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1. Introduction

Translational research in neurological and psychiatric diseases is a rapidly advancing
field that promises to redefine our approach to these complex conditions [1–9]. The Topic
“Emerging Translational Research in Neurological and Psychiatric Diseases” is a testament
to this evolution, showcasing 22 pioneering papers that span a diverse range of topics
and methodologies. This Editorial aims to provide a cohesive overview of the collection,
emphasizing the synergy between various research domains and the translational potential
of the findings presented. These papers fall into the following subtopics: Advancements in
Neuroimaging and Neurostimulation, Insights into Neurodegenerative and Neuroinflam-
matory Disorders, and Exploring Neuropsychiatric Disorders and Treatments.

The first subtopic opens with a series of papers that explore the frontiers of neuroimag-
ing and neurostimulation. These studies not only enhance our understanding of brain
morphology and function, but also introduce groundbreaking techniques for modulating
brain activity [10–16]. Non-invasive brain stimulation techniques, including transcra-
nial magnetic stimulation (TMS), transcranial direct current stimulation, neurofeedback,
and deep brain stimulation (DBS), are frequently used to influence neural activity in spe-
cific brain regions, providing therapeutic benefits for conditions such as depression and
anxiety [17–23]. The implications for diagnosis and therapy are profound, offering new
pathways for addressing neurological and psychiatric disorders that were once considered
intractable [24–32].

A central theme of the second subtopic is the in-depth examination of neurodegener-
ative and neuroinflammatory disorders such as Alzheimer’s disease (AD); this includes
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exploring strategies for neural regeneration and repair. Neuroplasticity, the brain’s ability
to reorganize itself by forming new neural connections, is particularly relevant in neurode-
generative diseases [33–38]. Interventions targeting neural plasticity aim to slow cognitive
decline by promoting adaptive changes in the brain’s structure through cognitive training,
physical exercise, or environmental enrichment [39–45]. The papers delve into the patho-
physiology of diseases such as AD, highlighting the latest strategies for neural regeneration
and repair. The inclusion of research on rare and genetic neurological disorders broadens
the scope, providing insights into the genetic factors that influence neurology and the
potential for personalized medicine [46–51].

The third subtopic also casts a spotlight on neuropsychiatric disorders, offering a
nuanced look at conditions such as depression and their treatments [52–57]. Topics include
the role of antidepressants, the importance of neural oscillations in cognitive functions,
and the interplay between neurotrophic factors and genetic variants. These papers under-
score the complexity of mental health and the multifaceted nature of effective treatment
strategies. Each paper in this collection contributes to a mosaic of knowledge that enhances
our understanding of the brain and its disorders. Employing both qualitative and quan-
titative methods, the researchers provide a rich tapestry of data that not only reflects the
current state of the field, but also lays the groundwork for future innovations [58–61]. As
we look ahead, the insights garnered from this collection will undoubtedly inform the
next generation of translational research, ultimately leading to improved outcomes for
patients worldwide.

2. Topic Articles
2.1. Neuroimaging and Neurostimulation Techniques

Neuroimaging and neurostimulation techniques encompass a diverse range of studies
that explore the intricate workings of the brain and the potential therapeutic interven-
tions for neurological conditions [10,11,18,27,62–64]. From a systematic review of brain
morphometric changes throughout life to the nuanced effects of ultrasound on cortical
activity, these articles shed light on the dynamic field of neuroimaging [12,20,22,28,29,65,66].
Furthermore, the authors explore the field of neurostimulation, specifically examining the
potential therapeutic applications of arginine–vasopressin receptor antagonists in the treat-
ment of stroke, the transformative capabilities of DBS in the context of neurodegenerative
disorders, and the safety implications associated with transcranial electrical stimulation.
Additionally, cutting-edge research on electroencephalography (EEG) biomarkers using
machine learning underscores innovative approaches being undertaken to understand and
predict outcomes in disorders of consciousness. Collectively, these studies represent the
forefront of neuroscientific research, offering insights and raising questions about the future
of brain health and therapy.

2.1.1. Neuroimaging Techniques for Brain Morphometry and Function

One of the main challenges in neuroscience is understanding how the brain works
in health and disease [67–69]. To achieve this goal, researchers use various methods to
measure the structure and activity of the brain, such as magnetic resonance imaging (MRI),
EEG, and positron emission tomography (PET). These methods provide information about
the anatomy, function, metabolism, and connectivity of the brain regions involved in
different cognitive processes, emotions, and behaviors. They are also used to diagnose and
monitor various neurological and psychiatric disorders, such as stroke, AD, schizophrenia
(SCZ), and depression [70–74]. In this subsection, we review two papers that explore
the use of different neuroimaging techniques for measuring the structure and activity of
the brain.

Statsenko et al. propose a protocol for the systematic review and meta-analysis of
longitudinal changes in brain morphology across the lifespan, from infancy to old age,
using MRI data from different cohorts and studies [75]. The authors aim to search for
characteristic features of non-pathological development and degeneration in distinct brain
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structures and devise a precise descriptive model of brain morphometry in age groups.
They expect to find age-related patterns of brain morphometry changes that can serve as
normative references for clinical studies and diagnoses of neurodegenerative diseases. The
authors also plan to explore the potential factors that may influence brain morphometry,
such as sex, genetics, lifestyle, and environmental exposures. They hope that their study
will provide a comprehensive overview of the current knowledge and gaps in the field of
brain morphometry and aging, and stimulate further research on this topic (Table 1).

Table 1. Major subtopics covering the Topic “Emerging Translational Research in Neurological and
Psychiatric Diseases”.

Subtopics Ref.

1. Neuroimaging and Neurostimulation Techniques
a. Neuroimaging Techniques for Brain Morphometry and Function [75,76]
b. Neurostimulation Techniques for Brain Modulation and Therapy [77–80]

2. Neurodegenerative and Neuroinflammatory Disorders
a. Alzheimer’s Disease and Related Disorders [81–84]
b. Neural Regeneration and Repair [85–87]
c. Rare and Genetic Neurological Disorders [88]

3. Neuropsychiatric Disorders and Treatments
a. Depression and Antidepressants [89,90]
b. Neural Oscillations and Cognitive Functions [91,92]
c. Neurotrophic Factors and Genetic Variants [93]
d. Neurotransmission and Neuroprotection [94]
e. Neuromodulation and Neuroregeneration [95,96]

Di Gregorio et al. evaluated the accuracy of EEG biomarkers in predicting the clinical
outcome of patients with disorders of consciousness following severe acquired brain injury,
using a machine learning approach to analyze EEG signals recorded during resting state and
auditory stimulation [76]. The authors enrolled 20 patients with disorders of consciousness
and 20 healthy controls, and performed EEG recordings at baseline and after one month.
They extracted several features from the EEG signals, such as spectral power, coherence,
entropy, and complexity, and used a support vector machine classifier to discriminate
between patients and controls, and between patients with different levels of consciousness.
The authors found that the EEG features had high accuracy in classifying the patients
and the controls, and were correlated with the clinical outcome of the patients. They
concluded that EEG biomarkers serve as a reliable and objective tool for assessing the level
of consciousness and prognosis of patients with disorders of consciousness.

2.1.2. Neurostimulation Techniques for Brain Modulation and Therapy

Neurostimulation techniques are promising approaches for modulating the brain activ-
ity and function in various neurological and psychiatric conditions, such as stroke, Parkin-
son’s disease (PD), depression, and chronic pain [10,11,18,20,97–100]. They can also be used
to enhance cognitive performance, learning, and memory in healthy individuals [101–103].
These techniques involve applying different types of stimuli, such as ultrasounds, electric
currents, magnetic fields, or drugs, to specific brain regions or networks, in order to alter
their excitability, connectivity, or plasticity [104–111]. In this subtopic, we review four
papers that explore the use of different neurostimulation techniques for brain modulation
and therapy.

The first paper investigates the effects of weak ultrasound on the rat motor cortex,
and suggests that it can induce neuromodulation without causing tissue damage [77]. The
authors used functional MRI (fMRI) and electrophysiological recordings to measure the
changes in blood-oxygen-level-dependent (BOLD) signals and local field potentials (LFPs)
in response to ultrasound stimulation. They found that ultrasound increased the BOLD
signals and LFPs in the stimulated area, as well as in the contralateral motor cortex and
the thalamus. They also observed that ultrasound enhanced the motor-evoked potentials
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elicited by TMS, indicating an increase in corticospinal excitability. The authors concluded
that weak ultrasound can be used as a non-invasive and focal neurostimulation technique
for modulating the motor cortex.

The second paper reviews the role of arginine–vasopressin (AVP) in stroke, and pro-
poses that its type 1 receptor antagonists (V1RAs) can be used as a novel neuroprotective
strategy [78]. The authors summarized the evidence that AVP is involved in the patho-
physiology of stroke, such as increasing blood pressure, promoting inflammation, inducing
cerebral edema, and impairing cerebral blood flow. They also discussed the potential
benefits of V1RAs in reducing these deleterious effects and improving neurological out-
comes after stroke. They highlighted the results of animal studies and clinical trials that
showed that V1RAs can decrease the infarct size, attenuate brain damage, and enhance
the recovery of motor and cognitive functions. The authors suggested that V1RAs can be
used as an adjunctive therapy for stroke, especially in combination with thrombolysis or
mechanical thrombectomy.

