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Abstract

Central nervous system (CNS) diseases have seriously impacted human wellness
for the past few decades, specifically in developing countries, due to the unavailability
of successful treatment. Due to the blood-brain barrier (BBB) and blood-cerebrospinal
fluid barrier transport of drug and treatment of CNS disorders has become difficult.
Nanoscale materials like Selenium nanoparticles (SeNPs) offer a possible therapeu-
tic strategy for treating brain diseases like Alzheimer’, Frontotemporal dementia,
Amyotrophic lateral sclerosis, Epilepsy, Parkinson’s disease, and Huntington’s disease.
After being functionalized with active targeting ligands, SeNPs are versatile and
competent in conveying combinations of cargoes to certain targets. We shall pay close
attention to the primarily targeted therapies for SeNPs in CNS diseases. The objective of
this paper was to highlight new developments in the exploration of SeNP formation and
their potential applications in the management of CNS diseases. Furthermore, we also
discussed the mechanisms underlying management of CNS disease, several therapeutic
potentials for SeNPs, and the results of their preclinical research using diverse animal
models. These methods might lead to better clinical and diagnostic results.

Keywords: selenium, nanoparticles, CNS diseases

1. Introduction

The central nervous disordersare progressive degeneration of neurons in the
central nervous system, which results in altered brain cellular function. The major
symptoms begin from degeneration of neurons to loss of coordination and memory
and ultimately result in complete loss of function in healthy individuals. The three
crucial neurodegenerative disorders (NDs) have been recognized as Alzheimer’s
disease (AD), Parkinson’s disease (PD), and Amyotrophic lateral sclerosis (ALS) [1],
affecting millions of individuals worldwide. AD is one of the most prevalent NDs and
has affected mostly 30% of the aged people [2]. The second most common neurode-
generative disorder is PD, which affects 10-15 individuals per 100,000 people yearly
[3]. It is estimated that PD cases will increase worldwide and may cross 12 million
cases in 2050 [4]. Similarly, cases of ALS are also increasing with 1-2.6 new cases per
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100,000 persons. The average age of onset of this disease is 59-60 years, and the aver-
age time from diagnosis to death is 3-4 years [5]. Besides these disorders, Gliomas,
and glioblastoma, intrinsic brain tumors arise from neuroglial cells [6].
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Other disorders include Huntington’s disease (HD), depression, anxiety, autism
spectrum disorders, seizures, etc. [7]. The establishment of innovative NDs treat-
ments are urgently needed as the WHO has predicted that within the next 20 years
NDs will surpass cancer and will become the second most common cause of death [8].
Natural products may offer great promises compared to classical therapies available to
improve the symptoms but cannot prevent their progression. Therefore, researchers
are continuously searching for new natural products that can potentially treat NDs
without compromising the patient’s health. However, all-natural products are not
always safe; because natural products as drugs may have more adverse effects than
their benefits as they are derived from various biological sources, their conversion
into therapeutic formulations may face many hurdles such as safety issues, difficulty
in identifying active ingredients because natural products contain various active
phytochemicals such as flavonoids, alkaloids, etc. And it becomes difficult to identify
which components of the herb have maximum therapeutic potential, low stability
and high degradation, and difficulty crossing the blood-brain barrier [9]. However,
till now, there are no effective treatments available that can alter the main symptoms
of autism or which can improve the cognitive and deficit symptoms of schizophrenia;
the majority of the people who have epilepsy, depression, brain injury, and post-
traumatic stress disorder have acquired a few satisfaction from the current therapy
available. The discovery of new effective medication for NDs has proven difficult
compared to other diseases. Most pharmaceutical companies have shifted their inter-
est from the field of neurology to other fields [10]. Chances of failure of clinical trial
rate in the last stages are higher for a neurological and psychiatric disorders as com-
pared to other diseases; due to the complex physiology of the brain, there are fewer
animal models available that can effectively predict the safety and efficacy of the drug
for the disorder that mainly affects the cerebral cortex [11]. Drug discovery is a costly
and risky process, while drugs used to treat neurological or psychiatric disorders not
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only require a longer time to complete all stages of a clinical trial but also take much
longer to complete the process of approval from a regulatory authority. The higher
risk and high expenditure related to drug discovery and the development of neuro-
logical disorders are directly linked to scientific challenges. Several obstacles faced by
pharmaceutical companies faces in discovering new drugs include: (a) Slow process of
target identification and validation, (b) lack of appropriate animal models, (c) long
duration of clinical trials paucity of knowledge regarding the disease’s etiology [12].
One of the biggest hurdles in the establishment of the treatment of CNS disorder is
because of the blood-brain barrier [13]. BBB restricts the permeation of therapeutic
drugs to reach to the target site in the CNS therefore more than 98% of small molecu-
lar drugs remain ineffective in treating the CNS disorder [14].

Transportation of drugs through the BBB is a complex process requiring very sophis-
ticated and nanosized particles. As nanoparticles have the potential to deliver drugs in
various diseases, selenium nanoparticles (SeNPs) have been found to play a significant
role in neurodegenerative diseases [15]. Various studies revealed that selenium nanopar-
ticles have better bioavailability, improved antioxidant properties, and less toxicity
than selenium-containing compounds. Thus selenium nanoparticles have free radical
scavenging properties and improve behavior abnormalities and neurochemical altera-
tions. Therefore, selenium nanoparticles have the potential to improve the impairment
of memory and can be used as a potential therapy for NDs [16]. This book chapter
provides a thorough overview of recent discoveries in the fields of investigation and
use of nanoformulations for treating NCDs such as Parkinson’s, Alzheimer’s, ALS, and
Huntington’s, as well as the use of SeNPs for diagnosis and treatment.

