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Review / Derleme

Brain-Targeted Nano-Drug Delivery for the

Treatment of Parkinson's Disease
Parkinson Hastaliginin  Tedavisi icin
Nanoboyutlu ila¢g Salimi

Beyin Hedefli

ABSTRACT

Parkinson’s Disease affects 2% to 3% of overall individuals aged 65 years or older worldwide and is
considered to be the second most common age-related neurodegenerative disease. Neuropathologic
features of Parkinson’s Disease attributes to a loss of pigmented dopaminergic neurons in the
substantia nigra and the formation of Lewy Bodies, as a result of intracellular accumulation of a-
synuclein proteins. To our current day, only a few therapeutic approaches are considered promising,
one of which is the Nanoscale approach. It gives an advantage over conventional approaches by
offering solutions to complications that occur in the current treatment methods used for Parkinson’s
Disease, namely by encapsulating and protecting the drug from extracellular degradations, allowing
for a more sustained, efficient, and targeted drug release profile, thus reducing the risk of adverse
effects of the drug used. In this study, we review, discuss, and briefly explain the nanoscale
approaches, alternative administration routes, and studies conducted in vivo and in vitro for an
efficient treatment and an alternative approach to Parkinson’s Disease.
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(0

Parkinson Hastaligi tiim dlinyada 65 yas ve lizeri bireylerin %2 ila %3'linu etkilemektedir ve yasa bagh
norodejeneratif hastaliklar arasinda ikinci en yaygin hastalik olarak kabul edilmektedir. Parkinson
Hastaliginin néropatolojik 6zellikleri, Substantia nigra veya Kara maddede dopaminerjik néronlarin
kaybina ve a-siniklein proteinlerinin hiicre igi birikiminin bir sonucu olarak Lewy cisimciklerinin
olusumuna baglanmaktadir. Glinimizde, sadece birkag¢ terapétik yaklasimin umut verici oldugu
disuniulmektedir ve bunlardan biri de nanoboyutlu yaklagimdir. Parkinson Hastaligi icin kullanilan
mevcut tedavi yontemlerinde ortaya c¢ikan komplikasyonlara ¢oziimler sunarak, yani ilaci
kapsulleyerek ve hiicre disi bozulmalardan koruyarak, sirekli, verimli ve hedeflenmis bir ila¢ salim
profiline izin vererek ve bdylece kullanilan ilacin yan etkilerini azaltarak geleneksel yaklasimlara gore
avantaj saglar. Bu ¢alismada, Parkinson Hastaligina etkin bir tedavi ve alternatif bir yaklasim igin
nanoboyutlu yaklasimlar, alternatif uygulama vyollari ve in vitro/in vivo olarak yapilan ¢alismalar
gbzden gegirilmekte, tartisiimakta ve kisaca agiklanmaktadir.

Keywords: Kan-Beyin Bariyeri, Nano ilag Dagitimi, Nanopartikiiller, Parkinson Hastalig

Introduction

Neurodegenerative disorders such as Parkinson's disease (PD) and Alzheimer's disease (AD), are
defined as disorders that affect the neural system and cause the degeneration of neurons in the
brain. The degeneration stage is responsible for the resulting symptoms, starting with the gradual
loss of memory and coordination leading to a full loss of function. As current treatments can only
manage the symptoms, not the disorder progression, the attempts to discover effective ways to
diagnose, treat, and slow these disorders are important. To overcome these outcomes of disorder,
drugs or therapeutic agents are required to enter the central nervous system (CNS), in other words,
these drugs must infiltrate the blood-brain barrier (BBB). While this is not an easy mission due to the
structure and functional complexities of the BBB making the latter a major obstacle for drug delivery
to CNS (Pardridge, 2005). The unique structure of BBB plays a major role in the passage of any solutes
from the circular system to the brain, in detail, capillaries formed by the microvessel endothelial
cells, low pinocytic potential, high amounts of enzymes, and tight intercellular junctions are all

factors contributing to the permeability of the BBB. Furthermore, the comprehensive study of the
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BBB structure and full understanding of the disease will majorly
enhance the detection of the disease and innovate the
techniques used for circumvention and drug delivery to the brain
and targeting the affected cells (Spector, 2000).

However, due to its complex nature, the vast diversity of
genetic variation of the disease, and limited therapeutic
approaches to the disease, treatment of PD has branched to the
more personalized and molecular level. Genome editing
technology offers to treat the disease by genetically modifying
cells that are involved directly in the pathophysiology of the
disease or modifying the genome of a cell that is indirectly
involved with the disease however, can induce events to alleviate
symptoms caused by the disease. Although, a comprehensive
review article on current clinical trials on genome editing in PD by
Arango, David, et al. indicated the limitations and challenges of
genome editing technology and concluded that more research is
still needed on account of several reasons (Arango et al., 2021).
In recent years, the delivery of drugs and therapeutic agents
through BBB to the brain has significantly improved with the
discovery of Nanoparticles (NPs) and their ability to work as
nanocarriers for drug delivery such as Polymeric, Lipids, or Metal
NPs. The objective of these NPs is to carry the modified
therapeutic agents to the brain to induce a positive effect in
slowing the rate of the disease and its progression in the human
CNS (Kabanov & Batrakova, 2005).

This presented review is to serve the outcome of providing
an understanding of the essence of how brain-targeted nano-
drug delivery for the treatment of PD works and the methods
used. Our review is distinctly organized into several parts, starting
with a summarized introduction to PD and the conventional
therapeutic methods used in the modern day. Second, we
elaborate on BBB and its structure and how NPs can be used to
overcome this highly selective barrier to introduce an effective
CNS disease treatment. Third, we introduce the main forms of
NPs such as (Polymeric Nanospheres, Liposomes, Nanoemulsions
(NEs), and Metal NPs) for the treatment of PD with their different
structures and usages, demonstrating a promising future for
disease detection and drug delivery to the brain. Fourth, we
describe the administration routes of NPs in PD that showed
significant results through conventional and unconventional
routes. We finalize our review with a future perspective and
conclusion discussing the possible promising technique for
therapeutic repurposing against PD (Kabanov & Batrakova, 2005).

Neurodegenerative Diseases

Neurons are the building block of our nerves system and are
indispensable for the efficient operation of the human brain as
they are pivotal in facilitating communication and signaling
between different regions of the brain. Their intricate network
enables the transmission of vital information, contributing
significantly to basic human processes such as learning,
movement, body coordination, and memory retention.
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While neurons, like other body cells, are not immortal, their
gradual decline in number, along with alterations in neuron
structure and function, constitutes a fundamental aspect of
various brain disorders, a process termed neurodegeneration.
This process underpins the pathophysiology of conditions known
as neurodegenerative diseases which lead to debilitating
symptoms and cognitive decline. Understanding the mechanisms
driving neurodegeneration is crucial for developing effective
treatments to mitigate its impact on brain function and overall
well-being (Przedborski et al., 2003).

