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ABSTRACT

Pharmacokinetics and toxicity profile along with efficacy are the major determinants for successful drug
development. This study was carried out to determine the pharmacokinetic profile, potential biological activities
and toxicity of diospyrin, lupeol and plumbagin using in silico approaches. The Swiss ADME tool was used to
calculate the molecular properties of the ligands based on Lipinski’s rule of five (5).All ligands in the present
study satisfied the rule. Using the Swiss ADME tool, the pharmacokinetic profile of the compounds was
evaluated. Protox-Il server was used to predict the organ toxicities and toxicological end points of the ligands
and their LD50. Plumbagin is found to have both mutagenicity and carcinogenicity. Lupeol and diospyrin are

reported to be immunotoxic. Lupeol has LD50 of 2000mg/kg. Diospyrin and plumbagin have 16mg/kg. Swiss
target prediction server was used to identify the various potential target. The target prediction suggests that
plumbagin and lupeol have high preference for Microtubule-associated protein tau (MAPT). The best target for
diospyrin was Aurora kinase A. Molecular docking study was conducted using AutoDock vina in The Python
Prescription (PyRx) 0.8 virtual screening tool. Plumbagin and lupeol were docked against Microtubule associated
protein tau. The dockings scores based on binding energy were; plumbagin -33.8 (kcal/mole) and lupeol -44.7
(kcal/mole). Diospyrin showed a binding energy of -10.7 (kcal/mole) against Aurora A kinase. Results in this
study suggest that diospyrin may serve as an important aurora kinase inhibitor while lupeol and plumbagin may
be useful in treatment of Alzheimer’s disease.
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INTRODUCTION

Drug discovery is an extreme multi-step and

are done before they are evaluated for biological
activity (Van de Waterbeemd, 2002). Poor

interdisciplinary endeavor that follows a sequential
process starting with target and lead discovery,
followed by lead optimization and pre-clinical in vitro
and in vivo studies to determine the suitability of
such compounds through a number of pre-set
criteria  for initiating clinical  development
(Pugazhendhi et al.,, 2013). The high cost and
consuming nature of these processes called for the
development of in silico approach which was found
to be cost effective and less time consuming
(Pakomwit et al., 2015). Pharmacokinetics and
toxicity profile along with efficacy are the major
determinants for successful drug development
(Moroy et al., 2012). Using the in silico approach, the
pharmacokinetics and toxicity studies of compounds

pharmacokinetic profile and toxicity are the main
reasons for late-stage failures in drug discovery.
Therefore it is necessary that these areas should be
considered at the early stages in the drug discovery
process (Pelkonen et al., 2011). Computer designed
models are a valid alternative to experimental
procedures for prediction of pharmacokinetics
(Dahlin et al., 2015).

Molecular Docking is an important method in
molecular biology and computer-aided drug design.
Ligand- protein docking helps predict the binding
mode of a Ligand and Protein of known 3-
dimensional structures (Cross et al., 2009).
Molecular Docking is frequently used to predict the
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binding orientation of drug candidates to their
protein targets in order to predict the affinity and
activity of the small molecule. Hence docking plays
an important role in the rational design of drugs
(Kitchen et al., 2004) .The aim of molecular docking
is to achieve an optimized conformation for both the
protein and ligand and relative orientation between
protein and ligand so that the free energy of the
overall system is minimized (Gaba et al., 2010).

Plants are widely regarded as reservoir of various
types of bioactive molecules with various
therapeutic and pharmacological potentials (Raina et
al., 2014). Despite the current ascendency of
synthesis as a preferred method of drug discovery,
the potential of medicinal plants and their
compounds to yield new drugs for therapy remains
immense (Raskin et al.,, 2002). Naturally-derived
molecules are at the core of the drug discovery
process with many more molecules yet to be
discovered due to diversity of plant species
(Garneau-Tsodikova, 2010). Medicinal plants derived
natural products are an immutable source of
biologically active agents, they are natural, bio-
renewable and readily available unlike synthetic
drugs (Ghosh et al., 2008). The Medicinal plant
Diospyros mespiliformis has numerous
Ethnomedicinal uses including; fevers, pneumonia,
syphilis, leprosy and yaws (Von Maydell, 1990).

In this study, three phytochemicals namely;
Diospyrin, lupeol and plumbagin isolated by some
researchers (Mohamed et al., 2009) were studied in
order to determine their pharmacokinetic profile,
potential biological activities and toxicity using in
silico approaches. The Swiss ADME tool was used to
calculate the molecular properties of the ligands
following the Lipinski rule of five (5).