2. Selenium nanoparticles in the management of CNS disorders

Due to the BBB and BCSFB, which prevents drug transport, treating ailments
of the CNS is notoriously problematic. A promising clinical methodology for the
intervention of some common NDs like, frontotemporal dementia, ALS, PD, and HD
is provided by nanotechnology-based drug delivery methods, one of the new tactics
to get around these obstacles and delivering medications to the CNS [17]. SeNPs could
be a novel approach for treating such CNS disorders. Nanotechnology has emerged
as an intriguing and promising new tool for treating NDs with considerable potential
to solve issues with conventional methods. Nanostructured materials could traverse
the BBB, target specific cells or signaling pathways, react to endogenous stimuli,
transport genes, help axonal regeneration, and promote cell viability, among other
specialized activities [18].

2.1Role of SeNPs in treating CNS diseases

On the brain and neurons, selenium exhibits a direct antioxidant impact [19].
Low or moderate doses of selenium suppress cancer progression and have therapeutic
benefits on NDs, including AD. Elevated levels of selenium increase the development
of cancer cells and exhibit neurotoxicity. In iz vivo and in vitro, selenium’s antioxidant
and anti-inflammatory activities have been established [20]. Selenium is a co-factor in
the enzyme glutathione peroxidase, a scavenger. The catalytic properties of GSH-Px
cause hydrogen peroxide (H,0,) to be transformed into water [19, 21-23]. A growing
body of research shows that memory loss in AD patients is directly related to selenium
deficiency in serum and hair samples. In animal studies and AD patients, selenium
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supplementation has reportedly been shown to reduce the likelihood of cognitive
issues [20, 24-27]. The exploration of selenium and selenoproteins in neurological
disorders, such as AD, has attracted much interest. Proteins known as selenoproteins
include selenium as the amino acid selenocysteine. Since antioxidant mechanisms are
crucial for delaying the emergence and spread of AD, these are primarily expressed in
human brain tissue [28].

Additionally, certain recently developed selenoproteins and SeNPs with excep-
tional physiological characteristics exist. These particles may replace traditional
therapeutic medications in managing AD because of their great efficiency and low
toxic effect [20, 29]. SeNPs may be a promising therapeutic molecule for treating AD,
according to the Nazrolu et al. report [20]. Using the whole-cell patch clamp method,
Yuan et al. investigated the effects of SeNPs on sodium influxes and the excitation of
DRG (dorsal root ganglion) neurons [30]. According to their study, SeNPs appeared
to reduce sodium influx in a concentration and time-dependent way, raising the pos-
sibility that SeNPs may be neurotoxic [20, 31, 32]. Epigenetic, chronic stress, meta-
bolic, and dietary factors all have a role in developing HD, an untreatable condition
that causes a gradual loss of brain functionality. According to studies, selenium (Se)
concentration in the brain are inadequate for HD illness, but restoring Se regulation
there may lessen neuronal death and functioning. Most research showed that nano-Se
reduced peroxidation, prevented huntingtin protein aggregation, and suppressed
the production of histone deacetylase family members at the mRNA level. Nano-Se
offers great promise as a treatment for HD. Therapy for HD disease will derive from
nano-Se NPs’ ability to heal neuronal processes and shield against degradation under
stress [33]. Recent research has crucially demonstrated Se’s beneficial impact on HD.
For instance, sodium selenite may reduce mutant huntingtin clumping and rates of
oxidized glutathione in HD mouse brains [34]. SeNPs were reported to offer neuro-
protection by upregulating Nrf2 and HO-1, suppressing the inflammatory process,
and apoptotic pathway, and avoiding the emergence of oxidative stress. Upon the
onset of epileptic seizures, SeNPs can counteract alterations in the concentration and
functionality of neuromodulators. SeNPs have strong antioxidant, anti-inflamma-
tory, and neuromodulatory properties that make them a potential candidate for use as
an anticonvulsant medication [35].

Selenium has been investigated as a screening tool for several neurological
disorders, including epilepsy, AD, and PD. Se is available in high levels in the grey
matter areas and the glandular sections of the brain. It participates in several neu-
rotransmission and dopaminergic pathways [36, 37]. A few elements identified as
potential influences for the involvement of Se in Alzheimer’s pathogenicity include
its antioxidant, neuroprotective effects, influence on the regulation of cytoskeletal
elements assembly, affinity for several neurotoxic metals, and competence to mitigate
AP accumulation and tau proteins hyperphosphorylation [34, 36, 38]. Se has been
worn to prevent dopaminergic neurons by many selenoproteins, supporting its ability
to fend off PD. Se levels were also linked to aggressive behaviour, anxiety, and mood
swings. Se application in neurological diseases may be beneficial for individuals with
profound Se insufficiency and/or mutants in genes related to Se transport or seleno-
proteins synthesis. At the same time, brain Se levels are usually low, and high Se levels
might be detrimental (Figure1) [39, 40].

