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Abstract:

The main aim of this study is to identify inhibitory binding potent of the available commercially
alkaloids, against the crystal structure of acetylcholinesterase (AChE) protein by in silico studies.
The inhibitory data of the compounds should be compared with the internal ligand as well as
standard AChE inhibitor Aricept (which is used for the treatment of all stages of Alzheimer’s
disease). AutoDock 4.0 is used for the docking study, conformational orientation site analysis,
and, with the help of docking, we have calculated parameters like binding energy and inhibition
constant. Docking's study showed that Glabridin, Isorosmanol, Quercetin, Honokiol, Eckol,
Sargaquinoic acid, and Ginsedosides revealed strong binding affinity with the enzyme.
Moreover, The ADMET profiling and physicochemical properties of the selected compounds are
evaluated using the Molinspiration and Data warrior software. By showing a strong binding
affinity value, positive bioactivity score, and good pharmacokinetic properties, the top compound
was determined. After evaluation with all parameters, the compound Glabridin and Ginsedosides
show the most potent inhibitory effect towards the acetylcholinesterase, so this compound could

be used as a novel is required to treat Alzheimer's disease.
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Introduction

Alzheimer's disease is the most prevalent progressive neurodegenerative condition, which is
considered by low concentration amount of neurotransmitter (acetylcholine), oxidative stress,
and neuroinflammatory are all symptoms of Alzheimer's disease (AD) . Most effective
treatment methods focus on activating the cholinergic receptors in the brain to improve
cholinergic function, increase the concentration level of acetylcholine (Ach), to avoid

breakdown by cholinesterase enzyme and other inflammatory agents 2.

ACh is the main neurotransmitter present in the central nervous systems, autonomic ganglia,
different organs with the autonomic transmission, the neuromuscular junction, and synapses,
ach is predominantly found in between two neurons, and have also found in the vital long-axon
part of cholinergic pathways. One of the pathologies linked to Alzheimer's disease is the
degeneration of this system 3. During the neurotransmission process, ach is come from the
nerve into the synaptic cleft part of the neuro-junction and binds to the Ach receptors (nicotinic
and muscarine) present on the post-synaptic membrane, transmit the signal from the nerve.
Acetylcholinesterase (AChE), is also found on the post-synaptic membrane, which blocks the
signal transmission by hydrolysis of Ach 4. AChE is present in the different types of conducting
tissue such as nerve and muscle, sensory and motor fibers, peripheral and central tissue, and
cholinergic and noncholinergic fibers. AChE is more active in motor neurons compared to
sensory neurons °®  Pseudocholinesterase is also called plasma cholinesterase or
butyrylcholinesterase, is present in the liver. Different forms of cholinesterase ie. Ach and
BuChE hydrolyze butyrylcholine is more rapid than Ach 7. AChE enzyme hydrolysis the ester
bond present in acetylcholine breaks into choline and ester. In Alzheimer Disease increase the

concentration of AChE and BUChE outcomes into the decreased half-life of Ach 8.

In currently for the treatment and slowing down of AD is most favorable target is cholinesterase
inhibitors °. Cholinergic neurons are mainly found in that region which is associated with
learning and memory - spread out from basal forebrain . By inhibition of the
acetylcholinesterase (AChE), breakdowns of Ach are decreased, thus progress the learning and

memory purpose.

Alkaloids, terpenoids, Shikimate-derived chemicals, and other chemicals that are antibacterial,
antiviral, antioxidant, anti-inflammatory, and enzyme inhibition are among the biological and
pharmacological actions of this category of natural compounds. 1112, Alkaloids can be a capable

phytoconstituent for the treatment of AD by inhibition of AChE, so it can increase the level of
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Ach. Hence, our aim of the present analysis is to find out the AChE affinity potential of certain
commercially available alkaloids and terpenoids by comparing the drug Aricept which is
already used for AD by using in silico studies. Figure 1 represents the main crucial

Phytochemicals present in plants usage for AD.
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Fig 1: Structure of Phytochemicals used for AD
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Materials and Methods:

Workflow
This diagram (Figure 2) shows the following steps: (a) the natural alkaloids, terpenoids, Aricept
and cholinesterase inhibitors protein preparation, (b) molecular docking method, (c) ADMET

Predication.

PDB ID: 1EVE

Drug used in the treatment of
Alzheimer’s Disease

N

Aricept

ADMET Predication

Figure 2: Computational workflow scheme
Software used

By using Molecular graphics laboratory (MGL) tools and Auto dock 4.0 was downloaded from

(www.scripps.edu) 13, ‘Discovery studio visualizerr was downloaded from

(https://discover.3ds.com/discovery-studio-visualizer-download) 14, Chemdraw 2d & 3d

(https://www.perkinelmer.com/), Molinspiration  (http://www.molinspiration.com/) and

Bioinformatics software Osiris Data Warrior (http://www.openmolecules.org/data).

