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Abstract

About 1 million of the 6.8 million deaths attributed to disorders of the central nervous system (CNS) each year are
caused by neurodegenerative diseases, which include Parkinson's disease, Alzheimer's disease, tumours, and
ischaemic stroke. Because of the intricacy of the brain, CNS issues are a major concern. To address issues with
toxicity, specificity, and delivery, several drugs are available to treat illnesses of the central nervous system (CNS).
Therapeutic drugs are challenged by barriers such as the blood-brain barrier (BBB), which prevents them from
reaching their intended target. Scholars have been investigating pathways for pharmaceuticals to cross the blood-
brain barrier and get to their intended targets. These issues show how different cellular processes must be changed
or manipulated by nanotechnology to obtain the required properties. Nanoparticles are an efficient replacement
for drug delivery and other methods because of their nano size, which allows them to cross the blood-brain barrier.
Effective drug transfer and enhanced CNS disease treatment and diagnosis are possible using nanotechnology.
Drugs could be altered via nanoengineering to carry out tasks like transferring across the blood-brain barrier,
modifying signaling pathways, focussing on certain cells, facilitating efficient gene transfer, and encouraging
nerve cell regeneration and preservation.

Keywords: Neurodegenerative disorders, Central nervous system, Blood-brain barrier, Nanotechnology, Drug
delivery

Introduction

Brain cancer and other central nervous system (CNS) and peripheral nervous system (PNS) disorders are among
the most common, lethal, and undertreated medical illnesses. In certain pathological conditions, such as stroke,
Alzheimer's disease (AD), diabetes, Parkinson's disease (PD), seizures, and amyotrophic lateral sclerosis (ALS),
the blood-brain barrier (BBB) is disrupted. To combat brain diseases, there will need to be a significant increase in
drug development worldwide over the next 20 years due to the growing number of older people and teenagers with
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CNS issues [1]. Drug discovery for brain disorders has the lowest success rate when compared to all other
pharmacological formulations. Compared to non-CNS pharmaceuticals, the development of CNS drugs takes a lot
longer [2].

A group of illnesses that primarily impact individual neurons within the neural network are together referred to as
"neurodegenerative diseases." The fundamental component of the nervous system, which mostly guards the spinal
cord, is a network of neurons. The body cannot repair neurons because they generally do not replicate or renew on
their own; therefore, when a neuron is damaged, it dies [3]. Adult neurogenesis following specific types of injury,
however, still seems possible. The first indication of this was found in studies using rodent stress models. These
studies showed that following a series of extremely difficult psycho-social stressors, there was a marked decrease
in the emergence of neurological precursor cells inside the adult hippocampus's subgranular layer. Pharmacological
therapy was able to restore this reduced cell proliferation [4-5]. Non-human primates have also been shown to
benefit from antidepressants in terms of increased neurogenesis and brain progenitor cells [6]. Particular parts of
the brain may become permanently dormant or die as a result of these disorders. Nerve impulses and the PNS
become less effective over time in NDDs before dying. Although there are therapies available, there are
unavoidable adverse effects associated with each one. The intricacy of the brain, side effects, and BBB
permeability make clinical research of CNS drugs difficult [7]. The most delicate and complex organ system, the
brain, is shielded by the blood-brain barrier. It provides defense against potentially harmful and destructive
substances in the bloodstream for the cerebral neurons [8], but it also poses a significant barrier to the delivery of
drugs into the central nervous system (CNS). Ninety-five percent of the compounds are not developed into drugs
because of the BBB [9]. Recent studies have demonstrated that the blood-brain barrier (BBB) is a dynamic interface
that controls the flow of chemicals from the bloodstream into the brain [10]. It is composed of a monolayer of
polarised endothelial cells connected by intricate tight junctions, and astrocytes, neurons, and pericytes regulate its
function [11].

The blood-brain barrier (BBB) serves as a shield for the brain in a healthy individual, keeping various substances
from the bloodstream out of the brain and preserving normal brain function. Because of this, the BBB is only
permeable by very small particles. The diameter of the capillaries in the brain can range from 7 to 10 um [12-13].
Only lipid-soluble, small molecules with a molecular weight of less than 400 da can pass through the blood-brain
barrier. The vast majority of macromolecules are unable to cross the brain endothelium [14]. To maintain the lowest
possible ocular concentrations, the BBB also regulates the entry of potassium (K+), calcium (Ca2+), and sodium
(Na+) ions at synapses. The BBB is responsible for controlling the flow of substances into and out of the brain,
maintaining ionic balance, and protecting the brain from substances that can damage it, such as xenobiotics,
neurotransmitter systems, and drugs that are part of the systemic circulation [15]. To successfully carry drug over
the BBB and into the central nervous system, an appropriate nanocarrier technology must be found. Brain
microvascular endothelial cells (BMVECs) and certain other treatment system components (such as neurons,
astrocytes, pericytes, and basal lamina) form a tight connection that protects the CNS and ensures its proper
functioning. A vast array of pharmaceuticals with different structures and therapeutic purposes can be easily
expelled from cells by the ATP-binding cassette (ABC) protein superfamily, which includes most BBB
transporters. Our understanding of transporters' functions and contributions to the BBB has improved as a result of
P-glycoprotein (P-gp) research [16]. Previous research focussing on BBB permeability has examined the features
of secondary messengers that dominate permeability. Extracellular calcium was first shown to be an essential part
of tight junction (TJ) control in Ca2+ addition/depletion models [17]. TJ function and assembly quickly adjust to
intracellular signaling events that change TJ complexes during pathological and physiological changes.