The third paper discusses the challenges and opportunities of DBS for the treat-
ment of PD and AD, and highlights the need for personalized and adaptive stimulation
paradigms [79]. The authors reviewed the current state of the art and the future directions
of DBS for these neurodegenerative disorders, focusing on the selection of optimal stimula-
tion targets, parameters, and patterns. They emphasized the importance of tailoring the
stimulation to the individual patient’s symptoms, disease stage, and neural activity, as well
as adjusting the stimulation in real time based on the feedback from biomarkers, such as
EEG, LFPs, or neurochemicals. They also explored the potential of DBS to modulate the
neural circuits and networks involved in motor, cognitive, and emotional functions, and to
restore the balance between excitation and inhibition in the brain.

The fourth paper evaluates the safety of a special waveform of transcranial electrical
stimulation (TES) in vivo, and demonstrates that it can modulate cortical excitability with-
out inducing seizures or neuronal damage [80]. The authors used a novel TES waveform,
called the alternating current square wave (ACSW), which consists of alternating positive
and negative pulses with a fixed duration and amplitude. They applied ACSW to the rat
somatosensory cortex and measured the changes in cortical excitability, seizure susceptibil-
ity, and histological alterations. They found that ACSW increased the cortical excitability,
as measured by the amplitude of the somatosensory evoked potentials (SEPs), but did not
induce seizures, even at high intensities. Furthermore, ACSW did not cause any neuronal
damage, inflammation, or apoptosis in the stimulated cortex. The authors concluded that
ACSW is a safe and effective TES waveform for modulating cortical excitability (Table 1).

2.2. Neurodegenerative and Neuroinflammatory Disorders
2.2.1. Alzheimer’s Disease and Related Disorders

AD is the most common cause of dementia, a progressive and irreversible decline in
cognitive functions such as memory, language, reasoning, and judgment [112–115]. AD
is characterized by the accumulation of amyloid plaques and neurofibrillary tangles in
the brain, leading to neuronal loss and synaptic dysfunction [116–118]. Other forms of
dementia include vascular dementia, caused by impaired blood flow to the brain; fron-
totemporal dementia, caused by degeneration of the frontal and temporal lobes; and
Lewy body dementia, resulting from abnormal deposits of alpha-synuclein protein in the
brain [119–122]. In this subsection, we review four papers that investigate the etiology,
pathogenesis, biomarkers, and therapeutic strategies for AD and related disorders.

The first paper explores the potential role of the liver–brain axis in AD and aging, and
how it is influenced by sex, isolation, and obesity [81]. The authors used a mouse model
of AD and wildtype counterparts with normal aging where males exhibit obesity. They
found that hepatic oxi-inflammation was associated with worse cognitive and behavioral
impairments in the mice, and that this effect was more pronounced in male mice and in
isolated and obese mice. They also observed that hepatic oxi-inflammation increased the
brain AD–neuropathological levels and reduced the expression of neurotrophic factors and
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synaptic proteins. The authors suggested that hepatic oxi-inflammation and neophobia, a
fear of novelty, could be potential targets for preventing or delaying AD and aging.

The second paper examines the risk factors and mechanisms for psychotic symptoms
in AD, such as hallucinations, delusions, and agitation, using electronic medical records
and deep learning models [82]. The authors analyzed the data of over 300,000 patients with
AD, and identified several clinical and demographic variables that were associated with
psychotic symptoms, such as age, sex, race, comorbidities, medications, and cognitive and
functional status. They also used a convolutional neural network to extract features from
the text of the medical records, which improved the prediction of psychotic symptoms. The
authors concluded that electronic medical records and deep learning models could provide
valuable insights into the etiology and management of psychotic symptoms in AD.

The third paper investigates the role of stromal interaction molecule (STIM) 1 and
STIM2, two calcium sensors that regulate intracellular calcium homeostasis, in the patho-
physiology of AD, using a mouse model of the disease [83]. The authors measured the
expression and localization of STIM1 and STIM2 in the hippocampus of the mice, and
found that both were reduced and in different places in the neurons of the Alzheimer’s
mice compared to the control mice. Electrophysiological recordings and calcium imaging
revealed that the Alzheimer’s mice exhibited impaired synaptic transmission and calcium
signaling in the hippocampal neurons. Overexpressing STIM1 or STIM2 in the hippocam-
pus of the Alzheimer’s mice improved their synaptic function and memory performance.
The authors suggested that STIM1 and STIM2 could be novel targets for restoring calcium
homeostasis and synaptic plasticity in AD.

The fourth paper evaluates the effect of intraoperative hypothermia, a common com-
plication during surgery, on the vascular function and integrity of the rat hippocampus, a
brain region that is vulnerable to ischemia and AD [84]. The authors induced hypothermia
in the rats by lowering their body temperature to 28 ◦C for 2 h during surgery, and mea-
sured changes in the blood–brain barrier permeability, cerebral blood flow, and vascular
reactivity in the hippocampus. They found that hypothermia increased the blood–brain
barrier permeability and reduced the cerebral blood flow and vascular reactivity in the CA1
region of the hippocampus; these effects persisted for 24 h post surgery. Additionally, they
observed that hypothermia impaired the spatial learning and memory in the rats, and that
these deficits correlated with vascular dysfunction. The authors concluded that intraop-
erative hypothermia could induce vascular dysfunction and cognitive impairment in the
hippocampus, potentially influencing the development and progression of AD (Table 1).

2.2.2. Neural Regeneration and Repair

The nervous system is composed of billions of neurons and glial cells that communicate
and cooperate to perform various functions, such as sensation, movement, cognition, and
emotion [123–127]. However, the nervous system is also vulnerable to various forms of
injury and disease, such as trauma, stroke, infection, degeneration, and malformation,
which can impair or destroy neural functions and structures [128–130]. Consequently, there
is a significant need to develop effective methods to enhance the recovery and restoration
of neural function after injury or disease, such as stem cell therapy, gene therapy, tissue
engineering, and neurotrophic factors [131–135]. In this subsection, we review three papers
that explore the use of different methods for neural regeneration and repair.

The first paper reviews the techniques, mechanisms, potential applications, and chal-
lenges of somatic cell reprogramming for nervous system diseases [85]. Somatic cell
reprogramming is a process that converts a differentiated cell into another cell type, such
as a pluripotent stem cell or a neural cell, by introducing specific factors or stimuli. The
authors summarize the current state of the art and the future directions of somatic cell
reprogramming for generating neural cells, such as neurons, astrocytes, oligodendrocytes,
and microglia, and for modeling and treating various nervous system diseases, such as AD,
PD, spinal cord injury, and brain tumors. They also discuss the advantages and limitations
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of somatic cell reprogramming, including the efficiency, safety, scalability, and ethical issues,
and propose possible solutions and strategies.

The second paper evaluates the effect of the autologous genetically enriched leu-
coconcentrate (AGEL) on the lumbar spinal cord morpho-functional recovery in a mini
pig with thoracic spine contusion injury [86]. AGEL is a cell-based therapy consisting of
autologous leukocytes that are genetically modified to overexpress the neurotrophin-3
gene, a potent factor promoting neural survival, differentiation, and regeneration. The
authors induced a thoracic spine contusion injury in a mini pig, and injected AGEL into the
lumbar spinal cord at 24 h and 7 days after injury. They measured changes in spinal cord
morphology, electrophysiology, and locomotor function at different time points after injury
and treatment. They found that AGEL significantly improved the spinal cord morphology,
such as reducing the cavity size, increasing the tissue sparing, and enhancing the axonal
growth and myelination. They also found that AGEL significantly improved the spinal
cord electrophysiology, such as by increasing the amplitude and decreasing the latency of
SEPs and motor-evoked potentials. Furthermore, AGEL significantly enhanced locomotor
function, increasing Basso–Beattie–Bresnahan and grid walk scores. The authors concluded
that AGEL is a promising therapy for spinal cord injury, and that the mini pig is a suitable
animal model for preclinical studies.

The third paper investigates the role of the extracellular-signal-regulated kinase
(ERK)1/2 signaling pathway in regulating the tubulin-binding cofactor B (TBCB) expres-
sion and affecting the astrocyte process formation after acute fetal alcohol exposure [87].
ERK1/2 is a key kinase that mediates various cellular processes, such as proliferation,
differentiation, and survival. TBCB is a protein that regulates microtubule dynamics and
stability, which are essential for the cytoskeleton and morphology of cells. The authors
exposed rat fetuses to ethanol on the 12th day of gestation, and isolated the astrocytes from
the cortex and hippocampus of the pups on postnatal day 1. They measured changes in the
ERK1/2 activation, TBCB expression, and astrocyte process formation in vitro. They found
that ethanol exposure decreased the ERK1/2 activation and TBCB expression, and impaired
the astrocyte process formation in both regions. They also found that pharmacological
inhibition or the genetic knockdown of ERK1/2 mimicked the effects of ethanol exposure,
while pharmacological activation or the genetic overexpression of ERK1/2 reversed the
effects of ethanol exposure. The authors suggested that the ERK1/2 signaling pathway
regulates TBCB expression and affects astrocyte process formation after acute fetal alcohol
exposure, and that this pathway could be a potential target for preventing or treating fetal
alcohol spectrum disorders (Table 1).

2.2.3. Rare and Genetic Neurological Disorders

The paper by Sivananthan et al. introduces the Buffy Coat Score (BCS) as a novel
biomarker for assessing treatment response in neuronal ceroid lipofuscinosis type 2 (NCL2) [88].
The BCS is a quantitative measure derived from blood samples, specifically the buffy coat
layer, which can reflect the cellular changes in response to therapy. This advancement is
significant as it provides a less invasive, cost-effective, and timely method for monitoring
disease progression and therapeutic efficacy in NCL2 patients, potentially improving
patient management and treatment outcomes (Table 1).

