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Abstract

Due to the blood-brain barrier's (BBB) restrictive nature, there are few treatment options for Alzheimer's disease
(AD), a progressive neurodegenerative disorder marked by cognitive decline and memory loss. The potential of
medication administration via nanoparticles to improve therapeutic efficacy in AD models is investigated in this
work. In transgenic APP/PS1 mice, lipid-based, polymeric (PLGA), and metallic (gold) nanoparticles were created,
described, and assessed for their therapeutic benefits, brain biodistribution, and BBB permeability. Lipid
nanoparticles showed the highest drug transport (68%), followed by PLGA (55%) and gold nanoparticles (42%),
according to in vitro investigations utilizing a co-culture BBB model. With little systemic toxicity, lipid nanoparticles
produced the highest brain drug accumulation in vivo, dramatically decreased the density of amyloid-beta plaque,
and enhanced cognitive function in behavioral tests. These findings provide a viable approach to enhancing
Alzheimer's disease treatment by showing that nanoparticles, especially lipid-based formulations, are safe, effective,
and promising carriers for targeted drug delivery across the blood-brain barrier.

Keywords: Alzheimer’s disease, blood-brain barrier, nanoparticle drug delivery, lipid nanoparticles, PLGA
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1. INTRODUCTION

Alzheimer's disease (AD) is a long-term, progressive neurological condition marked by behavioral abnormalities,
memory loss, and cognitive deterioration. Millions of people worldwide suffer from it, making it the most prevalent
cause of dementia and a major social and financial burden. Despite decades of research, there are still few effective
disease-modifying medicines, and the majority of current therapeutic approaches are symptomatic. The blood-brain
barrier (BBB), a highly selective endothelial barrier that shields the brain from dangerous substances but also limits
the entry of most therapeutic medicines, is one of the main obstacles to treating AD. The therapeutic efficacy of
conventional drug delivery techniques is typically limited by their inability to produce sufficient drug concentrations
in the brain.

Drug delivery techniques based on nanoparticles have become a viable way to get around the BBB's restrictions in
recent years. To improve medication stability, targeting, and bioavailability, nanoparticles can be created at the
nanoscale with certain sizes, surface charges, and functional coatings. They have the ability to deliver therapeutic
molecules straight to the brain, limiting systemic side effects while delivering controlled and sustained medication
release. Because of their biocompatibility and flexible surface modification options, lipid-based nanoparticles,
polymeric nanoparticles (like PLGA), and metallic nanoparticles (like gold) are some of the most researched
platforms for CNS drug delivery.

The purpose of this study is to assess the safety and effectiveness of drug administration using nanoparticles across
the blood-brain barrier in Alzheimer's disease models. The study intends to evaluate nanoparticle permeability, brain
biodistribution, therapeutic influence on amyloid-beta pathology, and cognitive outcomes by integrating in vitro
BBB models with in vivo transgenic AD mice models. Comprehending these facets can offer crucial perspectives
for developing next-generation treatments for AD, potentially surmounting one of the biggest obstacles in the
management of neurodegenerative illnesses.

2. LITERATURE REVIEW

Gidwani and Singh (2013) examined how medicinal drugs are transported across the blood—brain barrier using drug
delivery devices facilitated by nanoparticles. Their research covered both in vitro and in vivo BBB models and
demonstrated how surface modification and receptor-mediated transport can help nanocarriers get beyond
physiological barriers. The authors addressed issues like toxicity, stability, and translational constraints in clinical
applications while highlighting the potential of nanotechnology.
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Rocha (2013) investigated specific drug delivery methods across the blood-brain barrier in relation to Alzheimer's
disease. In order to enhance drug localization in the brain, the review focused on ligand-based targeting, nanoparticle
systems, and molecular transport processes. The study emphasized how crucial disease-specific targeting is to
improving Alzheimer's disease treatment outcomes.

Marques et al. (2013) analyzed the differences in the blood—brain barrier that occur with advancing age and the
consequences these alterations have for Alzheimer's disease. According to the findings of their research, changes in
the blood-brain barrier that occur with aging make the brain more susceptible to neurodegenerative processes. The
interaction between aging, the permeability of the blood-brain barrier, and cognitive impairment was stressed by the
authors.

Deane et al. (2009) concentrated on the mechanisms that facilitate the clearance of amyloid-f across the blood—brain
barrier and the therapeutic implications of these pathways. Amyloid accumulation in Alzheimer's disease was shown
to be significantly influenced by decreased BBB-mediated clearance, as demonstrated by the authors. As a
prospective therapy option, the study placed an emphasis on improving BBB clearance pathways.

Huang et al. (2020) examined how the integrity of the blood-brain barrier plays a role in the development of
Alzheimer's disease. The results of their study demonstrated that disruption of the blood-brain barrier (BBB) can
result in neuroinflammation, oxidative stress, and neuronal damage. The study highlighted the significance of
preserving the integrity of the blood-brain barrier in order to forestall the start and progression of disease.

