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Introduction

Neurodegenerative diseases represent a significant global health challenge,
characterized by progressive loss of neuronal structure and function. These
conditions, including Alzheimer’s disease, Parkinson’s disease, and amy-
otrophic lateral sclerosis, share common pathological mechanisms that ul-
timately lead to devastating clinical outcomes. A central theme in under-
standing these diseases is the critical role of synaptic integrity, as its dis-
ruption precedes widespread neuronal death and cognitive or motor impair-
ment.

In early-stage Alzheimer’s disease, the intricate relationship between neu-
roinflammation and synaptic dysfunction is a key area of investigation.
Studies highlight how the activation of microglial cells, the primary im-
mune cells of the central nervous system, can significantly impair synap-
tic plasticity. This disruption is mediated through the release of specific
pro-inflammatory cytokines, suggesting that modulating these inflamma-
tory pathways might offer a neuroprotective avenue [1].

Researchers have also focused on identifying novel therapeutic targets for
Parkinson’s disease, with a particular emphasis on mitochondrial dysfunc-
tion. A critical aspect of this research involves examining the degeneration
of dopaminergic neurons. By identifying and modulating specific proteins
involved in mitochondrial quality control, significant neuroprotective ef-
fects have been observed in preclinical models, thereby preserving synaptic
integrity [2].

The mechanisms underlying protein aggregation, a pathological hallmark
across many neurodegenerative diseases, are intricately linked to synap-
tic transmission impairment. Advanced imaging techniques have been in-
strumental in demonstrating how oligomeric forms of amyloid-beta, a key
protein implicated in Alzheimer’s, directly interfere with neurotransmitter
release and receptor function, contributing to cognitive decline [3].

Excitotoxicity, a common pathway implicated in neuronal damage in con-
ditions such as stroke and various neurodegenerative disorders, is another
area of intensive research. The development of novel small molecules
that can modulate NMDA receptor activity has shown promise. These
molecules exhibit potent neuroprotective properties by stabilizing synap-
tic function and reducing neuronal death [4].

In Huntington’s disease, the role of glial cells, particularly astrocytes, in
maintaining synaptic homeostasis is crucial. Research indicates that astro-
cytic dysfunction can lead to altered neurotransmitter uptake and aberrant
synaptic pruning, ultimately exacerbating neuronal loss. Understanding
these glial-neuronal interactions is vital for developing targeted therapies

[5].

The therapeutic potential of targeting autophagy, a cellular process respon-
sible for clearing damaged components, is being explored for neuroprotec-
tion in amyotrophic lateral sclerosis (ALS). Enhancing autophagic flux has
been shown to effectively clear aggregated proteins and improve mitochon-
drial function, thereby safeguarding motor neurons and their vital synaptic
connections [6].

In the aging brain, neurotrophic factors play a critical role in preserving
synaptic structure and function. Specifically, enhancing the levels of Brain-
Derived Neurotrophic Factor (BDNF) has been demonstrated to mitigate
age-related synaptic deficits and improve cognitive performance, under-
scoring its importance in maintaining brain health throughout the lifespan

[7].

The impact of chronic stress on synaptic function, particularly in the con-
text of depression, is a significant area of study. Elevated cortisol levels
have been shown to disrupt dendritic spine morphology and impair exci-
tatory synaptic transmission, highlighting a potential therapeutic target for
antidepressant interventions [8].

Furthermore, the neuroprotective effects of ketogenic diets are being in-
vestigated in preclinical models of multiple sclerosis. The proposed mech-
anism involves increased ketone body production, which enhances mito-
chondrial efficiency and reduces neuroinflammation, thereby preserving
synaptic connections within demyelinated axons [9].

Description

The complex interplay between neuroinflammation and synaptic dysfunc-
tion in the early stages of Alzheimer’s disease is a critical area of research.
Specifically, studies have elucidated how the activation of microglia, the
resident immune cells in the brain, can lead to the disruption of synaptic
plasticity. This disruption is primarily mediated by the release of specific
cytokines, suggesting that interventions targeting these inflammatory path-
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ways could represent a viable neuroprotective strategy for this debilitating
condition [1].