2.3. Neuropsychiatric Disorders and Treatments

These papers explore the diagnosis, pathophysiology, and pharmacological or non-
pharmacological interventions for various mental health conditions, such as depression,
bipolar disorder (BD), anxiety, SCZ, and substance abuse.

2.3.1. Depression and Antidepressants

Depression is a serious mood disorder that affects millions of people worldwide. It
is characterized by persistent feelings of sadness, hopelessness, and loss of interest in
daily activities, as well as physical symptoms such as fatigue, insomnia, and appetite
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changes [136–138]. Depression can impair the quality of life and increase the risk of suicide
and other health problems [139–142]. The causes of depression are complex and multifac-
torial, involving genetic, biological, psychological, and environmental factors [143–147].
Treatment usually involves a combination of psychotherapy and pharmacotherapy, with
antidepressants being the most commonly prescribed drugs [148–151]. In this subsection,
we review two papers that explore the diagnosis, pathophysiology, and pharmacological
interventions for major depressive disorder.

The first paper by Vasiliu provides a narrative review of the efficacy, tolerability, and
safety of toludesvenlafaxine, a novel antidepressant that belongs to the class of serotonin
and norepinephrine reuptake inhibitors (SNRIs) [89]. The author summarizes the results of
preclinical and clinical studies that evaluated the pharmacokinetics, pharmacodynamics,
and therapeutic effects of toludesvenlafaxine in comparison with other SNRIs, such as
venlafaxine, duloxetine, and desvenlafaxine. The author also discusses the potential advan-
tages and disadvantages of toludesvenlafaxine, such as its lower risk of drug interactions,
its longer half-life, and its higher incidence of adverse events. The author concludes that
toludesvenlafaxine is a promising antidepressant that may offer some benefits over existing
SNRIs; however, more studies are needed to confirm its efficacy and safety in different
populations and settings.

The second paper by Kalkman proposes a novel in vitro screen to detect new an-
tidepressant principles based on the inhibition of microglial glycogen synthase kinase-3
beta (GSK3β) activity [90]. The author explains that microglia, the immune cells of the
brain, play a key role in neuroinflammation, which is implicated in the pathogenesis of
depression. GSK3β is a kinase that regulates various cellular processes, such as metabolism,
proliferation, and apoptosis; its inhibition has antidepressant-like effects in animal models.
The author suggests that different kinds of antidepressants, such as selective serotonin
reuptake inhibitors, SNRIs, monoamine oxidase inhibitors, and ketamine, share a common
mechanism of action: the inhibition of microglial GSK3β activity. The author proposes
a simple and rapid assay that measures the GSK3β activity in microglial cells exposed
to different compounds, which could be used to screen for novel antidepressant princi-
ples. This assay is hoped to facilitate the discovery and development of new and more
effective antidepressants.

2.3.2. Neural Oscillations and Cognitive Functions

Neural oscillations are rhythmic patterns of electrical activity that occur in the brain,
and reflect the synchronization of neural populations [152–155]. Neural oscillations can
be measured by various techniques, such as EEG or magnetoencephalography (MEG),
and can be classified into different frequency bands, such as delta, theta, alpha, beta, and
gamma [156–159]. Neural oscillations are involved in various cognitive functions, such
as memory, attention, and decision making, and are modulated by various factors, such
as sensory input, task demands, and emotional states [160–163]. Neural oscillations are
also affected by neuropsychiatric disorders, including SCZ, BD, and autism, and may serve
as biomarkers or targets for diagnosis and intervention [164–167]. In this subsection, we
review two papers that explore the role of alpha oscillations, a type of brain wave that
occurs in the range of 8–12 Hz, in various cognitive functions, and how they are affected by
neuropsychiatric disorders.

The first paper provides a comprehensive review of the role of alpha oscillations
among key neuropsychiatric disorders in the adult and developing human brain, based on
evidence from the last 10 years of research [91]. The authors summarize the findings from
EEG, MEG, and fMRI studies that investigated the alpha oscillations in SCZ, BD, major
depressive disorder, anxiety disorders, obsessive compulsive disorder, post-traumatic stress
disorder, attention-deficit/hyperactivity disorder, autism spectrum disorder, and Tourette
syndrome. The authors discuss the similarities and differences in alpha oscillations across
these disorders, and how they relate to the clinical symptoms, cognitive impairments, and
neurodevelopmental trajectories. The authors also highlight the potential applications
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of alpha oscillations for the diagnosis, prognosis, and treatment of these disorders, and
suggest some future directions and challenges for the field.

The second paper examines the cost of imagined actions in a reward-valuation task,
and how it is modulated by alpha oscillations. The authors conducted an EEG experiment in
which healthy participants had to choose between two options that differed in the amount
of reward and the number of actions required to obtain it [92]. Participants had to either
perform or imagine the actions, and the authors measured the alpha oscillations during the
choice and the action phases. The authors found that the participants preferred the option
with fewer actions, regardless of the reward amount, and that this preference was stronger
when they had to imagine the actions rather perform them. The authors also found that
alpha oscillations increased during the choice phase, and that this increase correlated with
the preference for fewer actions. The authors suggested that alpha oscillations reflect the
inhibition of irrelevant or costly actions, and that imagined actions have a higher cost than
performed actions (Table 1).

2.3.3. Neurotrophic Factors and Genetic Variants

Neurotrophic factors are molecules that support the survival, growth, and differentia-
tion of neurons and glial cells in the nervous system. They also regulate various aspects of
neural function, such as synaptic transmission, plasticity, and neurogenesis [168–171]. One
of the most widely studied neurotrophic factors is nerve growth factor (NGF), which binds
to its receptor, nerve growth factor receptor (NGFR), also known as p75NTR [172–174].
NGF and NGFR play crucial roles in the development and maintenance of the cholinergic
system, which is important for learning, memory, and cognition [163,175–177]. They are
also implicated in the pathophysiology of various neuropsychiatric disorders, such as SCZ,
BD, and AD, which are characterized by cognitive impairment, neuroinflammation, and
neurodegeneration [161,178–180]. In this subsection, we review one paper that investigates
the role of the NGFR gene and its single-nucleotide polymorphisms (SNPs), rs2072446 and
rs11466162, in psychiatric disorders.

The paper investigates the role of the NGFR gene and its SNPs, rs2072446 and
rs11466162, in psychiatric disorders, such as SCZ, BD, and AD [93]. The authors per-
formed a meta-analysis of 18 studies that examined the association between these SNPs
and the risk or severity of these disorders. The authors found that the NGFR gene and
its SNPs were significantly associated with psychiatric disorders, especially SCZ and BD.
The authors also found that the NGFR gene and its SNPs interacted with other genes and
environmental factors to influence the pathogenesis and progression of these disorders.
The authors suggested that the NGFR gene and its SNPs could be potential biomarkers or
therapeutic targets for psychiatric disorders.

2.3.4. Neurotransmission and Neuroprotection

Neurotransmission is the process of communication between neurons and other cells
in the nervous system, mediated by chemical messengers called neurotransmitters. Neuro-
transmitters can modulate the neural activity and synaptic plasticity, which are essential
for learning, memory, and cognition [160,162,181,182]. Neurotransmitters can also confer
neuroprotection, which is the ability of the nervous system to resist or recover from damage
caused by various insults, such as oxidative stress, excitotoxicity, inflammation, and de-
generation [183–187]. One of the most important neurotransmitters in the nervous system
is glutamate, which is the main excitatory neurotransmitter that mediates rapid synaptic
transmission and long-term potentiation [188]. However, excessive glutamate can also
cause excitotoxicity, the overstimulation and subsequent death of neurons [189]. Therefore,
maintaining a balance between glutamate and its antagonists, such as kynurenic acid, is
crucial for neural function and integrity [190]. In this subsection, we review one paper that
explores the role of kynurenic acid (KYNA) in neurotransmission and neuroprotection.

The paper investigates the effect of KYNA on memory enhancement and its mecha-
nisms in neurotransmission [94]. KYNA is an endogenous metabolite of tryptophan that
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acts as an antagonist of glutamate receptors, such as N-methyl-D-aspartate, α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid, and kainate receptors. The authors adminis-
tered KYNA to rats and mice and measured changes in their memory performance, synaptic
transmission, and neurotransmitter levels. The authors found that KYNA improved the
memory performance of the animals in various tasks, such as passive avoidance, object
recognition, and the Morris water maze. KYNA also increased synaptic transmission and
the levels of acetylcholine, dopamine, and serotonin in the hippocampus and the cortex,
which are brain regions involved in memory formation and consolidation. The authors
suggest that KYNA enhances memory by modulating the glutamatergic and cholinergic
systems, and increasing the levels of other neurotransmitters involved in memory and cog-
nition. They also propose that KYNA may have neuroprotective effects against oxidative
stress and neuroinflammation, which are associated with neurodegenerative diseases such
as AD (Table 1).

2.3.5. Neuromodulation and Neuroregeneration

Neuromodulation is the process of altering neural activity and function by applying
external stimuli such as light, electric currents, magnetic fields, or drugs to specific brain
regions or networks [14,191]. Neuroregeneration involves restoring neural structures and
functions by promoting the survival, growth, and differentiation of neurons and glial
cells [192,193]. Both processes are important for enhancing the recovery and restoration
of neural function after injury or disease, such as trauma, stroke, infection, degeneration,
and malformation [194]. In this subsection, we review two papers that explore the use of
different methods for neuromodulation and neuroregeneration.

