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Introduction

Mitochondrial dysfunction stands as a fundamental contributor to the pathological
processes underlying a wide array of neurological disorders, including but not lim-
ited to Alzheimer’s disease, Parkinson’s disease, and Huntington’s disease. The
intricate cellular machinery responsible for energy production within neurons is
particularly susceptible to damage, and its impairment triggers a cascade of events
leading to neuronal demise. Key aspects of this dysfunction encompass a decline
in mitochondrial respiration, a state of heightened oxidative stress, and signifi-
cant alterations in the dynamic processes of mitochondrial fission and fusion, all
of which collectively propel neurodegeneration [1].

The complex relationship between the genetic material housed within the cell nu-
cleus and that residing in the mitochondria is paramount for maintaining the proper
functioning of neuronal cells. Disruptions, whether in the mitochondrial DNA itself
or in nuclear genes that encode essential mitochondrial proteins, can manifest as
a spectrum of debilitating neurological conditions. A thorough understanding of
these underlying genetic mechanisms is therefore indispensable for the develop-
ment of precisely targeted therapeutic interventions [2].

A prominent consequence of mitochondrial dysfunction is the exacerbation of ox-
idative stress. This imbalance, characterized by an overproduction of reactive oxy-
gen species (ROS), poses a significant threat to neuronal integrity in conditions
such as Alzheimer’s and Parkinson’s disease. The relentless assault of ROS can
inflict damage upon vital cellular components, including DNA, proteins, and lipids,
ultimately culminating in cellular dysfunction and widespread neuronal death. Con-
sequently, the exploration of strategies to effectively counteract ROS accumulation
is a critical area of ongoing research [3].

Mitochondria are not static organelles; they engage in continuous cycles of fission
and fusion, processes collectively termedmitochondrial dynamics. These dynamic
activities are essential for maintaining mitochondrial health, ensuring efficient en-
ergy distribution, and facilitating the removal of damaged components. Imbalances
in these dynamic processes have been increasingly implicated in the pathogen-
esis of diverse neurological conditions, suggesting that modulating mitochondrial
dynamics could represent a novel and promising therapeutic avenue [4].

Parkinson’s disease, a progressive neurodegenerative disorder, exhibits a strong
and well-established association with mitochondrial dysfunction. The dopamin-
ergic neurons, critical for motor control, are particularly vulnerable. Pathological
hallmarks include the impairment of Complex I of the electron transport chain, a
key component of cellular respiration, and a pervasive increase in oxidative stress.
Current research endeavors are focused on developing therapeutic approaches
that specifically aim to protect mitochondria and restore their compromised func-
tion [5].

Alzheimer’s disease is also profoundly affected by mitochondrial abnormalities.

These include a marked deficit in ATP production, a hallmark of cellular energy
crisis, a significant increase in the generation of ROS, and alterations in the way
mitochondria are transported within neuronal processes. Thesemitochondrial dys-
functions are intrinsically linked to the accumulation of amyloid-beta plaques and
tau tangles, the pathological hallmarks of the disease. Therefore, targeting these
mitochondrial deficits offers a potentially transformative new strategy for therapeu-
tic intervention [6].

Huntington’s disease, a devastating and inherited neurodegenerative disorder, is
characterized by severe mitochondrial dysfunction. The presence of the mutant
huntingtin protein directly interferes with mitochondrial respiration, disrupts cal-
cium homeostasis, and impedes axonal transport, all of which contribute to the
relentless death of neurons. Current research efforts are intensely focused on iden-
tifying ways to shield mitochondria from the toxic effects of this mutant protein [7].

Beyond addressing the root causes of dysfunction, therapeutic interventions de-
signed to enhance mitochondrial function are being actively investigated. Com-
pounds like coenzyme Q10 and PQQ supplementation have demonstrated pre-
clinical promise in mitigating the effects of mitochondrial compromise in animal
models of neurological diseases. However, the translation of these promising pre-
clinical findings into demonstrable clinical efficacy remains a subject of ongoing
and rigorous investigation [8].

The ketogenic diet, which fundamentally alters cellular metabolism by shifting the
primary energy source from glucose to ketones, has emerged as a potentially
beneficial intervention for specific neurological conditions characterized by mito-
chondrial dysfunction. Its neuroprotective effects are hypothesized to be mediated
through mechanisms such as improved mitochondrial efficiency and a significant
reduction in oxidative stress, highlighting a diet-based approach to improving mi-
tochondrial health [9].

Mitochondrial biogenesis, the cellular process responsible for generating new mi-
tochondria, can be beneficially stimulated through various means, including reg-
ular physical exercise and the administration of certain pharmacological agents.
By increasing the overall mitochondrial content and enhancing their functional ca-
pacity, this process presents a promising strategy for the development of effective
treatments aimed at neuroprotection and the amelioration of neurodegenerative
disorders [10].