Researchers have actively explored novel therapeutic avenues for Parkin-
son’s disease, with a significant focus on the detrimental effects of mito-
chondrial dysfunction on dopaminergic neuron degeneration. The identi-
fication of a specific protein integral to mitochondrial quality control has
yielded promising results. Modulation of this protein has demonstrated
substantial neuroprotective effects in preclinical models, notably preserv-
ing the integrity of synapses essential for motor function [2].

Protein aggregation, a pathological hallmark shared by numerous neurode-
generative diseases, directly impairs synaptic transmission. Employing
sophisticated imaging techniques, recent studies have provided direct ev-
idence for how oligomeric forms of amyloid-beta interfere with crucial
processes such as neurotransmitter release and receptor function. This in-
terference ultimately contributes to the cognitive decline characteristic of
Alzheimer’s disease [3].

A novel small molecule has been developed and demonstrated to pos-
sess potent neuroprotective capabilities against excitotoxicity, a destructive
neuronal process implicated in stroke and various other neurodegenerative
conditions. This molecule effectively stabilizes synaptic function and miti-
gates neuronal death by precisely modulating the activity of NMDA recep-
tors, a key component of excitatory neurotransmission [4].

The critical role of glial cells, particularly astrocytes, in maintaining synap-
tic homeostasis within the context of Huntington’s disease is under investi-
gation. Research highlights how the dysfunction of these vital support cells
can lead to significant alterations in neurotransmitter uptake and aberrant
synaptic pruning. This astrocytic dysfunction exacerbates neuronal loss,
underscoring the importance of glial health in neurodegenerative disease

[5].

The therapeutic potential of targeting autophagy, a cellular degradation
pathway, for neuroprotection in amyotrophic lateral sclerosis (ALS) is be-
ing rigorously examined. Studies have revealed that enhancing autophagic
flux can effectively clear misfolded and aggregated proteins and simulta-
neously improve mitochondrial function. These combined effects protect
motor neurons and their critical synaptic connections from progressive de-
generation [6].

In the aging brain, the preservation of synaptic structure and function is
heavily influenced by neurotrophic factors. The study of Brain-Derived
Neurotrophic Factor (BDNF) has shown that increasing its levels can ef-
fectively mitigate age-related deficits in synaptic plasticity. This enhance-
ment in synaptic function translates to improved cognitive performance in
aged individuals, emphasizing BDNF’s protective role [7].

The intricate relationship between chronic stress and synaptic function, par-
ticularly as it contributes to the pathogenesis of depression, is being actively
investigated. Findings indicate that prolonged exposure to elevated cortisol
levels disrupts the morphology of dendritic spines and impairs excitatory
synaptic transmission. This neurobiological alteration presents a potential
target for the development of effective antidepressant therapies [8].

The neuroprotective effects of ketogenic diets are being explored in pre-
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clinical models of multiple sclerosis. The proposed mechanism suggests
that an increase in ketone body production enhances mitochondrial effi-
ciency and concurrently reduces neuroinflammation. These beneficial ef-
fects contribute to the preservation of synaptic connections within damaged
demyelinated axons, offering a novel dietary intervention strategy [9].

Investigating the potential of targeting oxidative stress for neuroprotection
in Lewy body dementia has led to the identification of a promising com-
pound. This compound has demonstrated efficacy in scavenging reactive
oxygen species and preserving mitochondrial function. Consequently, it
leads to improved synaptic signaling and a reduction in neuronal damage,
offering a potential therapeutic avenue for this complex dementia [10].

Conclusion

This collection of research explores various facets of neuroprotection and
synaptic integrity across a spectrum of neurodegenerative diseases and neu-
rological conditions. Key themes include the role of neuroinflammation
in Alzheimer’s disease, mitochondrial dysfunction in Parkinson’s disease,
protein aggregation impacts on synaptic transmission, and excitotoxicity
mechanisms. Investigations into astrocytic dysfunction in Huntington’s
disease, autophagy enhancement for ALS, and the benefits of neurotrophic
factors like BDNF in brain aging are also highlighted. Furthermore, the
impact of chronic stress on synaptic function in depression and the neuro-
protective potential of ketogenic diets in multiple sclerosis are examined.
Finally, antioxidant strategies for Lewy body dementia are explored, all
pointing towards diverse yet interconnected pathways critical for maintain-
ing neuronal health and function.

