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Preface 

Alzheimer's disease (AD) is the most common form of dementia causing memory, 

behaviour and thinking impairment. Eventually, the symptoms become severe and make 

it difficult for a patient to carry out daily activities. According to the World Health 

Organization (WHO), one in every 85 individuals will have AD by 2050. The therapeutic 

targets of the disease include acetylcholinesterase (AChE), butyrylcholinesterase (BChE), 

β-secretase-1, glycogen synthase kinase 3β, monoamine oxidase B, matrix 

metalloproteases, N-methyl D-aspartate (NMDA) receptors, tau kinase etc.  

Among the targets, inhibition of cholinesterase enzymes is still a major component of 

anti-AD therapy to provide symptomatic relief. The inhibition of AChE causes 

improvement in memory and cognition. However, AChE inhibitors produce cholinergic 

side effects and the therapeutic effect wear-off with the progression of the disease. 

Alternatively, the presence of a significant level of BChE in the latter stage of the disease 

and its inhibition causes improvement in memory and thus, makes it an attractive target. 

Machine learning (ML), structure-based drug design and ligand-based drug design are 

useful techniques in drug design. The research work presented in the thesis covers three-

fold objectives. The first objective of the study is to design selective BChE inhibitors 

through ML/scaffold hopping. The ligands identified were synthesised, characterised and 

tested through various in vitro and in vivo tests. The second objective deals with the 

identification of the virtual hits and their binding modes. The third objective includes the 

development of in silico tools by using ML techniques for the identification of hits. 

The work embodied in this thesis has been presented under the following chapters: 

Chapter 1: The chapter provides an introduction to AD and deals with details regarding 

background, pathophysiology and available therapeutics for the treatment of AD. Further, 

the various approaches involved in drug design are also described. 
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Chapter 2: The chapter deals with the literature background related to targets involved 

in the cholinergic hypothesis. It also includes the field application of ML in drug 

discovery. 

Chapter 3: In this chapter, the objectives of the study and plan of work are incorporated. 

Chapter 4: The chapter deals with the development of selective BChE inhibitors using 

ML. It includes the methodology used for design, synthesis, characterisation, in vitro, in 

silico and in vivo evaluations of sulfonamides of para-amino benzoic acid, followed by a 

discussion. 

Chapter 5: The development of selective BChE inhibitors using scaffold hopping is 

presented in the chapter. It describes the methodology used for design, synthesis, 

characterisation, in vitro, in silico and in vivo evaluations of sulfonamides of 

phenylglycine, followed by results and discussion. 

Chapter 6: The chapter deals with in silico identification of the potential AChE inhibitors 

through computational techniques.  

Chapter 7: The chapter includes the methodology and results obtained from in silico 

analysis of the binding mode of AVL-3288 with α7-nicotinic acetylcholine receptor. 

Chapter 8: The chapter includes the details of the procedure followed and results of the 

development of the homology model, docking protocol and ML-based scoring function 

for identification of electric eel’s AChE inhibitors. 

Chapter 9: In this chapter, the detailed procedure of the development of the homology 

model, docking protocol and ML-based scoring function for the identification of horse’s 

BChE inhibitors is presented. The chapter also includes results and discussion on the 

above. 

Chapter 10: The chapter deals with the development of ML models for the prediction of 

inhibitors for the important targets of AD. The ML models are deployed in the form of a 

web application – AlzLeads.  
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Chapter 11: This chapter outlines the summary and conclusions of the research work 

undertaken. 

Chapter 12: The references, used to carry out the research work, are presented in the 

chapter. 

An appendix consisting of the additional supporting information, spectral data of 

representative compounds and a list of publications during the course of the Ph.D. are 

included. 



ix 
 

Acknowledgements 

 
At the very outset, I would like to thank the ALMIGHTY GOD for showering his continuous 

blessings on me in my daily life. 

I express my sincere gratitude to the founder of the Banaras Hindu University, Bharat Ratna 

Mahamana Pandit Madan Mohan Malviya ji, who created this glorious temple of learning. 

I would like to express my sincere gratitude and indebtedness to my venerated teacher and 

Supervisor Prof. Sushil Kumar Singh, Indian Institute of Technology (Banaras Hindu University), 

for his invaluable suggestions, constant encouragement & untiring endeavour. I am very thankful 

to my co-supervisor Dr. Ashok Kumar for his guidance, constructive suggestions and constant 

encouragement throughout my Ph.D. 

I immensely express my profound gratitude to Prof. P.K. Jain, Director, Indian Institute of 

Technology (Banaras Hindu University), Varanasi and the Deans of the institute for providing 

necessary amenities and sophisticated instrumentation facilities for smooth conduct of research. 

I would like to render my sincere thanks to Prof. B. Mishra and Prof Sanjay Singh, former Head 

of the department and Prof. S. K. Shrivastava, Head of the department, for providing me with 

the opportunity and necessary amenities to conduct research in the department. 

I would like to thank my Research Progress and Evaluation Committee (RPEC) members for 

providing valuable suggestions during the evaluation of my research progress. 

I would like to thank Prof. Sairam Krishnamurthy and his lab members for their support in 

performing in vivo experiments. I am thankful to Prof. David A. Case for providing licenses for 

Amber18, Amber20 and Dr. Stefano Forli for providing help in virtual screening. The support and 

the resources provided by PARAM Shivay Facility, Centre for Computing and Information Services 

(CCIS) and Central Instrument Facility (CIF), IIT(BHU), Varanasi are gratefully acknowledged. 

