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Abstract 
 

The neurodegenerative disorder induced from the rapid hydrolysis of acetylcholine by 
acetylcholinesterase enzyme has posed a matchless global health challenge to man.  Alzheimer disease 
(AD) is also associated with neurodegenerative disorder that has resulted to a socioeconomic burden 
and till date, its causes and cure is still a mystery.  Computer-Aided drug design (CADD) via the 
high-throughput of structure-pharmacophore virtual screening of molecules with similar 
pharmacophoric features of donepezil was performed on the ZINC database to generate drug-like 
compounds.  Result of the molecular docking studies of the molecules obtained from ZINC data base 
and donepezil with acetylcholinesterase enzyme revealed that, ZINC08131939 (-11.1 Kcal/mol) has a 
higher docking score than donepezil (-9.2 Kcal/mol).  The ligand interaction showed of 
ZINC08131939 with acetylcholinesterase revealed favourable physicochemical properties and strong 
interactions with the formation of H-bond with PHE 288 amino acid residue within the active site of 
acetylcholinesterase enzyme.  ZINC08131939 was observed to interact with GLU 299, TYR 130, ILE 
444, TRP 84, GLY 441, HIS 440, GLY 118, TYR 121, ASP 72, TRP 279, TYR 70, ILE 287, PHE 
288, TYR 334, PHE 330, and SER 81 within the pocket of acetylcholinesterase. The pharmacokinetic 
andglobal reactivity descriptors investigationshowed that, ZINC08131939 is a potential and useful 
molecule that may be of great use for the development of therapy against Alzheimer disease. 
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INTRODUCTION  
Alzheimer’s disorder (AD) is the most widespread neurodegenerative disease in the world 
(Bronnick et al., 2007).  Approximately 5.5 million humans in the United States and 47 
million people are currently affected globally.  Globally, thirteen percent of human beings 
older than age 65 years and 45% of those older than age 85 years have AD, and the 
occurrence is increasing.(Zhang et al., 1990)  It is predicted that through 2050, one new case 
of AD will improve every 33 seconds, amounting to nearly a million new cases per year 
(Petkova et al., 2002). Although AD has been studied extensively but till date researchers 
have shallow understanding of this disorder. Currently, sizable research is being conducted 
to understand the causes of AD and to discover high-quality treatments. 

Alois Alzheimer (1906) defined defects in the brain in a patient with dementia as a 
neuropathologist and as a psychologist.  Albeit the cause of AD is still not fully 
comprehensible, the predominant variables are amyloid plaques and neurofibrillary 
enclosures.  The production and accumulation of tangles and plaques are believed to be 
linked to synaptic dysfunction and nervous degeneration resulting in the slowly progressive 
and irreversible degradation of memory, which eventually has an impact on the language, 
personality and cognition (Aisen, 2013).  Amyloid plaques consist mainly of beta-amyloid 
protein obtained from an amyloid protein known as the amyloid precursor protein (APP) 
(Petkova et al., 2005; Yamin, 2008).  Three secretase (alpha-,beta-and gamma-secretase) 
enzymes clamp up APP and clean fragments into soluble pieces(Younanet al., 2013).  
Amyloid plaques are thought to form when the beta and gamma-secretase enzymes cleave 
APP inappropriately, resulting in insoluble beta-amyloid proteins that accumulate to form 
plaques in the brain, resulting in neurotoxicity and death in the cells (Kim et al., 2013). A 
tangle of hyperphosphorylated tau are neurofibrillary aggregates.  Tau proteins are 
naturally composed of phosphate molecules; hyperphosphorylated proteins in AD cause tau 
proteins to twist each other and create insoluble tangles that interfere with neuronal 
transport (Lu et al., 2013). 