CNS diseases

Alzheimer's disease (AD)

Alzheimer's disease is the most prevalent chronic progressive neurodegenerative illness in older adults, particularly
those over 65. As the disease progresses, symptoms include irreversible cognitive failure, behavioral impairment,
and insanity. An estimated 47 million people worldwide are thought to be suffering from madness; of these, about
36 million have made an announcement. It is predicted that this figure will rise by 131 million by the year 2050
[18]. ADaffected individuals experience gradual memory loss, diminished superintendent function, language
degradation, and finally pass away from Alzheimer's as a result of severe neuronal loss [19].
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Parkinson's disease (PD)

The second most prevalent neurodegenerative disease, Parkinson's disease, is distinguished by motor abnormalities
like as bradykinesia, or slowness of movement, severity, and postural insecurity [20]. Ninety to ninety-five percent
of Parkinson's disease (PD) cases do not appear to have an inheritable base; on the other hand, five to ten percent
of cases are associated with inherited mutations, and fifty percent of cases of early-onset PD are caused by loss of
function mutations in the parkin gene, which encodes an E3 ubiquitin ligase [21]. Numerous mechanisms have
been identified as critical in the progression of Parkinson's disease (PD), including misfolding and aggregation of
a-synuclein, dysfunctional protein concurrence systems, mitochondrial dysfunction, the ubiquitin-proteasome
system, the autophagy-lysosome system, and neuroinflammation [22]. Optimizing dopamine levels in the brain is
the most popular way to treat Parkinson's disease (PD); yet, neither the disease's course nor the health of the
impacted dopaminergic neurons is changed by this approach [23]. Before age 50, Parkinson's disease (PD) rarely
manifests, while in older adults, the frequency of complaints peaks at approximately. Bradykinesia-like motor and
non-motor disabilities, resting tremors, severity, and postural instability are the hallmarks of Parkinson's disease
(PD), a complicated neurological illness. The rudimentary ganglia in the substantia nigra pars compacta (SNc) are
the site of a selective and gradual degradation of dopaminergic neurons that contributes to the pathophysiology of
Parkinson's disease (PD) and results in the disease's initial symptoms [24].

Ischemic Stroke

A disease known as an ischaemic stroke occurs when there is insufficient blood flow in the brain as a result of
cerebral vascular inhibition, which is akin to embolization and thrombosis. Ischaemic stroke is the world's top
cause of death and disability, according to reports, with a high rate of morbidity, disability, and mortality. Presently
available individual strategies for ischaemic stroke primarily rely on clinical symptoms in addition to brain CT and
MRI scans [25]. More than 80% of all strokes are classified as acute ischaemic strokes. These strokes are caused
by thrombotic or embolic occlusion of a major cerebral roadway (usually the middle cerebral roadway) or its
branches, which results in a sudden or permanent reduction in cerebral blood flow. This sets off a chain reaction
of metabolic events that, if not quickly stopped, ultimately results in unselective neuronal cell death [26-27].

Tumor

A large class of primary brain tumors known as gliomas are thought to have originated from glial cells and account
for 30% of all brain tumors as well as 80% of primary malignant brain tumors [28]. Many types of primary and
secondary (or metastatic) tumors can affect the brain. Globally, the incidence of brain cancer is believed to be 3.5
per 100,000 people, and every day, approximately 100 new cases of brain excrescence are reported. A glioma,
which accounts for 60 of all primary brain tumors, is the most prevalent type of aggressive brain malignancy,
according to the World Health Organisation classification, which lists approximately 60 different types of primary
excrescences. Gliomas can now be diagnosed with them thanks to recent lightning-fast advancements in many
imaging modalities [29]. Less than two years is the median survival time for cases diagnosed with glioblastoma
multiforme (GBM), the most prevalent and malignant form of these tumors.

Huntington disease

One common autosomal dominant hereditary condition that results from a mutation in the Huntingtin gene is
Huntington's Disease (HD), commonly referred to as Huntington's chorea. Though the precise medium causing HD
is still unknown, the mutation results in abnormal Huntingtin protein, which is harmful to cells [30]. Huntington's
genes, sometimes referred to as complaint-causing genes, produce aberrant Huntington's proteins, which cause
neurons to start dying [31-32]. When a person with Huntington's disease reaches adulthood, at approximately 45
years old, their motor and cognitive abilities abruptly deteriorate and their behaviour patterns are significantly
altered [33].

Sclerosis and migraine

Neurons develop demyelination and eventually die as a result of the autoimmune inflammatory disease known as
multiple sclerosis. By selectively killing oligodendrocytes, which produce myelin, lymphocyte infiltration into the
central nervous system (CNS) mediates the demyelination process and sets off autoimmune and inflammatory

9403



Frontiers in Health Informatics ISSN- www.healthinformaticsjournal.com
Online:2676-7104

reactions [34]. A bilateral or unilateral shifting headache that occurs occasionally is called a migraine. A period of
prolonged neuronal inactivity followed by a burst of high neuronal activity that gradually spreads throughout the
brain is indicative of cortical spreading depression (CSD), an implicit signal [35].

Neuropathic pain

Neuropathic pain is a persistent pain condition that is usually caused by damage or malfunction of nerve fibers as
a result of injury to the central or peripheral nerves. This syndrome occurs frequently throughout the world, is very
difficult to treat, and is a sequel to several disorders, including trauma injury and multiple sclerosis [36]. The
activation of astrocytes and microglia leads to inappropriate pain signaling, which causes neuronal sensitization
after additional nerve injury, however, the exact cell mechanisms underlying this are unknown.