SeNPs have shown great potential in managing various CNS disorders
through particular mechanisms. The cellular signaling pathways that regulate the
metabolic activity of neurons (TSC1/TSC2, p-mTOR, mTORC1), antioxidant
(FoxO1, B-catenin/Wnt, Yapl), and inflammatory system (jak2/stat3, Adamts-1),
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Selenium nanoparticles in the management of several neurodegenerative diseases.

autophagy and induction of apoptosis (Mst1, ULK1, Bax, Caspase-3, and Bcl-2),
and the preservation of hippocampal neurons (rictor/mTORC2) [41] these are the
molecular mechanisms related with the neuroprotective activity of SeNPs. MST1
regulates neuronal cell death via Casp3 Signaling Pathway [42]. The JAK-STAT
pathway prevents apoptosis in neurons. STAT3 is upregulated and stimulated
selectively in regenerated neurons after axon damage. This pathway plays a direct
role in forming glial scar tissue across lesions and neuronal restoration. After a
CNS injury, STAT3 stimulation is required for the production of glial scars and the
control of the spread of inflammation, both of which are essential for astrogliosis
[43]. Numerous investigations have functionalized SeNPs with particular mol-
ecules, like sialic acid and epigallocatechin-3-gallate, to improve their penetrability
toward the BBB. SeNPs are shown to minimize accumulation and stimulate their
fragmentation to act as an antioxidant in the brain, either effectively or as part of
GPx [20, 44] (Figure 2). Additionally, SeNPs were investigated in conjunction
with substances that have demonstrated anti-disease Alzheimer’s effects, such as
resveratrol (Res) [45], curcumin (Cur) [46], chiral D-penicillamine (DPen) [47],
and chlorogenic acid (CGA) [36, 48].

2.2 Types of SeNPs in the treatment of CNS disorders

SeNPs in conjugation with several molecules acts as an antioxidant and
neuroprotective agent and has also been reported for various neurological dis-
eases. Resveratrol’s antioxidant and neuroprotective abilities, which counteract
Ap-aggregation and its oxidative consequences, have shown promise in the defense
against AD. It has been demonstrated that Res-SeNPs selectively attach to Af through
N-donors found in amino acids, forming a Se-N bond and enhancing Ressuppression
on Cu”*-induced Ap aggregation. Res-SeNPs are non-toxic to neuroblastic cells (PC12
cells) and protect them against oxidative stress by reducing the apoptosis caused by
AP, suggesting a potential synergism between SNPs and Res [45]. Curcumin also has
demonstrated potential synergy with SeNPs in the therapy of AD. The antioxidant,
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Anti-inflammatory mechanism of SeNPs in management of central nervous system related diseases.

anti-Af inflammation and anti-Tau hyperphosphorylation capabilities of these NPs
allowed them to pass through the BBB and bind to Ap. It has been demonstrated

that curcumin binds Ap by hydrophobic contacts at the nonpolar regions of A,
enhancing their anti-inflammatory and antioxidant activities alongside Se [46]. Asa
result of their ability to bind to the N-donors of Ap-proteins and form a Se-N bond,
which prevents Ap from aggregating them, CGA-SeNPs were shown to minimize
Ap-generated ROS in a dose-dependent manner, hindering their neurotoxicity and,
consequently, lowering the rate of apoptosis. This was transcribed into a synergistic
effect among CGA and SeNPs [49]. When given to transgenic mice 5XFAD with the
mutation, the curcumin-loaded selenium-PLGA nanospheres developed by Huo et al.
demonstrated a reduction in Ap plaque production and inflammation [46]. Using an
anti-Tfr receptor monoclonal antibody (OX26) as a functionalizing agent, PEG-SeNPs
were also applied to treat stroke. OX26-PEG-SeNPs have been shown to play a func-
tion in preventing stroke in neuronal cells by minimizing the cellular edema brought
on by aberrant Na* ion influx. When the middle cerebral artery was blocked in Wistar
rats, SeNPs could reduces the infarction volumes, reduce the number of necrotic
cells, increase the myelinated areas, and prevent the loss of axons in the hippocampal
region [41]. SeNPs have also demonstrated promise in the battle against Huntington’s
disease. In HA759 mutant nematodes, SeNPs, in a dose-dependent manner, lowered
neuronal death by reducing protein aggregates associated with HT'T genetic variants
and ROS, suppressing histone deacetylase mRNA, axonal degeneration, and improv-
ing reflexes [50]. Work on selenium-doped carbon quantum dots (Se-CQDs) has
demonstrated their capacity to reduce ROS, and they have been successfully used to
reduce secondary damage in TSCI. The findings showed that Se-CQDs had bioactivity
and had a notable preventive role on astrocytes and PC12 cells toward H,O,-induced
oxidative stress [51].
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A frequent neurological condition called cerebral ischemia sets off a series of
pathophysiological processes that include a drop in glucose and oxygen levels, an
uncontrolled emission of glutamate, a fast rise in cellular calcium levels, and the
production of free radicals. These occurrences consequently cause the endoplasmic
reticulum and mitochondria’s functions to be disrupted, which in turn causes the
death of brain cells through apoptosis or necrosis [41, 52-54]. SeNPscan cross the
BBB, builds up in the brain, and stops cell death from occurring. SeNPs are known to
promote the production of BDNF and lower levels of AB and IL-6 in the hippocam-
pus. Increased BDNF production reduces oxidative stress and prevents the degenera-
tion of GABAergic neurons, particularly vulnerable to hypoxia and ischemia [55-57].
The mechanisms of the protective role of a modest dose of SeNPs on brain cells
during OGD/R were examined by Turovsky et al. [58]. Additionally, the Bcl-2 family
of proteins, the mechanisms of calcium homeostasis repair, suppression of mitochon-
drial and ER stress mechanisms, and eventually silencing of caspase-3 and inhibition
of apoptosis are all part of SeNPs protective measure [58, 59].