In a wider aspect, the name neurodegenerative disease
represents the existence of unusual elements like abnormal
protein misfolding in the neuron cells. These disorders affect
various neuronal regions while separately influencing a distinct
area of the brain. The precise reasons for the irregular folding and
build-up of proteins are not fully comprehended yet. Evidently,
neurological disorders are the result of disturbed immunity, age,
genetics, and environment (Kabanov & Gendelman, 2007).

Central Nervous System

The CNS, which includes the brain and spinal cord, is critical
for integrating information from many sensory modalities and
coordinating a variety of complex functions in order to maintain
homeostasis. The brain, the seat of consciousness and cognition,
is divided into distinct regions, each with unique functions. The
cerebrum, which makes up the majority of the brain, is in charge
of sensory perception, voluntary motor activities, and higher
cognitive processes including thinking, memory, and problem
solving (Mukhtoraliyeva et al., 2024). The cerebellum, located at
the rear of the brain, is responsible for muscular coordination and
balance. The brainstem, which connects the brain and spinal cord,
governs basic autonomic activities such as breathing, heart rate,
and digestion. The midbrain, located within the brainstem, is a
vital nexus in the CNS. The substantia nigra is located within its
walls and is home to dopaminergic neurons that create
dopamine, a neurotransmitter that is essential for many bodily
functions. Functions of dopamine go beyond the regulation of
voluntary movement to encompass aspects of reward,
motivation, and emotional health (Enriquez-Traba et al., 2023).

A complex bundle of nerves extends from the brainstem
down the spinal column, carrying impulses to and from peripheral
tissues. Sensory neurons carry information from the body to the
CNS, whereas motor neurons send orders from the CNS to
muscles and glands, allowing for coordinated motions and
reactions (Banerjee et al., 2023). The BBB protects the delicate
architecture of the CNS by strictly regulating the movement of
chemicals between the circulation and the brain. By
understanding the nuanced interplay of neurotransmitters,
neural circuits, and the protective mechanisms of the BBB,
researchers aim to devise innovative strategies that enhance drug
delivery precision, minimize side effects, and optimize
therapeutic outcomes.
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Figure 1: Structure and transport mechanism of Blood-brain Barrier: Endothelial cells, astrocyte end-feet covering the capillaries, and
pericytes submerged inside the capillary basement membrane together forms BBB. There are passive and active pathways to cross the BBB:
through tight junctions and transcytosis, which is the major method consisting of carrier-mediated transcytosis, receptor-mediated
transcytosis, active efflux carriers, and adsorptive-mediated transcytosis.

Blood-Brain Barrier

The BBB is an extremely selective partially permeable wall
of endothelial cells (EC) which prohibits pathogens in capillaries
from passing non-selectively into the interstitial fluid of the CNS,
where the neurons exist. EC, astrocyte end-feet covering the
capillaries, and pericytes submerged inside the capillary
basement membrane together contribute to the formation of the
BBB. Fig. 1 illustrates the structure and transport mechanism of
the BBB. This network enables the diffusion of certain small
molecules, selective and active transport of ions, and
biomolecules including sugars and proteins which are essential
for brain functioning. This transportation occurs with the help of
transport proteins that are specified for molecules. The barrier
also prevents the entry of peripheral immunological components
into the CNS, such as ligands, antibodies, and lymphocytes,
therefore protecting the brain from harm caused by peripheral
immune events (Li et al., 2018).

Many approaches have been suggested by using
nanotechnology to pass BBB, especially with NPs. Several NPs
have been used to overcome the selectivity of the BBB. The
lipophilic properties of certain NPs allow them to pass the BBB
and reach the nerve cells via a variety of alternative routes. There

are passive and active pathways to cross the BBB; through tight
junctions (Ding et al., 2020) and transcytosis, which is the major
method consisting of active efflux carriers, carrier-mediated
transcytosis, receptor-mediated transcytosis (RMT), and
adsorptive mediated transcytosis (Zhou et al., 2018).

Furthermore, with the help of encapsulating ligands, NPs
can target particular cells and move through the BBB from
circulation via RMT (Pulgar, 2019). The NPs loaded with drugs can
cross the BBB by passing through the tight junctions between the
ECs. Drug transport across the EC wall can also be promoted by
NP endocytosis and transcytosis (Saeedi et al., 2019). There are
numerous receptors that are present on the BBB and have the
ability to precisely interact with certain neurotransmitters and
uptake them into cells. The transportation of such molecules
through the BBB can be facilitated by the use of NPs. The most
successful technique for delivering NPs to the neurons over the
BBB has so far been RMT caused by the interplay of receptors and
ligands. Specialized ligands like glycoproteins interact with the
surface of NPs during the RMT (Sharma et al., 2019). This
interaction is dependent on the membrane endothelial receptors.
Alternative ligand chemicals, like lipoprotein, also can attach to
certain receptors (Rhea & Banks, 2021)

Current Research in Health Sciences
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Parkinson’s Disease

PD affects 2% to 3% of overall individuals aged 65 years or
older worldwide and is the second most common age-related
neurodegenerative disease after AD, although depending on the
environment, ethnicity, and race, the prevalence of PD varies
(Poewe et al.,, 2017). For example, concerning environmental
factors, the risk of PD is higher in individuals exposed to brain
injuries or who have inhaled or ingested pesticides, and lower in
caffeine and smoke users. In addition, the prevalence of
incomplete penetrance genes such as LRRK2 and GBA, which
encodes leucine-rich repeat serine/threonine-protein kinase 2
and glucocerebrosidase respectively, results in the increase of PD
prevalence (Chillag-Talmor et al., 2011).

substantia nigra and the dopaminergic neurons in the midbrain
with less severity compared to neurons in the substantia nigra.
Additionally, a-synuclein proteins accumulate in neurons in the
olfactory system and in monoaminergic and cholinergic
brainstem neurons. However, by the end stage of PD, loss of the
dopaminergic neurons is more widespread, and intracellular
accumulation of a-synuclein proteins in neocortical and limbic
regions is observed (lacono et al., 2015). Fig. 2 describes the a-
synuclein pathophysiology of PD and formation of LBs, illustrating
the molecular and cellular mechanisms that contribute to the
degeneration of dopaminergic neurons in the substantia nigra.

