non- Non- substrate | Non- substrate Non- substrate
substrate substrate
P-gp inhibitor Non- Non- Non-Inhibitor Non-Inhibitor Non-Inhibitor
Inhibitor Inhibitor
Distribution and Metabolism
CYP 450 Substrate
CYP 450 3A4 Non- Non- Non- substrate | Non- substrate Non- substrate
substrate substrate
CYP 450 2C9 Non- Non- Non- substrate | Non- substrate Non- substrate
substrate substrate
CYP 450 2D6 Non- Non- Non- substrate | Non- substrate Non- substrate
substrate substrate
CYP 450 Inhibition
CYP 450 3A4 Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2C9 Inhibitor Non- Non-Inhibitor Non-Inhibitor Inhibitor
Inhibitor
CYP 450 2C19 Inhibitor Non- Non-Inhibitor Non-Inhibitor Inhibitor
Inhibitor
CYP 450 2D6 Non- Non- Non-Inhibitor Non-Inhibitor Non-Inhibitor
Inhibitor Inhibitor
CYP 450 1A2 Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP 450 2C8 Inhibitor Inhibitor Inhibitor Inhibitor Inhibitor
CYP Inhibitory High High High High High
Promiscuity
Excretion and Toxicity
HERG Inhibition Weak Weak Weak Inhibitor | Weak Inhibitor Weak Inhibitor
Inhibitor Inhibitor
Carcinogen Non- Non- Non- Non- carcinogen Non- carcinogen
carcinogen carcinogen carcinogen
Nephrotoxicity Low Low Low Low Low
Fish Toxicity High Low Low Low Low
H.B. Toxicity Low Low Low Low Low
Biodegradation Not readily Not readily Not readily Not readily Not readily
Acute Oral Toxicity Category llI Category Il Category llI Category Il Category lll
ADMET Predicted Profile- Regression
Water Solubility -2.777 -2.999 -2.787 -2.349 -2.777
(logs)
Plasma Protein Binding 72.7 66.3 62.7 65.6 76.6
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(%)

Acute Oral Toxicity 1.209 1.642 1.210 1.342 1.991
log(1/(mol/kg))

TP (pIGC50 (ug/L)) 1.35 1.385 1.45 1.55 1.108

Based on the data provided in Table 4, it
was apparent that among the flavonoids examined,
only quercetin demonstrated the ability to permeate
the Blood-Brain Barrier(BBB). Positive Human Intestinal
Absorption (HIA) indicates that the molecules are likely
to be absorbed effectively in the human intestines,
suggesting good oral bioavailability potential for these
compounds.The negative Caco-2 results for all C-
glycosylated flavonoids suggest limited permeability
across the intestinal epithelium, potentially impacting
their oral bioavailability. Conversely, the positive Caco-2
results for all flavonoids indicate favourable
permeability characteristics, suggesting they are likely
to be absorbed efficiently in the gastrointestinal tract
and have good oral bioavailability.The findings indicate
that all molecules are not substrates for P-glycoprotein
(P-gp) and do not inhibit P-gp activity. This suggests
that they are less likely to be affected by P-gp-mediated
efflux in the intestine and may not interfere with the
transport of other drugs that are substrates for P-gp,
potentially enhancing their bioavailability and reducing
the likelihood of drug interactions mediated by P-gp.

The molecules in the study were found to
be non-substrates for CYP450 enzymes, indicating a
lower likelihood of significant drug-drug interactions
mediated by cytochrome P450 metabolism. This
suggests a potentially favourable pharmacokinetic
profile for these molecules in terms of CYP450-
mediated metabolism.Except Schaftoside,
Isoschaftoside and Swertisin, all other molecules show
weak HERG inhibition.Weak HERG inhibition suggests
that the molecules have a limited ability to block the
human ether-a-go-go-related gene (hERG) potassium
channels. This is a positive indication as strong
inhibition of hERG channels can lead to cardiac
arrhythmias and potential safety concerns. Therefore,
weak inhibition of hERG channels is favourable from a
drug safety perspective, reducing the risk of adverse
cardiac effects.None of the molecules showed
hepatotoxicity.An acute oral toxicity value of less than
2.5 mol/kg indicates that all the tested molecules have
low acute toxicity when administered orally. This
suggests that they are relatively safe at the tested
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doses and are unlikely to cause significant adverse
effects in the short term following oral ingestion.
Conclusion

In  silicoassessment of flavonoids and C-
glycosylated flavonoids present in Passiflora incarnata
unveils their significant potential in combating
hypercholesterolemia. Molecular docking studies
demonstrate their inhibitory action on Lanosterol
Synthase, a pivotal enzyme in cholesterol synthesis,
through robust binding interactions. These compounds
exhibit diverse interaction patterns, inducing structural
modifications in Lanosterol Synthase, thereby reducing
its activity and subsequently lowering blood cholesterol

levels. The ADMET analysis underscores their
pharmacological promise, with positive Human
Intestinal Absorption indicating favourable oral

bioavailability. Furthermore, their non-substrate status
for CYP450 enzymes mitigates the risk of drug
interactions, enhancing their pharmacokinetic profile.
Importantly, the compounds exhibit low acute oral
toxicity, affirming their safety profile. Overall,
flavonoids and C-glycosylated flavonoids emerge as
promising candidates for Lanosterol Synthase
inhibition, offering a novel therapeutic avenue for
managing cholesterol levels and potentially addressing
hypercholesterolemia-related health concerns. The
compelling results of this study offer a promising
foundation for subsequent in vitro and in vivo
investigations.
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