Furthermore, neuronal inflammation is a major significant factor that has the capacity to 
cause neurodegenerative disease.  The production of plaques and enclosures is presumably 
at least partly due to natural, aging inflammations.  Once they are formed, they cause more 
inflammation, speed up the formation of additional plaques and tangles to lead to a further 
cognitive decrease (Yamin et al., 2008).  Although most research focuses on the protein and 
tau beta-amyloids, other risk factors for AD have also been identified.  The risk factors that 
have been identified for AD development include diabetes mellitus, hypertension in midlife, 
obesity in midlife, inaction physically, depression and smoking.  It was estimated that about 
a third of the AD-cases worldwide can link these risk factors in one statistical analysis of 
several meta-assays (Kanekiyo et al., 2014).  Hence, by controlling these risk factors, the onset 
of AD may be preventable or delayed. 

There are presently four drugs available for AD therapy, all of which have been approved 
over a decade ago. The acetylcholinesterase (AChE) inhibitors dopezil, rivastigmine, and 
galantamine are among these first-class agents (Ownbyet al., 2006).  These medications boost 
the level of acetylcholine a significant memory and cognitive function transmitter in the 
brain by stopping acetylcholine from breakdown by enzyme (Tayebet al., 2012).  
Acetylcholinesterase inhibitors are approved for the treatment of dementia as they slow 
down progressive cognitive decreased.  However, the efficacy of these agents does not differ 
significantly, this because it is well tolerated, donepezil is often prescribed, but any of these 
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agents can initiate therapy (Mehta et al., 2012).  Changes in cognitive function, 
gastrointestinal intolerances symptoms and weight loss should be monitored for all patients  

In patients with AD, the fourth substance called memantine is also approved for dementia 
therapy. Memantine is a receptor N-methyl-d-aspartate antagonist blocking the binding of 
glutamate, an excitative neurotransmitter in the central nervous system.  This avoids 
excessive excitotoxicity and neuronal death, which is supposed to lead to AD pathogenesis.  
In the late phase of AD, memantine is possible to be combined with an AChE inhibitor and a 
combination product with dopezil and memantine is commercially available.  Although all 
AD agents slow progression of the disease and may delay symptoms, they do not 
substantially enhance or cure the disease's cognitive function.  The use of computer aided 
drug design could be a way forward to finding a drug with the capacity to correct this 
neurodegenerative disease (Lemkul & Bevan, 2012).  Hence, we aim at finding useful 
chemical compounds with acetylcholinesterase inhibitory activity by making use of 
computer aided drug design approach via pharmacophore-based virtual screening, 
molecular docking studies, pharmacokinetic prediction and quantum mechanical analysis. 

 

MATERIALS AND METHODS 

System preparation 
The 3D structure of acetylcholinesterase in complex with with Aricept (e2020) was retrieved 
from the Research Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB-
PDB)with ID: 1EVE.The structure of acetylcholinesterase was a distinct single chains 
bounded to other complementary residue (NAG).  The preparation of thereceptor acquired 
from the protein data bank was carried out on UCSF Chimera interface where hydrogens 
were added to the protein and removed from the ligand(Pettersen et al., 2004). 
 
Pharmacophore generation 
A pharmacophore model (donepezil) was design by choosing pharmacophoric moieties that 
interacted with the high energy contributing residues on the ZINCPharmer online platform 
(Morris et al., 1998; Pettersen et al., 2004).  The constructed model was added to 
ZINCPharmer with a distinct criteria (molecular weight of <500 Da, hydrogen bond donors 
<5, hydrogen bond acceptors <10 and rotatable bonds <6), to screen the ZINC database for 
the potential acetylcholinesterase inhibitors (Koes & Camacho, 2012). 

Structure-based virtual screening 
The virtual screening technique was used to identify potential inhibitors from a large 
database of drug-like compounds.  Based on the generated pharmacophore, the ZINC 
database was screened to obtain drug-like compounds with similar pharmacophoric features 
as exhibited by donepezil by making use of ZINCPharmer. 