NANOPARTICLES

Paul Ehrlich, the winner of the Nobel Prize, popularised the idea of the "Magic Bullet" in the early 1900s. Ehrlich
claimed that certain drugs could "hit a specific target, overcoming several physiological and cellular barriers,
increasing the drug bioavailability and decreasing the appearance of the possible side effects." In light of this
notion, DDS based on nanotechnology has developed as an alternative method to get past the BBB and achieve
brain targeting. Their capacity to bypass the immune system, penetrate the blood-brain barrier, and locate target
tissues determines how the DDS will behave. Various nano-delivery technologies have been developed over the
past 20 years to boost the low bioavailability of particular drugs and nutraceuticals, minimize peripheral adverse
effects, overcome the blood-brain barrier, and increase the therapeutic action of these molecules in the brain [37].

Ideal properties of Nanoparticles for crossing CNS: [38]

Nontoxic, biodegradable, and biocompatible.

Tiny particles, between 1 and 100 nm in size.

A reasonably priced and scalable manufacturing method.

Compatible with nucleic acids, proteins, peptides, and tiny compounds.

Stability of the body in vitro and in vivo.

Steer clear of the reticulo-endothelial system (RES), which lengthens the time blood circulates.

Targeting the CNS through transcytosis across brain capillary endothelial cells via receptor-mediated

interaction.

e Drug alteration (chemical declination/modification, protein denaturation) caused by minimum nanoparticle
excipients and formulation stability

e Controlled release qualities and the ability to shield the drug from deterioration.

Mode of action of nanoparticles

A few of the physiochemical characteristics of nanoparticles that allow them to cross brain endothelial tissue are
their tiny size, hydrophilicity, surface charge, and ability to target ligands with nanocarriers. The positive charge
on the surface of the nanoparticle and the negative charge on the brain's endothelial cells interact due to the
existence of electrostatic interactions between the carrier and cells [39]. Because it is linked to the compound's
permeability and solubility, the lipophilic nature of the nanomaterials improves their characteristics and quickens
the adsorption process. When low-density lipoprotein receptors are present on brain endothelial cells, the
nanoparticle is taken up by endocytosis and transcytosis, which is followed by desorption [40].

Owing to this desorption, the particles enter the bloodstream again and discharge the drug that was enclosed in
them onto the surface of the blood-brain barrier, where it diffuses throughout the brain's parenchyma. Because
human blood capillaries have an average diameter of 6-9 um and a cell diameter of 20 um, nanoparticles can
readily pass through the endothelial cells of the blood capillary due to their tiny size through transport mechanisms
such endocytosis and transcytosis [41]. After being endocytosed, these drug-carrying nanoparticles penetrate
deeper into the parenchyma or cell of the brain. Nanoparticles are thought to function through a variety of processes,
while their exact mode of drug delivery is still unknown.

A possible explanation is that a general surfactant solubilizes the lipids in the endothelial cell membrane,
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facilitating fluidization of the membrane and enhancing permeability across the blood-brain barrier [42]. Another
way that nanoparticles might work is by causing toxicity to the brain's blood vessels. Nanoparticles can also cross
the BBB by opening the TJs. The enhanced absorption and retention of nanoparticles in the capillary walls and
brain-blood capillaries assist processes such as transcytosis and endocytosis through the layer of endothelial cells.
This leads to a higher concentration gradient, which should enhance the amount of material that is transported
through the endothelial cell layers. However, because the drug being diffused may efflux out due to many
transporters, including P-gp, it is not a good route to deliver pharmaceuticals across the blood-brain barrier [43].

Types of nanoparticles delivering drugs to CNS

Drug delivery for central nervous system illnesses can be accomplished with the help of nanotechnology [44]. One
benefit of nanoparticles is their ability to pass the blood-brain barrier with a site-specific drug delivery mechanism.
Solid-lipid nanoparticles (SLNs), dendrimers, liposomes, micelles, and PNPs are a few examples of the several
types of nanoparticles, each having a unique composition and function [45].

LIPOSOMES

Liposomes are little spherical colloidal vesicles of the first generation. These are hydrophilic, and include one or
more lipid bilayers at their core, which is why they visually mimic cell membranes and can be employed in drug
delivery applications. These are typically divided into three groups based on the size and quantity of bilayers:
multilamellar, which ranges from 20 to 100 nm, small unilamellar, which ranges from 10 to 50 nm, and large
unilamellar, which ranges from 50 to 1000 nm [46]. Numerous neurological illnesses can be treated with these
nanocarriers, as they have demonstrated substantial therapeutic promise. The BBB is easier to traverse for
liposomes because of their phospholipid bilayer. Because lipids can safely flow to the peripheral organs and
perform noninvasive procedures, liposomes are well known for their biocompatibility.

After circulating in the body normally and unchanged for a short while, RES cells quickly remove normal, unaltered
liposomes from circulation. As a result, numerous attempts have been made to create customized, long-circulating
liposomes. The successful evasion of RES detection of nanocarrier systems has been seen when polyethylene
glycol (PEG) coating of liposomes is applied. Further tinkering with PEG-modified liposomes utilizing ligands
such as human insulin receptors, transferrin receptors (TRs), or glial fibrillary acidic protein (GFAP) may enhance
the targeted transport of the liposomes to the brain. Transferrin-conjugated liposomes have demonstrated enhanced
brain delivery of payloads, including 5-fluorouracil, due to receptor-mediated endocytosis [47].
Immunoliposomes, which can better disperse liposomes inside the brain and are very effective against experimental
autoimmune encephalomyelitis, are made by combining prednisolone-loaded liposomes with mAbs that are
recognized by cell surface receptors in the targeted tissue. By combining a tyrosine hydroxylase plasmid with a
liposome targeted by the TRsMAD, it has been demonstrated that immunoliposomes—a type of nanocarrier system
used for the delivery of brain drugs—can also be used in gene therapy to treat Parkinson's disease in rats. EGFR
knockdown and enhanced survival in mice with intracranial brain tumor implants have been observed through the
delivery of small interfering RNA (siRNA) that targets the EGFR. Utilizing cell-penetrating peptides to change
liposomes is another way to increase their ability to cross barriers and increase therapeutic efficacy [48]. When
combined with non-specific cell-penetrating peptide (TAT), which has been demonstrated to have high availability
across the BBB and specific cell targeting to brain glioma, and the particular ligand transferrin (T7), for example,
doxorubicin-encapsulated liposomes may be employed. Nimodipine PR liposomes produce a liposomal structure
when bound to water. Since liposomes have certain unique characteristics and a certain structure, they can function
as an effective drug delivery mechanism with little to no antibody activation [49].