The first paper investigates the effect of heterologous fibrin biopolymer and photo-
biomodulation on morphofunctional improvements of the facial nerve and muscles after
injury [95]. Heterologous fibrin biopolymer, a biomaterial derived from horse blood, acts
as a scaffold and hemostatic agent for tissue repair. Photobiomodulation, a technique
using low-level laser therapy, modulates cellular metabolism and function. The authors
induced a facial nerve injury in rats and treated them with heterologous fibrin biopolymer,
photobiomodulation, or both. They measured the changes in facial nerve morphology,
electrophysiology, and functionality, as well as facial muscle histology at different time
points after injury and treatment. They found that the combination of heterologous fibrin
biopolymer and photobiomodulation significantly improved recovery of the facial nerve
and muscles compared to the control or the single treatments. This combination treatment
also increased the expression of neurotrophic factors, such as NGF and brain-derived
neurotrophic factor, which are crucial for neural survival, differentiation, and regeneration.
The authors concluded that heterologous fibrin biopolymer and photobiomodulation are
effective methods for enhancing neuromodulation and neuroregeneration of the facial
nerve and muscles after injury.

The second paper examines the establishment of a mouse model of recurrent primary
dysmenorrhea, a common gynecological disorder characterized by painful menstrual
cramps [96]. The authors used a chemical agent, zymosan, to induce an inflammatory
response in the uterus of female mice. They measured changes in uterine contraction,
blood flow, and pain behavior, as well as the expression of inflammatory mediators such
as prostaglandins and cytokines. They found that zymosan injection caused significant
increases in uterine contraction, blood flow, and pain behavior, along with the expression
of inflammatory mediators in the mice. These effects were repeated in the subsequent
estrous cycles, mimicking the clinical features of recurrent primary dysmenorrhea. The
authors suggested that this mouse model could be used to study the pathophysiology
and pharmacology of recurrent primary dysmenorrhea and to test the efficacy of potential
treatments, such as neuromodulators and neuroprotective agents (Table 1).
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3. Conclusions

The topic “Emerging Translational Research in Neurological and Psychiatric Diseases:
From In Vitro to In Vivo Models, from Animals to Humans, from Qualitative to Quantitative
Methods 2.0” represents a significant advancement in our quest to understand and treat
neurological and psychiatric disorders. The 22 papers in this collection span a broad
spectrum of research, from the molecular bases of neurodegenerative diseases to innovative
therapeutic approaches for neuropsychiatric conditions. They reflect the collaborative
efforts of scientists and clinicians who are committed to unraveling the complexities of the
brain and mind. The insights gleaned from these studies underscore the importance of
multidisciplinary but integrative approaches, integrating neuroimaging, neurostimulation,
genetic analysis, and computational modeling [195–200]. As we synthesize knowledge
from in vitro experiments, animal models, and human clinical trials, we pave the way
for transformative breakthroughs that can be translated into effective interventions. This
collection not only highlights the current achievements in the field, but also illuminates
the path forward. It encourages ongoing dialogue and research collaboration, fostering an
environment where scientific curiosity and clinical need converge to inspire innovation.
As we continue to push the boundaries of our understanding, we remain hopeful that the
work encapsulated in these pages will lead to improved outcomes for individuals affected
by neurological and psychiatric diseases worldwide.
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Abbreviations

AD Alzheimer’s disease
ACSW Alternating current square wave
AGEL Autologous genetically enriched leucoconcentrate
AVP Arginine–vasopressin
BCS Buffy Coat Score
BOLD Blood-oxygen-level-dependent
BD Bipolar disorder
DBS Deep brain stimulation
EEG Electroencephalography
ERK Extracellular-signal-regulated kinase
fMRI Functional magnetic resonance imaging
GSK3β Glycogen synthase kinase-3 beta
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KYNA Kynurenic acid
LFPs Local field potentials
NGF Nerve growth factor
NGFR Nerve growth factor receptor
MEG Magnetoencephalography
MRI Magnetic resonance imaging
NCL2 Neuronal ceroid lipofuscinosis type 2
PD Parkinson’s disease
SCZ Schizophrenia
SEPs Somatosensory evoked potentials
SNPs Single-nucleotide polymorphisms
SNRIs Serotonin and norepinephrine reuptake inhibitors
STIM Stromal interaction molecule
TBCB Tubulin-binding cofactor B
TMS Transcranial magnetic stimulation
TES Transcranial electrical stimulation
V1RAs Vasopressin type 1 receptor antagonists
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78. Chojnowski, K.; Opiełka, M.; Gozdalski, J.; Radziwon, J.; Dańczyszyn, A.; Aitken, A.V.; Biancardi, V.C.; Winklewski, P.J. The Role
of Arginine-Vasopressin in Stroke and the Potential Use of Arginine-Vasopressin Type 1 Receptor Antagonists in Stroke Therapy:
A Narrative Review. Int. J. Mol. Sci. 2023, 24, 2119. [CrossRef]

79. Senevirathne, D.K.L.; Mahboob, A.; Zhai, K.; Paul, P.; Kammen, A.; Lee, D.J.; Yousef, M.S.; Chaari, A. Deep Brain Stimulation
beyond the Clinic: Navigating the Future of Parkinson’s and Alzheimer’s Disease Therapy. Cells 2023, 12, 1478. [CrossRef]
[PubMed]

80. Adeel, M.; Chen, C.-C.; Lin, B.-S.; Chen, H.-C.; Liou, J.-C.; Li, Y.-T.; Peng, C.-W. Safety of Special Waveform of Transcranial
Electrical Stimulation (TES): In Vivo Assessment. Int. J. Mol. Sci. 2022, 23, 6850. [CrossRef]

81. Fraile-Ramos, J.; Garrit, A.; Reig-Vilallonga, J.; Giménez-Llort, L. Hepatic Oxi-Inflammation and Neophobia as Potential Liver–
Brain Axis Targets for Alzheimer’s Disease and Aging, with Strong Sensitivity to Sex, Isolation, and Obesity. Cells 2023, 12, 1517.
[CrossRef]

82. Fan, P.; Miranda, O.; Qi, X.; Kofler, J.; Sweet, R.A.; Wang, L. Unveiling the Enigma: Exploring Risk Factors and Mechanisms for
Psychotic Symptoms in Alzheimer’s Disease through Electronic Medical Records with Deep Learning Models. Pharmaceuticals
2023, 16, 911. [CrossRef] [PubMed]

83. Skobeleva, K.; Shalygin, A.; Mikhaylova, E.; Guzhova, I.; Ryazantseva, M.; Kaznacheyeva, E. The STIM1/2-regulated calcium
homeostasis is impaired in hippocampal neurons of the 5xFAD mouse model of Alzheimer’s disease. Int. J. Mol. Sci. 2022, 23,
14810. [CrossRef]

84. Li, T.; Xu, G.; Yi, J.; Huang, Y. Intraoperative Hypothermia Induces Vascular Dysfunction in the CA1 Region of Rat Hippocampus.
Brain Sci. 2022, 12, 692. [CrossRef]

85. Chen, J.; Huang, L.; Yang, Y.; Xu, W.; Qin, Q.; Qin, R.; Liang, X.; Lai, X.; Huang, X.; Xie, M. Somatic Cell Reprogramming for
Nervous System Diseases: Techniques, Mechanisms, Potential Applications, and Challenges. Brain Sci. 2023, 13, 524. [CrossRef]

86. Garifulin, R.; Davleeva, M.; Izmailov, A.; Fadeev, F.; Markosyan, V.; Shevchenko, R.; Minyazeva, I.; Minekayev, T.; Lavrov, I.;
Islamov, R. Evaluation of the Autologous Genetically Enriched Leucoconcentrate on the Lumbar Spinal Cord Morpho-Functional
Recovery in a Mini Pig with Thoracic Spine Contusion Injury. Biomedicines 2023, 11, 1331. [CrossRef] [PubMed]

87. Zheng, Y.; Huo, J.; Yang, M.; Zhang, G.; Wan, S.; Chen, X.; Zhang, B.; Liu, H. ERK1/2 Signalling Pathway Regulates Tubulin-
Binding Cofactor B Expression and Affects Astrocyte Process Formation after Acute Foetal Alcohol Exposure. Brain Sci. 2022, 12,
813. [CrossRef] [PubMed]

88. Sivananthan, S.; Lee, L.; Anderson, G.; Csanyi, B.; Williams, R.; Gissen, P. Buffy coat score as a biomarker of treatment response in
neuronal ceroid lipofuscinosis type 2. Brain Sci. 2023, 13, 209. [CrossRef] [PubMed]

89. Vasiliu, O. Efficacy, Tolerability, and Safety of Toludesvenlafaxine for the Treatment of Major Depressive Disorder—A Narrative
Review. Pharmaceuticals 2023, 16, 411. [CrossRef]

90. Kalkman, H.O. Inhibition of Microglial GSK3β Activity Is Common to Different Kinds of Antidepressants: A Proposal for an In
Vitro Screen to Detect Novel Antidepressant Principles. Biomedicines 2023, 11, 806. [CrossRef]

91. Ippolito, G.; Bertaccini, R.; Tarasi, L.; Di Gregorio, F.; Trajkovic, J.; Battaglia, S.; Romei, V. The role of alpha oscillations among
the main neuropsychiatric disorders in the adult and developing human brain: Evidence from the last 10 years of research.
Biomedicines 2022, 10, 3189. [CrossRef]

92. Sellitto, M.; Terenzi, D.; Starita, F.; di Pellegrino, G.; Battaglia, S. The Cost of Imagined Actions in a Reward-Valuation Task. Brain
Sci. 2022, 12, 582. [CrossRef] [PubMed]

