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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder characterized by cognitive decline, memory loss, and functional
impairment. Despite decades of research, the underlying neurobiology of
AD remains complex and multifaceted. Recent advances in neuroscience
have shed light on the molecular and cellular mechanisms driving disease
progression, leading to the development of novel therapeutic strategies
aimed at halting or slowing the course of the disease. In this article, we
explore the neurobiology of Alzheimer’s disease, highlighting recent
discoveries and emerging therapeutic approaches [1].

Amyloid-beta (AP) Accumulation: One of the hallmarks of
Alzheimer’s disease is the accumulation of amyloid-beta plaques
in the brain. Ap is derived from the cleavage of amyloid precursor
protein (APP) and aggregates to form insoluble plaques, disrupting
neuronal function and triggering neuroinflammation [2].

Tau Protein Hyper phosphorylation: Another characteristic
feature of Alzheimer’s disease is the hyper phosphorylation of tau
protein, leading to the formation of neurofibrillary tangles (NFTs)
inside neurons. Hyper phosphorylated tau disrupts microtubule
stability, impairing axonal transport and contributing to neuronal
dysfunction and cell death [3].

Neuroinflammation: Chronic neuroinflammation plays a
critical role in the pathogenesis of Alzheimer’s disease. Activation of
microglia and astrocytes in response to Ap accumulation leads to the
release of pro-inflammatory cytokines and oxidative stress, further
exacerbating neuronal damage and cognitive decline [4].

Role of the Blood-Brain Barrier (BBB): Emerging evidence
suggests that dysfunction of the blood-brain barrier may contribute to
the pathogenesis of Alzheimer’s disease. Disruption of the BBB allows
for the entry of neurotoxic substances into the brain, promoting
neuroinflammation and neuronal damage [5].

Gut-Brain Axis: The gut-brain axis has emerged as a potential
modulator of Alzheimer’s disease pathology. Dysbiosis of the gut
microbiota may influence neuroinflammation and AP deposition
in the brain, highlighting the potential for microbiome-based
interventions in AD [6].

Genetic Risk Factors: Genome-wide association studies
(GWAS) have identified several genetic risk factors for Alzheimer’s
disease, including variants in genes involved in A} metabolism
(e.g., APP, PSEN1, PSEN2) and immune response (e.g., TREM2).
Understanding the genetic basis of AD may lead to personalized
therapeutic approaches targeting specific pathways implicated in
disease pathogenesis [7].

ApB-targeted Therapies: Several therapeutic strategies aim to reduce
AP accumulation in the brain, including monoclonal antibodies
targeting AP aggregates (e.g., aducanumab), beta-secretase (BACE)
inhibitors, and gamma-secretase modulators. While these approaches
have shown promise in preclinical studies, clinical trials have yielded
mixed results, highlighting the need for further investigation [8].

Tau-directed Therapies: Targeting tau pathology represents another
promising avenue for Alzheimer’s disease therapy. Tau-based therapies
include small molecule inhibitors of tau aggregation, immunotherapies
targeting pathological tau species, and gene therapy approaches aimed at
reducing tau expression or promoting its clearance [9].

Neuroprotective Strategies: Neuroprotective approaches aim
to mitigate neuronal damage and promote neuronal survival in
Alzheimer’s disease. These include anti-inflammatory agents,
antioxidants, neurotropic factors, and modulators of synaptic
function. While neuroprotective agents have shown potential
in preclinical models, clinical translation has been challenging,
highlighting the need for robust clinical trials [10].

Conclusion

Understanding the neurobiology of Alzheimer’s disease is crucial
for the development of effective therapeutic strategies to combat
this devastating disorder. Recent discoveries in AD research have
provided insights into the molecular and cellular mechanisms driving
disease progression, leading to the identification of novel therapeutic
targets and treatment approaches. By harnessing the power of
precision medicine, neuroprotective agents, and targeted therapies,
we may one day succeed in halting or slowing the progression of
Alzheimer’s disease, offering hope for millions of individuals affected
by this debilitating condition.
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