Solid Lipid Nanoparticles (SLNs)

Triglycerides and fatty acids are two examples of the lipids included in SLNs, which are aqueous colloidal mixes.
These dispersed nanoparticles in solution acquire the capacity to solidify upon cooling. Since SLNs exhibit low
cytotoxicity, prevent drug alteration, and are physically stable, they are being evaluated for drug delivery to the
brain. drugs that are hydrophilic or lipophilic can be encapsulated in SLNs, and because the encapsulated drugs are
more stable in SLNs than in PNPs, a protracted release profile spanning months to years is achievable. When
compared to PNPs, SLNs prevent leakage and shield the active pharmaceutical ingredient from oxidative, chemical,
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and photochemical degradation by immobilizing it inside the formulation, which produces a stable state [50].
Because the lipids are physiologically stable, it has been claimed that the bioavailability of hydrophobic drugs is
enhanced when they are formulated as SLNs as opposed to PNP encapsulation.

Solid-lipid nanoparticles (SLNs) are attracting a lot of attention these days as possible novel drug carriers. Many
efforts have been undertaken to increase the SLNs' long-term durability and drug-loading capacity [51]. One of
these efforts involved combining spatially different lipids or merging solid lipids into liquid lipids to create
nanostructured lipid carriers (NLCs).

Studies that contrasted standard SLNs and PEG-modified SLNs containing anticancer drugs like camptothecin and
doxorubicin found that the PEG modification of SLNs enhanced their capacity to cross the blood-brain barrier and
enhanced the delivery of drugs to the central nervous system [52]. Furthermore, apolipoprotein E, a plasmatic
protein that adsorbs onto the surface of SLNs, may facilitate the protein's uptake into the brain. Adhesion to the
endothelial cells that comprise the blood-brain barrier would aid in this. The above-discussed method has been
used to encapsulate a wide range of pharmaceuticals to achieve target-specific delivery of drugs across the BBB
[53]. Stearylamine-based SLNs carrying the antipsychotic drug clozapine have been demonstrated to efficiently
deliver the drug into the brain following intravenous and intraduodenal injections. Drug-loaded SLNs include, for
example, quercetin-loaded SLNs for Alzheimer's disease treatment and atazanavir-packed SLNs for the treatment
of HIV encephalitis. A rat model of amyotrophic lateral sclerosis (ALS) created by vaccination with experimental
allergic encephalomyelitis has demonstrated the superior efficacy of riluzole-loaded SLNs over free riluzole.

In terms of Parkinson's disease, neither DA nor L-DOPA have been included in lipid nanoparticles that have
demonstrated in vivo effects. On the other hand, DA agonist ropinirole has been encapsulated in lipid formulations
that are NLC and SLN. When administered orally, the lipid nanoformulation loaded with ropinirole demonstrated
approximately a 2.5-fold improvement over the unmodified drug [54]. Furthermore, topical application of this
nanoformulation increased ropinirole concentration by up to three times when compared to the free drug control
group. Thus, following its nanoformulation, the drug's bioavailability was improved, leading to a rise in
neurotransmitter levels and a fall in lipid peroxidation levels in both oral and topical treatment. Lipid-based NPs
may also cause hypersensitivity known as CARPA (complement activation-related pseudo allergy) and unfavorable
immune reactions, which compromises their safety and effectiveness when administered to people [55].

Polymeric Nanoparticles (PNP’s)

Polymeric nanoparticles are among the first and most effective methods in the field of DDS [56]. After receiving
FDA approval in 1974, polylactic glycolic acid (PLGA) has become the biomedical industry's most successful
polymer by far. Furthermore, the possibility to employ PLGA microparticles as drug carriers of a broad range of
medicinal compounds was made possible by their initial approval in 1989 with Lupron Depot®.

Traditional AD drugs, such as rivastigmine, have been encapsulated in PLGA NPs to improve brain entrance,
reduce frequent dosage, and minimize cholinergic side effects. An acetylcholinesterase (AchE) inhibitor that has
FDA approval is donepezil. More NPs were able to breach the blood-brain barrier as a result of the surface
modification with Tween 80, enabling brain targeting after IV injection. The addition of surfactant to NPs caused
the BBB's tight connections to open via an endocytosis or transcytosis mechanism, releasing the drugs inside brain
endothelial cells and delivering them to the brain [57]. Furthermore, Tween-80 surface coating suppressed P-
glycoprotein and the efflux mechanism, which improved drug transport to the brain through the blood-brain barrier.
The results using gamma scintigraphy pictures demonstrated increased brain accumulation of donepezil-loaded
NPs, despite accumulation in off-site organs. To boost brain concentration, PEG has been utilized to alter the NPs'
surface to give them stealth characteristics and immune system evasion. Galantamine-loaded NPs were made in
this manner to treat AD. The potential of this innovative nanoformulation to raise drug concentration in the brain
was reported by the intravenous injection of PEG-PLGA NPs combined with ascorbic acid. The commercial drugs
as well as other treatments under investigation, like growth factors and neurotrophic factors, have been
encapsulated to enhance their biodistribution [58]. This has resulted in higher therapeutic levels of these treatments
in the brain and a lower chance of systemic side effects. Despite its potential for treating diseases, NTFs are not
yet fully translated to the clinic due to several factors, including their short half-life and limited bioavailability. To
get over these drawbacks, a novel therapeutic strategy for AD has been developed: PLGA NPs encapsulating basic
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fibroblast growth factor (bFGF). To boost GF brain levels following intranasal treatment, these PLGA-NPs were
further conjugated with Solanum tuberosum lectin (STL) and surface-modified with PEG [59].