I would like to keep on record my profound respect & sincere thanks to my respected teachers, 

Prof.(Mrs.) S. Hemalatha, Dr. Senthil Raja A, Dr. Alakh N Sahu, Dr. S. K. Mishra, Mr. A. K. 

Srivastava, Dr.(Mrs.) Ruchi Chawla, Dr. M. S. Muthu, Dr. Prasanta Kumar Nayak, Dr. Gyan 

Prakash Modi, Dr. Sreyans K. Jain, Dr. Deepak Kumar, Dr. Rajnish Kumar, Dr. Vinod Tiwari and 

Dr. Ashish K. Agrawal for their co-operation and valuable suggestions during my research work.  

I pay sincere thanks to Mr Yashwant Singh sir, Mr Atul Gupta sir, Mr Anand sir and all the 

departmental non-teaching staff for their co-operation and help during my research work. 



x 
 

I am heartily thankful to Devendra Sir, Dileep Sir, Satheesh Sir, Srabanti Mam, Gopi Sir, Avanish 

Sir, Rayala Swetha, Subhojit Makar and all my M. Pharm. juniors of the lab for their valuable 

suggestions and co-operation. 

My heartiest thanks are due to my friends Qadir Alam, Ravi Singh, Kaushik Neogi and Pratigya 

Tripathi for their care & support during my stay in IIT(BHU). 

Ministry of Education, New Delhi is gratefully acknowledged for providing fellowship during the 

tenure of my research work. 

Last but not least, words are incapable of expressing the depth of one’s feelings. I would like to 

express my heartfelt and immense gratitude to my beloved PARENTS, Aditya Dada, Prachi 

Vahini, little Advait and all my relatives who had been the most significant pillars of my life. They 

always stood beside me and without them, I would never have been succeeded. 

 

 

 

 

Date:  

Place – Varanasi                                                                       (Ankit Ganeshpurkar) 

  



iii 
 

Department of Pharmaceutical Engineering & Technology 

Indian Institute of Technology 

(Banaras Hindu University) 

Varanasi-221005 

 

 

CERTIFICATE 
 

 

It is certified that the work contained in the thesis titled “Implementation of 

Computational and Machine learning techniques for the development of in silico 

tools and identification of novel leads for the treatment of Alzheimer's Disease” by 

Mr. Ankit Ganeshpurkar has been carried out under our supervision and that this work 

has not been submitted elsewhere for a degree. 

It is further certified that the student has fulfilled all the requirements of Comprehensive 

Examination, Candidacy and SOTA for the award of Ph.D. Degree. 

 

 

 

 

 

 

 

Prof. Sushil K. Singh       Dr. Ashok Kumar 

(Supervisor)        (Co-supervisor) 

 

 

Date: 

Place: IIT (BHU), Varanasi 

  



iv 
 

  



v 
 

Department of Pharmaceutical Engineering & Technology 

Indian Institute of Technology 

(Banaras Hindu University) 

Varanasi-221005 

 

 

 

DECLARATION BY THE CANDIDATE 
 

I, Ankit Ganeshpurkar, certify that the work embodied in this Ph.D. thesis is my own 

bonafide work and carried out by me under the supervision of Prof. Sushil K. Singh and 

co-supervision of Dr. Ashok Kumar from July, 2016 to September, 2021 at the 

Department of Pharmaceutical Engineering & Technology, Indian Institute of 

Technology (Banaras Hindu University), Varanasi. The matter embodied in this Ph.D. 

thesis has not been submitted for the award of any other degree/diploma. I declare that I 

have faithfully acknowledged and given credit to the research workers wherever their 

works have been cited in my work in this thesis. I further declare that I have not willfully 

copied any other’s work, paragraphs, text, data, results, etc. reported in the journals, 

books, magazines, reports, dissertations, theses, etc., or available at websites and have not 

included them in this Ph.D. thesis and have not cited as my own work. 

 

 

 

 

Date: 

Place: IIT (BHU), Varanasi     Ankit Ganeshpurkar 

 

 
CERTIFICATE BY THE SUPERVISOR(S) AND HEAD OF THE DEPARTMENT 

 

It is certified that the above statement made by the student is correct to the best of our 

knowledge. 

 

 

 

 

 

Prof. Sushil K. Singh              Dr. Ashok Kumar                  Prof. S. K. Shrivastava 

(Supervisor)                            (Co-Supervisor)                    (Head of the Department) 

  



vi 
 

  



vii 
 

Department of Pharmaceutical Engineering & Technology 

Indian Institute of Technology 

(Banaras Hindu University) 

Varanasi-221005 

 

 

COPYRIGHT TRANSFER CERTIFICATE 

 
Title of the Thesis: Implementation of Computational and Machine learning techniques 

for the development of in silico tools and identification of novel leads for the treatment 

of Alzheimer's Disease 

 

Candidate’s Name: Ankit Ganeshpurkar 

 

Copyright Transfer 

The undersigned hereby assigns to the Indian Institute of Technology (Banaras Hindu 

University), Varanasi all rights under copyright that may exist in and for the above thesis 

submitted for the award of the Ph.D. degree. 

 

 

 

 

 

Date: 4.10.2021 

Place: IIT (BHU), Varanasi                                                         Ankit Ganeshpurkar 

 

 

Note: However, the author may reproduce or authorize others to reproduce material 

extracted verbatim from the thesis or derivative of the thesis for author’s personal use 

provided that the source and University’s copyright notice are indicated. 

  



viii 
 

  