93. Zhao, L.; Hou, B.; Ji, L.; Ren, D.; Yuan, F.; Liu, L.; Bi, Y.; Yang, F.; Yu, S.; Yi, Z. NGFR gene and single nucleotide polymorphisms,
rs2072446 and rs11466162, playing roles in psychiatric disorders. Brain Sci. 2022, 12, 1372. [CrossRef] [PubMed]

94. Martos, D.; Tuka, B.; Tanaka, M.; Vécsei, L.; Telegdy, G. Memory enhancement with kynurenic acid and its mechanisms in
neurotransmission. Biomedicines 2022, 10, 849. [CrossRef]

95. Bueno, C.R.d.S.; Tonin, M.C.C.; Buchaim, D.V.; Barraviera, B.; Junior, R.S.F.; Santos, P.S.d.S.; Reis, C.H.B.; Pastori, C.M.; Pereira,
E.d.S.B.M.; Nogueira, D.M.B. Morphofunctional Improvement of the Facial Nerve and Muscles with Repair Using Heterologous
Fibrin Biopolymer and Photobiomodulation. Pharmaceuticals 2023, 16, 653. [CrossRef] [PubMed]

96. Hong, F.; He, G.; Zhang, M.; Yu, B.; Chai, C. The establishment of a mouse model of recurrent primary dysmenorrhea. Int. J. Mol.
Sci. 2022, 23, 6128. [CrossRef] [PubMed]

https://doi.org/10.1016/s2215-0366(20)30255-8
https://doi.org/10.3390/diagnostics13030573
https://www.ncbi.nlm.nih.gov/pubmed/36766678
https://doi.org/10.3390/biomedicines11071999
https://doi.org/10.3390/biomedicines10081897
https://www.ncbi.nlm.nih.gov/pubmed/36009445
https://doi.org/10.3390/ijms24032578
https://doi.org/10.3390/ijms24032119
https://doi.org/10.3390/cells12111478
https://www.ncbi.nlm.nih.gov/pubmed/37296599
https://doi.org/10.3390/ijms23126850
https://doi.org/10.3390/cells12111517
https://doi.org/10.3390/ph16070911
https://www.ncbi.nlm.nih.gov/pubmed/37513822
https://doi.org/10.3390/ijms232314810
https://doi.org/10.3390/brainsci12060692
https://doi.org/10.3390/brainsci13030524
https://doi.org/10.3390/biomedicines11051331
https://www.ncbi.nlm.nih.gov/pubmed/37239001
https://doi.org/10.3390/brainsci12070813
https://www.ncbi.nlm.nih.gov/pubmed/35884621
https://doi.org/10.3390/brainsci13020209
https://www.ncbi.nlm.nih.gov/pubmed/36831752
https://doi.org/10.3390/ph16030411
https://doi.org/10.3390/biomedicines11030806
https://doi.org/10.3390/biomedicines10123189
https://doi.org/10.3390/brainsci12050582
https://www.ncbi.nlm.nih.gov/pubmed/35624971
https://doi.org/10.3390/brainsci12101372
https://www.ncbi.nlm.nih.gov/pubmed/36291307
https://doi.org/10.3390/biomedicines10040849
https://doi.org/10.3390/ph16050653
https://www.ncbi.nlm.nih.gov/pubmed/37242436
https://doi.org/10.3390/ijms23116128
https://www.ncbi.nlm.nih.gov/pubmed/35682815


Cells 2024, 13, 790 15 of 18

97. Ting, W.K.; Fadul, F.A.; Fecteau, S.; Ethier, C. Neurostimulation for Stroke Rehabilitation. Front. Neurosci. 2021, 15, 649459.
[CrossRef] [PubMed]

98. Moisset, X.; Lanteri-Minet, M.; Fontaine, D. Neurostimulation methods in the treatment of chronic pain. J. Neural Transm. 2020,
127, 673–686. [CrossRef] [PubMed]

99. Avenanti, A.; Coccia, M.; Ladavas, E.; Provinciali, L.; Ceravolo, M.G. Low-frequency rTMS promotes use-dependent motor
plasticity in chronic stroke: A randomized trial. Neurology 2012, 78, 256–264. [CrossRef]

100. Turrini, S.; Bevacqua, N.; Cataneo, A.; Chiappini, E.; Fiori, F.; Battaglia, S.; Romei, V.; Avenanti, A. Neurophysiological Markers
of Premotor-Motor Network Plasticity Predict Motor Performance in Young and Older Adults. Biomedicines 2023, 11, 1464.
[CrossRef]

101. Grimaldi, D.; Papalambros, N.A.; Zee, P.C.; Malkani, R.G. Neurostimulation techniques to enhance sleep and improve cognition
in aging. Neurobiol. Dis. 2020, 141, 104865. [CrossRef]

102. Haneef, Z.; Gavvala, J.R.; Combs, H.L.; Han, A.; Ali, I.; Sheth, S.A.; Stinson, J.M. Brain Stimulation Using Responsive Neurostimu-
lation Improves Verbal Memory: A Crossover Case-Control Study. Neurosurgery 2022, 90, 306–312. [CrossRef]

103. Ridgewell, C.; Heaton, K.J.; Hildebrandt, A.; Couse, J.; Leeder, T.; Neumeier, W.H. The effects of transcutaneous auricular vagal
nerve stimulation on cognition in healthy individuals: A meta-analysis. Neuropsychology 2021, 35, 352. [CrossRef] [PubMed]

104. Yüksel, M.M.; Sun, S.; Latchoumane, C.; Boch, J.; Courtine, G.; Raffin, E.E.; Hummel, F.C. Low-intensity focused ultrasound
neuromodulation for stroke recovery: A novel deep brain stimulation approach for neurorehabilitation? IEEE Open J. Eng. Med.
Biol. 2023, 4, 300–318. [CrossRef] [PubMed]

105. Kim, E.; Kim, S.; Kwon, Y.W.; Seo, H.; Kim, M.; Chung, W.G.; Park, W.; Song, H.; Lee, D.H.; Lee, J. Electrical stimulation for
therapeutic approach. Interdiscip. Med. 2023, 1, e20230003. [CrossRef]

106. Vecchio, P.F.F.M.; Iodice, R.; Ferreri, F.F.; Miraglia, M.B.C.; Orlando, E.J. 8.1 Transcranial magnetic stimulation. In Magnetic
Materials and Technologies for Medical Applications; Woodhead Publishing: Sawston, UK, 2021; p. 227.

107. Carzoli, K.L.; Kogias, G.; Fawcett-Patel, J.; Liu, S.J. Cerebellar interneurons control fear memory consolidation via learning-
induced HCN plasticity. Cell Rep. 2023, 42, 113057. [CrossRef] [PubMed]

108. Krishna, V.; Sammartino, F.; Rezai, A. A Review of the Current Therapies, Challenges, and Future Directions of Transcranial
Focused Ultrasound Technology: Advances in Diagnosis and Treatment. JAMA Neurol. 2018, 75, 246–254. [CrossRef] [PubMed]

109. Borgomaneri, S.; Zanon, M.; Di Luzio, P.; Cataneo, A.; Arcara, G.; Romei, V.; Tamietto, M.; Avenanti, A. Increasing associative
plasticity in temporo-occipital back-projections improves visual perception of emotions. Nat. Commun. 2023, 14, 5720. [CrossRef]
[PubMed]

110. Valchev, N.; Tidoni, E.; Hamilton, A.F.C.; Gazzola, V.; Avenanti, A. Primary somatosensory cortex necessary for the perception
of weight from other people’s action: A continuous theta-burst TMS experiment. Neuroimage 2017, 152, 195–206. [CrossRef]
[PubMed]

111. Doss, M.K.; Madden, M.B.; Gaddis, A.; Nebel, M.B.; Griffiths, R.R.; Mathur, B.N.; Barrett, F.S. Models of psychedelic drug action:
Modulation of cortical-subcortical circuits. Brain 2022, 145, 441–456. [CrossRef]

112. Alzheimer, A. Die arteriosklerotische atrophie des gehirns. Allg. Z. Für Psychiatr. 1895, 51, 809–811.
113. Alzheimer, A. Über eine eigenartige Erkrankung der Hirnrinde. Allg. Z. Fur Psychiatr. Und Psych.-Gerichtl. Med. 1907, 64, 146–148.
114. Gainotti, G.; Quaranta, D.; Vita, M.G.; Marra, C. Neuropsychological predictors of conversion from mild cognitive impairment to

Alzheimer’s disease. J. Alzheimers Dis. 2014, 38, 481–495. [CrossRef]
115. Papanastasiou, C.A.; Theochari, C.A.; Zareifopoulos, N.; Arfaras-Melainis, A.; Giannakoulas, G.; Karamitsos, T.D.; Palaiodimos,

L.; Ntaios, G.; Avgerinos, K.I.; Kapogiannis, D. Atrial fibrillation is associated with cognitive impairment, all-cause dementia,
vascular dementia, and Alzheimer’s disease: A systematic review and meta-analysis. J. Gen. Intern. Med. 2021, 36, 3122–3135.
[CrossRef] [PubMed]

116. Blocq, P.M.G. Sur la lésion et la pathogénie de l’épilepsie dite essentielle. Sem. Médicale 1892, 12.
117. Glenner, G.G.; Wong, C.W. Alzheimer’s disease: Initial report of the purification and characterization of a novel cerebrovascular

amyloid protein. Biochem. Biophys. Res. Commun. 1984, 120, 885–890. [CrossRef] [PubMed]
118. Tzioras, M.; McGeachan, R.I.; Durrant, C.S.; Spires-Jones, T.L. Synaptic degeneration in Alzheimer disease. Nat. Rev. Neurol. 2023,

19, 19–38. [CrossRef] [PubMed]
119. Bir, S.C.; Khan, M.W.; Javalkar, V.; Toledo, E.G.; Kelley, R.E. Emerging Concepts in Vascular Dementia: A Review. J. Stroke

Cerebrovasc. Dis. 2021, 30, 105864. [CrossRef] [PubMed]
120. Puppala, G.K.; Gorthi, S.P.; Chandran, V.; Gundabolu, G. Frontotemporal Dementia—Current Concepts. Neurol. India 2021, 69,

1144–1152. [CrossRef] [PubMed]
121. Milán-Tomás, Á.; Fernández-Matarrubia, M.; Rodríguez-Oroz, M.C. Lewy Body Dementias: A Coin with Two Sides? Behav. Sci.