The most effective therapy for Parkinson's disease (PD) available today is dopaminergic therapy. Although the
clinical standard treatment is levodopa, or L-DOPA, a DA prodrug, only 1% of given L-DOPA may enter the brain
intact. Furthermore, the short half-life of L-DOPA means that large doses must be administered frequently, which
can have several negative consequences, such as dyskinesia or the wearing-off and on-off phenomenon brought on
by repeated administration [60]. Drug release control and biodistribution can be altered with NPs-based DDS,
minimizing adverse effects and optimizing therapeutic benefits while mitigating these disadvantages.

MAGNETIC PARTICLES

Of the new nanomaterials for targeted therapies, magnetic nanoparticles are one. The nanoparticles'
superparamagnetic features, which are dependent on their magnetic properties, make them attractive candidates for
stimuli-responsive targeted remedies. Giving the right amount of drug at the right location limits the effectiveness
of conventional drug delivery methods. The natural system can be manipulated and acted upon by magnetic
particles functionalized with chemical or biological drug molecules using an external magnetic field. For CNS
illnesses, when traditional methods are unable to cross the blood-brain barrier, this makes them appropriate for
drug delivery [61]. Among the inorganic nanoparticle systems for targeted drug administration that have been
studied the most are superparamagnetic iron oxide nanoparticles. Magnetic particles less than 200 nm are ideal for
targeted therapies. Improved dispersibility has been observed in magnetic iron oxide nanoparticles functionalized
with carboxylic or amino acid groups in recent years. The use of oligosaccharide-coated magnetic iron oxide
nanoparticles as a brain tumor target has been investigated [62]. Improved theranostics applications were made
possible by the oligosaccharide-coated magnetic particles, which enabled noninvasive magnetic resonance imaging
of cancer cells. A possible way to improve the colloidal stability of magnetic particles and potentially enable
practical BBB crossing is by polymeric encapsulation [63]. Polymeric coverings also prevent proteins from
breaking down the drug and increase its bioavailability. To specifically treat ischaemic stroke, carnosine and
dexamethasone were added to magnetic iron oxide nanoparticles (Fe304) functionalised with poly(lactic-co-
glycolic acid) [64]. Depending on the size, form, surface chemistry, dosage, and mode of administration of the
magnetic nanoparticles, brain cells may react differently to them immunologically. While smaller particles might
be able to avoid detection, larger particles are recognized by the immune system more easily and trigger a stronger
response. Compared to magnetic nanoparticles with a neutral or negative surface charge, those with a positive
surface charge may elicit a greater immunological response. Several approaches are used to address immunological
responses seen in brain drug delivery with magnetic nanoparticles. Preferably, magnetic nanoparticles should be
coated with a biocompatible polymer.

DENDRIMERS

Polymeric macromolecules called dendrimers have hyperbranched network architectures and can be modified in
terms of surface functions. Biological molecules (antigens, antibodies, and oligonucleotides) and drug molecules
are effectively transported throughout biological systems by dendrimers, which function as nanocarriers. As
dendrimers have so many benefits, including pH stability, adjustable solubility, drug-loading capacity, surface
functionalization ability, and biocompatibility, they have been extensively studied as nanocarrier technologies [65].
Poly(amidoamine) (PAMAM) is the most studied drug delivery agent for oral administration due to its water
solubility and ability to cross epithelial tissue, which enhances the drug's transfer via the paracellular pathway.
Dendrimers are classified into several types based on their functionalization moieties: PAMAM, PPI, liquid
crystalline, core-shell, chiral, peptide, glycodendrimers, and Radially layered poly(amidoamine-organosilicon)
(PAMAMOS). Due to the presence of amine groups, dendrimers have restricted therapeutic applicability [66]. The
drug is delivered by dendrimers in two ways: first, through the covalent bonding of the drug being broken down in
vivo by available enzymes or by a favorable environment that can break the bonds; second, through the drug being
released as a result of changes in the physical environment, such as pH, temperature, etc. In comparison to free
doxorubicin, the concentration of doxorubicin in the tumor was shown to be 121.5 times higher after 24 hours in
the folate-attached poly-1-lysine dendrimers (doxorubicin hydrochloride) as a potent cancer prevention drug carrier
model for pH-dependent drug discharge, target specificity, and antiangiogenic and anticancer perspective.
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Analogously, methotrexate (MTX) can be delivered to cancer cells selectively via folate-conjugated polypropylene
imine dendrimers (FA-PPI) for use as an anticancer drug carrier and pH-sensitive drug release. Their in vitro
investigations on MCF-7 cell lines demonstrated low cytotoxicity, enhanced cell uptake, and prolonged release.
Additionally, it should be noted that in contrast to methotrexate (MTX) in its free form, the produced formulations,
methotrexate (MTX)-loaded and folic acid-conjugated 5.0G PPI (MTX-FA-PPI), were taken up by the tumor cells
preferentially [67].