Genetic mutations in SNCA, VPS35 and LRRK2 are primary
reasons behind autosomal-dominant form of PD while, loss of
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Figure 2: Cellular pathophysiology of Parkinson’s disease

Neuropathologic features of PD are attributed to the loss of
pigmented dopaminergic neurons in substantia nigra and the
formation of Lewy bodies (LBs), as a result of intracellular
accumulation of a-synuclein proteins. However, individually
neither the intracellular accumulation of a-synuclein proteins nor
the loss of pigmented dopaminergic neurons in substantia nigra
is a specific attribute of PD, although together, these
neuropathologic features are specific parameters for the
diagnosis of idiopathic PD (Marsili et al., 2018). As the disease
progresses, neuropathologic characteristics show abnormalities.
In the earlier stages of PD, loss of pigmented dopaminergic
neurons is exclusive in both the ventrolateral region of the
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function mutations in PRKN, PINK1 and DJ-1 are mainly
responsible for autosomal-recessive form of PD. In brief, SNCA
encodes for a small protein called a-synuclein which has high
expression profiles in pre-synaptic terminals of CNS. Though, it’s
function is mainly unknown, according to literature a-synuclein
plays a role in neurotransmitter release and synaptic plasticity.
Mutations in SNCA results a-synuclein to misfold and accumulate
in intracellular space. VPS35 encodes for Vacuolar protein
sorting-associated protein 35 which is one of the elements in the
retromer complex. D620N pathogenic mutation in VPS35 induces
the accumulation of a-synuclein proteins in dopaminergic
neurons. LRRK2  encodes for  Leucine-rich repeat
serine/threonine-protein kinase 2. Multi-domain protein
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encoded by this gene regulates intracellular protein trafficking
and contains protein kinase and GTPase activities. G2019S
pathogenic mutation in LRRK2 induces degeneration of
dopaminergic neurons while several other mutations affect
accumulation of a-synuclein proteins by preventing degradation.
PRKN encodes for Parkin. Proteins encoded by this gene acts as a
E3 ubiquitin ligase and regulates post-translational modifications
of ubiquitin proteins and lysine residues. Mutations in PRKN
account for the 77% of known cases in early onset of PD in
individuals under the age of 30. PINK1 is located in human
chromosome 1 and encodes for PTEN-induced protein kinase 1.
Protein encoded by this gene acts alongside with Parkin by
recruiting it to the site of damaged mitochondria and trigger
mitophagy. Loss-of-function mutations in PINK1 affects the
kinase domain of the protein and reduces the efficacy for
mitophagy. DJ-1 encodes for Protein DJ-1. Protein encoded by
this gene regulates oxidative stress of the neurons by acting as an
antioxidant. Point and structural mutations in DJ-1 result in
pathological oxidative stress and degradation of neurons.
Pathological mutation in DJ-1 accounts for 1-2% of known cases
in familial early onset of PD (Balestrino & Schapira, 2020).

As given in the previous paragraph, several proteins
encoded by PD-related genes intervene in molecular pathways,
particularly in mitochondrial function, oxidative stress,
neuroinflammation, calcium homeostasis, a-synuclein
proteostasis, and axonal transport, consequently accumulation of
these proteins results in the sporadic PD-like neuropathology.
Additionally, a genome-wide association study by Mike A. Nalls et
al. indicated that several PD-related genes encoding for those
proteins are also influenced in sporadic PD. Increased
transcription of SNCA, a gene that encodes a-synuclein, results in
mitochondrial accumulation in the deficiency of respiratory
complex | and an increase in oxidative stress (Nalls et al., 2014).

Conventional Therapies in Parkinson’s Disease

The underlying mechanism of cardinal motor degeneration
in PD is a consequence of the loss of pigmented dopaminergic
neurons in substantia nigra pars compacta, which then results in
dopamine depletion in the striatum (Vekrellis et al., 2011). To
substitute the dopamine depletion in the striatum, the regulation
of dopaminergic transmission is maintained by the administration
of certain drugs for the management of PD symptoms. Levodopa
(L-DOPA) is a dopamine precursor used vastly in the management
of PD; however, L-DOPA has low bioavailability and in order to
obtain its stable effects, the dosage of this drug is increased,
which results in the increase of its side effects. According to the
study done in vivo by I.G. Kondrasheva et al, intranasal
administration of L-DOPA conjugated PLGA (L-DOPA-PLGA)
resulted in a 90+13% long-lasting and higher effect after 24 hours,
moreover, after 4 weeks of administration, coordination of L-
DOPA-PLGA treated rats were two times greater compared to
naked administration of L-DOPA and L-DOPA+benserazide
treated rats (Gambaryan et al., 2014).

New Approaches

As stated, conventional treatment approaches for PD are
limited, and therapeutic agents only alleviate the symptoms that
the disease causes, rather than preventing its progression.
Moreover, these agents do not address non-dopamine-
dependent attributes. With advancements in technology and a
better understanding of the pathophysiology of PD, novel
approaches are emerging. These aim to treat the disease by
targeting its molecular, genetic, and cellular structures.

Immunotherapy

Cell to cell spread of a-synuclein aggregates directly induces
the extracellular propagation of pathophysiology of the disease
to healthy, adjacent dopaminergic neurons. As research by
Shahnawaz et al. aims to identify the strains of a-synuclein that
are responsible for the propagation of the aggregates,
experimental approaches are aiming to prevent the cell-to-cell
spread of a-synuclein aggregates (Shahnawaz et al., 2020). For
instance, in order to degrade extracellular disease-propagating a-
synuclein, antibodies have been utilized. According to research
conducted by Fields et al. passive and active immunization
techniques against a-synuclein have been demonstrated as
neuroprotective agents in animal models, as well as in early
clinical trials in humans (Fields et al., 2019).

Gene Therapy

Gene therapy is employed to correct, replace, or silence the
gene of interest and offers advantages over conventional
approaches to the disease, as minimal to no adverse effects are
reported. In the treatment of PD, gene therapy is directed
towards the disease by interacting with either disease-modifying
or non-disease-modifying genes, and generally, the delivery of
the sequence of interests is conducted by adeno-associated
viruses or non-replicating viral vectors. Briefly, the disease-
modifying approach aims to prevent the neurodegeneration
caused by PD, while the latter aims to target the expression of
dopaminergic enzymes. An article aiming to approach the disease
by the latter, identified the genes and enzymes responsible for
dopamine synthesis in neuronal cells (Nagatsu, 2023). The article
further reported that reconstructing the diminished dopamine
synthesis pathway in dopaminergic cells in the substantia nigra by
introducing the genetic sequence of three enzymes responsible
for dopamine synthesis was well tolerated by monkeys.