Preparation of potential acetylcholinesterase inhibitors 
Potential acetylcholinesteraseinhibitors obtained from screening on ZINC database were 
retrieved in their 2D conformations.  Optimization was carried out for each of the 
compounds retrieved from ZINC database on Avogadro using the MMF94 force field 
(Hanwell et al., 2012).  The minimized 3D structures of the acquired ligands were thereafter 
individually exported to UCSF Chimera for further preparation prior to molecular docking.  
Hydrogen atoms were removed and Gasteiger partial charges were allocated to the 
compounds. 
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Molecular docking 
Molecular docking was performed on all the hits obtained from the ZINC database to 
predict their binding conformation and affinity within the active site region 
acetylcholinesterase. Docking was carried out using the AutoDockVina software (Morris et 
al., 1998). The grid box that defines the binding site region was generated using the 
AutoDock Vina functionality on UCSF Chimera (Pettersen et al., 2004).  The grid box size 
and center coordinates for the acetylcholinesterase binding site were x (10, 16.92), y (10, 
16.32) and z (10, 46.31) respectively.  Meanwhile, during the docking process, a maximum of 
10 conformers were considered.  

In silicoprediction of pharmacokinetic properties 

The acquired potential inhibitors from virtual screening were accessed for their 
pharmacokinetic properties using the online tool SwissADME.  This tool was used to assess 
the drug-like qualities of the compounds taken into consideration their molecular weight, 
logP value, number of hydrogen bond donors and acceptors. 

Quantum chemical calculations 
The quantum chemical calculations of the lead molecule were carried out on Gaussian 09 
equipped with Gaussview 5.0 program, in which DFT (B3LYP) methods with 6-311++G (d, 
p) basis sets was employed.  Electronic transitions in the UV-Vis spectral region were 
calculated by time dependent (TD) DFT method with B3LYP level and 6-311++G (d, p) basis 
set.  The HOMO and LUMO energies were also determined. 

 

RESULT AND DISCUSSION 
A logical approach to mining bioactive molecules with therapeutic implications for the 
treatment of Alzheimer’s disorder was performed.  This technique involves pharmacophor 
virtual screening and molecular docking.  From the results obtained, the best five drug-like 
molecules acquired form docking acetylcholinesterase enzyme with the ninety compounds 
are considered as possible remedies to Alzheimer’s disorder.  From the large number of 
molecules complexed with acetylcholinesterase, these five compounds showed great affinity 
for acetylcholinesterase enzymes in their 3D-complexed representations.  However, one 
among these five was observed to have the lowest binding energy, this suggest strongest 
affinity for acetylcholinesterase enzyme via hydrophobic and hydrogen bond interactions.  
The ligand interactions of the five compounds with acetylcholinesterase are shown in Figs. 3 
to 7.  Meanwhile, the formation of hydrogen bond interactions with the binding site of 
acetylcholinesterase enzyme were evident in the ligand interactions of the complexes. 
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Figure 1: The 3D image of donepezil showing the pharmacophoric signals on the ZINCPharmer.  

Table:1 The pharmacophoric features of donepezil on ZINCpharmer. 

 

 
 
Figure 2.  The 3D  crystalized structure of acetylcholinesterase enzyme (1eve). 

Pharmacophore class X Y Z Radius 

Aromatic 14.33 11.27 11.68 1.10 

Hydrogen Acceptor 13.86 11.52 8.97 0.50 

Hydrogen Acceptor 11.75 11.76 10.83 0.50 

Hydrogen Acceptor 14.27 11.14 15.38 0.50 

Hydrophobic 11.25 10.93 9.79 1.00 
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Table 2: 2D structures of inhibitions (coloured by heteroatoms) and their 
corresponding binding affinities from molecular docking. 

S/N CODE 
SCORE 

*G (kcal/mol) 
STRUCTURE 

* Donepezil -9.2 

 

1 ZINC08131939 -11.1 

 

2 ZINC07053590 -10.8 

 

3 ZINC03426586 -10.7 

 

4 ZINC03374636 -10.5 

 

5 ZINC 07858448 -10.2 

 

6 ZINC 00375186 -9.4 
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Donepezil (DPZ) was modeled and used for the virtual screening step.  However, the model 
molecule (DPZ) did not form hydrogen bond interaction with amino acid residues of 
acetylcholinesterase enzyme.  Meanwhile, -9.2 kcal/mol free energy was recorded for the 
interaction of DPZ with acetylcholinesterase.  From the binding score acquired, we observed that 
DPZ was has lesser affinity to bind to acetylcholinesterase when compared with other 
compounds. 
 