3. RESEARCH METHODOLOGY

Millions of people worldwide suffer from Alzheimer's Disease (AD), a chronic, progressive neurological illness that
causes behavioral abnormalities, memory loss, and cognitive decline. The blood-brain barrier (BBB), a selective
endothelial barrier that keeps the majority of medications from entering the central nervous system, limits the
effectiveness of treatment even with extensive knowledge into its pathogenesis. Therapeutic medication
concentrations in the brain are frequently not reached by conventional drug delivery techniques. Because they can
encapsulate medications, pass the blood-brain barrier, and release them under regulated conditions, nanoparticle-
based drug delivery systems present a possible approach. To improve targeting and bioavailability, these
nanoparticles can be designed with certain sizes, surface charges, and functional coatings. The goal of this project is
to evaluate the effectiveness of nanoparticles in Alzheimer's disease models and explore their potential for delivering
therapeutic medicines across the blood-brain barrier.

3.1. Research Design

Both in vitro and in vivo models are used in this preclinical experimental approach. The study is divided into three
main stages: the production and characterisation of nanoparticles, the measurement of BBB permeability in vitro,
and the evaluation of therapeutic efficacy using transgenic mice that have Alzheimer's disease. The experimental
strategy is intended to methodically evaluate the effectiveness of nanoparticle delivery as well as any possible
therapeutic benefits in AD.

3.2. Materials

Three primary types of nanoparticles are used in the study: metallic nanoparticles like gold or silver, polymeric
nanoparticles like PLGA and PEGylated formulations, and lipid-based nanoparticles (liposomes). Common
Alzheimer's medications like donepezil and rivastigmine are among the medicinal ingredients contained in these
nanoparticles. While transgenic APP/PS1 mice with AD-like pathologies are used in in vivo investigations, human
brain microvascular endothelial cells (hnBMEC) co-cultured with astrocytes and pericytes are used in vitro studies to
simulate the BBB.

3.3. Nanoparticle Synthesis and Characterization

Depending on the substance, emulsion, solvent evaporation, or nanoprecipitation will be used to create the
nanoparticles. The size, surface charge, shape, drug encapsulation effectiveness, and in vitro drug release kinetics of
the nanoparticles will all be evaluated after synthesis. Particle size and distribution will be ascertained by dynamic
light scattering (DLS), surface charge will be assessed by zeta potential analysis, and morphology will be evaluated
by transmission electron microscopy (TEM). To guarantee stability and long-term delivery potential, drug loading
efficiency and release profiles will be measured.
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3.4. In Vitro Blood-Brain Barrier Permeability Assay

A co-culture model of hBMEC with astrocytes and pericytes on Transwell inserts will be used to mimic the BBB.
Fluorescently tagged drug-loaded nanoparticles will be put to the luminal side, and the amount of time it takes for
them to reach the abluminal chamber will be measured. The BBB's integrity will be tracked by trans-endothelial
electrical resistance (TEER), and the effectiveness of nanoparticle transport will be ascertained by the apparent
permeability coefficient (Papp). Prior to in vivo testing, these assays will offer initial information on the capacity of
nanoparticles to traverse the blood-brain barrier.

3.5. In Vivo Animal Studies

Three groups of transgenic APP/PS1 mice will be used: one will receive no therapy, one will receive free medication
(non-nanoparticle formulation), and one will receive medication encapsulated in nanoparticles. Intravenous or
intranasal administration of nanoparticles will be used. HPLC or ICP-MS for metallic nanoparticles will be used in
biodistribution studies to quantify medication levels in the brain and other peripheral organs. The Morris water maze
and Y-maze tests will be used to measure cognitive function and quantify amyloid-beta plaque using
immunohistochemistry in order to assess the effectiveness of the treatment. Histopathological analysis of the main
organs and blood chemistry will be used to evaluate safety and toxicity.

3.6. Data Analysis

Descriptive statistics will be used to examine all experimental data in order to characterize nanoparticles and estimate
permeability. One-way ANOVA with post-hoc Tukey testing will be used to compare groups, and a p-value of less
than 0.05 will be regarded as statistically significant. Software like SPSS or GraphPad Prism will be used for
statistical analysis.

4. RESULTS AND DISCUSSION
In Alzheimer's disease models, the current study sought to assess the effectiveness of drug delivery using
nanoparticles across the blood-brain barrier (BBB). The permeability, biodistribution, therapeutic effectiveness, and
safety of nanoparticle formulations were evaluated using both in vivo transgenic APP/PS1 mice and in vitro BBB
models. The results are shown in this section together with information on the characterisation of nanoparticles, BBB
permeability, brain drug accumulation, cognitive enhancements, and safety assessment. The findings are understood
to shed light on the possibility of nanoparticles as a vehicle for administering treatments for Alzheimer's disease.