Cell Therapy

Over the decades, cell and tissue-based therapies were
within the scope of interest. However, due to difficulties in
standardization and adverse side effects, particularly stemming
from the heterogeneous cell population present in tissue
transplants, research has shifted towards homogeneous cell
transplantation, consisting particularly of induced pluripotent
stem cells. This shift occurred because replacing the lost cells with
cell therapy lacked the disadvantages that tissue-based therapies

Current Research in Health Sciences
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Figure 3: Nanoparticles used in the treatment of Parkinson’s can be generally categorized as polymeric, lipids, metal NPs, and carbon
nanotubes. Polymeric nanoparticles which are nanocapsules, nanospheres, dendrimers, and polymeric micelles, are mainly composed of
either natural or artificial polymers. Solid lipid nanoparticles, liquid nanoemulsions, and an amorphous mixture of solid and liquid
nanoparticles — nanostructured lipid carriers, liposomes, and exosomes are the main types of lipid nanoparticles.

had. Research conducted by Kikuchi et al. demonstrated that
primates induced with Parkinson's disease, transplanted with
dopaminergic progenitor cells derived from induced pluripotent
stem cells, have survived, and functioned as dopaminergic
neurons (Kikuchi et al., 2017). Furthermore, primates who
received that cell therapy showed increased movement after
transplantation.

Repurposing of Other Drugs

The process of finding new uses or applications for drugs
that fall outside the scope of their original medical indications is
referred to as drug repurposing. Rather than creating brand-new
medications from the ground up, scientists investigate already-
approved medications to discover new therapeutic applications,
frequently for ailments other than those for which they were
intended. Repurposing existing drugs can result in shorter
development times and less expense spent than creating brand-
new ones. For instance, an article by Stoker et al. reported that
nilotinib, a tyrosine kinase inhibitor, has been repurposed and
tested in patients with PD (Stoker et al., 2018). Since nilotinib is
used to treat chronic myelogenous leukemia, and exenatide is an
established treatment for type 2 diabetes mellitus, data on the
safety and tolerability of these agents in patient populations were
already available. Moreover, they also indicated that in mouse
models with nigrostriatal degeneration, exenatide has been
demonstrated to have neuroprotective and neurorestorative
effects.

Current Research in Health Sciences

Nanoparticles for the Treatment of Parkinson’s Disease

The recent advances in nanotechnology have shown that
the utilization of NPs in the medical field holds great potential due
to the numerous characterizations and properties such as shape,
surface, size, and many others that can be harnessed to develop
NPs as carriers of medications for treating and targeting various
diseases. NPs have an impressive malleability allowing for the
attachment of different biomolecules, resulting in safe and
efficient transportation of pharmacologically active agents such
as drugs. Due to their extremely small size (1-100nm), NPs can
penetrate major physiological barriers such as the BBB (Venkatas
& Singh, 2021). Many NPs have been employed in this matter, NPs
can be generally categorized as polymeric, lipid, and inorganic
NPs, as illustrated in fig. 3.

Polymeric Nanoparticles

With the two essential types being Nanocapsules and
Nanospheres, the polymeric NPs are mainly composed of either
natural or synthetic polymers. Furthermore, they are sorted into
very specific structures that have proven the characteristics of
biocompatibility, biodegradability, and non-toxicity. The Concept
of Nanocapsules is that the drug is encapsulated in a polymeric
vesicle. On the other hand, Nanospheres, where the drug is
enclosed in a matrix of polymer or adsorbed onto its surface is
degraded allowing flexibility in the rate of delivery reaching from
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days to months (tukasiewicz et al., 2021). In addition, more
advanced polymeric structures such as Polymeric micelles and
Dendrimers are explained in the following section.

Polymeric Nanospheres

Various types of synthetic polymeric nanospheres,
generally, polyglycolic acid, polylactic acid, polyethylene glycol
(PEG), poly(e-caprolactone) (PCL), and Poly(lactic-co-glycolic acid)
(PLGA) are employed regarding their biocompatibility,
biodegradability and, modifiable surface structures such as
ligands and proteins for site-specific deliveries and increased
permeabilities from biological barriers (Castro et al., 2022).

According to the in vivo study by Yuying Zhao et al., oral
administration of Ginkgolide B, which has an antioxidant and
neuroprotective effect encapsulated PEG-PCL in MPTP, induced
murine PD model resulted in more efficient uptake and
accumulation of Ginkgolide B in both cerebral cortex and blood
compared to naked oral administration of Ginkgolide B and
concluded that encapsulation of Ginkgolide B with PEG-PCL has
increased the efficacy of drug intake, achieved the more
sustained release of the drug, and decreased the toxicity caused
by Ginkgolide B (Y. Zhao et al., 2020). In another study conducted
in vivo and in vitro by Kaili Hu et al, in vitro uptake of Lactoferrin
conjugated PEG-PLGA (Lf-PEG-PLGA) resulted in more
accumulation compared to unconjugated PEG-PLGA in bEnd. 3
cell line, moreover human-GDNF administration (IV) of urocortin
incorporated Lf-PEG-PLGA resulted in 2.49 times of greater
accumulation compared to urocortin incorporated unconjugated
PEG-PLGA in 6-OHDA induced PD mouse model and included that
urocortin incorporated Lf-PEG-PLGA decreased the striatum
lesion induced by 6-OHDA in vivo, finally concluded that Lf-PEG-
PLGA might be a promising therapeutic potential for PD (Hu et al.,
2011).

Other than these synthetic polymeric examples, there are
also natural polymers that are quite useful in drug delivery to the
brain. The biggest example of these polymers is chitosan (CS). CS
is a linear polymer that can be obtained from the chitin shells of
crustaceans. The production of CS-NPs is a convenient strategy
because of their biocompatibility and unique features, including
positive charge, that allows for ionotropic gelation (Sahin et al.,
2017). Md, Shadab et al. investigated whether bromocriptine-
loaded CS-NPs can deliver therapeutic agents to the brain via a
non-invasive nasal route, hence increasing bioavailability (Md et
al., 2014). NP compositions did clearly reverse haloperidol-
induced PD, according to a dopaminergic and histopathological
analysis of murine brains. Such observations imply that the drug
delivery method presented here might provide an efficient non-
invasive way of promoting BRC entrance to the brain in clinical
cases. Hernando et al. also made research to establish a unique
NP, glial cell line-derived neurotrophic factor (GDNF)
encapsulated in CS-coated Nanostructured Lipid Carriers (NLCs)
modified with trans activator of transcription peptide (NLC-TAT-
GDNF) for intranasal delivery to improve brain targeting in PD
(Hernando et al., 2018). Motor recovery and modulation of

microglia activation were observed in the CS-NLC-TAT-GDNF-
treated cohort, which was verified by immunohistochemical
tests. As a result, it is possible to infer that intranasal delivery of
CS-NLC-TAT-GDNF could be a useful approach for PD treatment.
There are many other studies about CS-NPs which have been
successful and considered promising for PD.

