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ABSTRACT

Alzheimer’s disease remains one of the most challenging neurodegenerative disorders,
characterized by cholinergic imbalance in neuromuscular region, amyloid-beta (AB) plaque
accumulation, tau protein hyperphosphorylation, oxidative stress, and neuroinflammation. The
past research on Alzheimer’s was focussed on acetylcholinesterase inhibition to maintain the
level of neurotransmitter, acetylcholine in the brain. The major available commercial drugs
(Donepezil, Rivastigmine, Galantamine) against Alzheimer’s are acetylcholinesterase
inhibitors. Current therapies also focus on symptomatic relief without addressing the disease's
underlying mechanisms. This necessitates a multi-target-directed approach using plant-derived
bioactive compounds known for their neuroprotective properties. These compounds can
modulate key pathways in disease progression, offering the potential for holistic treatment

strategies.

The study began with the identification of acetylcholinesterase and beta-site amyloid
precursor protein cleaving enzyme 1 inhibitors, enzymes pivotal to cholinergic dysfunction and
A4 aggregation. Computational screening was employed to assess the binding affinity and
pharmacological potential of various bioactive compounds, followed by enzyme inhibition
assays to validate the findings. The rationale was to target these enzymes to simultaneously
mitigate neurotransmitter degradation and A4, formation. Results demonstrated that selected
bioactive compounds acted as dual inhibitors, paving the way for further exploration of their
therapeutic potential. After in vitro analysis, withanolide A, obtained from Withania somnifera
was identified to have dual role, as acetylcholinesterase and beta-site amyloid precursor protein
cleaving enzyme 1 inhibitor. Withanolide A inhibited acetylcholinesterase (ICso value 107 uM)
and showed mixed-type inhibition. At this concentration, it inhibited beta-site amyloid

precursor protein cleaving enzyme 1 activity by 57.10% and was stated most effective. Both

vii



the compounds, as well as their crude extracts, were found to have no cytotoxic effect on the

SH-SYS5Y cell line.

Insoluble AB4> peptides form neurotoxic plaques that disrupt synaptic transmission and
contribute to Alzheimer’s disease pathology. In vitro aggregation studies of AP4, exhibited a
sigmoidal growth curve, highlighting distinct nucleation, elongation, and fibril maturation
phases. The anti-amyloidogenic potential of bacoside A and withanolide A was assessed at
different aggregation stages. Docking studies confirmed that both compounds specifically
interact with the KLVFFA stretch of AP42, a critical region for monomer self-association and
fibril formation. A 500 ns molecular dynamics simulation to study the interaction of these
compounds with disordered ABs> (2MXU.pdb) revealed stable binding to monomers, with
reduced stability during fibril elongation. Bacoside A and withanolide A inhibited a-helix
conversion during nucleation, preventing key intermediates required for fibril growth, leading
to the formation of non-toxic amorphous aggregates. Additionally, a 100 ns simulation with
native helical AB42 (1Z0Q.pdb) provided insights into their preventive action, reinforcing their
early-stage aggregation inhibitory potential. These findings suggest that bacoside A and
withanolide A act as promising anti-amyloidogenic agents, stabilizing AP4> monomers while
preventing fibril growth, thereby offering a potential therapeutic strategy for Alzheimer’s

disease.

An efficient high-yielding process was developed to obtain purified bacoside A from
Bacopa monnieri. The purification protocol constituted a sequential solvent polarity-gradient
extraction method followed by gradient silica-gel column chromatography. The bacoside A
content was quantified by HPTLC, and a yield of 34.6 mg bacoside A per gram of crude Brahmi
extract was obtained with 93% purity. Purified bacoside A exhibited high acetylcholinesterase

inhibition (ICso value 9.91pg/mL) and DPPH radical scavenging activity (IC50 value 29.22
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pg/mL). This was followed by in vivo experiments in a compulsive mouse model (p. T8I-
VGLUT?3), designed to mimic cholinergic dysfunction observed in Alzheimer’s disease. The
rationale was to validate bacoside A’s role as an acetylcholinesterase inhibitor and its
therapeutic potential in reducing compulsive behaviour. The results affirmed the compound's

efficacy and safety, strengthening its candidacy as a viable therapeutic agent.

To overcome the limitations of poor bioavailability and environmental instability,
nanotechnology-based delivery systems were developed. Nano-liposomes were synthesized
using the thin-film hydration method to enhance encapsulation efficiency and achieve sustained
release in the gastrointestinal fluid. Cholesterol was used to stabilize the liposomes and limit
the release of bacoside A and withanolide A at lower pH. This approach was rationalized by
the need to improve the pharmacokinetics of bioactive compounds, ensuring effective delivery
across the blood-brain barrier. The liposomal formulations exhibited superior short-term
storage stability at all the temperatures (-20 to 55 °C) and long-term storage stability at 4 °C.
The liposomes did not exhibit any cytotoxicity on SH-SYSY cell line as indicated by MTT

assay and live cell-imaging.

In conclusion, this work integrates computational, experimental, and nanotechnological
approaches to provide a comprehensive framework for the use of phytochemicals in
Alzheimer’s disease treatment. By addressing multiple aspects of disease pathology, the
findings offer significant insights into developing effective and sustainable therapeutic

strategies.
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