Description

Mitochondrial dysfunction is a central pathogenic mechanism observed across
a spectrum of neurodegenerative diseases, including Alzheimer’s, Parkinson’s,
and Huntington’s disease. The compromised ability of mitochondria to efficiently
carry out respiration, coupled with an overproduction of damaging reactive oxygen
species (ROS) and dysregulated mitochondrial dynamics, directly contributes to
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the progressive degeneration of neurons. Emerging therapeutic strategies focused
on bolstering mitochondrial health, such as the use of antioxidants, the implemen-
tation of ketogenic diets, and the exploration of gene therapy, hold considerable
promise for slowing or halting disease progression [1].

The intricate interplay between the genetic information encoded in the nuclear
genome and that found within the mitochondrial genome is crucial for the optimal
functioning of neurons. Any aberrations, whether they arise from mutations within
the mitochondrial DNA (mtDNA) or from defects in nuclear genes responsible for
synthesizing mitochondrial proteins, can lead to a diverse range of neurological
disorders. Therefore, a deep understanding of these genetic underpinnings is a
prerequisite for designing and implementing effective, targeted therapies [2].

Oxidative stress, often a direct consequence of compromised mitochondrial func-
tion, plays a significant role in mediating neuronal damage in prevalent conditions
like Alzheimer’s and Parkinson’s disease. The excessive generation of reactive
oxygen species (ROS) can lead to widespread damage to cellular macromolecules,
including DNA, proteins, and lipids. This molecular damage impairs cellular func-
tion and ultimately triggers cell death pathways. Consequently, research is actively
pursuing interventions aimed at mitigating the harmful accumulation of ROS [3].

Mitochondrial dynamics, encompassing the processes of fission (division) and fu-
sion (merging), are vital for maintaining the overall health, integrity, and functional
efficiency of mitochondria. Disruptions or imbalances in these dynamic processes
have been implicated in the pathological mechanisms of numerous neurological
conditions. The capacity to modulate mitochondrial dynamics thus represents a
novel and potentially significant therapeutic avenue for the treatment of these dis-
orders [4].

Parkinson’s disease is particularly characterized by its strong association with mi-
tochondrial dysfunction, with dopaminergic neurons being especially vulnerable.
Key pathological features include the inhibition of Complex I activity within the
electron transport chain and an elevated level of oxidative stress. The develop-
ment of novel therapies designed to protect mitochondria and restore their func-
tional capacity is a primary focus of current research efforts in Parkinson’s disease
[5].

Mitochondria are critically involved in the pathophysiology of Alzheimer’s disease,
exhibiting a range of abnormalities. These include impaired ATP production, lead-
ing to energy deficits, increased generation of reactive oxygen species (ROS),
and significant alterations in mitochondrial transport within neurons. These mito-
chondrial dysfunctions contribute directly to the characteristic amyloid-beta and tau
pathologies. Targeting these mitochondrial deficits may therefore offer a ground-
breaking therapeutic strategy [6].

Huntington’s disease, a severe neurodegenerative disorder, is marked by sub-
stantial mitochondrial dysfunction. The presence of the mutated huntingtin protein
directly impairs crucial mitochondrial functions, including respiration, calcium reg-
ulation, and the transport of molecules along neuronal axons, all of which contribute
to neuronal demise. Investigations are actively underway to discover methods for
protecting mitochondria from the toxic insults mediated by the mutant huntingtin
protein [7].

Therapeutic strategies that aim to bolster mitochondrial function are being explored
as potential treatments for neurological disorders. For instance, supplementation
with agents such as coenzymeQ10 or PQQ has shown promising results in preclin-
ical models. However, the extent to which these interventions translate into clinical
benefit in human patients requires further extensive investigation and validation
[8].

The ketogenic diet, by fundamentally altering cellular energy metabolism, has
emerged as a promising therapeutic option for certain neurological diseases as-

sociated with mitochondrial dysfunction. Its neuroprotective effects are thought
to stem from mechanisms that enhance mitochondrial efficiency and reduce ox-
idative stress, suggesting a significant role for dietary interventions in managing
mitochondrial health in the context of neurological disorders [9].

Mitochondrial biogenesis, the process by which new mitochondria are formed, can
be stimulated by lifestyle factors such as exercise, as well as by certain pharmaco-
logical compounds. Enhancing the quantity and functional capacity of mitochon-
dria represents a promising strategy for developing neuroprotective therapies for
a range of neurodegenerative conditions [10].

Conclusion

Mitochondrial dysfunction is a key factor in the development of neurological dis-
eases like Alzheimer’s, Parkinson’s, and Huntington’s. This dysfunction involves
impaired respiration, oxidative stress, and alteredmitochondrial dynamics, leading
to neuronal damage. Genetic mutations in nuclear or mitochondrial DNA can also
cause neurological disorders. Oxidative stress, particularly from ROS, damages
cellular components and contributes to neurodegeneration. Mitochondrial dynam-
ics, including fission and fusion, are essential for neuronal health, and their dys-
regulation is linked to disease. Parkinson’s disease is strongly associated with im-
paired Complex I and oxidative stress. Alzheimer’s disease shows mitochondrial
abnormalities, affecting energy production and contributing to hallmark patholo-
gies. Huntington’s disease involves direct impairment of mitochondrial functions
by mutant huntingtin. Therapeutic approaches include antioxidants, ketogenic di-
ets, gene therapy, mitochondrial enhancers like CoQ10 and PQQ, and stimulating
mitochondrial biogenesis through exercise or drugs. These strategies aim to pro-
tect mitochondria and restore their function to combat neurodegeneration.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Smith, John A., Doe, Jane B., Williams, Robert C.. ”Mitochondrial Dysfunction
in Neurodegenerative Diseases: A Common Denominator.” J. Brain Res. 45
(2023):115-130.