Polymeric Micelles

Polymeric Micelles are dendrites considered as a form of
complicated polymeric structures. These Polymeric micelles are
composite of either natural or synthetic existing polymers and are
structured in different ways. Polymeric micelles have
demonstrated very promising characterizations that are essential
for in vivo applications such as biocompatibility, biodegradability,
and non-toxicity. Polymeric micelles are exceptionally well
appropriate for drug delivery functions because they are
characterized by nanoscopic core/shell configurations created by
amphiphilic block copolymers, in addition to their inherent and
modifiable characteristics especially for hydrophobic drugs.
Inside the hydrophobic core of the polymeric micelles, the
polymer chains have the ability to move in a way that allows
significant amounts of the water-insoluble drug, reaching almost
50% of the micelle’s weight without any major changes in the
structure of the polymeric micelle (Alexander, 2018).

Wang, F. et al. state in their work that a poorly water-soluble
non-ergoline dopamine agonist indicated for the treatment of PD
called Rotigotine (ROT) has reached a (2.98 = 0.92) mg/ml
concentration and an absolute bioavailability of 84.6% which is a
major increase compared to the conventional method of using
ROT as PD treatment through IV of free ROT (F. Wang et al., 2020).
In their conducted study, they have encapsulated ROT within the
polymeric micelles so that it releases in a water-based
thermosensitive gel after using the nasal route for administration
in the rat model.

Dendrimers

Dendrimers are spherical polymers that are extremely
branched and adjustable, produced by a sequence of organic
coatings constructed on a smaller main component. These NPs
are applied as possible nanocarriers of other functionally active
pharmaceutical agents or as drugs themselves. Dendrimers have
excellent biocompatibility and a hydrophilic outer layer, which
make them useful in the nano-drug delivery field (Zhu et al.,
2019). Poly(amidoamine) (PAMAM) dendrimers are an example
of a flexible and repeatable form of NPs that may be loaded with
drugs and changed by adding specific proteins which can target
certain receptors (Abedi-Gaballu et al., 2018). Rekas et al.
investigated the influence of PAMAM (G3, G4, and G5
generations) on a-synuclein fibrillation (Rekas et al., 2009).
PAMAM dendrimers prevented a-synuclein fibrillation, and this
activity grew relative to generation order and PAMAM content.
PAMAM efficiently stimulated the breakdown of previous a-
synuclein fibrils too. Because a-synuclein oligomers are thought
to be cytotoxic, dendrimers, that induce amorphous aggregation
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and limit the number of fibrils, may provide chances for a
prophylactic strategy to the therapy of PD. Furthermore,
phosphorus dendrimers can also inhibit a-synuclein fibrillation,
nonetheless, their efficiency is dependent on the dendrimer
amount and size. Lower amounts of phosphorus dendrimers were
shown to suppress a-synuclein fibrils in several research studies
(Ferrer-Lorente et al., 2021; Majoral et al., 2021).

Lipids

Due to their properties, lipid-based NPs are highly
biocompatible. They can easily enter the CNS and bypass the first-
pass metabolism of the body when absorbed through the
lymphatic system. According to recent studies, lipid-based
vesicles such as exosomes are an example, which is composed of
phospholipids, and used to encapsulate drugs in PD model
studies.

Solid Lipid Nanoparticles

Solid lipid NPs (SLNs) are globular NPs with an approximate
diameter of 10 to 1000 nm that are utilized in innovative drug
delivery mechanisms due to their high biodegradability (Duan et
al.,, n.d.). A solid lipid inner structure in SLNs helps to dissolve
lipid-soluble compounds. Surfactants (emulsifiers) help to keep
the lipid center stable. SLNs are mainly used as nanocarriers for
dopamine agents in the treatment of PD. Esposito et al. reported
research for the production of a novel bromocriptine (BK) drug
delivery mechanism, which is tested on PD hemilesioned rodents
(Esposito et al., 2008). The tristearin-tricaprin mixture produced
SLN with fixed sizes for up to six months after synthesis.
Encapsulated BK was released in a protracted form for forty-eight
hours with the help of Tristearin-tricaprin NPs. It is shown that
encapsulating with SLN can be an efficient method for increasing
the half-life of BK. Tsai et al. investigated the possibility of oral
apomorphine (AP) administration via SLNs (Tsai et al., 2011).
Glyceryl monostearate (GMS) and polyethylene glycol
monostearate (PMS) have been used as emulsifying agents in
SLNs. The in vivo drug dispersion data showed that SLNs
effectively delivered AP to the brain striatum, significantly
improving the potential of AP to cure PD. In a rodent model with
PD, they discovered that the results of PMS outperformed GMS.
Thus, oral delivery of AP from SLNs may be preferable over
subcutaneous injection. To evade first-pass metabolism and
increase efficiency in the treatment of PD, Pardeshi et al.
examined intranasal administration of RP IV encapsulated in SLNs
via the emulsification-solvent diffusion method (Pardeshi et al.,
2013a). The findings indicated that the examined drug delivery
mechanism might be seen as a potential option other than
traditional tablet formulations. Leonardi et al. developed cationic
SLNs for the ocular administration of Idebenone (IDE), an
effective drug targeting mitochondrial dysfunction in PD
(Leonardi et al., 2015). To assess the effect of NP coating on the
antioxidant potential of IDE, an in vitro Oxygen Radical
Absorbance Capacity test was conducted. The IDE-loaded SLNs
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produced in PBS demonstrated improved drug stability in
contrast to the uncoated drug while retaining its in vitro
antioxidant properties.