Fei Gao et al. created selenium-chondroitin sulfate nanoparticles (CS@Se) as part
of a multitargeted therapy for AD. Amyloid-f3 (Af8) accumulation was successfully
prevented by CS@Se, and SH-SY5Y cells were shielded against cytotoxicity brought
on by Af}; 4. In SH-SY5Y cells, okadaic acid-induced actin cytoskeleton disruption
was dramatically reduced by CS@Se. The ROS and MDA levels were reduced by CS@
Se, while the amounts of GSH-Px were elevated. This research shows that CS@Se
might reduce tau protein hyperphosphorylation, ameliorate oxidative stress, prevent
Af from aggregating, and lessen cytoskeleton disruption. CS@Se is an effective mul-
tifunctional drug for the management of AD [60]. Xian Guo developed SeQDs, which
have a multitarget therapeutic impact and can easily enter the BBB, to improve the
therapeutic effect of pharmaceuticals through the BBB. SeQDs’ unique fluorescence
properties could be used to diagnose and manage AD. SeQDs are highly effective at
scavenging free radicals and shielding cells from oxidative stress. By down-regulating
PHF1 and CP13, the SeQDs can dramatically reduce tau protein phosphorylation and
further neutralize free radicals, rebuild metabolic activity, preserve nerve cell solidity,
and defend nerve cells from oxidative damage. These effects preclude Af3-mediated
cytotoxicity and Af} aggregation, preventing the AD cascade reaction. Compared to
conventional single-target medications, usingSeQDs in AD therapy has many benefits
and offers a fresh approach to the co-managementof neurological illnesses [61]. The
mechanism of SeNPs is depicted in Figure 3.

Q i
Py BBB Brain
( X J —
SeNPs
L/
8 oo
© QO
£
[
o
ks
s Q
& o°
[ X J
Resveratrol, Curcumin,
D-penicillamine,
Chlorogenic acid,
SeQDs
Figure 3.

SeNPs against various neurodegenerative disorders.
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3. Therapeutic application of selenium nanoparticles in CNS disorder
3.1 Alzheimer’s disease

AD is a progressive neurodegenerative disease; the pathological hallmark of this
disease is the deposition of Af plaques. Various attempts have been made to develop
therapies that potentially inhibit its deposition in the brain; in this regard, nanopar-
ticles have shown promising results due to their distinctive physiochemical properties
of small size and large surface area. Se is one of the most important mineral nutrients
having a wide range of pharmacological actions. Studies have found that selenium has
a neuroprotective effect. Due to the high stability of SeNPs, it has potential effects
on the neurotoxicity of Ay, in primary cultures of murine hippocampal neurons
[62]. In human clinical trials, curcumin has been found as a highly efficacious
compound without exerting any adverse effect, even when taken at a higher dose
of 4 g/day. Curcumin forms intermolecular hydrogen bonds and binds effectively
with AP plaques in AD. In AD, curcumin’s drug delivery properties were modified
by encapsulating SeNPs and changing the surface of the poly-lactide-co-glycolide
(PLGA). In preclinical studies of memory impairment in mice models, it was found
that the drug delivery system of curcumin-loaded SeNPs has the potential to decrease
the aggregation of AP plaque in Alzheimer’s disease mice model [46]. Moreover,
selenium-chondroitin sulfate nanoparticles were also found to decrease the aggrega-
tion of amyloid-p and reduce the tau protein hyperphosphorylation by targeting the
GSK-3p [63]. Another research revealed that chitosan-coated SeNPs (ChSeNPs) could
enhance the effectiveness of stem cell-based therapy to attenuate the neurotoxicity in
the streptozotocin-induced model in rats [64].

3.2 Parkinson’s disease

PD is the second most prevalent CNS disorder after AD. Oxidative stress is
considered one of the major factors responsible for this disease, causing neuronal
death and apoptosis. Therefore, behavioral abnormalities in PD can be improved by
decreasing the level of oxidative stress. As selenium possesses antioxidant properties,
in preclinical studies, the neuroprotective effect of glycine-nano-selenium on oxida-
tive stress was evaluated in PD rat model, and oxidative stress is induced by using
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in the rat. It was found that
oxidative stress in PD rat model was reduced by administering intragastric glycine
nano-selenium, which ultimately reduced the neurobehavioural abnormalities in rats
[65]. The administration of selenium in humans and animals has shown a rise in the
level of glutathione and glutathione peroxidase, thus slowing the degeneration of
neurons and preventing the depletion of dopamine levels. Hence it is regarded as an
important micronutrients in Parkinson’s disease as well [66].

3.3 Huntington’s disease

Various studies have also been conducted for Huntington’s disease by using
selenium nanoparticles. HD is an inherited autosomal dominant disease caused
by repeated trinucleotide sequence CAG that encodes for huntingtin protein
[67]. Various laboratory findings suggest that oxidative stress is a major factor in
Huntington’s disease’s pathogenesis. But due to poor knowledge of particular oxida-
tive biomarkers, no antioxidants have effectively prevented neurodegeneration
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in Huntington’s disease [68]. Studies have found Se to play a protective role in
Huntington’s disease, such as sodium selenite has the potential to lower mutant
huntingtin aggregation and oxidized glutathione levels in the brain of HD mice
model [34]. Recent studies have found a low level of Se in the brain of HD patients.
Attenuating neuronal dysfunction can be achieved by maintaining the level of Se

in the brain. In a preclinical study of HD models, Selenium nanoparticles have been
found to prevent neuronal loss and improve behavioral dysfunction. Molecular
testing has shown that selenium nanoparticles also prevent the damage produced by
oxidative stress and attenuate the aggregation of huntingtin proteins. Thus Selenium
nanoparticles are an effective therapy for Huntington’s disease [50].