Preparation of ligand and molecular target selection:

Nineteen potent compounds, alkaloids, and terpenoids were selected from the pub med
literature, which showed an inhibitory effect on Alzheimer's Disease. The Canonical SMILES
structure of the natural compound was downloaded from the Pub Chem database
(http://pubchem.ncbi.nim.nih.gov/). The acetylcholinesterase enzyme, which has PDB Id
(1EVE ), was selected for our study. The crystal structure of the acetylcholinesterase target was
downloaded from the Protein Data Bank (http://www.rcsb.org/ PDB/home/home.do).


http://www.scripps.edu/
https://www.perkinelmer.com/
http://www.molinspiration.com/
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Molecular Docking

The molecular docking process between the co-crystallized molecules and the receptor target
acetylcholinesterase (PDB 1EVE) was performed with the help of Auto-dock 4.0 software.
During docking simulation ligands and protein were treated as a rigid structure. Each ligand
retained ten docking conformer poses were obtained, with the help of a binding energy score
to select the best conformer inside the active site of the protein and significant interaction with
the key residues of the amino acid. This docking result was compared to the Aricept, (Table 1)

which has already satisfactory results in the AD treatment.
Bioactivity Score & molecular Properties calculation:

Lipinski's "Rule of 5" attributes are a collection of chemical forms he utilized to create his
"Rule of 5." The rule is beneficial during the drug development process. Molecular mass,
lipophilicity, hydrogen bond acceptors, hydrogen bond donors, and bioactivity score.

In-silico Toxicity Potential Assessment:

In the early stages of drug development, determining the ADME and toxicity report of various
characteristics of Phyto-compounds is critical. All of the ligands' toxic parameters were

examined. Toxicity testing covers mutagenic, carcinogenic, and skin irritant screening.

Results and Discussions
Molecular Docking Analysis

The natural alkaloids and terpenoids are Glabridin, Isorosmanol, Quercetin, Honokiol, Eckol,
Sargaquinoic acid, and Ginsenosides, which are generally found in various types of medicinal
and dietary sources, comprise several pharmacophoric characteristics which are applicable as
a drug-like moiety. Orientation of these compounds overlaps the native E2020 ligand
(ARICEPT) has shown significant overlaps and similarities in binding orientation and
interaction (Figure 3). Hence these similarities have cleared that all seven phytocompounds can

act as potent inhibitors of acetylcholinesterase.
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(c) (d)

Figure 3. Different views of the docked protein-ligand complex. (a) Alkaloids and structure get
superposition (b) binding orientation of the structure of ligands in the 1EVE active site (c) significant
different type of interaction recognized by the ligands with the residue of 1EVE active site (d) the donor

and acceptor hydrogen surfaces around the ligand.
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The molecular docking of these phytocompounds in the active site of acetylcholinesterase
receptors gave a negative binding score of -11.15, -9.94, -9.33, -9.34, -9.87, -9.49, and -13.38
for Glabridin, Isorosmanol, Quercetin, Honokiol, Eckol, Sargaquinoic acid, and Ginsedosides,
respectively, which has significantly close to the binding score of Aricept, - 12.15. these
compounds bind into the 1EVE active site have displayed effective Interaction and formation
of hydrogen bonds with TRP279, ARG289, TYR121, GLU129, residues (Figure 4). However,
different type of interaction, such as van der Waals, n-it stacked, and water hydrogen bonds
has stimulated the binding orientation and stack of these ligands with the active site residues,
supported our study to a much greater scope. Glabridin and Ginsedosides have additional n-im
stacked interactions with TYR7. Out of seven ligands, these four are displayed the highest

number of interactions with the highest amount of amino acid residues.

Hence, TRP279, TRP84, HIS440, PHE331, and ARG289 residues established their important
role in various interactions of diverse chemical natures between the ligand and target protein.
We can indicate that Glabridin and Ginsedosides most capable drug molecules required to
diagnose Alzheimer's condition.
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Figure 4. 2D representation of amino acid interaction between natural ligands, and co-crystallized

