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ABSTRACT

Alzheimer’s disease is a deadly form of dementia, and can greatly affect the way a person
can think and behave. It is the sixth leading cause of death in the US alone. Clusters of Beta-Amyloid
(Plaques) and twisted tangles of a protein called Tau (Tangles) are the primary cause of Alzheimer’s
disease, as noted by Alois Alzheimer in 1906. Plaques and Tangles can block cell-to-cell signaling
and disintegrate the cell transport system. The 3-dimensional structure of three drug targets, Beta-
secretase 1, Cholinesterase, and Tau Protein kinase were retrieved from the RCSB PDB database. A
total of 150 derivatives of Curcumin, Bacopaside IV, and Ginkgolide B were generated using the ACD
ChemSketch software. These files were then converted to the Brookhaven protein data bank file using
the OpenBabel software. Preliminary docking studies were then performed using the IGEMDOCK v2.0
software. All the prepared ligands were then tested for drug-likeliness properties using the DruLiTo
and admetSAR softwares. Finally, compounds with good fit and drug likeliness were subjected to
final docking with the AUTODOCK VINA software. In this study, the ligand with the name 8-(1-fluoro-
2-methylpropan-2-yl)-6,12,17-trihydroxy-16-methyl-2,4,14,19-tetraoxahexacyclononadecane-5,15,18-
trione is found to be a good inhibitor of 3 well-known drug targets. This is an effective lead molecule
that can be used in the treatment of Alzheimer’s disease. Plaques and Tangles are major causes for
Alzheimer’s disease. The novel lead molecule identified in this study is an inhibitor of these virulence
factors and thus can be effective in controlling Alzheimer’s disease.
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INTRODUCTION
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Alzheimer’s disease, also known as senile
dementia, is a deadly disease that can greatly affect
a person’s thinking and behavioral actions. It is also
the most common form of dementia, a general term
for a significant decline in mental abilities that could
affect everyday life'. It is also a progressive disease,
and are of three known forms viz. Alzheimer’s:
Early-onset, which happens to a person under 65,

which is a fairly rare case, late- onset, which occurs
for people above 65, the most common form, and
familial Alzheimer’s Disease, which occurs because
of genetic reasons, which occurs in less than 1% of
the patients?.

The characteristics of Alzheimer’s include
overall brain shrinking due to fewer nerve cells and
connections, and tiny proteins in nerve tissues
called plaques and tangles, which are a prime
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suspect of the disease. The chief component of the
plaques is beta-amyloid, while the chief component
of tangles is the tau protein. Plaques are ‘sticky’
proteins and can build up between nerve cells, and
can cause significant problems to overall learning
and cause memory loss. Tangles can disintegrate
the main cell transport system, eventually killing
the cell®. At present many effective drug targets that
include Beta-secretase, cholinesterase*, gamma-
animobutyric acid® are proposed. Effective inhibitors
of the protein targets can be an effective drug to
control Alzheimer’s disease.

Phytochemicals are chemicals from
plants. Derivatives, different variations, of these
phytochemicals can be good inhibitors with better
drug-likeliness properties®. The Indian Ayurvedic
system includes ancient known plant-based
remedies for controlling Alzheimer’s disease and
its symptoms. Curcumin, from turmeric (Curcumin
longa), a herbaceous perennial from the ginger
family, has been noted to help decrease plaque
deposition. Bacopaside 1V, from Brahma (Bacopa
monnieri), a bitter tasting creeper plant, noted to
help memory and brain function. Ginkgolide B, from
the Maidenhair Tree (Ginkgo biloba), the only living
species of the division Ginkgophyta, is also known
to help enhance memory’.

Insilico methods are computer-based
methods widely used in the pharmacological field
of science to help discover inhibitors with high
binding capabilities with a protein target, drug-
likeliness properties, and ADMET (Absorption,
Distribution, Metabolism, Excretion, and Toxicity)
clarification. This requires searching protein
databases like RCSB PDB, Quantitative Structure
Activity Analysis relationships (Predicting the activity
of new compounds based solely on chemical
structure), and computational molecular docking. In
silico methods have been used to create a various
inhibitors for a spectrum of diseases® °.

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. Other important types of
docking include protein-protein and nucleic acid-
protein docking10.