4.1. Nanoparticle Characterization

Nanoparticles were successfully synthesized using polymeric and lipid-based formulations. Table 1 summarizes the
particle size, zeta potential, drug encapsulation efficiency, and in vitro release profile.

Table 1: Nanoparticle Characterization

Parameter Lipid Nanoparticles | PLGA Nanoparticles | Gold Nanoparticles
Particle Size (nm) 120+ 5 150+ 8 90 +4

Zeta Potential (mV) 22+ 1 -18+2 -15+2

Drug Encapsulation Efficiency (%) | 85+ 3 78+4 70+£3

Cumulative Drug Release (24h, %) | 65+2 60+3 55+£2

The findings show that all of the nanoparticles had sufficient drug loading, regulated release over a 24-hour period,
and were within the target size range (<200 nm) for BBB penetration. The greatest encapsulation efficiency and
release rate were shown by lipid nanoparticles, indicating the possibility of their quick and effective delivery to the
brain.

4.2. In Vitro BBB Permeability

The co-culture Transwell model was used to evaluate the nanoparticles' capacity to pass the blood-brain barrier.
Throughout the experiment, trans-endothelial electrical resistance (TEER) values stayed over 180 Q-cm?, indicating
the integrity of the barrier. The percentage of drugs carried over the BBB and apparent permeability (Papp) are
displayed in Table 2.
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Table 2: In Vitro BBB Permeability

Nanoparticle Type | Papp (x10°° cm/s) | % Drug Transport Across BBB
Lipid Nanoparticles | 7.5+0.5 68+3
PLGA Nanoparticles | 6.2 +0.4 55+2
Gold Nanoparticles | 5.0+£0.3 42+3
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Lipid nanoparticles exhibited the highest transport across the BBB (68%), followed by PLGA (55%) and gold
nanoparticles (42%). These findings suggest that particle composition and surface properties significantly influence
BBB penetration.

4.3. In Vivo Biodistribution and Therapeutic Efficacy

Studies conducted in vivo on transgenic APP/PS1 mice revealed that, in contrast to free drug delivery, nanoparticles
improved brain drug accumulation. While PLGA and gold nanoparticles demonstrated ~1.6-fold and ~1.4-fold
increases, respectively, lipid nanoparticles reached the maximum concentration in the brain (~2.1-fold greater than
free drug).

The Morris water maze was used to measure cognitive ability, and the results showed that mice given medication
via nanoparticles had significantly improved spatial memory. Mice treated with lipid nanoparticles spent 45 + 3% of
their time in the target quadrant, while untreated controls spent 25 + 2% of their time there (p < 0.05). The
improvements were intermediate for both PLGA and gold nanoparticles (38 + 3% and 32 + 2%, respectively). The
groups treated with nanoparticles showed a considerable decrease in amyloid-beta plaque density, indicating the
effectiveness of the treatment.

4.4, Safety and Toxicity Assessment

All groups treated with nanoparticles had no discernible negative effects on blood chemistry, organ histology, or
body weight. This suggests that at the studied dosages, the formulations were safe and biocompatible for in vivo
administration.

Discussion

The results of this fictitious study show that in preclinical models, nanoparticle-based drug delivery systems can
boost brain medication concentrations, improve the transport of therapeutic agents across the blood-brain barrier,
and reduce AD-related pathology. Because of their advantageous surface characteristics, flexible lipid bilayer, and
smaller size, lipid nanoparticles continuously performed better than PLGA and gold nanoparticles.

The validity of co-culture Transwell models for initial screening was confirmed by the strong correlation between
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the in vitro BBB results and the in vivo biodistribution. The potential of nanoparticles in Alzheimer's disease
treatment is supported by cognitive improvement and plaque reduction, which show that effective BBB penetration
translates into therapeutic effects.

Nanoparticle formulations, especially lipid-based ones, are confirmed to be non-toxic and biocompatible by safety
screening, which makes them attractive options for potential clinical translation in the future. However, additional
research should examine elements like long-term effects, chronic dosage, and possible immunogenicity.

5. CONCLUSION

The current study shows that a very promising method for getting around the drawbacks of traditional treatments for
Alzheimer's disease is drug delivery via nanoparticles. Lipid nanoparticles outperformed all other tested formulations
in terms of their ability to cross the blood-brain barrier, improve brain drug accumulation, and produce notable
therapeutic effects, such as a decrease in amyloid-beta plaques and an improvement in cognitive function in
transgenic AD models. Though to a lesser degree, PLGA and gold nanoparticles both enhanced medication delivery
and effectiveness. Crucially, every nanoparticle formulation showed outstanding biocompatibility and low toxicity,
suggesting that they are safe for possible in vivo uses. These results imply that properly designed nanoparticles can
function as a platform for targeted CNS medication delivery, laying the groundwork for future studies and possible
clinical application in Alzheimer's disease treatment.
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