3.4 Amyotrophic lateral sclerosis

ALS is a chronic, deadly and irreparable NDs which involves the degradation of
motor neurons in the motor cortex, brainstem, and spinal cord, which results in
paralysis and death due to respiratory failure [69]. Because of the absence of efficient
treatment, the majority of patients pass away within 3-5 years of assessment. Several
cases of ALS are sporadic, while 15% of the cases are familial [70]. Genetic defects
in SOD1 were found to be the first causative mutation involved in the pathology of
ALS [71]. Apart from this, more than 50 genes were reported to be involved in ALS.
The most common ones include mutations in chromosome 9 open reading frame 72
(C90rf72), TAR DNA-Binding (TARDBP), and fused in sarcoma (FUS) [72]. Recently
in vitro studies have shown organo-selenium compound to potentially protect the
neuronal damage and thus can be used as an alternative therapy in ALS [73].

3.5 Epilepsy

Selenium nanoparticles can also be used in other CNS disorders such as epilepsy.
SeNP also has potential anticonvulsant activity due to its extensive antioxidant, anti-
inflammatory, and neuromodulatory effect. Administration of SeNP decreases the
duration of tonic, myoclonic and generalized seizures and can be used as an effective
therapy in epilepsy [35]. SeNP can effectively cross the BBB and thus can be used to
enhance the delivery of anti-cancer drugs in the brain, such as in the case of glioma
in humans [74]. Drug delivery to cross the BBB is a complex process, and it requires a
nanosized particle so that the drug can reach the brain. In this regard, SeNPs plays a
vital role in the management of NDs (Table 1).

4. Mechanism of SeNPs in neurodegenerative disease

Selenium, a crucial trace element in both man and livestock, is essential in manag-
ing the biological stability of the brain and possesses neuroprotective properties.
Various selenoproteins were also found to be involved in controlling NDs [80]. SeNPs
significance in NDs has been widely reported in recent years (Figure 4), considering
that neurons are highly vulnerable to damage from oxidative stress-related injury
for variety of reasons, including excessive oxygen utilization (about 25% of the
total body utilization). There is a substantial quantity of polyunsaturated fatty acids
and low amount of antioxidant enzymes [81]. Natural antioxidants are frequently
utilized to treat neurological illnesses since oxidative stress is one of the primary
contributors to their etiology. Yet, they are ineffective [80], and as a result, using
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Disease SeNPs Animal model Mechanism Outcome Reference
Alzheimer’ Cur/Se-PLGA The transgenic 5XFAD Inhibited Ap aggregation Effective for AD treatment and [46]
disease nanospheres mice to provide delivery at the site of
target
B6-SA-SeNPs PC12 cells andbEnd.3 B6-SA-SeNPs prevent the deposition of A and B6-SA-SeNPs can be used to treat [75]
cells effectively cross the BBB AD and have antioxidant and
antiamyloid properties
Selenium- SH-SY5Y cells Prevent Af from clumping together, lessen Potent multifunctional agent [63]
chondproitin sulfate cytoskeleton deterioration, combat oxidative stress, for AD
nanoparticles (CS@ and lessen tau protein hyperphosphorylation
Se)
Chitosan-coated Streptozotocin induced Decreases the neurotoxicity by increasing the Decrease Ap deposition and [64]
Selenium neurotoxicity in a rat antioxidant capacity attenuate memory impairment
nanoparticles model of AD
(ChSeNPs)
SeNPs Streptozotocin-induced SeNPs help in survival of neurons by regulating SeNPs improve cognition by [16]
neurotoxicity in the male the system of oxidative stress, Cellular metabolite, increasing the brain’s antioxidant
rat of AD and inflammatory reactions and maintaining the capacity, which inhibits A
functional properties of the hippocampal neurons aggregation pathways
The combined STZ-induced AD model By lowering the accumulation of Af and raising the SeNPs improve stem-cell-based [76]
therapy of SeNPs level of BDNF therapy’s ability to lessen
and stem cells cognitive deficits
Epilepsy SeNPs Pentylenetetrazole By inhibiting the apoptosis, oxidative stress and Supplementation of SeNPs delays [35]
(PTZ)-mediated inflammatory response the onset and decreases the
epileptic seizuresin mice duration of tonic, myoclonic and
generalized seizures
Parkinson’s Glycine MPTP induced neuronal Decreased oxidative stress reduces neurocognitive Improves behavior abnormalities [65]
Disease nano-selenium abnormalities in a PD rat disorders in rat brain and prevents the loss of
model dopaminergic neurons
Huntington’s Selenium Transgenic HD models of SeNPs act by attenuating oxidative stress and Prevent neuronal damage and [50]
disease nanoparticles Caenorhabditis elegans inhibiting the aggregation of huntingtin proteins improves behavioral dysfunction
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Disease SeNPs Animal model Mechanism Outcome Reference

Amyotrophic Selenium — Act by reducing oxidative stress Inhibit amyloid-like aggregation [77]

Lateral nanoparticle of SOD1 in familial ALS

Sclerosis

Spinal Cord TSIIA@SeNPs-APS PC12 cells Inhibited excessive ROS and reduced cell apoptosis Potential therapeutic effects in [78]

Injury the anti-oxidation therapy of SCI
SeNPs@GM1/TMP PC12 cells Inhibiting excessive ROS and reducing cell Provide neuroprotective effect [79]

apoptosis
Table 1.