Docking score of -10.2 kcal/mol was obtained in the interaction of ZINC07858448 with 
acetylcholinesterase enzyme, the inhibitor (ZINC07858448) was observed to interact with 19 
amino acids residues within the pocket of the receptor and from the ZINC07858448-
acetylcholinesterase complex (see Fig. 7), a significant hydrogen bonds were formed with PHE 
288 and TYR 121.  On the other hand, the interaction of acetylcholinesterase with 
ZINC03374636 was driven by -10.7 kcal/mol, in the complex formation step, a hydrogen bond 
was formed between the terminal amine of the ligand and PHE 288 amino acid of 
acetylcholinesterase. 
On the contrary, the free hydroxyl group of ZINC03426586 formed hydrogen bond with TYR 
121 amino acid within the active site of acetylcholinesterase, involving -10.7 kcal/mol binding 
energy.  On the other hand, the binding affinity of -10.8 and -11.1kcal/mol were acquired for 
the interactions of ZINC07053590 and ZINC08131939 with acetylcholinesterase respectively.  
Analysis of both complexes revealed the formation of hydrogen bond between the terminal 
primary amine of ZINC08131939 and PHE 288 amino acid within the pocket of 
acetylcholinesterase.  Meanwhile, van der Waals forces and hydrophobic interactions may be 
responsible for the formation ZINC07053590-acetylcholinesterase complex.  Comparatively, the 
compound (ZINC08131939) with the top docking score (-11.1 kcal/mol) was observed to have 
greater affinity for acetylcholinesterase than donepezil.The five compounds with the highest 
docking scores were selected and recommended.  However, the lead inhibitor of 
acetylcholinesteraseenzyme,3-methoxy-4(2-(naphthalen-3-yl)-2 
oxoethoxy)benzonitrile(ZINC08131939) demonstrated better binding affinity than donepezil.  
Hence, further investigation on the physiological implication of 3-methoxy-4(2-(naphthalen-3-
yl)-2-oxoethoxy)benzonitrile in arresting the awful impart of Alzheimer on man is 
recommended.  
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Figure 3: The 3D X-ray crystal structure of acetylcholinesterase complex with donepezil, showing also the 
binding site region and the residues that constitute this binding site region. 

 

 

 

Figure 4: The 3D X-ray crystal structure of acetylcholinesterase complex with ZINC08131939, showing also the 
binding site region and the residues that constitute this binding site region. 
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Figure5:3D X-ray crystal structure of acetylcholinesterase complex with ZINC03374636, 
showing also the binding site region and the residues that constitute this binding site region. 

 

 

Figure 6: The 3D X-ray crystal structure of acetylcholinesterase complex with ZINC03426586, showing also the 
binding site region and the residues that constitute this binding site region 
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Figure7: The 3D X-ray crystal structure of acetylcholinesterase complex with ZINC07053590, Showing also 
the binding site region and the residues that constitute this binding site region 

 

 

Figure 8: The 3D X-ray crystal structure of acetylcholinesterase complex with ZINC07858448, showing also the 
binding site region and the residues that constitute this binding site region 

 

Pharmacokinetic assessment of potential acetylcholinesteraseinhibitors 
To evaluate the drug-like properties of 3-methoxy-4(2-(naphthalen-3-yl)-2-oxoethoxy) 
benzonitrile (ZINC08131939),theoretical calculations of the ADME (Absorption, 
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Distribution, Metabolism and Excretion) properties were determined by making use of 
online SwissADME tool.  The lead molecule (ZINC08131939) was observed to obey 
Lipinski's rules 5 (i.e., molecular mass <500, H-bond donors <5, H-bond acceptors <10, and 
logP < 5).  In a bid to assess the possibility of administering the predicted inhibitor to 
human, significant descriptors and pharmacologically relevant properties such as logP(o/w) 
(octanol-water partition coefficient), aqueous solubility (logS), HBDH (number of hydrogen 
bond donor atom), HBAH, (number of hydrogen bond acceptor atom), blood–brain barrier 
(BBB) penetration were successfully measured (Arnott & Planey, 2012; Wanget al., 2015; 
Waring, 2010).  The distribution, transport and bioavailability of drugs is largely dependent 
on the aqueous solubility of drugs.  From the outcome of the ADME analysis, the lead 
molecule was observed to have mederate solubility.  The bioavailability rader ((Fig.9) 
hexagonal shape) indicated that the coloured region is the likely physicochemical space for 
oral bioavailability.  On the other hand, the result also revealed the potential of 
ZINC08131939 to quickly reach the brain and easily permeate blood brain barrier.  These 
properties makes ZINC08131939 a suitable acetylcholinesterase inhibitor. 

