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Introduction 
Neurodegeneration refers to the progressive loss of 
structure or function of neurons, including their 
death, which is central to a variety of debilitating 
neurological disorders. These conditions, such as 
Alzheimer’s disease, Parkinson’s disease, 
Huntington’s disease, and amyotrophic lateral 
sclerosis (ALS), predominantly affect older adults, 
although some can manifest earlier in life. The loss 
of neurons disrupts the intricate communication 
networks within the brain and spinal cord, leading 
to cognitive decline, motor dysfunction, and a 
spectrum of behavioral changes. Understanding the 
mechanisms behind neurodegeneration is critical to 
developing effective therapeutic interventions and 
improving the quality of life for affected 
individuals. [1]. 

At the cellular level, neurodegeneration is often 
associated with abnormal protein accumulation, 
oxidative stress, mitochondrial dysfunction, and 
impaired cellular repair mechanisms. Misfolded 
proteins, such as beta-amyloid in Alzheimer’s 
disease or alpha-synuclein in Parkinson’s disease, 
tend to aggregate and interfere with normal 
neuronal function. Additionally, neurons are highly 
susceptible to oxidative damage due to their high 
metabolic demand and limited regenerative 
capacity. Mitochondrial dysfunction further 
exacerbates this vulnerability by reducing energy 
availability and increasing the production of 
reactive oxygen species, which can damage 
essential cellular components. [2]. 

Genetic factors also play a significant role in 
neurodegenerative disorders. Mutations in specific 
genes can predispose individuals to early-onset 
forms of these diseases. For example, mutations in 
the APP, PSEN1, and PSEN2 genes are linked to 
familial Alzheimer’s disease, while mutations in 

the LRRK2 or PARK7 genes contribute to familial 
Parkinson’s disease. In addition to inherited 
mutations, epigenetic changes and environmental 
factors, such as exposure to toxins or head trauma, 
can influence disease onset and progression. The 
interplay between genetic predisposition and 
environmental triggers highlights the complexity of 
neurodegenerative disorders.[3]. 

Inflammatory processes within the nervous system 
also contribute to neuronal damage. Microglia, the 
brain’s resident immune cells, become activated in 
response to injury or protein aggregates, releasing 
pro-inflammatory cytokines and chemokines. 
While this inflammatory response aims to protect 
the brain, chronic or excessive activation can lead 
to a toxic environment, further damaging neurons 
and supporting the progression of 
neurodegeneration. This neuroinflammation is 
increasingly recognized as a key target for 
therapeutic strategies aimed at slowing disease 
progression. [4]. 

Current therapeutic approaches primarily focus on 
managing symptoms rather than halting the 
underlying disease process. Pharmacological 
treatments, such as cholinesterase inhibitors for 
Alzheimer’s disease or dopaminergic medications 
for Parkinson’s disease, can improve cognitive or 
motor function temporarily. Emerging therapies, 
including monoclonal antibodies targeting toxic 
proteins, gene therapy, and stem cell-based 
interventions, hold promise for altering disease 
progression. Early diagnosis through biomarkers, 
neuroimaging, and genetic testing is also crucial for 
timely intervention and maximizing the 
effectiveness of these treatments. [5]. 

Conclusion 
Research into neurodegeneration continues to 
evolve, emphasizing the need for a 
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multidisciplinary approach that integrates 
molecular biology, genetics, immunology, and 
clinical neuroscience. By uncovering the complex 
mechanisms underlying neuronal loss, scientists 
aim to develop interventions that not only alleviate 
symptoms but also protect or restore neural 
function. 
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