Selenium nanoparticles showing promising vesults in neurodegenevative disease.
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Figure 4.
Schematic representation of the mechanism of SeNPs in neurodegenerative disease.

antioxidants in the form of nanoparticles is growing in popularity. Se’s capacity to
pass the BBB and suppress Ap aggregation are two of its key effects in AD [82]. Se was
found to have a beneficial impact on the activity of H,O,absorption, the generation
of intracellular ROS, and the aggregation of AP, which is found in the investigation of
Se-containing clioquinol derivatives during the oxidation of A caused by Cu** [83].
It is well recognized that the formation of improperly folded proteins in the brain

and their aggregation is one of the primary causes of neurodegenerative disorders.
Since AP may acquire several formats in AD, amyloid plaques are recognized due to
improper protein folding and aggregation in the brain. According to studies, metal
ions like Cu*, Zn*", and Fe** can bind to Ap and co-localize with amyloid plaques in
exceptionally high concentrations [84]. As a result, the use of metal chelators, like
clioquinol (CQ), for AD treatment is of great interest. However, most chelators can
also bind to other metal-containing proteins, which is undesirable and might disturb
normal physiological functioning in the body [85].

SeNP has been shown to attach to Af, influence metal ions, and change their sur-
faces, such as ligands, charges, or reactivity [86]. As a result, it was demonstrated that
1-Cys-modified SeNP (Cys-SeNP) could prevent Ap, fibril formation caused by Zn**
[87]. A multifunctional therapy for AD treatment has also been developed using chon-
droitin selenium sulfate (CS@Se) nanoparticles [63]. Chondroitin sulfate is a sulfated
glycosaminoglycan (GAG) that binds to the protein core to generate the proteoglycan
chondroitin sulfate (CSPG). The primary constituent of Perineuronal networks is
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CSPG [88]. AP,_4, induced cytotoxicity in SH-SY5Y cells (human neuroblastoma) was
prevented by CS@Se, which demonstrates its ability to prevent amyloid-f aggregation
efficiently. Additionally, CS@Se lowered the hyperphosphorylation of tau (Ser396/
Ser404), reduced the levels of ROS and MDA, and enhanced the levels of GSH-Px [63].

In HD, a hereditary neurodegenerative condition that results in the loss of brain
cells and is linked to motor, cognitive, and behavioral impairments in adult patients,
recent investigations have shown that Se has a protective function. Variable CAG
trinucleotide repeats, found in the transcript that codes for the HTT, are a feature
of this autosomal dominant disorder. The DNA repair system and mitochondrial
malfunctions can be harmed by cumulative oxidative stress, which is thought to play
a significant role in HD and other NDs. It has been demonstrated that sodium selenite
can lessen mutant huntingtin aggregation and oxidize glutathione levels in HD mouse
brains [34]. There is no viable treatment to stop HD from progressing or cure it. SeNP
has been demonstrated to protect C. elegans from oxidative stress, ameliorate behav-
ioral dysfunction, and prevent neuronal death at doses below 2 pM [50]. Nanoparticle
therapy reduced the quantity of ROS, demonstrating their antioxidant properties,
and stopped mutant HTT from aggregating in vivo.

After AD, PD is the second progressive neurological illness. The pathophysiology of
PD is still unknown, although studies have revealed that oxidative stress, which causes
neuronal death and apoptosis, is a key pathogenic component of PD [89]. An estab-
lished neurotoxin called MPTP is used as a model for PD research. It has been demon-
strated that MPTP can cause PD by boosting oxidative stress, which causes dopamine
neurons to degenerate and causes neurobehavioral problems. By raising SOD and
GSH-PX activity and lowering MDA levels, glycine-SeNP had an anti-oxidative effect
on neurons. As a result, glycine-SeNP has the potential to treat Parkinson’s disease
[65]. Behavioral, molecular, and neurochemical alterations are the hallmarks of the
persistent neurological condition known as epilepsy. Epilepsy is a neurological condi-
tion that affects between 0.5% and 1% of the world’s population and is characterized
by repeated, spontaneous seizures. Numerous conditions, such as cerebrovascular dis-
eases, trauma, cancer, oxygen deprivation, infections, and genetic problems in brain
development, can contribute to the development of seizures [90]. SeNP is a promising
epilepsy treatment because of its excellent BBB-crossing capacity and few side effects.
The malfunction of the mitochondria and endoplasmic reticulum causes oxidative
stress, which increases the formation of free radicals and depletes neuronal antioxidant
molecules. Oxidative stress is linked to both neuronal hyperexcitability and epilepto-
genesis [91]. The structure of selenoproteins and selenoenzymes include Se, which can
inhibit ROS and, consequently, the onset of oxidative damage. Additionally, SeNP help
to restore the levels of the neurotransmitters ACh, NE, DA, 5-HT, and GABA in brain
tissue, which helps to restore neuronal connections and reduce apoptosis [35].