 

Figure 9:  showing the pharmacokinetic properties of ZINC08131939. 

 
Global reactivity descriptors 
The global reactivity descriptors of ZINC08131939 was calculated from Frontier molecular 
orbital (FMO) theory.  Reactivity descriptors such as Electronegativity (χ), hardness (η), 
softness (S) and electrophilicity index were estimated with the aid of density functional 
theory (DFT).  In the present study the energy gap (ΔE) was estimated from LUMO minus 
HOMO energies value (Koopmans, 1934).  Absolute electronegativity (χ), absolute hardness 
(η) and electrophilicity index (ω) of ZINC08131939 were computed by B3LYP/6-
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311++G(d,p) method and listed in Table 3.  According to Koopmans’ theorem the ionization 
potential (IP ≈  - EHOMO) and electron affinity (EA ≈ - ELUMO) can be expressed through 
HOMO and LUMO orbital energies.  Meanwhile, the electronegativity (χ) was obtained 
from the average of the sum of ionization potential (IP) and electron affinity (EA) ((𝜒) =
𝐼𝑃+ 𝐸𝐴

2
 ).  The hardness (ɳ)of a molecule is related to the gap between the HOMO and LUMO 

orbitals, however, the larger the HOMO-LUMO energy gap the harder the molecule (Pandey 

et al., 2017; Yang & Parr, 1985).  This descriptor is estimated from (ɳ) =
𝐼𝑃−𝐸𝐴

2
.  In the same 

trend, the global softness of the lead compound is determined from the inverse of global 

hardness.  Hence, softness =  (𝑆) =
1

ɳ
.  The chemical potential of ZINC08131939 was 

calculated from the average of electron affinity in combination with ionization energy (µ) =

−
𝐼𝑃−𝐸𝐴

2
.  Finally, the electrophilicity index (ω) which indicates the tendency of 

ZINC08131939 to accept electrons was estimated by making use of the electronic chemical 

potential (μ) and chemical hardness (η) ((𝜔) =
µ2

2ɳ
).  The results acquired from this suggested 

that ZINC08131939 is reactive enough to impart physiological activity. 
 

 
Figure 10:  UV-VIS spectrum of ZINC08131939 (λ = 340.96 nm) 
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Figure 11: HOMO, LUMO orbitals at the B3LYP/6-311++G (d, p) basis set for   ZINC08131939 

 

Table 3:  HOMO-LUMO energies and calculated global reactivity parameters of ZINC08131939 molecule 
calculated by B3LYP/6-311++G (d,p) method 

 

 

 

 

 

 

 

 

CONCLUSION 
The key objective of this investigation was the application of pharmacophore-based virtual 
screening of the ZINC database and molecular docking analysis of acetylcholinesterase with 
ligangs.  The pharmacokinetic prediction and quantum mechanical analysis of the lead 
compounds showed that the lead compound exhibited dugable characteristics.  The 
evaluation of binding interaction against the acetylcholinesterase revealed strong hydrogen 
bond formation and contribution of other molecular forces.  Among the studied compounds, 
ZINC08131939 showed the strong interaction against the active site of the 
acetylcholinesterase (1eve).  The results showed that these compounds (ZINC07053590, 
ZINC03426586, ZINC03374636, ZINC 07858448 and ZINC 00375186 could have possible 
potentials to be used as a drugs against acetylcholinesterase (1eve).  It will be highly useful 
for in vivo drug designing and development. 
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