MATERIALS AND METHODS

Drug-likeness of the ligands

The phytochemicals; diospyrin, plumbagin and lupeol
were regarded as ligands. The Swiss ADME tool was
used to calculate the molecular properties of the
ligands. The molecular properties were screened
based on the “Lipinski's rule of five (Lipinski, 2000).
The molecular weight, number of rotatable bonds,
number of hydrogen bond donors and acceptors,
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molar refractivity, The total polar surface area (TPSA)
and The partition coefficient between n-octanol and
water (log Po/w) were calculated using Swiss ADME
tool (Daina et al., 2017).

In silico Pharmacokinetic Studies

The chemical structure of the ligands were
submitted in the form of canonical simplified
molecular input line entry system (SMILE), to
estimate several in silico pharmacokinetic
parameters (Amina et al., 2016). Using the Swiss
ADME tool, the pharmacokinetic profile of the
compounds was evaluated. Parameters measured
include; human gastrointestinal absorption (HIA) and
blood-brain barrier (BBB) permeation both consist in
the readout of the BOILED-Egg model (Daina et al.,
2016) substrate or non-substrate of the permeability
glycoprotein (P-gp), interaction of molecules with
cytochromes P450 (CYP) and bioavailability score.

Prediction of Toxicity

Protox-1l server (Priyanka et al., 2018) was used to
predict the organ toxicities and toxicological end
points of the ligands and their LD50. The integrated
PubChem search (https:/pubchem.ncbi.nlm.nih.gov/)
was used to search for chemical structures using the
compound names. The models to be used were
selected and the webserver computed the acute
toxicity and toxicity targets selected.

Ligand preparation

The ligands were imported from www.zinc15.org in
sdf format. Energy minimization was done using
Universal force field. The 2D structures of the ligands
are shown in Fig |
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Diospyrin
Fig | showing the 2D structures of the ligands

Target Prediction

Swiss target prediction server was used to identify
the various potential target based on fit score. The
ligands were submitted in the SMILE format. The
target set was limited to human targets, and all other
parameters were kept as default (David et al., 2014).

Protein preparation

The 3D structures of protein targets identified by
Swiss target prediction server were retrieved from
the Protein data bank ({(http://www.rcsb.com)
(Gustafson et al., 2014, Patel et al., 2004, Kadavath
et al., 2015). The proteins for docking were prepared
using the protein preparation wizard of Auto dock.
Water molecules present in the crystal structure
were removed in the protein preparation process
(Morris et al., 2009). Figure Il shows the 3D
structures of the proteins.

Figure Il showing the 3D structure of Microtubule
associated protein tau (MAPT)
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Figure Ill: showing 3D Structure of Aurora kinase A

In silico molecular Docking Studies

Molecular docking study was conducted using
AutoDock vina in The Python Prescription (PyRx) 0.8
virtual screening tool (Trott, 2010). The grid points
in X, Y and Z axis were set were set respectively. The
grid center was placed in the active site pocket
center. Protein and ligands were converted to pdb.qt
files. Default docking algorithms were set in
conformation with the standard docking protocol.
Independent docking runs were carried out for each
ligand-protein complex. The results were ranked in
the order of increasing docking energies. The lowest
binding energy of each cluster was taken as
representative (Morris et al., 2009).

RESULTS AND DISCUSSIONS

Drug-likeness of the ligands

According to the Lipinski's rule of five, an orally
active drug should not violate more than one of the
following criteria: lessthan5hydrogen-bonddonors,
less thanlOhydrogen-bondacceptors, a molecular
mass less than 500 and log P not greater than 5. All
ligands in the present study satisfied the rule. The
other significant properties such as total polar
surface area (TPSA) and the number of rotatable
bonds and molar refractivity were also calculated.
The results are depicted in Table 1. TPSA of a
compound should be less than 140A2 and the
number of rotatable bonds should be less than 10
(Veber et al., 2002). Plumbagin, lupeol and diospyrin
have molecular weight less than 500. Drug molecules
with less than 500 are readily transported and have
better absorption compared to molecules with
higher molecular weight (Srimai et al., 2013).
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Table 1
Molecular Properties of the ligands
Ligand Molecular TPSA Molar Milog | Rotatable | Number H-bond | Num. of H-bond
weight refractivity bonds donors acceptors
Plumbagin 188.18 54.37 51.04 0.59 0 1 3
Lupeol 426.72 20.23 135.14 6.92 1 1 1
Diospyrin 374.34 108.74 101.3 0.62 1 2 6