5. Diagnostic applications of SeNPs in CNS disorders

One of the main obstacles in treating and diagnosing CNS diseases is the inability
of therapeutics to cross the BBB. A more comprehensive and accurate nanoparticle
design is required to deliver therapeutic and diagnostic compounds to the CNS95
effectively. The evaluation and management of neurological conditions such as AD,
PD, HD, head injuries, brain tumors, and epilepsy remain difficult tasks at this time.
Numerous prospective medications have been studied to treat various neurologi-
cal illnesses, but their efficacy is still constrained due to various difficulties [18].
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For biomedical applications such as medication administration, bioimaging, and
biosensing in CNS illnesses, a variety of inorganic NPs provide considerable efficien-
cies [92]. SeNPs offer a wide range of applications, including assessing and treating
health-related problems that would otherwise be impossible to identify or address.
Khalid et al. have examined the intrinsic fluorescence of SeNPs and their diagnostic
potential. They discovered SeNPs’ inherent fluorescence and its usefulness for
nanoscale monitoring of cellular mechanisms. SeNPs’ photoluminescence spectrum
ranges from the visible to the near-infrared, making it useful for neuroblastoma cell
tracking and their in vitro imaging. SeNPs have also been investigated as a peroxide
biosensor. For accurate H,0, sensing, Wang et al. produced semiconductor mono-
clinic SeNPs and they can be used to diagnose and assess the state of oxidative stress
[93]. To produce an H,0, sensor, plant-based rod-shaped SeNPs were created utiliz-
ing lemon fruit extract as a reducer and capping agent. Hydrogen peroxide sensing is
a crucial component since it initiates a variety of cellular processes [94]. As selenium
levels are said to be low in patients, SeNPs could be utilized to diagnose AD and HD.

Further research can be done on diagnostic techniques for detecting GPx or
selenium levels. By focusing on many physiological pathways that control the meta-
bolic status, inflammatory responses, oxidative defense system, and apoptosis, SeNPs
functionalized with monoclonal antibodies (OX26) may be capable of defending
against ischemic stroke [95]. The nano-based technique has significance for multiple
sclerosis diagnosis and its involvement in treatments. The very sensitive DNA-carrier
gold NPs-based coding technique can identify biomarkers in CSF or damaged brain
tissue. This diagnostic test may be very helpful in diagnosing MS because radio imag-
ing is the standard gold method for MS assessment (Figure 5 and Table 2) [18].
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Mechanism of selenium nanoparticles in the diagnosis of neurodegenerative disorders.
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CNS SeNPs Animal Outcome/inference Reference
disorder model
Brain Semiconductor Mouse Useful for neuroblastoma cell tracking and in [93]
diseases monoclinic SeNPs model vitro imaging
Cu,.«Se nanoparticles Living Facilitated photothermal and single-photon [96]
mouse emission computed tomography imaging

tracking the restoration of the ruptured BBB
by using ultrasound to infiltrate the brain

Biogenicselenium — H,0, sensor is developed, showing biomedical =~ [94]
nanorods cellular peroxide sensing with low limits
through the naked eye
Stroke SeNPs functionalized Murine For detecting GPx levels and being capable of [95]
with OX26 model defending against ischemic stroke
0X26-PEG-Se NPs Murine Using the crucially important for [41]
model inflammation mTOR metabolic controller

and associated signaling pathways such
hippo, ERKS5, Tscl/Tsc2 complex, FoxO1,
wnt/p- catenine signaling pathway, jak2/stat3
signaling pathways, and Adamtsl

AD State-of-the-art Mouse Due to their efficacy as diagnostic tools, [97]
nanoparticles model proteins like NFL, MMPs, p-tau217, and BACE
are among the most potential biomarkers
Selenium functionalized =~ SH-SY5Y Decreased the levels of ROSand MDA, [63]
with Chondroitin sulfate  cells increased the levelsof GSH-Px, and

attenuatedthe hyperphosphorylation of tau by
regulatingthe expression of GSK-3f

Table 2.
List of some selenium nanoparticles in the diagnosis of CNS diseases.

6. Future perspective

Nanotechnology-driven formulation techniques have enormous potential in the
twenty-first century’s drug research and discovery. Several nanotechnology-based
preparations are available and can be easily accessible from the market, and this fact
is not hidden from everyone. Se nanoparticles, an important trace element needed as
a co-factor for various enzymes, have become an important tool in diagnostics and
therapeutics for treating various illnesses, including neurodegenerative disorders.
Indeed, the bulk of reported research has a significant SeNPs-based justification [98].
The development of nanotechnology has increased the number of possible therapeu-
tic approaches to halt the course of AD. Oral/gastric barriers and the BBB are conven-
tional neurotherapeutic obstacles that are effectively overcome by the proper design
and production of NPs, improving the physicochemical characteristics of drugs
in biological systems. However, the field of AD nano-therapeutics still has several
limitations. There have been many in vitro experiments demonstrating the capabil-
ity of SeNPs and its effectiveness, but there have been few in vivo trials. Therefore,
future studies of these SeNPs may show systemic efficiency or toxicity in biological
systems over the long run that can be contrasted to iz vitro methods. Therefore, in
the near future, potential, affordable AD treatments may result from evaluating the
safety and efficacy of appropriate SeNPs in human clinical trials [99]. Recent research
findings suggest that SeNPs can provide promising results in for the treating of HD
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through diets. In the future, an in-depth knowledge is required to know the mecha-
nism of nano-Se in preventing the HD and their connection between physicochemical
features and therapeutic potential will be beneficial for treating HD disease.