Micelles

Micelles are vesicles composed of amphiphilic surfactants, which are non-polymeric, or amphiphilic copolymers,
which are polymeric, and they have recently caught the interest of scientists due to their potential application in
the delivery of drugs to the central nervous system. Micelles remain stable in an aquatic environment because of
the hydrophilic coating on the outside [68]. Furthermore, it increases their accumulation in leaky vascular regions
and shields them from the reticuloendothelial system (RES) by prolonging their blood circulation. The poloxamer,
or pluronic copolymer class, is of particular interest since it has the potential to block drug efflux transporters. Due
to its widespread expression on the BBB, the P-gp efflux carrier facilitates drug delivery to the central nervous
system.

Several attempts have been made to modify micelles so that a higher concentration of loaded drug can easily cross
the BBB on the other side. The binding of polyclonal antibodies to the luminal side BBB receptor in opposition to
the brain-specific antigen, 2-glycoprotein, or insulin is one such alteration [69]. Both the neuroleptic activity of the
drug haloperidol and the transport of fluorescent dye are markedly increased when these modified micelles are
given intravenously to mice after being loaded with either agent. The drug molecule and the targeting moiety are
directly conjugated to the amphiphilic region in another form of the micelle technique. For example, transferrin-
modified cyclo(Arg-Gly-Asp-d-Phe-Lys) paclitaxel conjugate-loaded micelles found more prolonged retention in
glioma tumors in vivo and improved absorption by brain microvascular endothelial cells in vitro, both without
significant toxicity [70]. When the lipophilic drug carrier resveratrol was added to PLGA-CS-OA, it was
demonstrated to be more stable than polymeric micelles based on data from TGA experiments, cell line contacts,
and effect.

NANOGELS

Hydrogel technology has advanced thanks to nanotechnology, which has created smart nanogels with more
sophisticated capabilities than bulk three-dimensional cross-linked hydrogels. Hydrogels with a size range of 1—
100 nm are known as nanogels [71]. There are still concerns regarding the toxicity and biodegradability of inorganic
nanocarriers, and drug burst release problems are associated with polymer particles of poly-(lactic acid-glycolic
acid) copolymer (PLGA).

According to studies, the brain's absorption of insulin is improved when nanogels are taken orally. To covalently
bind insulin, poly(N-vinylpyrrolidone)-based nanogels were created and evaluated for brain administration via e-
beam irradiation. The investigation indicated that when nanogel was administered intravenously, the nasal mucosa
did not react immunologically. This study demonstrates the therapeutic potential of nanogels against certain NDs.
Strong nasal drug absorption was shown by olanzapine loaded in chitosan-based nanogels [72]. Using intriguing
research, a hydrogen bond-enhanced nanogel system with antioxidant and anti-inflammatory capabilities was
developed: glycyrrhizic acid—zinc alginate nanogel, or GA-NG. Selective brain accumulation and distribution were
demonstrated by this nano-hydrogel. Enhancing stability, this nano-hydrogel system made use of hydrogen bonding
sites for tiny molecules that were active. Such investigations validate the promise of nanogels as noninvasive drug
delivery systems and sustained release carriers for Parkinson's disease.

Quantum dots

QDs are semiconductor nanocrystals that have a diameter of 2 to 10 nm. The QDs have garnered significant interest
in the field of nanodrug because, in contrast to traditional organic dyes, they exhibit emission in the near-infrared
(650 nm) range, which is highly desirable for biomedical imagery because of the low tissue absorption and
decreased light scattering [73]. QDs are thought to be the most effective for treating CNS diseases because of these
characteristics. For the diagonals and brain disease imaging, several conjugated QDs are employed. The BBB is
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unaffected by these semiconductors' chemo-electric characteristics or size. The primary element for QD transport
over the BBB is their surface. According to Lien et al.'s research, graphene QDs can prevent the accumulation of
AP1-42 peptides and have numerous therapeutic uses for this issue. There are several ways to make QDs traverse
the blood-brain barrier (BBB), and one of the ways they do so is by bonding with certain molecules [74].

Exosomes

Most nucleated eukaryotic and prokaryotic cells release exosomes, which are extracellular vesicles that can
function as endogenous nanoparticles. The components of exosomes might comprise proteins, lipids, metabolites,
DNA, and RNA, depending on the origin and functional state of the cell. Exosomes are primarily involved in
intercellular communication and can control inflammation, autoimmune, and T-cell-mediated immune responses
[75]. Nonetheless, native exosomes derived from mesenchymal stem cells (MSCs) continue to be able to support
immunological regulation, migration, homing, and neurite remodeling. Current studies have shown that in PD39
and ADA40 illness models, engineered MSC-derived exosomes, or MSC-exos moved to particular brain regions that
were ill. It was demonstrated during stroke that exosomes generated from dendritic cells (DC) were
immunomodulatory and exosomes derived from macrophages were neuroinflammatory. Exosomes can carry drugs
into the brain through the blood-brain barrier because of their small size and endogenous characteristics. Naturally
occurring exosomes can cross the blood-brain barrier by binding to receptors on brain endothelial cells. Exosomes
have been investigated for bringing neurotransmitters (dopamine) over the blood-brain barrier in the hopes of
treating Parkinson's disease, based on their interaction with transferrin receptors [76]. In addition to influencing
immunological responses, exosomes are involved in cell-to-cell communication. Macrophages and dendritic cells,
for instance, are immune cells that produce exosomes, which, depending on what's inside, can either stimulate or
dampen immunological responses.