In silico Pharmacokinetic Studies

Pharmacokinetic studies such as absorption, distribution and metabolism of the ligands was done using
SwissADME (Daina et al., 2016). Blood-Brain Barrier (BBB) penetration, HIA (human Intestinal Absorption), skin
permeation, bioavailability score and substrate of the permeability glycoprotein were calculated. The
compounds in this study, diospyrin and plumbagin showed high gastrointestinal absorption while lupeol showed
low absorption. All the compounds were not substrates for Permeability glycoprotein (P-gp). The information
about compounds being substrate or non-substrate of the permeability glycoprotein is key to estimate active
efflux through biological membranes, for instance from the gastrointestinal wall to the lumen or from the brain
(Montanari, 2015). P-glycoprotein limits cellular uptake of drugs resulting in therapeutic failure because the drug
concentration would be lower than expected (Levin, 2012, Lin, 2003). The interaction of molecules with
cytochromes P450 isoforms CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4 is a significant factor in drug
elimination through metabolic biotransformation (Testa 2007). Inhibition of these isoenzymes is an important
cause of pharmacokinetics-related drug-drug interactions (Hollenberg, 2002). Some of the cytochrome P450
isoforms could be inhibited by one or more of the compounds. The skin permeability (logP) is a significant
parameter for assessment of drugs that might require transdermal administration (Singh, 1993). The more
negative the log Kp, the less skin permeate is the molecule. All the compounds in this study are found not to be
impermeable through skin. The calculated parameters are presented in Table 2.

Table 2
Pharmacokinetics
Parameters Plumbagin Lupeol Diospyrin
Gl Absorption High Low High
BBB permeation Yes No No
Pg-p substrate No No No
CYP1A2 inhibitor Yes No Yes
CYP2C19 inhibitor No No No
CYP2C9 inhibitor No No Yes
CYP2D6 inhibitor No No No
CYP3A4 inhibitor No No Yes
Logkp (Skin permeation) -5.82 -1.90 -5.94
Bioavailability score 0.55 0.55 0.55

Prediction of Toxicity

The prediction of toxicity was based on 6 different targets linked to adverse drug-reactions. The hepatotoxicity,
carcinogenicity, immunotoxicity, mutagenicity and cytotoxicity of the compounds were determined (Lounkine et
al., 2012). Plumbagin is found to have both mutagenicity and carcinogenicity. Lupeol and diospyrin are reported
to be immunotoxic (Table 3). The acute toxicity of the ligands was checked using PROTOX -II server (Priyanka et
al., 2018). Lupeol with LD50 of 2000mg/kg has class 4, toxicity. Diospyrin and plumbagin have 16mg/kg and
toxicity class 2 respectively (UNECE, 2011).
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Table 3: Toxicity Prediction of Ligands

Predicted Target Ligands
Plumbagin Lupeol Diospyrin
Hepatotoxicity Inactive Inactive Inactive
Carcinogenicity Active Inactive Inactive
Immunotoxicity Inactive Active Active
Mutagenicity Active Inactive Inactive
Cytotoxicity Inactive Inactive Inactive
Acute toxicity Class 2 Class 4 Class 2

In silico molecular Docking Studies

The 3D structures of Microtubule assisted protein tau and Aurora kinase A were downloaded from the protein
data bank (Gustafson et al., 2014, Patel et al., 2004). The target prediction suggests that plumbagin and lupeol
have high preference for Microtubule-associated protein tau (MAPT) with probability of 0.72 and 0.83
respectively. The best target for diospyrin was Aurora kinase A. Plumbagin and lupeol were docked against
Microtubule associated protein tau. The dockings scores based on binding energy were; plumbagin -33.8
(kcal/mole) and lupeol -44.7 (kcal/mole). Aurora kinases (Aurora kinase A, B and C) are important and
indispensable in multiple steps of mitotic progression (Nigg 2007). Overexpression or amplification of Aurora
kinases is generally detected in amount of human cancers, such as breast cancer and is associated with the poor
prognosis (Cirak et al., 2015, Ferchichi et al., 2013, Zekri et al., 2012). Aurora kinases become promising
therapeutic targets and numerous Aurora kinase inhibitors (AKls) have been developed (Anqun et al., 2017). In
this study, diospyrin showed a binding energy of -10.7 (kcal/mole) and may serve as a potential AKI. The results
are shown in Table 4.

Table 4: In silico Molecular Docking

Ligands Protein target Binding affinity (kcal/mol)
Plumbagin Microtubule associated protein tau -33.8

Lupeol Microtubule associated protein tau -44.7
Diospyrin Aurora kinase A -10.7

CONCLUSION

The ligands in this study were found to have good pharmacokinetic profiles. But more studies need to be
conducted to ascertain the safety of the compounds. Plumbagin and lupeol showed high affinity for Microtubule
associated protein tau. Diospyrin showed affinity for Aurora kinase A and may serve as a potential Aurora kinase
A inhibitor (AKI).
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