2021, 11, 94. [CrossRef]
122. Kara, B.; Gordon, M.N.; Gifani, M.; Dorrance, A.M.; Counts, S.E. Vascular and nonvascular mechanisms of cognitive impairment

and dementia. Clin. Geriatr. Med. 2023, 39, 109–122. [CrossRef]
123. Thau, L.; Reddy, V.; Singh, P. Anatomy, Central Nervous System. In StatPearls; StatPearls Publishing LLC.: Treasure Island, FL,

USA, 2024.
124. Pistono, C.; Bister, N.; Stanová, I.; Malm, T. Glia-derived extracellular vesicles: Role in central nervous system communication in

health and disease. Front. Cell Dev. Biol. 2021, 8, 623771. [CrossRef] [PubMed]

https://doi.org/10.3389/fnins.2021.649459
https://www.ncbi.nlm.nih.gov/pubmed/34054410
https://doi.org/10.1007/s00702-019-02092-y
https://www.ncbi.nlm.nih.gov/pubmed/31637517
https://doi.org/10.1212/WNL.0b013e3182436558
https://doi.org/10.3390/biomedicines11051464
https://doi.org/10.1016/j.nbd.2020.104865
https://doi.org/10.1227/neu.0000000000001818
https://doi.org/10.1037/neu0000735
https://www.ncbi.nlm.nih.gov/pubmed/34043386
https://doi.org/10.1109/OJEMB.2023.3263690
https://www.ncbi.nlm.nih.gov/pubmed/38196977
https://doi.org/10.1002/INMD.20230003
https://doi.org/10.1016/j.celrep.2023.113057
https://www.ncbi.nlm.nih.gov/pubmed/37656617
https://doi.org/10.1001/jamaneurol.2017.3129
https://www.ncbi.nlm.nih.gov/pubmed/29228074
https://doi.org/10.1038/s41467-023-41058-3
https://www.ncbi.nlm.nih.gov/pubmed/37737239
https://doi.org/10.1016/j.neuroimage.2017.02.075
https://www.ncbi.nlm.nih.gov/pubmed/28254507
https://doi.org/10.1093/brain/awab406
https://doi.org/10.3233/jad-130881
https://doi.org/10.1007/s11606-021-06954-8
https://www.ncbi.nlm.nih.gov/pubmed/34244959
https://doi.org/10.1016/s0006-291x(84)80190-4
https://www.ncbi.nlm.nih.gov/pubmed/6375662
https://doi.org/10.1038/s41582-022-00749-z
https://www.ncbi.nlm.nih.gov/pubmed/36513730
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105864
https://www.ncbi.nlm.nih.gov/pubmed/34062312
https://doi.org/10.4103/0028-3886.329593
https://www.ncbi.nlm.nih.gov/pubmed/34747778
https://doi.org/10.3390/bs11070094
https://doi.org/10.1016/j.cger.2022.07.006
https://doi.org/10.3389/fcell.2020.623771
https://www.ncbi.nlm.nih.gov/pubmed/33569385


Cells 2024, 13, 790 16 of 18

125. Bigbee, J.W. Cells of the Central Nervous System: An Overview of Their Structure and Function. In Glycobiology of the Nervous
System; Springer: Cham, Switzerland, 2022; pp. 41–64.

126. Von Bartheld, C.S.; Bahney, J.; Herculano-Houzel, S. The search for true numbers of neurons and glial cells in the human brain: A
review of 150 years of cell counting. J. Comp. Neurol. 2016, 524, 3865–3895. [CrossRef] [PubMed]

127. Xin, Y.; Tian, M.; Deng, S.; Li, J.; Yang, M.; Gao, J.; Pei, X.; Wang, Y.; Tan, J.; Zhao, F. The key drivers of brain injury by systemic
inflammatory responses after sepsis: Microglia and neuroinflammation. Mol. Neurobiol. 2023, 60, 1369–1390. [CrossRef] [PubMed]

128. Rice, D.; Barone, S., Jr. Critical periods of vulnerability for the developing nervous system: Evidence from humans and animal
models. Environ. Health Perspect. 2000, 108 (Suppl. S3), 511–533. [CrossRef] [PubMed]

129. Snyder, J.M.; Gibson-Corley, K.N.; Radaelli, E. Nervous system. In Pathology of Genetically Engineered and Other Mutant Mice; Wiley
Online Library: Hoboken, NJ, USA, 2021; pp. 462–492.

130. Howard, R.; Al-Mayhani, T.; Carr, A.; Leff, A.; Morrow, J.; Rossor, A. Toxic, metabolic and physical insults to the nervous system.
In Neurology: A Queen Square Textbook; Wiley Online Library: Hoboken, NJ, USA, 2024; pp. 903–943.

131. Jiao, Y.; Liu, Y.W.; Chen, W.G.; Liu, J. Neuroregeneration and functional recovery after stroke: Advancing neural stem cell therapy
toward clinical application. Neural Regen. Res. 2021, 16, 80–92. [CrossRef] [PubMed]

132. Chen, W.; Hu, Y.; Ju, D. Gene therapy for neurodegenerative disorders: Advances, insights and prospects. Acta Pharm. Sin. B
2020, 10, 1347–1359. [CrossRef] [PubMed]

133. Papadimitriou, L.; Manganas, P.; Ranella, A.; Stratakis, E. Biofabrication for neural tissue engineering applications. Mater. Today
Bio 2020, 6, 100043. [CrossRef] [PubMed]

134. Liu, W.; Wang, X.; O’Connor, M.; Wang, G.; Han, F. Brain-Derived Neurotrophic Factor and Its Potential Therapeutic Role in
Stroke Comorbidities. Neural Plast. 2020, 2020, 1969482. [CrossRef] [PubMed]

135. Li, R.; Li, D.-h.; Zhang, H.-y.; Wang, J.; Li, X.-k.; Xiao, J. Growth factors-based therapeutic strategies and their underlying signaling
mechanisms for peripheral nerve regeneration. Acta Pharmacol. Sin. 2020, 41, 1289–1300. [CrossRef]

136. Maurer, D.M.; Raymond, T.J.; Davis, B.N. Depression: Screening and Diagnosis. Am. Fam. Physician 2018, 98, 508–515.
137. Khune, A.A.; Rathod, H.K.; Deshmukh, S.P.; Chede, S.B. Mental health, depressive disorder and its management: A review. GSC

Biol. Pharm. Sci. 2023, 25, 001–013. [CrossRef]
138. Schulz, D. Depression development: From lifestyle changes to motivational deficits. Behav. Brain Res. 2020, 395, 112845. [CrossRef]

[PubMed]
139. Lépine, J.P.; Briley, M. The increasing burden of depression. Neuropsychiatr. Dis. Treat. 2011, 7, 3–7. [CrossRef]
140. Fernandez-Rodrigues, V.; Sanchez-Carro, Y.; Lagunas, L.N.; Rico-Uribe, L.A.; Pemau, A.; Diaz-Carracedo, P.; Diaz-Marsa, M.;

Hervas, G.; de la Torre-Luque, A. Risk factors for suicidal behaviour in late-life depression: A systematic review. World J.
Psychiatry 2022, 12, 187. [CrossRef]

141. Obuobi-Donkor, G.; Nkire, N.; Agyapong, V.I. Prevalence of major depressive disorder and correlates of thoughts of death,
suicidal behaviour, and death by suicide in the geriatric population—A general review of literature. Behav. Sci. 2021, 11, 142.
[CrossRef]

142. Mann, F.; Wang, J.; Pearce, E.; Ma, R.; Schlief, M.; Lloyd-Evans, B.; Ikhtabi, S.; Johnson, S. Loneliness and the onset of new mental
health problems in the general population. Soc. Psychiatry Psychiatr. Epidemiol. 2022, 57, 2161–2178. [CrossRef] [PubMed]

143. Filatova, E.V.; Shadrina, M.I.; Slominsky, P.A. Major Depression: One Brain, One Disease, One Set of Intertwined Processes. Cells
2021, 10, 1283. [CrossRef] [PubMed]

144. Kendall, K.; Van Assche, E.; Andlauer, T.; Choi, K.; Luykx, J.; Schulte, E.; Lu, Y. The genetic basis of major depression. Psychol.
Med. 2021, 51, 2217–2230. [CrossRef] [PubMed]

145. Remes, O.; Mendes, J.F.; Templeton, P. Biological, psychological, and social determinants of depression: A review of recent
literature. Brain Sci. 2021, 11, 1633. [CrossRef]

146. Botha, F.B.; Dozois, D.J. The influence of emphasizing psychological causes of depression on public stigma. Can. J. Behav. Sci.
/Rev. Can. Des Sci. Du Comport. 2015, 47, 313. [CrossRef]

147. Bhatt, S.; Nagappa, A.N.; Patil, C.R. Role of oxidative stress in depression. Drug Discov. Today 2020, 25, 1270–1276. [CrossRef]
[PubMed]