Use of Prodrugs

Prodrugs are more frequently used to deliver drugs that are unable to cross the blood-brain barrier into the brain
without damaging the structural barrier. Most of these are used to treat disorders of the neurons [77]. To transfer
drugs into the brain, a variety of prodrug systems are employed, including gene-directed enzyme prodrug systems,
receptor-mediated prodrug delivery systems, and lipophilic carrier systems. Moreover, pharmacologically active
agents are added to prodrugs—which lack or have minimal biological activity—through chemical modification.
These prodrugs then undergo an in vivo transformation to release the active drug. Therefore, without ever releasing
the drug in its active state, active prodrugs might be able to cross the barrier once and then again [78]. Prodrugs
are bio-reversible drug compounds that alter chemically or enzymatically in vivo to liberate the active parent
compound. These substances circumvent obstacles to a drug's utility by acting pharmacologically. Prodrugs have
the intended pharmacological action after being delivered to the target site. More precisely, the inclusion of
lipophilic groups renders medicinal substances or drugs inactive. Using the most prevalent functional groups that
could permit drug permeability through any type of structural or physical barrier, these are created.

Peptide Masking

Furthermore, the existence of different barriers is a significant hindrance to the general use of therapies (including
Protein/Peptide (P/P) drugs) that target the brain [79]. However, lipophilicity—which can be attained by adding a
cholesteryl group that allows the drug to cross the blood-brain barrier—is necessary for P/P permeability to be
successful. These could be administered by any non-invasive technique, such as intraventricular delivery.
Nonetheless, another helpful method for the safe transportation of drugs is to disguise the drugs by changing their
chemical makeup to make them lipid-soluble.

A lipophilic group increases the likelihood of a peptide passing across the blood-brain barrier, but the peptide's
basic properties are obscured when it combines with other chemical groups. For this reason, as cholesteryl is
lipophilic, it is utilized in place of cholesterol. This kind of masking helps the drug get through the blood-brain
barrier by hiding the fact that it is water-soluble. The brain likewise displays a similar pattern of therapeutic
peptides being hidden from peptide-degrading enzymes. Larger molecules may not pass through, though, if shorter
peptides with a high surface charge attach to receptors on one side only. Nonetheless, the drug may be coupled to
a target molecule, which would enable the drug to cross the blood-brain barrier with ease [80]. Peptide masking is
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further aided by C-terminal peptide thioesters. These also have an impact on how secondary amines are employed
to remove the Fmoc group from peptides and aminolyze them. However, their synthesis is carried out using the
backbone amide linker (BAL) approach, which masks the thioester functionality as a trithioortho ester during the
process. It would improve the drug's efficacy and delivery. Nevertheless, despite their promise, a large number of
peptide and protein drugs (P/P drugs) now on the market are unsuccessful in treating conditions because they
cannot be sustained or delivered to the brain. Because they can readily traverse the blood-brain barrier and deliver
the drug in pharmacologically meaningful doses, masking molecules with low molecular weights (400—500 Da)
are ideal for high accessibility.

Current Approaches and Challenges

Considerable efforts are currently being made to investigate proven nanodrug strategies for the management or
treatment of CNS disorders. Even However, many of the advancements are still in the early phases and require
more thorough preclinical testing using a variety of animal models. The development of proven nanodrugs to treat
CNS disorders in the clinic is hampered by concerns about safety, effectiveness, and nonsupervisory matters. The
BBB can be opened non-invasively when applying external stimulation, such as electromagnetic fields or
ultrasound, to improve the delivery of drugs to the brain. However, this approach has the potential to cause
colourful neurobehavioral disorders or other related negative effects. Systemic blood circulation is typically how
the most potent CNS rectifiers access the brain during traditional delivery [81]. Protein-nimbus formation is
recognized as a hindrance to the development of single and therapeutic nanoparticles for in vivo procedures. The
efficiency of the nanoparticles' targeting can be hampered by serum proteins that collect around them [82]. Recent
investigations conducted in vitro have demonstrated that the size of the paralyzed protein nimbus is influenced by
the NP face charge. Several research groups have thoroughly examined the impact of various flyspeck packets on
the protein list. Thus, prospective, reasonably priced announcement rectifiers may be developed shortly by
assessing the efficacy and safety of appropriate NPs through fatal clinical trials.

Nanotechnology may also play a role in improving the efficacy of the neutron prisoner cure and in optimizing the
delivery of boron to brain excrescences. The process of initiating nuclear reactions in the presence of free low-
energy thermal neutrons and boron-10 is known as boron neutron capture therapy (BNCT). These neutrons are
harnessed by boron-10 to produce high linear energy transfer (LET) nascence patches and flinching lithium-7
capitals, which ultimately destroy excrescence cells. At now, the treatment of neutron prisoners involves the use
of low molecular weight substances, specifically sodium borocaptate and boronophenylalanine. Promising results
have been shown in studies where cells were exposed to boron-containing nanocarriers, such as increased targeting
of excrescence cells, decreased toxicity to healthy cells, and high BBB saturation [83].

Limitations and future directions

Nanodrug has recently led to the development of customized drugs as well as intriguing new ways to treat CNS
diseases. It is necessary to consider it a successful way of supplying drugs over the BBB [84]. Therapeutic drug
carriers have the potential to diffuse across brain tissue, penetrate the blood-brain barrier, and target specific cells
via signaling mechanisms.

