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Abstract
Research Objective

Neurodegenerative diseases belong to a group of pathologies characterized by intensive neuronal
death. Patients suffering from these conditions exhibit a sharp decline in vital motor and cognitive
functions, which ultimately leads to death. These disorders include Alzheimer’s and Parkinson’s
diseases, amyotrophic lateral sclerosis (ALS), and traumatic brain injury (TBI). Unfortunately,
their pathogenesis, etiology, or the exact mechanisms through which these diseases develop are
not yet fully understood. It must be noted that currently, there is no medication on the
pharmaceutical market capable of completely curing or preventing neurodegenerative diseases.
Furthermore, recent research findings indicate a progressively increasing trend in the prevalence
of these disorders. There is a risk that, if an effective drug remains unavailable, the number of
individuals affected by these types of neuropathologies will reach 152.8 million by 2050.

Based on existing studies, it is also evident that in many cases, acute insomnia precedes the
development of neurodegenerative diseases. Therefore, the aim of this study was to investigate
the impact of a 6-hour total sleep deprivation (PSD) on the extrasynaptic translocation of PSD-95
and the development of cognitive deficits observed during neurodegenerative diseases. We
examined how synaptic downscaling changes under these conditions, and whether this process
has any effect on the development of sodium-potassium ATPase (-ATPase) deficiency—which is

Vv



one of the primary mechanisms of apoptosis. Additionally, we explored the influence of the
pathological translocation of this protein on synaptic downscaling, apoptosis, and necrosis, as well
as the underlying molecular mechanisms driving this extrasynaptic translocation.

Methodology

The study was conducted on adult male White Wistar rats weighing 250-300 grams. For the
experiments, 15 rats were used, which were divided into 5 groups and housed under standard
conditions (; 12-hour light-dark cycle) with ad libitum access to food and water. Prior to the
initiation of the study, the animals were individually placed into isolated cages. They underwent
a 6-hour total sleep deprivation achieved via the gentle handling method. Cognitive performance
was evaluated using the active avoidance test, while protein concentrations were determined
using the Western blotting method.

Results and Discussion

The experimental results demonstrate that under the condition of a 6-hour total sleep deprivation,
the amount of extrasynaptic proteins increases sharply. However, it should be noted that under
physiological conditions, after a 48-hour rest period, the majority of the proteins return to the
synaptic space. On one hand, this indicates that the extrasynaptic translocation of PSD-95 is one
of the key factors in the development of neurodegenerative diseases, while on the other hand, it
reveals that the functions of molecules responsible for PSD-95 trafficking are altered under these
pathological states.

We must also highlight the fact that the amount of extrasynaptic PSD-95 in the brains of rats
subjected to the active avoidance test did not differ significantly from the extrasynaptic
concentration of the same protein in rats that underwent sleep deprivation alone. This might
initially suggest that alterations in this protein's dynamics do not influence the development of
cognitive deficits; however, it is notable that the active avoidance test is highly stressful for the
animals, and therefore, it may not perfectly reflect changes in cognitive abilities.

Conclusion

Based on the research, it becomes clear that PSD-95 plays a leading role in DNA repair.
Consequently, it is likely that DNA damage is a direct result of PSD-95 translocation, which
represents one of the major factors in the development of neurodegenerative diseases; thus, this
issue requires further investigation. In addition, our experimental results prove that the
dysfunction of NMDA and AMPA receptors, along with their altered dynamics during
neurodegenerative diseases, is precisely driven by the pathological translocation of PSD-95 into
the extrasynaptic space. As a result, the neuroprotective effects of both TRPC6, as well as CREB
and BDNF, are diminished, which is accompanied by the activation of the NF-B signaling pathway
and neuroinflammation.

Furthermore, alterations in NMDA function facilitate the dissociation of Semaphorin and GSK3#8
complexes, leading to the disruption of the synaptic cytoskeleton. Concurrently, the function of
CaMKII is reduced. CaMKII, alongside retaining pathological amyloids, modulates M2 anti-
inflammatory macrophages and regulates the effects of androgens and estrogens in the nervous
system. Moreover, its target is the SynGAP protein, a monomeric G-protein that plays a pivotal

Vi



role in cell growth and differentiation; its dysfunction triggers the initiation of autophagy, which
is the first stage of apoptosis.

It is worth noting that the influence of PSD-95 on metabotropic glutamate receptors and the Arc
protein has not yet been studied. However, the results of this work demonstrate that the
pathological translocation of PSD-95 negatively impacts the dynamics of the HOMER protein,
thereby inducing both the dissociation of dopamine and glutamate heteroreceptors and the
inhibition of their transporters, VGLUT1 and VGLUT?2. Based on these findings, all the listed
proteins can be considered potential therapeutic targets, making the development of their
modulators highly desirable, as well as the creation of PSD-95 stabilizers and proteins involved in
the autophagy process.

Notably, several lead compounds stand out in this study: curcumin, lithium, SYN3, and CN2097.
Utilizing rational drug design based on these compounds, it will be possible to develop a new, safe
medication capable of halting neurodegenerative processes. Finally, it must be mentioned that at
this stage of the research, it was not possible to investigate the exact impact of PSD-95
translocation on the development of necrosis, apoptosis, or ~ATPase deficiency, nor the precise
molecular mechanisms underlying the pathological translocation of this protein. This renders the
continuation of research in this direction absolutely essential.

Keywords: Cognitive deficit; Total sleep deprivation; Neurodegenerative diseases; PSD-95.
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