148. Cuijpers, P.; Noma, H.; Karyotaki, E.; Vinkers, C.H.; Cipriani, A.; Furukawa, T.A. A network meta-analysis of the effects of
psychotherapies, pharmacotherapies and their combination in the treatment of adult depression. World Psychiatry 2020, 19, 92–107.
[CrossRef] [PubMed]

149. Cuijpers, P.; Oud, M.; Karyotaki, E.; Noma, H.; Quero, S.; Cipriani, A.; Arroll, B.; Furukawa, T.A. Psychologic treatment of
depression compared with pharmacotherapy and combined treatment in primary care: A network meta-analysis. Ann. Fam. Med.
2021, 19, 262–270. [CrossRef]

150. Guidi, J.; Fava, G.A. Sequential combination of pharmacotherapy and psychotherapy in major depressive disorder: A systematic
review and meta-analysis. JAMA Psychiatry 2021, 78, 261–269. [CrossRef] [PubMed]

151. Henssler, J.; Alexander, D.; Schwarzer, G.; Bschor, T.; Baethge, C. Combining antidepressants vs antidepressant monotherapy
for treatment of patients with acute depression: A systematic review and meta-analysis. JAMA Psychiatry 2022, 79, 300–312.
[CrossRef] [PubMed]

152. Grover, S.; Nguyen, J.A.; Reinhart, R.M.G. Synchronizing Brain Rhythms to Improve Cognition. Annu. Rev. Med. 2021, 72, 29–43.
[CrossRef] [PubMed]

https://doi.org/10.1002/cne.24040
https://www.ncbi.nlm.nih.gov/pubmed/27187682
https://doi.org/10.1007/s12035-022-03148-z
https://www.ncbi.nlm.nih.gov/pubmed/36445634
https://doi.org/10.1289/ehp.00108s3511
https://www.ncbi.nlm.nih.gov/pubmed/10852851
https://doi.org/10.4103/1673-5374.286955
https://www.ncbi.nlm.nih.gov/pubmed/32788451
https://doi.org/10.1016/j.apsb.2020.01.015
https://www.ncbi.nlm.nih.gov/pubmed/32963936
https://doi.org/10.1016/j.mtbio.2020.100043
https://www.ncbi.nlm.nih.gov/pubmed/32190832
https://doi.org/10.1155/2020/1969482
https://www.ncbi.nlm.nih.gov/pubmed/32399020
https://doi.org/10.1038/s41401-019-0338-1
https://doi.org/10.30574/gscbps.2023.25.2.0464
https://doi.org/10.1016/j.bbr.2020.112845
https://www.ncbi.nlm.nih.gov/pubmed/32758506
https://doi.org/10.2147/ndt.S19617
https://doi.org/10.5498/wjp.v12.i1.187
https://doi.org/10.3390/bs11110142
https://doi.org/10.1007/s00127-022-02261-7
https://www.ncbi.nlm.nih.gov/pubmed/35583561
https://doi.org/10.3390/cells10061283
https://www.ncbi.nlm.nih.gov/pubmed/34064233
https://doi.org/10.1017/S0033291721000441
https://www.ncbi.nlm.nih.gov/pubmed/33682643
https://doi.org/10.3390/brainsci11121633
https://doi.org/10.1037/a0039611
https://doi.org/10.1016/j.drudis.2020.05.001
https://www.ncbi.nlm.nih.gov/pubmed/32404275
https://doi.org/10.1002/wps.20701
https://www.ncbi.nlm.nih.gov/pubmed/31922679
https://doi.org/10.1370/afm.2676
https://doi.org/10.1001/jamapsychiatry.2020.3650
https://www.ncbi.nlm.nih.gov/pubmed/33237285
https://doi.org/10.1001/jamapsychiatry.2021.4313
https://www.ncbi.nlm.nih.gov/pubmed/35171215
https://doi.org/10.1146/annurev-med-060619-022857
https://www.ncbi.nlm.nih.gov/pubmed/33035432


Cells 2024, 13, 790 17 of 18

153. Wilson, D.; Moehlis, J. Recent advances in the analysis and control of large populations of neural oscillators. Annu. Rev. Control
2022, 54, 327–351. [CrossRef]

154. Daffertshofer, A.; Pietras, B. Phase synchronization in neural systems. In Synergetics; Springer: New York, NY, USA, 2020; pp.
221–233.

155. Wang, Y.; Shi, X.; Cheng, B.; Chen, J. Synchronization and rhythm transition in a complex neuronal network. IEEE Access 2020, 8,
102436–102448. [CrossRef]

156. Lopes da Silva, F. EEG and MEG: Relevance to neuroscience. Neuron 2013, 80, 1112–1128. [CrossRef]
157. Donoghue, T.; Schaworonkow, N.; Voytek, B. Methodological considerations for studying neural oscillations. Eur. J. Neurosci.

2022, 55, 3502–3527. [CrossRef]
158. Balart-Sánchez, S.A.; Bittencourt-Villalpando, M.; van der Naalt, J.; Maurits, N.M. Electroencephalography, magnetoencephalog-

raphy, and cognitive reserve: A systematic review. Arch. Clin. Neuropsychol. 2021, 36, 1374–1391. [CrossRef] [PubMed]
159. Kim, J.A.; Davis, K.D. Neural oscillations: Understanding a neural code of pain. Neurosci. 2021, 27, 544–570. [CrossRef] [PubMed]
160. Battaglia, M.R.; Di Fazio, C.; Battaglia, S. Activated Tryptophan-Kynurenine metabolic system in the human brain is associated

with learned fear. Front. Mol. Neurosci. 2023, 16, 1217090. [CrossRef]
161. Mehterov, N.; Minchev, D.; Gevezova, M.; Sarafian, V.; Maes, M. Interactions Among Brain-Derived Neurotrophic Factor and

Neuroimmune Pathways Are Key Components of the Major Psychiatric Disorders. Mol. Neurobiol. 2022, 59, 4926–4952. [CrossRef]
[PubMed]

162. Battaglia, S.; Di Fazio, C.; Vicario, C.M.; Avenanti, A. Neuropharmacological modulation of N-methyl-D-aspartate, noradrenaline
and endocannabinoid receptors in fear extinction learning: Synaptic transmission and plasticity. Int. J. Mol. Sci. 2023, 24, 5926.
[CrossRef]

163. Bruno, F.; Abondio, P.; Montesanto, A.; Luiselli, D.; Bruni, A.C.; Maletta, R. The Nerve Growth Factor Receptor (NGFR/p75(NTR)):
A Major Player in Alzheimer’s Disease. Int. J. Mol. Sci. 2023, 24, 3200. [CrossRef]

164. Farzan, F. Transcranial Magnetic Stimulation-Electroencephalography for Biomarker Discovery in Psychiatry. Biol. Psychiatry
2024, 95, 564–580. [CrossRef] [PubMed]

165. Günther, A.; Hanganu-Opatz, I.L. Neuronal oscillations: Early biomarkers of psychiatric disease? Front. Behav. Neurosci. 2022, 16,
1038981. [CrossRef] [PubMed]

166. Lu, Z.; Wang, H.; Gu, J.; Gao, F. Association between abnormal brain oscillations and cognitive performance in patients with
bipolar disorder: Molecular mechanisms and clinical evidence. Synapse 2022, 76, e22247. [CrossRef]

167. Ronconi, L.; Vitale, A.; Federici, A.; Pini, E.; Molteni, M.; Casartelli, L. Altered neural oscillations and connectivity in the beta
band underlie detail-oriented visual processing in autism. NeuroImage Clin. 2020, 28, 102484. [CrossRef]

168. Ribeiro, F.F.; Xapelli, S. Intervention of Brain-Derived Neurotrophic Factor and Other Neurotrophins in Adult Neurogenesis. Adv.
Exp. Med. Biol. 2021, 1331, 95–115. [CrossRef] [PubMed]

169. Van Hook, M.J. Brain-derived neurotrophic factor is a regulator of synaptic transmission in the adult visual thalamus. J.
Neurophysiol. 2022, 128, 1267–1277. [CrossRef] [PubMed]

170. Yang, T.; Nie, Z.; Shu, H.; Kuang, Y.; Chen, X.; Cheng, J.; Yu, S.; Liu, H. The role of BDNF on neural plasticity in depression. Front.
Cell. Neurosci. 2020, 14, 82. [CrossRef]

171. Leschik, J.; Gentile, A.; Cicek, C.; Peron, S.; Tevosian, M.; Beer, A.; Radyushkin, K.; Bludau, A.; Ebner, K.; Neumann, I. Brain-
derived neurotrophic factor expression in serotonergic neurons improves stress resilience and promotes adult hippocampal
neurogenesis. Prog. Neurobiol. 2022, 217, 102333. [CrossRef] [PubMed]

172. Mitra, S.; Gera, R.; Linderoth, B.; Lind, G.; Wahlberg, L.; Almqvist, P.; Behbahani, H.; Eriksdotter, M. A Review of Techniques
for Biodelivery of Nerve Growth Factor (NGF) to the Brain in Relation to Alzheimer’s Disease. Adv. Exp. Med. Biol. 2021, 1331,
167–191. [CrossRef] [PubMed]

173. Lorenzini, L.; Baldassarro, V.A.; Stanzani, A.; Giardino, L. Nerve growth factor: The first molecule of the neurotrophin family. In
Recent Advances in NGF and Related Molecules: The Continuum of the NGF “Saga”; Springer: Berlin/Heidelberg, Germany, 2021; pp.
3–10.

