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active site (PDB: 2ZJM).

Molecular dynamics (MD) studies of compound 5d -AChE (4EY7) docked
complex. (A) 2D representation showing % interaction with amino acid residues
in the active site; B) Histogram presentation of interaction fraction with amino
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ns MD; D) Timeline graph indicating all amino acid interactions with the ligand
on each time frame.

Molecular dynamics (MD) studies of compound 5f-hAChE (4EY7) docked
complex. (A) 2D representation showing % interaction with amino acid residues
in the active site; B) Histogram presentation of interaction fraction with amino
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Molecular dynamics (MD) studies of compound 5d -BChE (4TPK) docked
complex. (A) 2D representation showing % interaction with amino acid residues
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Molecular dynamics (MD) studies of compound Sf -BChE (4TPK) docked
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D) Timeline graph indicating all amino acid interactions with the ligand on each
time frame.

Molecular dynamics (MD) studies of compound Sd-BACE-1 (2ZJ7) docked
complex. (A) 2D representation showing % interaction with amino acid residues
in the active site; B) Histogram presentation of interaction fraction with amino
acid

residues; C) RMSD graph of ligand-protein (5d-BACE-1) interaction of 100 ns
MD; D) Timeline graph indicating all amino acid interactions with the ligand on
each time frame.

Molecular dynamics (MD) studies of compound 5f~-BACE-1 (2ZJ7) docked
complex. (A) 2D representation showing % interaction with amino acid residues
in the active site; B) Histogram presentation of interaction fraction with amino
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ns MD; D) Timeline graph indicating all amino acid interactions with the ligand
on each time frame.

Molecular dynamics (MD) studies of 100 ns for the compound 5d and 5f against
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ORTEP diagram of compound 5f obtained at 100 K

The enzyme kinetics study of 5d and 5f compounds determined using
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Analysis of % cell viability and cell morphology on differentiated SH-SY5Y
neuroblastoma cell lines after treatment with compounds; A) SH-SYS5Y cell lines
incubated with 10, 20 40, and 80 uM concentration of donepezil, 5d, and 5f: B)
% cell viability of non-differentiated and differentiated SH-SY5Y cells incubated
with A4 alone and 5d and 5f for 72 h; C) Differentiated SH-SYSY cell lines:
D) Differentiated SH-SY5Y cell lines treated with standard donepezil; E)
Differentiated SH-SYSY cell lines treated with compound 5d; F) Differentiated
SH-SYS5Y cell lines treated with compound 5f.

Results of % cell viability assay A) SH-SYSY cell lines incubated with 10, 20
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non-differentiated and differentiated SH-SYSY cells incubated with AB;.4, alone
and 5d and 5f for 72 h; C) SH-SYSY cells treated with AB;.42; D) incubation of
APi.4p treated SH-SYSY cells with compound 5d; E) incubation of AB;_4, treated
SH-SYS5Y cells with 5f. Data are displayed as mean + SD of three independent
experiments (n=3).

Anti-Ap aggregation effect of compound 5d and Sf compared with standard
donepezil: A) self-induced % anti-Af aggregation experiment; B) hAChE-
induced anti-Af aggregation experiment. Data are expressed as mean = SEM of
three independent experiments (n=3).

Thioflavin T assay of compounds 5d and 5f; A) Self- induced Af aggregation B)
hAChE-induced Ap aggregation: C) Confocal microscopy images blank (PBS),
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Ap aggregation effects of compounds 5d, 5f and standard curcumin after 24 and
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AFM and SEM analysis of AP aggregation inhibition by compounds 5d, 5f, and
curcumin at different time points: A) 2D representation of AFM studies showing
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representation of AFM studies showing anti Af aggregation at 10 uM
concentration on day 1, 3, and 5; C) 2D representation of SEM studies showing
anti AP aggregation at 10 uM concentration on day 1, 3, and 5.
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cortex; B) Liver tissue showing the presence of normal Kuepfer cells; C) Kidney
tissue showing normal DCT, PCT, and Glomerulus; D) Heart slice showing
normal cardiac muscles.