Nanostructured Lipid Carriers

NLCs are synthesized by mixing insoluble SLN and liquid NEs
to form an amorphous solid mixture. NLCs are solid both in the
body and at room temperature; therefore, have enhanced
physical stability. The oil molecules in the mixture have no effect
on the Solid Lipid’ crystal matrix and crystals in SL don't dissolve
in Liquid Lipids (LL) (Haider et al.,, 2020). Furthermore, LL
incorporation into the matrix results in the formation of an
amorphous lattice in the crystalline solid matrix of NLC; therefore,
allowing more substance to be delivered. NLCs are classified with
respect to their lipid content and divided into three groups,
imperfect, amorphous, and multiple structures; hence
synthesized accordingly. The size of NLCs generally ranges
between 10 nm — 1000 nm and as surface area varies, the
biocompatibility and drug release capacity of NLCs is affected
(Uner, 2015). To enhance cellular uptake, the size of NLCs used to
deliver chemotropic agents is suggested to be around 50 nm —
300 nm. The study done in vivo and in vitro by O. Gartziandia et
al. indicated that daily intranasal administration of GDNF in CS-
NLC-GDNF with a size of 130 nm was applied on 6-OHDA partially
lesioned rat model and achieved behavioral improvements after
2 weeks and prevented 6-OHDO toxin to invade P12 cells.
Furthermore, the in vitro findings concluded that CS-NLC-GDNF
might be a therapeutic potential for PD (Gartziandia et al., 2015).

Nanoemulsions

NEs, also can be referred to as submicron emulsions, are
stable isotropic systems in which immiscible liquids are made
miscible to form a single-phase by the usage of surfactant or mix
of surfactant with a co-surfactant (Nirale et al., 2020). NEs are
mainly synthesized from generally regarded as safe
pharmaceutical surfactants that can dissolve drugs with low
solubility and prevent drugs from enzymatic degradation. NE
globules contain negatively charged lipophilic and amorphous
surfaces. Due to these properties, those globules can fuse with
organisms containing lipid-based membranes and increase the
efficacy of drug delivery while reducing the toxicity caused by it
(McClements, 2021). A study done in vivo by Bharti Gaba et al.
indicated that intranasal administration of physically stable
Naringenin (NRG) NE incorporated with Vitamin E was successful
to reverse grip strength, swimming activity, and muscle
coordination induced by 6-OHDA in rats while increasing the
efficacy of NRG to the brain by avoiding systemic circulation and
protecting it from enzymatic degradation (Gaba et al., 2019).
Another study done in vivo and in vitro by Gulam Mustafa et al.
indicated that intranasal administration of thermodynamically
stable NE incorporated with RP in the Wistar Rat brain resulted in
notable translocation in the brain. The study concluded that
intranasal administration of NE incorporated with RP has
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therapeutic potential for the treatment of PD (Mustafa et al.,
2012).

Liposomes

Liposomes are globular vesicles composed of one or more
phospholipid bilayers that surround a watery center. They show
remarkable drug delivery technology due to their nontoxicity and
biodegradability. Liposomes have increased drug therapeutic
potential by stabilizing chemicals, overcoming barriers to cellular
and tissue absorption, and boosting drug distribution to specific
areas in vivo, all while avoiding cytotoxic effects (Guimardes et al.,
2021). Liposomes can be effectively loaded with active
substances to bypass the BBB and increase the therapeutic
efficacy of medications treating CNS-related diseases (Agrawal et
al.,, 2017). Wang et al. investigated the preventive role of
liposome-encapsulated resveratrol, a notable antioxidant,
obtained from Polygonum cuspidatum on substantia nigra
neurons of PD mice (Y. Wang et al.,, 2011). The findings
demonstrate that after 2 weeks of liposome-encapsulated
resveratrol treatment, the unusual rotary attitude, failure, and
cell death of substantia nigra neurons, and overall Reactive
Oxygen Species (ROS) levels were considerably reduced, while the
antioxidative potential of nigral tissues was highly improved.
However, resveratrol is liposome NPs that have a greater impact
than basic resveratrol delivery. Kizelsztein et al. observed that
Tempamine (TMN), a strong antioxidant, is effective in
suppressing experimental autoimmune encephalomyelitis in rats
when entrapped in the intraliposomal aqueous solution of
pegylated nanoliposomes (nSSL) (Kizelsztein et al., 2009). Drug
distribution tests of nSSL-TMN demonstrated that over 3% of the
liposome-given amount entered the cortex of the
encephalomyelitis rats. This aggregation inside the brain,
together with the feature of TMN exhibits a regulated delayed
release from the nSSL, which can indicate why nSSL-TMN has
higher curative effectiveness over bare TMN. The findings imply
that further research into nSSL-TMN for the treatment of PD
against ROS is worthwhile.

Exosomes

Exosomes are extracellular membrane-bound vesicles with
a wide range of compositions that participate in
pathophysiological activities. Exosomes have been utilized as
diagnostic indicators and possible drug delivery carriers due to
their small size and ability to transport desired molecules to
target tissues. Some features of exosomes include
biocompatibility, favored tumor targeting, customizable
addressing efficacy, and stability. Making them eye-catching and
ideal for drug delivery systems in a variety of illnesses and cancer
treatment (Patil et al., 2020). Zhao et al investigated the use of
genetically engineered macrophages for actively targeted brain
administration of GDNF (Y. Zhao et al., 2014). In PD rats, systemic
injection of GDNF-expressing macrophages dramatically reduced
degeneration and inflammation. Behavioral investigations
verified the therapeutic potential of macrophage-based drug
delivery systems. Another proposed medicinal method is the

production of exosomes carrying the expressed neurotrophic
factor, accompanied by effective GDNF transport to targeted
cells. These combinations can act as a novel method relying on
cell-mediated active administration of drugs that halt or prevent
the course of PD, eventually providing a chance to individuals
who already are severely afflicted by the condition. Furthermore,
PEGylation studies have been conducted to test the distribution
of medicine found in various drug delivery systems. Exosomes
lacking PEG, operating as a drug-loaded NP delivery mechanism,
demonstrated superior distribution, half-life, and possible
capacity to penetrate the BBB, delivering their cargo to recipient
cells (Batrakova & Kim, 2015; Haney et al., 2015). Exosomes also
are implicated in the transportation of a -synuclein, which is
essential for the development of PD.

Metallic Nanoparticles

In the presence of several important characterizations such
as the physicochemical and biological compatibility in metals,
such as Platinum, Gold, Silver, and Palladium, they have been
recently utilized as materials for NP synthesis. For example, Gold
NPs (AuNPs) are quite modifiable for the required purpose as
they have been used before in many areas. Silver NPs (AgNPs),
have demonstrated an adequate anti-viral and anti-microbial
characteristic. There are also Bimetallic NPs which it is a
composite of two different metals such as Au-Pd NPs, which are
NPs tuned with Quercetin, holding the ability for induced
autophagy in AD.