174. Zha, K.; Yang, Y.; Tian, G.; Sun, Z.; Yang, Z.; Li, X.; Sui, X.; Liu, S.; Zhao, J.; Guo, Q. Nerve growth factor (NGF) and NGF receptors
in mesenchymal stem/stromal cells: Impact on potential therapies. Stem Cells Transl. Med. 2021, 10, 1008–1020. [CrossRef]
[PubMed]

175. Eva, C. Nerve growth factor: Influence on cholinergic neurons in the CNS. In CNS Neurotransmitters and Neuromodulators; CRC
Press: Boca Raton, FL, USA, 2020; pp. 233–256.

176. Liu, Z.; Wu, H.; Huang, S. Role of NGF and its receptors in wound healing. Exp. Ther. Med. 2021, 21, 599. [CrossRef] [PubMed]
177. Geula, C.; Dunlop, S.R.; Ayala, I.; Kawles, A.S.; Flanagan, M.E.; Gefen, T.; Mesulam, M.M. Basal forebrain cholinergic system in

the dementias: Vulnerability, resilience, and resistance. J. Neurochem. 2021, 158, 1394–1411. [CrossRef]
178. Cuello, A.C.; Pentz, R.; Hall, H. The brain NGF metabolic pathway in health and in Alzheimer’s pathology. Front. Neurosci. 2019,

13, 441218. [CrossRef]
179. Lai, N.-S.; Yu, H.-C.; Huang Tseng, H.-Y.; Hsu, C.-W.; Huang, H.-B.; Lu, M.-C. Increased serum levels of brain-derived neurotrophic

factor contribute to inflammatory responses in patients with rheumatoid arthritis. Int. J. Mol. Sci. 2021, 22, 1841. [CrossRef]

https://doi.org/10.1016/j.arcontrol.2022.05.002
https://doi.org/10.1109/ACCESS.2020.2997879
https://doi.org/10.1016/j.neuron.2013.10.017
https://doi.org/10.1111/ejn.15361
https://doi.org/10.1093/arclin/acaa132
https://www.ncbi.nlm.nih.gov/pubmed/33522563
https://doi.org/10.1177/1073858420958629
https://www.ncbi.nlm.nih.gov/pubmed/32981457
https://doi.org/10.3389/fnmol.2023.1217090
https://doi.org/10.1007/s12035-022-02889-1
https://www.ncbi.nlm.nih.gov/pubmed/35657457
https://doi.org/10.3390/ijms24065926
https://doi.org/10.3390/ijms24043200
https://doi.org/10.1016/j.biopsych.2023.12.018
https://www.ncbi.nlm.nih.gov/pubmed/38142721
https://doi.org/10.3389/fnbeh.2022.1038981
https://www.ncbi.nlm.nih.gov/pubmed/36600993
https://doi.org/10.1002/syn.22247
https://doi.org/10.1016/j.nicl.2020.102484
https://doi.org/10.1007/978-3-030-74046-7_8
https://www.ncbi.nlm.nih.gov/pubmed/34453295
https://doi.org/10.1152/jn.00540.2021
https://www.ncbi.nlm.nih.gov/pubmed/36224192
https://doi.org/10.3389/fncel.2020.00082
https://doi.org/10.1016/j.pneurobio.2022.102333
https://www.ncbi.nlm.nih.gov/pubmed/35872219
https://doi.org/10.1007/978-3-030-74046-7_11
https://www.ncbi.nlm.nih.gov/pubmed/34453298
https://doi.org/10.1002/sctm.20-0290
https://www.ncbi.nlm.nih.gov/pubmed/33586908
https://doi.org/10.3892/etm.2021.10031
https://www.ncbi.nlm.nih.gov/pubmed/33884037
https://doi.org/10.1111/jnc.15471
https://doi.org/10.3389/fnins.2019.00062
https://doi.org/10.3390/ijms22041841


Cells 2024, 13, 790 18 of 18

180. Beattie, E.; Zhou, J.; Grimes, M.; Bunnett, N.; Howe, C.; Mobley, W. A signaling endosome hypothesis to explain NGF actions:
Potential implications for neurodegeneration. In Proceedings of the Cold Spring Harbor Symposia on Quantitative Biology; Cold
Spring Harbor Laboratory Press: Cold Spring Harbor, NY, USA, 1996; pp. 389–406.

181. Battaglia, S.; Di Fazio, C.; Mazzà, M.; Tamietto, M.; Avenanti, A. Targeting Human Glucocorticoid Receptors in Fear Learning: A
Multiscale Integrated Approach to Study Functional Connectivity. Int. J. Mol. Sci. 2024, 25, 864. [CrossRef] [PubMed]

182. Tortora, F.; Hadipour, A.L.; Battaglia, S.; Falzone, A.; Avenanti, A.; Vicario, C.M. The role of serotonin in fear learning and
memory: A systematic review of human studies. Brain Sci. 2023, 13, 1197. [CrossRef] [PubMed]

183. Valotto Neto, L.J.; Reverete de Araujo, M.; Moretti Junior, R.C.; Mendes Machado, N.; Joshi, R.K.; dos Santos Buglio, D.; Barbalho
Lamas, C.; Direito, R.; Fornari Laurindo, L.; Tanaka, M. Investigating the Neuroprotective and Cognitive-Enhancing Effects of
Bacopa monnieri: A Systematic Review Focused on Inflammation, Oxidative Stress, Mitochondrial Dysfunction, and Apoptosis.
Antioxidants 2024, 13, 393. [CrossRef] [PubMed]

184. Direito, R.; Barbalho, S.M.; Sepodes, B.; Figueira, M.E. Plant-Derived Bioactive Compounds: Exploring Neuroprotective,
Metabolic, and Hepatoprotective Effects for Health Promotion and Disease Prevention. Pharmaceutics 2024, 16, 577. [CrossRef]

185. Fornari Laurindo, L.; Aparecido Dias, J.; Cressoni Araújo, A.; Torres Pomini, K.; Machado Galhardi, C.; Rucco Penteado
Detregiachi, C.; Santos de Argollo Haber, L.; Donizeti Roque, D.; Dib Bechara, M.; Vialogo Marques de Castro, M. Immunological
dimensions of neuroinflammation and microglial activation: Exploring innovative immunomodulatory approaches to mitigate
neuroinflammatory progression. Front. Immunol. 2024, 14, 1305933. [CrossRef] [PubMed]

186. Matias, J.N.; Achete, G.; Campanari, G.S.d.S.; Guiguer, É.L.; Araújo, A.C.; Buglio, D.S.; Barbalho, S.M. A systematic review of the
antidepressant effects of curcumin: Beyond monoamines theory. Aust. N. Z. J. Psychiatry 2021, 55, 451–462. [CrossRef] [PubMed]

187. de Souza, G.A.; de Marqui, S.V.; Matias, J.N.; Guiguer, E.L.; Barbalho, S.M. Effects of Ginkgo biloba on diseases related to
oxidative stress. Planta Medica 2020, 86, 376–386.

188. Lutzu, S.; Castillo, P.E. Modulation of NMDA Receptors by G-protein-coupled receptors: Role in Synaptic Transmission, Plasticity
and Beyond. Neuroscience 2021, 456, 27–42. [CrossRef] [PubMed]

189. Armada-Moreira, A.; Gomes, J.I.; Pina, C.C.; Savchak, O.K.; Gonçalves-Ribeiro, J.; Rei, N.; Pinto, S.; Morais, T.P.; Martins, R.S.;
Ribeiro, F.F.; et al. Going the Extra (Synaptic) Mile: Excitotoxicity as the Road Toward Neurodegenerative Diseases. Front. Cell
Neurosci. 2020, 14, 90. [CrossRef]

190. McGrath, T.; Baskerville, R.; Rogero, M.; Castell, L. Emerging Evidence for the Widespread Role of Glutamatergic Dysfunction in
Neuropsychiatric Diseases. Nutrients 2022, 14, 917. [CrossRef]

191. Soleimani, G.; Nitsche, M.A.; Bergmann, T.O.; Towhidkhah, F.; Violante, I.R.; Lorenz, R.; Kuplicki, R.; Tsuchiyagaito, A.; Mulyana,
B.; Mayeli, A.; et al. Closing the loop between brain and electrical stimulation: Towards precision neuromodulation treatments.
Transl. Psychiatry 2023, 13, 279. [CrossRef] [PubMed]

192. Nagappan, P.G.; Chen, H.; Wang, D.Y. Neuroregeneration and plasticity: A review of the physiological mechanisms for achieving
functional recovery postinjury. Mil. Med. Res. 2020, 7, 30. [CrossRef] [PubMed]

193. Burns, T.C.; Quinones-Hinojosa, A. Regenerative medicine for neurological diseases—Will regenerative neurosurgery deliver?
Bmj 2021, 373, n955. [CrossRef] [PubMed]

194. Stevenson, R.; Samokhina, E.; Rossetti, I.; Morley, J.W.; Buskila, Y. Neuromodulation of Glial Function During Neurodegeneration.
Front. Cell Neurosci. 2020, 14, 278. [CrossRef] [PubMed]

195. Török, N.; Török, R.; Molnár, K.; Szolnoki, Z.; Somogyvári, F.; Boda, K.; Tanaka, M.; Klivényi, P.; Vécsei, L. Single nucleotide
polymorphisms of indoleamine 2, 3-dioxygenase 1 influenced the age onset of Parkinson’s disease. Front. Biosci.-Landmark 2022,
27, 265. [CrossRef]

196. Ji, J.L.; Demšar, J.; Fonteneau, C.; Tamayo, Z.; Pan, L.; Kraljič, A.; Matkovič, A.; Purg, N.; Helmer, M.; Warrington, S. QuNex—An
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