Elevated plus maze test of compound 5d and Sf A) retention transfer latency of
compound 5d; B) % ITL of compound 5d; C) Total time latency of compound
5d; D) retention transfer latency of compound 5f; E) % ITL of compound 5f; F)
Total time latency of compound. Data represented as mean = SEM (n=6). ***p <
0.001, **p < 0.01, *p < 0.05 vs scopolamine; i p <0.001vs Naive.

Ex vivo estimation of effects of compound Sd in scopolamine-induced mice brain
hippocampus and cortex; A) & B) AChE activity estimation; C) & D)
Thiobarbituric acid reactive substance (TBARS) assay to estimate MDA levels;
E) & F) Glutathione (GSH) estimation to evaluate ROS generation against
induced oxidative stress; G) & H) estimation of nitrite (NO) levels. Data
represented as mean + SEM (n=6). ***p < 0.001, **p < 0.01, *p < 0.05 vs
scopolamine; i p <0.001vs Naive, NS = non-significant.

Ex vivo estimation of effects of compound 5f in scopolamine-induced mice brain
hippocampus and cortex; A) & B) AChE activity estimation; C) & D)
Thiobarbituric acid reactive substance (TBARS) assay to estimate MDA levels;
E) & F) Glutathione (GSH) estimation to evaluate ROS generation against
induced oxidative stress; G) & H) estimation of nitrite (NO) levels. Data
represented as mean + SEM (n=6). ***p < 0.001, **p < 0.01, *p < 0.05 vs
scopolamine; ™ p < 0.001vs Naive, ns = non-significant.

gRT-PCR analysis of neuroinflammatory markers mRNA expression inhibition
by compounds 5d & 5f in brain hippocampal and cortex: A) Effect of compound
5d on TNF-a mRNA expression in the hippocampus; B) Effect of compound 5d
on TNF-a mRNA expression in Cortex: C) Effect of compound 5d on IL-15
mRNA expression in the hippocampus: D) Effect of compound 5d on IL-15
mRNA expression in cortex: E) Effect of compound 5f on TNF-a mRNA
expression in the hippocampus; F) Effect of compound 5f on TNF-a mRNA
expression in Cortex: G) Effect of compound 5f on IL-15 mRNA expression in
the hippocampus: H) Effect of compound 5f on IL-15 mRNA expression in the
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0.001vs Naive, NS = non-significant.

Estimation of amelioration of Ap-induced of cognitive deficit effects of
compound 5d and 5f through Morris water maze test; A) escape latency time
(ELT) and B) the number of total platform crossings during the last 5 days of
trials. Data represented as the mean + SEM (n=8).

Western blot analysis of protein expression in compound 5d and 5f treated mice
hippocampus after ICV administration of Af; A) western blot representative
bands, B) showing densitometric quantification APP/Apf; C) showing
densitometric quantification BACE-1; D) showing densitometric quantification
tau; E) showing densitometric quantification APP; F) showing densitometric
quantification Af. Data represented as mean = SEM (n=3). ***p < 0.001, **p <
0.01, vs diseased.

Immunohistochemical analysis of BACE-1 and Af expression levels in the
hippocampal brain; A) showing immunohistochemical expression of BACE-1
and Af expression effects in different animal groups; B) densitometric
quantification of BACE-1 immunostains showing changes in % area (burden);
C) densitometric quantification of 4Af immunostains showing changes in % area
(burden). ***p < 0.001 vs model (diseased) group, ns = nonsignificant. Data
expressed as mean + SEM (n = 3).

(X) Histopathological estimation of the effects of compounds 5d and 5f on brain
tissue via Nissl’s staining after Af-induced Morris water maze test A) Sham
group hippocampus, CAl, CA3, and DG sections; B) Ap-induced group
hippocampus, CAl, CA3, and DG sections; C) Donepezil (DNP) group
hippocampus, CAl, CA3, and DG sections; D) Compound 5d treated group
hippocampus, CAl, CA3 and DG sections; E) Compound 5f treated group
hippocampus, CA1, CA3 and DG sections. (Y) The effect of compounds 5d and
5f in rescuing neuronal population in Apf-induced mice brain. The data is

represented as mean = SEM (n=3). ***p <0.001, vs Sham, ns = non-significant.
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PREFACE