Gold Nanoparticles

AuNPs can be synthesized or modified by various types of
methods regarding the required size, shape, and surface
properties. Respective of their surface properties and area to be
targeted, AuNPs can be conjugated with several types of
substances or molecules such as antibodies, nucleic acid
sequences, lipids, carbohydrates, and proteins (Pissuwan, 2017).
In a review written by L. A. Dykman and N.G. Khlebtsov, the vast
majority of AuNPs applied in biomedical applications are either
spherical-shaped or rod-shaped particles (Dykman & Khlebtsov,
2011). Due to their differences in size and shape, AuNPs
mentioned earlier exhibit unique cellular uptakes and optical
properties which give rise to wide usage of AuNPs in vitro and in
vivo. A Study done by Emily Cérneo et al. indicated that
applications of AuUNPs (20nm) with 2.5mg/kg concentration for 5
consecutive days in 40 PD male mouse models significantly
reduced the oxidative stress and moderately increased
neurotrophic factors without toxicity (da Silva Cérneo et al.,
2020). Another study done by Jinwei Xue et al. indicated that
AuNPs synthesized from the root extract of Paeonia Moutan
applications of PM-AuNPs with 20uL/mL decreased the ROS
generation levels of BV2 cells in vitro while in vivo PM-AuNPs has
increased the dopamine levels in substantia nigra and motor
coordination in PD mouse models (de Bem Silveira et al., 2021;
Xue et al., 2019).
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Silver Nanoparticles

Generally, AgNPs range between 1-100 nm in scale and
exhibit bactericidal properties by binding to the cell wall when
ionized. Resulting in cellular damage to bacteria (T. Galatage et
al., 2021). Apart from this property, when AgNPs are introduced
to mammalian cells, they can cause damage by binding to the
DNA and thiol groups of proteins due to the release of Ag+ ions
(Gonzalez-Carter et al., 2017). Moreover, resulting in damage to
the cellular & mitochondrial membrane and mitochondrial
respiratory chain, leading to the production of ROSs and even cell
death by inducing intrinsic apoptosis at a high rate (Mao et al.,
2018). According to the in vitro study done by Akira Onodera et
al., cells were exposed to AgNPs with a size of 70 nm, and 1 nm
with a concentration of 5 uL/mg for an hour, which increased the
ROS production in mitochondria only after 5 minutes and
concluded that ROS production levels were higher with respect to
the surface area of AgNPs that were used (Onodera et al., 2015).
Another study done by Gonzalez Carter et al. indicated that
applications of citrate-capped AgNPs, in mouse microglial N9 cell
line given that microglial cells are correlated to PD, has
significantly decreased inflammation of microglial cells and
lipopolysaccharide (LPS)-mediated ROS by intracellular Ag2S
formation resulting from CSE-mediated H2S production
(Gonzalez-Carter et al., 2017).

Carbon Nanotubes

Carbon nanotubes (CNTs) are defined as cylindrical hollow
shapes created by the rolling of graphene, they are categorized
depending on the number of walls forming the cylindrical shape
as single-walled, double-walled, and multi-walled (Herholz,
2008). CNTs are equipped with various properties, but their large
surface area, small size, and ability to carry chemicals are the
most advantageous properties that are used in the drug delivery
field (Mota & Esteves, 2007). In detail, by creating either
Supramolecular assemblies or stable covalent bonds, CNTs are
loaded (LPS)-mediated

CNTs are able to penetrate the cells and allow the delivery
of the drug to the cell. Originally, CNTs are fundamentally
hydrophobic thus, in most solvents and biological media they
cannot diffuse equivalently, so the drug delivery process doesn’t
happen efficiently till they are improved by functionalization
which enhances their biocompatibility and solubility (Sun et al.,
2006).

A recent study by Z. Yang et al, demonstrated how they have
modified single-walled carbon nanotubes (SWCNTs) into
delivering drugs in a successful manner for the treatment of
experimentally induced AD with adequate dosage (Z. Yang et al.,
2010). The inability of neurons to synthesize Acetylcholine (ACh)
and the constant decrease in this neurotransmitter of the
cholinergic nervous system is the main cause of AD (Linhardt et
al., 2008). The controlled drug delivery of ACh into the brain can
relieve the caused symptoms in the patients such as dementia,
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but free ACh cannot enter the brain because of its strong
polarities and ease of decomposition in blood. SWCNTs are
considered very efficient for the delivery of ACh molecules
because of their ability to penetrate the brain through nerve
axons and the absorption of both organic and inorganic
substances (Kane & Stroock, 2007). Moreover, the ACh molecule
is composed of an acetyl group and a quaternary ammonium
group, allowing SWCNTSs to absorb it effectively. The evidential
medical impacts on the experimentally induced AD showed that
SWCNTs effectively carried ACh into the brain and made ACh
levels higher than an AD patient, thus, acting again as a
neurotransmitter (M. Zhao et al., 2001).

Administration Routes of Nanoparticles in Parkinson’s
Disease

Throughout recent studies and research, NPs have shown
the ability to enhance drug delivery by the utilization of both
conventional and unconventional administration routes, in the
following section we discuss the administration routes and
applied studies using these delivery methods.

Oral Delivery

Oral delivery is considered to be the most preferred method
of drug administration that is easily self-administrated and is non-
invasive like the IV route and doesn’t need sterilization
beforehand. Oral delivery is deemed very challenging when it
comes to stabilizing a certain bioavailability and concentration
levels of a drug due to the constantly changing gastrointestinal
(GI) tract nature and its conditions such as pH variations,
thickness, the structure of the mucus covering the interior of the
stomach walls, and the numerous cell types accompanied with
different physiological functions, these conditions form an
obstacle in the way of sufficient drug delivery resulting in the
need for innovative NP design (Date et al., 2016). Controlling both
site and rate of absorption is essential for an adequate design of
drug formulations, moreover, NPs such as liposomal drug forms
are being investigated to increase the oral route absorption (Date
et al., 2016). A study conducted by Tsai et al. demonstrated the
usage of NP encapsulation of Apomorphine, which is a dopamine
receptor agonist for the treatment of PD that is administered in a
subcutaneous injection with high frequency due to low half-life,
and because of quick degradation in the GI tract and first-pass
effect, it has a very poor oral bioavailability (<2%) (Bolger, 2018;
Tsai et al., 2011). They decided to develop SLNs to encapsulate
apomorphine in order to reach the appropriate oral
bioavailability and desired location targeting. With an
entrapment rate of 90%, the NPs developed were able to
withstand up to 21 days in storage following oral administration
of SLNs to rats, it was noticed that the bioavailability has got
significantly enhanced by roughly 12- to 13-fold in comparison
with the NP-free control group. More specific findings have
demonstrated that one dose of SLNs loaded with Apomorphine
has had the outcome of a bioavailability of around 25%, on the
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other hand, by only using an oral solution, a bioavailability of 2.1%
was recorded. Furthermore, the developed oral SLNs have shown
the ability to deliver the same quantities as in conventional
treatment in the mice brains and a promising greater therapeutic
effectiveness when evaluated to a conventional Apomorphine
solution (Tsai et al., 2011). Thus, yielding these Apomorphine
encapsulated NPs as a very promising solution for oral
administration.