Furthermore, compared to other selenium species, the rational design of nanoSe
may enhance dosage tolerance for HD therapy in the future [50]. It is abundantly
evident that the current situation demands immediate and effective treatment for
neuroprotection, neurorestorative, and neuroregeneration. Clinical translation
in neurodegenerative disorders has become more challenging due to the lack of
appropriate biomarkers, delayed diagnosis, incomplete understanding of molecular
pathogeneses, lack of useful disease models, insufficient clinical protocol, and the
generally asymptomatic nature of the disease. The deficiency of proper animal
models that accurately reflect some crucial characteristics of ND in humans and a
shortage of samples of patients are the two key limitations to therapeutic advance-
ment. Therefore, the successful development of effective human disease-modifying
medicines can be achieved through representative animal models.

Furthermore, inadequate knowledge of the molecular rationalization of aging
and its biological impact and clinical consequences of neurodegenerative disorder
contributes to delayed progress in translation. Success in therapeutic trials may result
from shifting the focus from the primary pathogenic proteins to a plethora of disease-
related proteins. In the future, using human CNS organoids to model neurological
diseases is a realistic choice.3D brain organoids with the appropriate physicochemi-
cal signaling cues can be used to simulate patient-specific tissue patterns. Although
organoids greatly improve the deep understanding of the development of brain and
neurodegenerative illnesses, there are still several gaps in the field, including vascu-
larization and non-neuronal cells. The targeting of particular brain cells in various
NDs, such as in PD dopaminergic neurons are mainly targeted and this must be
questioned when nanoformulation are prepared.

Additionally, it is important to consider adjusting pharmacokinetics and pharmaco-
dynamics characteristics before administering NP [100]. Nanomedicine-based delivery
systems raise concerns about their potential for toxicity, including the possibility of inflam-
mation of neurons, excitotoxicity, mitochondrial and DNA damage, and some allergic
reactions. Therefore, thoroughly researching the biocompatibility as well as biodegrad-
ability of nanodrugs is important [101]. The main function of the SeNPs in pharmacologi-
cal defense against different types of inflammatory as well as oxidative stress-mediated
situations is already discussed. However, nothing is known about how the SeNPs influence
the pharmacokinetics and pharmacodynamics properties of selenoproteins. Most of the
available research was not well structured and did not include comparisons to other Se
sources. Future research should focus on understanding how selenoproteins contribute to
the reported pharmacological effect and include relevant sources of Se [98].

7. Conclusion

Leading contributors to the world’s disease burden are CNS illnesses, which
encompass a wide range of brain diseases with both short- and long-term disabilities.
Because of the shift in lifestyle and the swift, ongoing environmental degradation,
CNS disorders like AD, PD, stroke, brain tumors, and neuroinflammation are dis-
tressingly damaging to humanity. With their complicated anatomy, specific microen-
vironment, and specificity to any foreign material such as drugs, BBB and BCSFB are
the primary physiological barriers that pose a significant bottleneck for the effective
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therapy of CNS disorders and brain tumors. This presents the greatest hurdle to CNS
drug discovery. SeNPs may help with the current issue of the lack of multifaceted
drugs for various CNS disorders, which may contribute to various distinct biological
mechanisms. SeNPs have led to cutting-edge nanoscale targeting approaches among
the different treatment approaches. They are at the forefront of a new paradigm that
could administer active agents with intriguing dynamics to treat these disorders.
SeNPs offer superior medicinal qualities to selenium salts and lesser toxicity, despite
their narrow therapeutic window. The current demand for effective nano-based
treatments is concentrated on neuroprotection and restoration, which would greatly
benefit from other nano-based strategies and advancements in the anatomy, pathol-
ogy, and physiology of neuronal cells. Several nanoscale treatments (SeNPs) were
found to treat neurological illnesses in AD, PD, and stroke models, including the sup-
pression of Ap oligomerization, reduction of ROS, and enhancement of functioning
neural networks (Figure 5). SeNPs have allowed it to administer chemotherapy and
antisense gene therapy in malignant brain tumors with pinpoint accuracy. This has led
to a striking reduction in disease development in both iz vitro and in vivo research.

SeNPs could completely alter how we address CNS-targeted therapeutics because
of their competency to be nanoengineered so that the drug or carrier can encounter
the BBB, diffuse inside the brain, and target specific cells or signaling systems for
therapeutic delivery. This opens up new paths in the intervention of neurological
diseases and has an extremely great prospect. It is very conceivable that SeNPs will
alter how CNS disorders are treated. Shortly, the real objective of drastically increas-
ing survival rates will be accomplished.

Abbreviations

AD Alzheimer’s disease

ALS amyotrophic lateral sclerosis

APP amyloid protein precursor

BBB blood-brain barrier

BCSFB blood-cerebrospinal fluid barrier

BDNF brain-derived neurotropic factor

CNS central nervous system

CSF cerebrospinal fluid

DRG dorsal root ganglion

FoxO1 Forkhead box protein O1

GSH-Px glutathione peroxidase

GSK-3p glycogen synthase kinase-3 beta

HO-1 heme oxygenase-1

HTT Huntingtin protein

MDA Malondialdehyde

MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
mTORC1 mammalian target of rapamycin complex 1
NDs neurodegenerative diseases

Nrf2 nuclear factor erythroid 2-related factor 2
OGD/R oxygen glucose deprivation/re-oxygenation
PD Parkinson’s disease

PLGA poly-lactide-co-glycolide

p-mTOR phosphorylated mammalian target of rapamycin
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Se-CQDs selenium-doped carbon quantum dots
SeNPs selenium nanoparticles

SOD superoxide dismutase

TSC tuberous sclerosis

ULK1 Unc-51 like autophagy activating kinasel
WHO World Health Organization
Wnt/f3-catenin Wingless/Integrated 3-catenin

Yapl Yes-associated protein 1
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