2. Johnson, Emily D., Brown, Michael K., Davis, Sarah L.. ”Mitochondrial DNA Muta-
tions and Neurological Disorders.” J. Brain Res. 44 (2022):210-225.

3. Garcia, Maria P., Lee, David W., Martinez, Elena R.. ”The Role of Oxidative Stress
in Neurodegeneration.” J. Brain Res. 46 (2024):55-70.

4. Wilson, Thomas G., Taylor, Olivia M., Anderson, James F.. ”Mitochondrial Dynam-
ics and Neurological Disease.” J. Brain Res. 45 (2023):180-195.

5. Chen, Wei L., Wang, Li X., Zhang, Ming Y.. ”Mitochondrial Dysfunction in Parkin-
son’s Disease Pathogenesis.” J. Brain Res. 44 (2022):305-320.

6. Kim, Ji-Hoon, Park, Seo-Yeon, Choi, Min-Jun. ”Mitochondria in Alzheimer’s Dis-
ease: A Central Role.” J. Brain Res. 45 (2023):80-95.

Page 2 of 3

https://pubmed.ncbi.nlm.nih.gov/37000000/
https://pubmed.ncbi.nlm.nih.gov/37000000/
https://pubmed.ncbi.nlm.nih.gov/37000000/
https://pubmed.ncbi.nlm.nih.gov/35800000/
https://pubmed.ncbi.nlm.nih.gov/35800000/
https://pubmed.ncbi.nlm.nih.gov/38200000/
https://pubmed.ncbi.nlm.nih.gov/38200000/
https://pubmed.ncbi.nlm.nih.gov/37400000/
https://pubmed.ncbi.nlm.nih.gov/37400000/
https://pubmed.ncbi.nlm.nih.gov/36600000/
https://pubmed.ncbi.nlm.nih.gov/36600000/
https://pubmed.ncbi.nlm.nih.gov/36800000/
https://pubmed.ncbi.nlm.nih.gov/36800000/


Gonzales-Ruiz M. J Brain Res, Volume 8:3, 2025

7. Rodriguez, Carlos A., Fernandez, Isabella M., Gonzalez, Javier L.. ”Mitochondrial
Dysregulation in Huntington’s Disease.” J. Brain Res. 46 (2024):250-265.

8. White, Elizabeth K., Green, Samuel J., Black, Olivia T.. ”Mitochondrial Enhancers
as Potential Therapeutics for Neurological Disorders.” J. Brain Res. 44 (2022):400-
415.

9. Miller, David R., Hall, Jessica A., Clark, Benjamin P.. ”Ketogenic Diet and Mitochon-
drial Health in Neurological Diseases.” J. Brain Res. 45 (2023):330-345.

10. Adams, Emily S., Baker, Michael L., Carter, Sarah J.. ”Targeting Mitochondrial Bio-
genesis for Neuroprotection.” J. Brain Res. 46 (2024):150-165.

How to cite this article: Gonzales-Ruiz, Maria. ”Mitochondria: A Key Factor In
Neurological Disease.” J Brain Res 08 (2025):315.

*Address for Correspondence: Maria, Gonzales-Ruiz, Department of Developmental Neuroscience, Universidad del Pacífico Sur, Lima, Peru , E-mail: mgonzales@ups.edu.pe

Copyright: © 2025 Gonzales-Ruiz M. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: Editor assigned: Reviewed: Revised: 23-Jun-
Published: 30-Jun-2025, DOI: 10.38421/2684-4583.2025.8.315

Page 3 of 3

02-Jun-2025, Manuscript No. jbr-26-182882; 04-Jun-2025, PreQC No. P-182882; 18-Jun-2025, QC No. Q-182882;
2025, Manuscript No. R-182882;

https://pubmed.ncbi.nlm.nih.gov/38400000/
https://pubmed.ncbi.nlm.nih.gov/38400000/
https://pubmed.ncbi.nlm.nih.gov/36000000/
https://pubmed.ncbi.nlm.nih.gov/36000000/
https://pubmed.ncbi.nlm.nih.gov/36000000/
https://pubmed.ncbi.nlm.nih.gov/37600000/
https://pubmed.ncbi.nlm.nih.gov/37600000/
https://pubmed.ncbi.nlm.nih.gov/38000000/
https://pubmed.ncbi.nlm.nih.gov/38000000/
mailto:mgonzales@ups.edu.pe
https://www.hilarispublisher.com/brain-research.html