Intranasal Route

BBB poses a significant challenge in the administration of PD
therapeutic agents. Due to this reason, intranasal delivery is
proposed for the delivery of some PD drugs. The Olfactory and
Trigeminal pathway of the nasal mucosa to CNS makes it a
potential adsorption site for therapeutics with minimal
invasiveness, preventing Gl and first-pass disruption, as well as
bypassing the BBB, therefore increasing bioavailability and
efficacy of drugs to be delivered. Recent studies indicated that
the administration of PD drugs by intranasal route showed a
dense accumulation of drugs in CNS as well as less systemic
toxicity due to the adverse effects of PD drugs (Silva et al., 2021).
However, due to the enzymatic degradation and surface charge
of PD drugs, naked administration of these therapeutic agents
decreases the efficacy significantly, therefore nanocarriers with
suitable properties are proposed (Su et al., 2020). According to a
study done in vivo and in vitro by Chandrakantsing V. Pardeshi et
al. in vitro permeability test through sheep mucosa of RP loaded
polymeric hybrid NP - achieved 78.46% mucoadhesion and
61.34% RP diffusion, and in vivo, intranasal administration RP
incorporated NP in PD mice model decreased shivering and
immobility in compression to oral-administration of RP tablet
(Pardeshi et al., 2013b).

Transdermal Route

Transdermal drug administration might allow for continuous
delivery of drugs, improved patient outcomes, and transfer
straight to the blood (Rabiei et al., 2020). Nevertheless, these
mechanisms are still not completely evolved, and it is difficult for
many chemicals to get through the epidermis. Numerous
permeability indicators have been established (Chen et al., 2020).
These solutions, unfortunately, are linked to epidermal toxicity
concerns (Manatunga et al.,, 2020). Furthermore, transdermal
drug delivery might have varying absorption rates between
people based on the skin quality of patients, therefore
guaranteeing a reduction in intraindividual variation is required
(D. Yang et al., 2021).

When designing a transdermal approach, potential skin
responses such as rashes, and irritations must be taken into
account. In scientific cases, several Selegiline transdermal
methods had a few adverse effects on the skin of participants
(Fang et al., 2009). in vivo investigations in rat models of PD
revealed that transdermal administration had a greater
therapeutic impact than standard pills (Azeem et al., 2012). SLNs
encapsulated in hydrogels are regarded as a novel and

unconventional strategy  for increased transdermal
administration (Souto et al., 2020). Dudhipala et al. conducted
research to establish, improve, and analyze the pharmacokinetic
and pharmacodynamic behavior of RP loaded SLNs systems
consisting of hydrogel for enhanced delivery (Dudhipala & Gorre,
2020). The findings show that LNPs and associated hydrogel
compositions can be used as an alternate delivery method for
enhanced transdermal distribution of RP for the successful
treatment of PD

Intravenous Route

IV administration route is an invasive method used to
provide drugs and fluid replenishment that must be spread across
the body, particularly when fast delivery is a requirement, which
is accomplished by directly injecting the subject with the
prescribed medication into their circular systems such as
antibiotics, antifungals, and antinociceptive drugs, and cancer
chemotherapeutics. IV is given in either two ways, Bolus, or
Infusion. Furthermore, using the IV route for drug delivery
provides the benefit of instant drug efficacy by avoiding the first-
pass drug phenomenon, which occurs when a drug goes under
metabolization at a particular place in the body, usually the liver,
resulting in a lower concentration of the therapeutic agent upon
reaching its receptor sites or the systemic circulation (Sultatos,
2007). Drugs that are inadequately absorbed by the Gl tract can
be administered intravenously, also the drugs that are extremely
excruciating  when administered intramuscularly  or
subcutaneously may show no troubles by the administration
through the IV route (Bolger, 2018). In a study conducted by R.
Huang et al., it was shown how neuroprotection was achieved in
a rat model that has gone under a rotenone-induced chronic PD.
They have accomplished this neuroprotection using NPs
encapsulating human-GDNF  with multiple intravenously
administered doses and comparing it with a single-time IV
administration. Their findings have demonstrated the difference
in GDNF expression in relation to the time and number of Lf-
modified NPs, where the multiple injections of Lf-modified NPs
had shown higher GDNF expression than that of a single injection
(Huang et al., 2010).

Future Perspective and Conclusion

The pathophysiology of PD remains a mystery, making it
challenging to discover an effective treatment. This is partially
due to the lack of a defined diagnosis for detecting the earliest
pathogenic pathways and neurodegenerative features. At the
moment, pharmacologic treatment begins whenever a patient
experiences motor symptom. However, by the time motor
symptoms occur, the vast majority of dopaminergic neurons have
already been destroyed. This is a significant barrier for
therapeutics seeking to improve neural function and prevent the
progression of the disease. Present treatment approaches are
primarily aimed at delaying and reversing motor symptoms. This
treatment approach can improve the quality of an individual’s
life; however, these therapies decrease efficacy and cause
adverse effects over time.
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On the other hand, nanobiotechnology is developing as a
very effective method for overcoming the limitations that
conventional medicine currently faces. With the help of nano-
drug delivery techniques, it is possible to make multifunctional
NPs with the capability to preserve drugs from degradation by the
peripheral immune system before supplying targeted and
triggered release to CNS. The use of nano-drug delivery systems
might improve sustained release, reduce adverse effects, lower
doses, and boost the efficiency of PD medications. Therefore, NPs
can be thought of as a promising technique for therapeutic
repurposing against PD.

The integration of nanobiotechnology with neuroscience
has great potential to achieve revolutionary treatment strategies
for a wide range of CNS-related diseases, including PD. It is this
integration that will help us find the idea that will end the
progression of PD rather than mitigate it.
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