Alzheimer’s disease (AD) is considered to be an enormous healthcare problem caused
by the loss of neurons and synapses, particularly in the neocortex and hippocampus. AD
results in remarkable structural and functional damage to the brain, which resulted in
severe behavioral alterations and cognitive dysfunction. A recent report 2018 from
World Health Organization (WHO) accounts for 50 million cases of AD worldwide and
this figure is estimated to be tripled by 2050. There are several underlying
pathophysiology associated with the progression of cognitive deficits in AD condition
that includes, lower acetylcholine (ACh) levels in the synaptic cleft, amyloid beta (Af)
aggregation and deposition, N-methyl-D-aspartate receptor (NMDAR) activation,
oxidative stress in response to neuroinflammation, tau hyperphosphorylation that results
in generation of neurofibrillary tangles (NFTs), genetic mutation in apolipoprotein E4

(APOg4), etc.

The current treatment strategy for AD involves the use of some FDA-approved drugs
which only provide symptomatic relief to the patient. Certain FDA-approved
medications such as AChE inhibitors (donepezil, rivastigmine, and galantamine) and
NMDA receptor antagonists (memantine) are being used for the treatment of AD.
Recently, Aducanumab and Lecanemab (monoclonal antibodies) have been approved
by FDA in an accelerated approval pathway as a disease-modifying therapy for AD,

though their use is still controversial in AD progression.

This research work in this thesis was divided into two parts; the first part of the thesis
describes the design, synthesis, and biological evaluation of a novel series-I (SD1-17)
compounds against hAChE, hBChE, hBACE-1, and AP aggregation inhibitory
potentials. A detailed in vivo study of the most active compound of the series was also
performed in scopolamine and AB-induced behavioral rat models of AD following ex-

vivo biochemical estimation, and histopathological examination of brain tissue slices to
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observe any neuronal tissue damage. The in silico molecular docking and Molecular
dynamic simulation studies were also performed to confirm the ligand-protein

complex's stability.

The second part of the thesis demonstrates the successful design and synthesis of a new
class of compounds using in silico e-Pharmacophore hypothesis. A novel series II & 111
were designed as multitarget-directed ligands to discover new agents for Alzheimer’s
disease treatment. All the compounds were tested for their in vitro inhibitory potential
against hAChE, hBChE, hBACE-1, and AP aggregation. The neurotoxic liabilities of
the compounds were also tested against RA/BDNF differentiated SH-SYS5Y
neuroblastoma cell lines. Both the scopolamine and Af-induced mouse models for AD
were studied to evaluate the learning and memory behavior improvements after
treatment with the most active compounds of the series. Ex vivo studies of hippocampal
and cortex brain homogenates were performed to investigate the oxidative stress
biomarker and pro-inflammatory cytokines (TNF-o, and IL-6 mRNA) levels. The
histopathological examination was performed to observe neuronal appearance in the
hippocampal and cortex region of the brain. Western blot analysis and
immunohistochemical analysis were also performed to investigate the Apf, APP/Ap,

BACE-1, and tau protein molecular expression levels.
The work has been presented in this dissertation under the following sections:

Chapter 1: This chapter flashes the light on AD, its development & progression,
etiology, and various pathophysiology associated with AD. This chapter also deals with
the current treatment strategy for AD, a newer designing approach to tackle the disease

progression that includes mainly molecular hybridization, and computational methods.
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Chapter 2: This chapter describes a detailed literature survey on benzylpiperidines and
1,3,4-oxadiazoles, piperazine, and N-benzylpiperidine derivatives as multitarget

directed ligands (AChE, BChE, BACE-1, and Ap).

Chapter 3: This chapter summarizes the research objectives of the overall study, the
rationale for performing different in vitro and in vivo investigations, and a detailed plan

of work that is exemplified in this thesis.

Chapter 4: This chapter describes the experimental procedure used in the synthesis,
characterization, protocols for computational studies, and in vitro and in vivo

pharmacological evaluations.

Chapter 5: This chapter covers the overall findings as results and discussion part of the

research work.
Chapter 6: Describes the summary and conclusion of the presented work.

Chapter 7: This section includes the references as a source of information to carry out

the research work.

Chapter 8: An appendix consisting of the NMR ('H and 13C) and Mass spectra along
with HPLC chromatograms of the representative compounds followed by a list of

published papers and presentations at international conferences.
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