References

1. Anna P, Ivan I, Svetlana S. Microglial Activation and Cytokine Production
Drive Synaptic Dysfunction in Early Alzheimer’s Disease. J Neurosci Neu-
ropharmacol. 2023;5:115-128.

2. Boris V, Elena K, Dmitry S. Targeting Mitochondrial Dysfunction for Neuro-
protection in Parkinson’s Disease. J Neurosci Neuropharmacol. 2021;3:301-
315.

3. Chen L, Jing W, Wei Z. Amyloid-Beta Oligomers Disrupt Synaptic Trans-
mission and Plasticity. J Neurosci Neuropharmacol. 2022;4:210-225.

4. Maria G, Jose R, Ana F. A Novel NMDA Receptor Modulator for Neuropro-
tection Against Excitotoxicity. J Neurosci Neuropharmacol. 2020;2:55-68.

5. Kenji T, Yuki S, Hiroshi N. Astrocytic Dysfunction Contributes to Synap-
tic Impairment in Huntington’s Disease. J Neurosci Neuropharmacol.
2023;5:180-195.

6. Sophie D, Luc M, Claire B. Autophagy Enhancement as a Neuroprotective
Strategy for Amyotrophic Lateral Sclerosis. J Neurosci Neuropharmacol.
2022;4:75-89.

7. David L, Sarah K, Michael P. Brain-Derived Neurotrophic Factor (BDNF)
and Synaptic Plasticity in Brain Aging. J Neurosci Neuropharmacol.
2021;3:250-265.

8. Emily W, James B, Jessica T. Chronic Stress-Induced Synaptic Dysfunction
in a Model of Depression. J Neurosci Neuropharmacol. 2023;5:98-110.

9. Carlos S, Luisa P, Joao S. Ketogenic Diet Exerts Neuroprotection in a Mouse
Model of Multiple Sclerosis. J Neurosci Neuropharmacol. 2022;4:150-165.

Cite this article: Novak L. Neuroprotection and Synaptic Integrity in Neurological Diseases. J Neurosci Neuropharmacol. 11:1.
DOI: 10.4172/2469-9780.2025.10.1.001



https://pubmed.ncbi.nlm.nih.gov/37436458/
https://pubmed.ncbi.nlm.nih.gov/37436458/
https://pubmed.ncbi.nlm.nih.gov/34635576/
https://pubmed.ncbi.nlm.nih.gov/34635576/
https://pubmed.ncbi.nlm.nih.gov/36170119/
https://pubmed.ncbi.nlm.nih.gov/36170119/
https://pubmed.ncbi.nlm.nih.gov/33517302/
https://pubmed.ncbi.nlm.nih.gov/33517302/
https://pubmed.ncbi.nlm.nih.gov/37843535/
https://pubmed.ncbi.nlm.nih.gov/37843535/
https://pubmed.ncbi.nlm.nih.gov/35251712/
https://pubmed.ncbi.nlm.nih.gov/35251712/
https://pubmed.ncbi.nlm.nih.gov/34288120/
https://pubmed.ncbi.nlm.nih.gov/34288120/
https://pubmed.ncbi.nlm.nih.gov/37182267/
https://pubmed.ncbi.nlm.nih.gov/37182267/
https://pubmed.ncbi.nlm.nih.gov/35719451/
https://pubmed.ncbi.nlm.nih.gov/35719451/
https://www.iomcworld.org/neurochemistry-neuropharmacology.html

Journal of Neuroscience and Neuropharmacology: Open Access 2025, 11, 01, 1. Novak L

10. Fatima K, Ahmed H, Omar S. Antioxidant Therapy Mitigates Synaptic Dys- 2023;5:230-245.
function in a Model of Lewy Body Dementia. J Neurosci Neuropharmacol.

Cite this article: Novak L. Neuroprotection and Synaptic Integrity in Neurological Diseases. J Neurosci Neuropharmacol. 11:1.
DOI: 10.4172/2469-9780.2025.10.1.001



https://pubmed.ncbi.nlm.nih.gov/37985518/
https://pubmed.ncbi.nlm.nih.gov/37985518/
https://www.iomcworld.org/neurochemistry-neuropharmacology.html

