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PREFACE 

Alzheimer’s Disease (AD) is one of the most predominant neurodegenerative diseases which 

accounts for 60 to 80 % cases of dementia, affecting the cerebral cortex and hippocampus of 

the brain ccharacterized by cognitive decline, memory impairment, and behavioral alterations. 

A common denominator in such neurodegenerative diseases is the degeneration of the neuronal 

cholinergic system. Such neurodegenerative disease alone constitutes major challenges and 

tremendous unmet needs, in term of effective tools for clinical and/or research purposes.  This 

is perhaps one of the reasons why despite the intensive search for the past half century only 

symptomatic treatments are currently available. Nonetheless, AD is a complex multifactorial 

disease, making it highly challenging to find a cure. 

Cholinergic hypotheses in AD, is linked with the decline in the key cholinergic 

neurotransmitter, acetylcholine. Choline Acetyltransferase (ChAT) is the enzyme responsible 

for the biosynthesis of acetylcholine and the maintenance of ChAT expressions is essential for 

proper neuronal function and overall health of the brain and the body, and disruption in its 

expression or function can have detrimental effects on both mental abilities and 

neurotransmitter balance and motor controls. Thereby, it is one of the potential targets for 

development of biomarkers for monitoring the health of the cholinergic neurons in the central 

and peripheral nervous system for early-stage diagnosis. In addition, detecting early bio-

signature changes of AD should help to halt the progression by suitable therapeutics.   

My journey through the corridors of academia has led me to embark on a profound exploration 

of novel Piperidine based derivatives as potential ChAT inhibitors. The pages that follow 

document the culmination of years of rigorous research, investigation, and discovery. The work 

encapsulated herein is divided into four comprehensive studies, each a distinctive facet of the 

overarching endeavor to unlock the mysteries of AD and advance diagnostic and theranostic 

interventions. 



xxii 

Study I (Chapter 3) Unravels the crucial binding mode mechanism of the proton pump 

inhibitors to the ChAT binding tunnel, by employing a series of computational tools, namely 

molecular docking and classical molecular dynamics, followed by the calculation of binding 

free energies using MMPBSA. Additionally, it was observed that the pyridine ring of the PPI’s 

predominantly interacts with the catalytic residue HIS324. As a major factor for the onset of 

Alzheimer’s disease is linked to cholinergic dysfunction, our present findings give clear insight 

into the PPI’s interaction with ChAT. 

In Study II (Chapter 4), we embark on to explore the novel piperidine scaffold of the previously 

identified hit compound B4 from our lab with an objective to simplify the structure, thus, here 

we synthesized and characterized fifty-two piperidine-based amide derivatives of high purity. 

These compounds underwent rigorous evaluation for their ability to inhibit ChAT, and also 

evaluated for its selectivity by screening them against two off-targets AChE and BuChE. 

Compound A1 emerges as a promising lead, distinguished by its potent and selective inhibition 

of ChAT in vitro along with good solubility. In vivo pharmacokinetic and brain kinetic studies 

in rat indicated optimum pharmacokinetic parameters along with good brain permeability. 

Molecular docking and dynamics simulations reinforce the favorable interaction of A1 with 

ChAT binding tunnel indicating its interaction with the catalytic residue HIS324. 

Study III (Chapter 5) We aimed to explore a large chemical space in search for novel scaffolds 

as potential ChAT inhibitors. Here, we have successfully utilised structure-based virtual 

screening approach to screen a VITAS-M small molecule library containing ~1.4 million 

compounds by using a structure-based virtual screen protocol based on MPI-Vina. Identifying 

46 top performing hits displaying prominent interaction with the catalytic residue HIS324. The 

compounds were procured and were then subjected to rigorous in vitro characterization which 

led to the identification of two novel, selective and potent ChAT inhibitors V6 and V15, having 

good aqueous solubility and no toxicity. Molecular docking and dynamics simulations revealed 