Nanotechnology-based pharmaceutical delivery systems have been continually investigated and emphasized in the
vast majority of nanodrug drugs being utilized to treat CNS diseases. Furthermore, several nanodrugs are presently
undergoing research trials; nevertheless, little is known about their transportation and security at this time [85].
Instability within the BBB, oxidative stress, and amino acid breakdown could all be caused by the characteristics
and content of nanoparticles [86], increasing their neurotoxic effects on the brain. Drug loading may be restricted
by functionalized nanoparticles' large surface area and compact form, which may lead to particle aggregation
despite their successful therapeutic localization. The amount of nano drug and the method of pharmaceutical
delivery may both contribute to increased neuroinflammation, which can result in oxidative stress, damage to DNA,
and allergic reactions. Therefore, it is essential to understand the biodegradability and biocompatibility of
nanodrugs. Developing and implementing standardized techniques to assess the toxicity of nanoformulations in
both in vitro and in vivo research is indeed critically needed to provide complete information on the toxicity of
nanoformulations in humans.
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Successful applications of nanodrugs must interact with neurons on a systemic level. Because of the intricate
cellular connections and limited anatomical accessibility at the neuronal level, drug transport may be more
problematic. It is a major issue to keep the central nervous system's vital functions intact during drug delivery.
Several multifunctional nanomaterials have been the subject of research, and the results have shown remarkable
challenges that need to be quickly overcome. For example, some of the micromaterials have properties like
biological reasonableness, effectiveness, biocompatibility, and toxic effects in the living organism classifications
[87]. Among the many challenging issues being worked on are the modification and control of nanotechnology,
pharmaceutical cargo packing, drug delivery to the brain, deep brain stimulation (DBS), implantation stimulation,
and even brain cell activity. The creation and characterization of nanoparticles appear to be crucial for their use in
drug delivery to prevent unintentional harm to healthy cells. Depending on the degree of neurodegeneration a
patient experiences, these advancements should make it simpler to develop drugs in the future.

A small number of other nanoformulations, such as organic or inorganic nanocarriers, are also presently being
investigated in preclinical research to decrease the incidence of cancer and lengthen life expectancy. The
NanoTherm® treatment, which similarly uses ferrofluid made of SPIONS, was invented by a German company by
the name of Magforce. The ability of these nanoparticles to kill cancerous cells by radiation and magnetic
hyperthermia has been shown [90]. Magnetic-electro nanoparticle-driven brain stimulation is one of the potential
indications; this could be a major implanted DBS therapy in the future [88]. This nanosystem may be engineered
to produce magnetothermic, magnetoelectric, acoustoelectric, photothermal, and photoelectric transformations,
which would cover tissue and cellular brain activities in many locations. The control of such stimulating and
excitatory properties can be adjusted based on the requirements of the brain tissue or cellular response.

Janus-based nanotubes (JBNTSs), which resemble DNA but may carry a charge and change in size based on the side
chains of the structure, are a novel sort of treatment that can transport particles across the blood-brain barrier. These
nanotubes become more functional with each side chain or alteration that is added, improving their capacity to
target and treat particular conditions [89]. These materials mimic natural collagen to prevent possible immune
reactions, but they also self-assemble using DNA-like principles to form a nanotube that is flexible enough to
complex with RNAs targeted to a range of different organs. As opposed to comparable carbon nanotubes, JBNTs
are more useful due to their capacity to form larger delivery vehicles and a range of distinct shapes based on the
drug's chemistry. Since JBNTs are DNA-inspired, they also exhibit improved endosomal escape and avoid many
of the harmful side effects linked to existing vehicles, such as polymers, carbon nanotubes, and liposomes.

New therapeutic options for the treatment of neurodegenerative diseases have emerged, including targeted gene
modification using gene-editing technologies (TALENs, CRISPR/Cas9) [90]. Implicit corrective solutions have
become more prevalent as a result of advancements in nanotechnology to slow the onset of Alzheimer's disease.
Hybrid nanodrug—a combination of NPs and EVs—is an efficient direct delivery technique as a result of ongoing
research into producing NPs, exosomes, and ligands at a rate that is appropriate and the evolution of circumstances
related to cut-hidden technology. Situations involving CSF endothelin-1 are associated with the rigidity of HIV
encephalopathy and are enhanced in HIV-1, ischaemic stroke, and subarachnoid hemorrhage.

Conclusion

The number of people with CNS diseases and brain tumours is continuously increasing as a result of the
environment's and lifestyle's ongoing decline. Because of these conditions' distinct surroundings, sensitivity to
outside substances, and intricate structures, which make it challenging to administer drug through them, the primary
treatment problem is the BBB's impermeability. A robust and efficient carrier that could deliver the drugs to the
target place effectively and with little to no adverse effects has to be developed.
When it comes to treating CNS illnesses, nanoparticles have demonstrated to be powerful and effective carriers
when compared to traditional therapy.

As theranostics for neuroprotection, nanoparticles such liposomes, polymeric nanoparticles, dendrimers, and
micelles are much sought after. There is a lot of interest in nerve growth factors and nanoformulations for
neurological illnesses, but little information is known about their side effects. Nevertheless, nanotechnology has
unequivocally shown itself to be a creative and inspiring source of scientific knowledge, allowing for the accurate
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and simple administration of drugs to the central nervous system. There is an urgent need to investigate novel
therapeutic options with promising outcomes due to the increasing number of brain illnesses and the growing
population. Utilising nanotechnology in neuroscience could solve unfulfilled clinical needs and offer better results
to patients. Pharmacological delivery to a specific target and sustained drug release may be regulated via a new
wave of nanodrug. It is predicted that the existing accepted technique of pharmaceutical distribution may be greatly
outperformed by the nanotechnology-based delivery system, which might also yield significantly more productive
customised drugs.
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