GANESH & KANNAN, Biomed. & Pharmacol. J., Vol. 10(3), 1489-1494 (2017)

In this study, an attempt has been made
to design inhibitors from the three phytochemicals
ie., Curcumin, Bacopaside IV and Ginkgolide B,
against the well-known drug targets Beta-Secretase,
Cholinesterase, and the Tau protein kinase. This has
been done using the insilico docking method.

MATERIALS AND METHODS

Protein Target Preparation

The 3D structure of Beta-secretase 1
(BACE1), Cholinesterase, and Tau Protein kinase
were retrieved from the RCSB PDB data-base (http://
www.rcsb.org/pdb/home/home.do)''. Their PDB
codes are 513V, 1ACJ and 1J1B respectively. They
were saved as a Brookhaven protein data bank file.

Ligand Generation

The 2D structure of Curcumin, Bacopaside
IV, and Gingkolide B were retrieved from the
PubChem online database. 150 ligands based
on the structure of these phytochemicals were
generated from the ACD/Chemsketch Software2.
The generated ligands were then saved in the MDL
Molfile format. The ligands were then converted to
a PDB file format using the OpenBabel chemistry
toolbox'.

Rapid Protein-Ligand docking

Rapid-Screening preliminary docking was
performed using the software iIGEMDOCK version
2.1. iGEMDOCK is a Drug Design System for
molecular docking and screening by BioXGEM labs.
iGEMDOCK outputs hydrogen bond, electrostatic,
and Van Der Waals forces. The average of 3 trials
was performed for each docking combination,
to ensure consistency. Each phytochemical was
paired with a protein target in the following manner:
Curcumin- Cholinesterase, Bacopaside- BACE1,
and Gingkolide B - Tau. These trials were each
docked with a population size set to 200, with 70
generations and 2 solutions. The post-docking tool
was then used to find the docking poses and energy
values14.

Drug-likeliness property analysis

After Rapid-Screening preliminary docking,
all of the compounds were first tested for drug-
relevant properties based on Chris Lipinski's Rule
of 5, which is a set of criteria that helps evaluate
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drug likeliness and if has properties that increase
it chances in being a likely orally active drug in the
human body.

The set of criteria is

. Fewer than 5 hydrogen bond donors

. Fewer than 10 hydrogen bond acceptors
J A molecular weight (in Daltons) less than
500

o A partitioning coefficient logP of less than
5

No more than 1 of these rules can be
violated. These properties were predicted using
the DruLiTo software. The 14 compounds that
satisfied these properties were then tested for other
drug likeliness properties the admetSar software.
admetSar gave a detailed profile of ADMET
(Absorption, Distribution, Metabolism, Excretion,
and Toxicity) properties by taking a SMILES input®.
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Final Docking

Molecules that satisfied all the above
properties were then subject to a final docking with
all 3 protein targets using the AUTODOCK VINA
docking tool. AUTODOCK VINA is a flexible molecular
docking tool [16]. Following the above phases, 5
generated ligands were identified. Based on these
results, conclusions about possible drug candidates
have been made. All the AUTODOCK docks were
using the Lamarckian Genetic Algorithm'.

RESULTS AND DISCUSSION

A total of 150 ligands were derived from
Curcumin, Bacopaside |V, and Ginkgolide B. These
were then converted to PDB format using the
OpenBabel software. All of these then were subject
to a preliminary dock using the IGEMDOCK software.
23 ligands with good fit then went on to further study.
These were then tested for drug-relevant properties

Table 1: Drug properties of the selected ligand

Lipinski’s Rule of five

admetSAR results showing
some important drug properties

Molecular logP Hydrogen Hydrogen Mutagenic Carcinogenicity Blood Human

Weight partition Bond Bond (AMES Brain Intestinal
coefficient Donors Acceptors toxicity) Barrier Absorption

44213 -0.493 3 10 NO NO YES YES

Table 2: iGEMDOCK results

Trials Tau protein
Binding Affinity (kcal/mol)
Trial 1 -146.95
Trial 2 -142.98
Trial 3 -147.15
Average/Final -145.69

based on Chris Lipinski’s Rule of 5. The 14 satisfying
ligands were then tested for ADMET properties. The
5 satisfying ligands were then taken into further
docking studies with the AUTODOCK VINA software
with all 3 of the protein targets. Based, on these
results, the ligand with the overall lowest binding
energy was then considered to be the best inhibitor.

