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Introduction
Neurodegenerative diseases, encompassing a spectrum of 

debilitating conditions such as Alzheimer’s disease (AD), Parkinson’s 
disease (PD), Huntington’s disease (HD), and amyotrophic lateral 
sclerosis (ALS), pose signi�cant challenges in healthcare due to their 
progressive nature and limited therapeutic options. �ese disorders 
are characterized by the gradual degeneration of neurons in speci�c 
regions of the brain or spinal cord, leading to cognitive decline, motor 
impairments, and, ultimately, severe disability.

Amidst the intricate landscape of neurodegenerative pathology, 
mitochondria have emerged as central players. Mitochondria, 
traditionally recognized for their role in cellular energy production 
through oxidative phosphorylation, are dynamic organelles crucial 
for maintaining cellular homeostasis. Beyond energy metabolism, 
mitochondria play pivotal roles in calcium bu�ering, reactive oxygen 
species (ROS) regulation, and apoptotic signaling pathways. �e 
dynamic nature of mitochondria, governed by processes such as fusion, 
�ssion, biogenesis, and mitophagy, ensures their adaptability to cellular 
demands and stressors [1].

In the context of neurodegenerative diseases, accumulating 
evidence implicates mitochondrial dysfunction as a key pathological 
feature. �is dysfunction manifests in various forms: impaired ATP 
production, disrupted calcium homeostasis leading to excitotoxicity, 
increased oxidative stress due to ROS accumulation, and compromised 
mitochondrial dynamics. Speci�cally, alterations in mitochondrial 
fusion and �ssion dynamics contribute to abnormal mitochondrial 
morphology and distribution within neurons, exacerbating neuronal 
vulnerability to stress and eventual degeneration.

Understanding the molecular mechanisms underlying 
mitochondrial dynamics in neurodegeneration is crucial for developing 
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Abstract
Mitochondria, the powerhouse of cells, are crucial for energy production, calcium homeostasis, and apoptosis 

regulation. Their dynamic properties, including fusion, fis�䰀刀儀ༀ̀ fin ௰Ԗ怄怄ԠԐð瀅쐄怄朄耄䀄耄耄瀊energy metabolism, calcium buffering, and apoptosis regulation, processes that are disrupted in diseases 
like Alzheimer’s, Parkinson’s, Huntington’s, and ALS. Dysregulation of mitochondrial dynamics, including fusion, 
fission, and biogenesis, contributes to neuronal dysfunction and degeneration. Targeting mitochondrial dynamics 
presents a promising therapeutic strategy for mitigating neurodegenerative processes and improving disease 
outcomes. This review explores recent advances in understanding mitochondrial dynamics in neurodegeneration 
and discusses potential therapeutic approaches targeting mitochondrial function.

targeted therapeutic strategies. Recent advancements have shed light 
on speci�c mitochondrial proteins and pathways involved in regulating 
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tailoring therapeutic interventions based on genetic, epigenetic, and 
biomarker pro�les [3].

Methodology
Studies investigating mitochondrial dynamics in neurodegenerative 

diseases employ a variety of experimental approaches. �ese include 
live-cell imaging techniques to visualize mitochondrial morphology 
and dynamics in disease models, biochemical assays to measure 
mitochondrial function and metabolism, and genetic manipulations to 
modulate mitochondrial fusion and �ssion proteins. Animal models, 
such as transgenic mice expressing disease-related mutations, are used 
to study the impact of mitochondrial dynamics on disease progression 
and to evaluate potential therapeutic interventions [4].

Understanding mitochondrial dynamics and their role in 
neurodegenerative diseases requires a multidimensional approach 
integrating various experimental techniques and model systems. 
�is methodology section outlines the methodologies commonly 
employed in studying mitochondrial dynamics in the context 
of neurodegeneration, emphasizing their implications for drug 
development.

1. Cellular and animal models: Experimental studies o�en utilize 
cellular models, such as neuronal cell lines or primary neuronal cultures, 
to investigate mitochondrial dynamics. �ese models allow researchers 
to manipulate mitochondrial proteins and pathways of interest, 
assess mitochondrial morphology and function using �uorescence 
microscopy and biochemical assays, and study the e�ects of genetic 
mutations or environmental stressors implicated in neurodegenerative 
diseases. Animal models, including transgenic mice and non-human 
primates, provide valuable insights into mitochondrial dynamics in 
vivo, allowing for the evaluation of disease progression, therapeutic 
interventions, and drug e�cacy [5].

2. Live-cell imaging techniques: Live-cell imaging techniques, 
such as confocal microscopy and super-resolution microscopy, are 
indispensable tools for visualizing mitochondrial dynamics in real-
time. Fluorescent probes targeting mitochondrial markers (e.g., 
MitoTracker dyes) enable tracking of mitochondrial morphology, 
movement, and interactions with other cellular structures. Time-lapse 
imaging facilitates the study of dynamic processes like mitochondrial 
fusion, �ssion, and transport in response to physiological stimuli or 
disease-related stressors.

3. Biochemical assays: Biochemical assays are employed to quantify 
mitochondrial function, metabolic activity, and oxidative stress levels 
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activators) are under investigation for their potential neuroprotective 
e�ects.

4. Challenges and considerations: Despite advancements, 
translating mitochondrial-targeted therapies from preclinical models 
to clinical settings presents challenges. Issues such as blood-brain 
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