(Aricept) in the binding site of 1EVE.
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S. no. Name of Molecular Binding Affinity (Kcal/mol) Inhibition Constant(kl)
Compound Formula
1 Rosmarinic acid Cy5H,05 -7.6 2.68uM
2 Carnosic acid C,0H250, -9.01 249.11nM
3 Quercetin Cy5H;,0, -9.33 145.9nM
4 Isorosmanol C,oH2605 -9.94 52.03nM
5 Glabridin CyoH200, -11.15 6.72nM
6 Honokiol C,5H,50, -9.34 142.88nM
7 Magnolol -8.89 303.85nM
8 Eckol Cy5H,,04 -9.87 58.53nM
9 6,6'-Bieckol C4Hy60,, -12.07 1.41nM
10 8,8'-Bieckol C36H,,014 -11.64 2.92nM
11 Dieckol C3¢H,,045 -13.75 82.71pM
12 (6)-Shogaol C,7H,,40; -8.16 1.04uM
13 (8)-Shogaol CoH,40; -8.19 985.76nM
14 6-Gingerol C17H,40, -6.81 10.27uM
15 Methoxy-[6]- C,,H;405 -8.04 1.28uM
gingerol
16 Methoxy-[10]- C,,H;405 -7.61 2.65uM
gingerol
17 Gallic acid C,H 05 -3.67 2.04mM
18 Sargaquinoic acid C,7H340, -9.49 109.71nM
19 Ginsedosides C3Hs,0, -13.38 154.97pM

Bioactivity Score & Lipinski Properties Calculation:

TABLE 1: Binding energy of different phytocompounds with Acetylcholinesterase receptor

For the aim of evaluating the bioactivity score and Lipinski characteristics, nineteen Phyto-

compounds were selected. The SMILES format was used to upload each natural Phyto-

compounds into Molinspiration online services. *°. The cross-ponding molecular properties and

bioactivity score were recovered. We observe that all compounds showed not more than one

violation of all the five rules of Lipinski. Compounds should have a molecular weight of less

than 500, a partition coefficient of less than 5, and many rotatable bonds of less than 10, among

other things. the Log P value observed of top leads compounds was found less than five. Results

of Lipinski properties of the best virtual compounds were shown in Table 2. By analyzing the

result with the help of Molinspiration software, Compounds that follow the "Rule of Five" that

fulfill all bioactive characteristics such GPCR ligand, lon channel modulator, nuclear receptor

ligand, protease inhibitor, enzyme inhibitor, and kinase inhibitor were identified 6.
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The score was used to determine all of these parameters. The maximum activity shows the
maximum possibility to be active. These scores were lies between -0.50 to +0.50 then this type
of compound should consider for oral drugs. The compound Glabridin was satisfying the

Lipinski properties as well as bioactive score are shown in Table 3.

Compound Molecular logP TPSA HBA HBD Number Number Volume
Name Formula of of
rotatable | violations
bonds
Glabridin CyHy0, | 4.20 58.92 4 2 1 0 295.25
Eckol CigH;;00 | 2.56 156.88 9 6 2 1 291.08
Isorosmanol CyoH5405 3.70 86.99 5 3 1 0 320.51
Honokiol Cy;sH30, | 5.00 40.46 2 2 5 1 260.55
Quercetin C5H1904 1.68 131.35 7 5 1 0 240.08
Sargaquinoic acid | C,;H304 | 6.89 71.44 4 1 12 1 431.68
Ginsenosides C3Hs5,0, | 8.02 40.46 2 2 4 1 479.88
Table 2: Physicochemical Properties of the best Phyto-compounds
Name of ligand GPCR lon channel Kinase Nuclear receptor Protease Enzyme
ligand modulator inhibitor ligand inhibitor inhibitor
Glabridin 0.19 -0.07 0.08 0.83 0.09 0.50

Table 3: Calculation of Bioactivity score of best Ligands
Analysis of Toxicity Predication

The screening tests of three ligands demonstrated that they are non-mutagens and non-
carcinogens, based on the data set. These compounds passed all toxicity parameters, indicating
that they might be developed as future Cholinesterase inhibitors medicines to be treated

Alzheimer's pathology. The in-silico toxicity profile of these compounds is shown in Table 4.

Chemical formula Log S Mutagenicity carcinogenicity Irritant
C,oH;004 -3.646 None None None
C,H,605 -3.617 None None None
C,5H,007 -2.925 None None None

Table 4: Toxicity Parameters of top Compounds
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Conclusion:

Based on in-silico studies, compound Glabridin has a good Cholinesterase inhibitory action as
well as a higher binding affinity for the target protein 1EVE. This molecule has a low molecular
weight, has no influence on the toxicity profile, and follows all five Lipinski criteria as well as
bioactivity characteristics. This novel inhibitor (Glabridin) has the potential to be a potent

therapeutic medicinal molecule for Alzheimer's disease therapy.

In the future, these potent Cholinesterase inhibitors compounds may be investigated in the wet

lab and in-vivo investigations based on their ADME and Toxicity profiles.
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