Table 3: AUTODOCK VINA results

Target protein  Binding Affinity RMSD lower RMSD upper
(kcal/mol) bound bound

Cholinesterase -13.5 0.935 2.06

BACE1 -14.2 0.918 2.06

Tau -15.0 1.224 4.238
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Table 1 depicts the Lipinski’s Rule of 5
properties and other drug-like properties which
shows that the selected compound has very good
drug likeliness.

Table 2 results show the energy values
of the selected ligand. The selected ligand showed
good binding affinity with all the drug targets selected
in this study.

Table 3 shows the values of binding affinity
of the selected ligand for all the three drug targets.
The ligand showed an excellent binding affinity for
all the drug targets. This confirms that the selected
ligand can be an effective inhibitor for all these drug
targets. The Figure 1 shows the docking pose the
selected ligand for all the three drug targets

Eventhough AD has a major health concern,
there is no effective treatment approach in terms of
its cure or prevention®. The pharmacological therapy
is largely symptomatic that imparts only the clinical
benefits on cognitive and functional manifestations
of the disease. The present strategy relies on the
increase in the synaptic availability of acetylcholine
to compensate the cholinergic deficit that arises
from neuronal loss'®. This is done by inhibition of
acetyl-cholinesterase by the drugs like donepezil,
galantamine or rivastigmine®. Now it is a well
known fact that AD results from an increase in
the accumulation of beta-amyloid protein and this
forms the central event in the pathophysiology of
AD?" 22 The beta-amyloid protein is formed by the
cleavage of the amyloid precursor protein (APP)
into smaller peptides. This event is mediated by
the enzyme beta-secretase. Hence the inhibitors
of beta-secretase can prevent the pathogenesis of
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AD?.Thus beta-secretase is an effective drug target
for the development of new drugs for AD. Another
important drug target is Tau protein kinase. Tau is
an alternatively spliced microtubule —binding protein
the is predominantly expressed on the neurons?:.
Apart from beta-amyloid plaques, the abnormal
accumulation of tau leading to the formation of
neurofibrillary tangles (NFTs) is considered to be
important in pathophysiology of AD. The tau protein
kinase is an important enzyme in the biosynthesis of
Tau protein?. Hence by the inhibition of this enzyme,
the pathogenesis of AD can be prevented.

Thus in the present study, an attempt
was made to find a lead compound that can bind
to multiple drug target and thus can be effective in
the treatment of AD. In this study, the compound
8-(1-fluoro-2-methylpropan-2-yl)-6,12,17-trihydroxy-
16-methyl-2,4,14,19-tetraoxahexacyclononadecane-
5,15,18-trione derived from Ginkgolide B, a
phytochemical present in Ginkgo Biloba shows
excellent binding by docking studies to all the 3
well known drug targets. The proposed drug like
compound can act as cholinesterase inhibitor, thus
can be used as symptomatic drug used to improve
the cognitive function by increasing the acetylcholine
to the neuron. Further it can also inhibit beta-
secretase and Tau protein kinase, and therefore
can prevent the neurological damage and hence
can form an effective pharmacological drug in the
treatment of AD by preventing the further damage
of neuron.

CONCLUSION

Clusters of Beta-Amyloid (Plaques) and
twisted tangles of a protein called Tau (Tangles)

Cholinesterase

Beta-secretase 1

Tau Protein Kinase

Fig. 1: The docking pose of the ligand with the drug targets
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are the primary cause of Alzheimer’s disease, as
noted by Alois Alzheimer in 1906. The inhibition
of these proteins and other known targets can
help control Alzheimer’s disease. In this insilico
study, with the help of molecular docking, a novel
compound with name 8-(1-fluoro-2-methylpropan-
2-yl)-6,12,17-trihydroxy-16-methyl-2,4,14,19-
tetraoxahexacyclononadecane-5,15,18-trione
has been identified to inhibit 3 well known drug
targets (Cholinesterase, BACE1, and Tau protein
kinase). Thus, the inhibitor selected using the above
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procedures can act as an effective drug candidate
to control Alzheimer’s disease.
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