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ABSTRACT 
Neurodegenerative disorders (ND) are defined by the rapid losses of neuronal structure or function. Alzheimer's disease, 
Parkinson's disease, and prion disease are a few examples of neurodegenerative disorders. Finding appropriate 
medicines is critical in the treatment and prevention of ND disorders. The blood brain barrier (BBB) is the main 
restriction to reach the drug at the site of action in the brain. Because of passive diffusion, small molecules such as 
ethanol, CO2, and barbiturates can easily flow through the BBB. The use of specialized medication carriers, such as 
nanoparticles (NP), can increase cargo passage across the brain barrier.in this paper various nanoparticles have been 
investigated which can cross the BBB so that there is proper drug delivery at the exact site of action in the brain. Some 
engineered NP with size less than 100 nm provide beneficial potential for fixing these biomedical and pharmacological 
concerns due to their special physicochemical characteristics and strength to cross BBB. Several inventions have done in 
last few decades that helps to improve CNS drug delivery. Various systems have remarkable potential for clinical 
applications. Metallic Nanoparticles have received a huge attention because of their ability to quickly pass through BBB 
and accumulate in the brain. These NPs are commonly used for imaging CNS delirium. They are well-known for their 
anti-inflammatory and theranostic properties. Organic compounds and lipids can also be used as nanomedicines delivery 
vehicles. Nanoparticles are ideal for immunotherapy due to their opposition to extremely high pH and their ability to 
bind to specific targets. 
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INTRODUCTION 
ND are feature by a gradual losing of neuronal structure or function., which is frequently accompanied by 
neuronal loss. Alzheimer's disease (AD), Parkinson's disease (PD), prion disease (PrD), and amyotrophic 
lateral sclerosis (ALS) are only a few of the diseases [1]. WHO estimates that the people diagnosed with 
ND diseases will triple in coming 30 years because of fast expansion of the senior people [2,3]. In 
treatment and prevention of neurodegenerative illnesses, finding effective therapeutics is crucial. NP, 
which are very tiny particles (1–1000 nm), have been used to diagnose and cure cancers and neurological 
illnesses, resulting in new therapeutic strategies [ 4,5]. In the culinary, electronics, and medical industries, 
nanoparticles offer a wide range of applications [6] Nanoparticles with a surface area of less than 100 nm 
have a greater surface area and are better able to react with organic and inorganic compounds [7]. NP has 
increased their applications in tumor imaging, cancer biomarkers and biomolecules, nerve cell 
inflammation, and targeted medication administration [8]. Drug stabilization, particularly enzymatic drug 
stabilization, improves the stability of polymeric nanoparticles against heat, pH, proteases, and other 
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structurally damaging stimuli. Nanoparticles are now proven to be capable of eliminating inflammatory 
molecules in normal cells without causing any negative effects [9]. Several NDs have been thoroughly 
explored, but despite significant advances, effective early diagnostic and treatment techniques remain 
limited. Among the most prominent barriers is the BBB, which restricts chemicals from entering the 
brain. Inside the current level of disease imaging and treatment options, the majority of drugs and 
imaging agents have negative side effects in the peripheral area [10]. To have the greatest impact on 
illness results, immune activators or drug should access CNS and thereby cross BBB. The BBB is 
substantial hurdle to medication delivery because of its structure and functional complexity [11,12]. The 
aims of the study are to develop therapeutic approaches that delay or stop the progression of human CNS 
illness. It will require expertise in biomedicine such as (neuroscience, immunology, pathology and 
imaging of molecules)) as well as materials, biomaterials, and pharmaceutical sciences [13]. Despite the 
fact that there has been numerous analysis of administrated drug to brain in current days, none of latest 
important research use cell or nanomaterial with polymer incorporation in central nervous system 
delivery are described. Talks have been undertaken in this regard to explain illness and requirements, 
and also novel nanoparticle - based research activities. This was done in the aim of enhancing 
neurodegenerative disease detection and therapy [14,15]. 
NEURODEGENERATIVE DISORDERS  
As neurons are involved in communication, they are important for the healthy functioning of the brain 
[16,17,18]. Although the majority of neurons originate in the brain, they can be found throughout the 
body [19,20]. Most neurons are generated by neural stem cells during childhood, but their number 
decreases dramatically as adults [21]. As neurons are not eternal, neurodegeneration, or Chronic loss of 
neurons, neuron structures, or functions has serious Issue for healthcare system and is at core of the 
pathophysiology of a variety of brain illnesses [22]. Synapse dysfunction, neuronal dysfunction, as well as 
adhesion of modified protein variations in brain have all been related to neurodegeneration [23,24]. 
Neurodegenerative disorders (NDs) are a collection of illnesses that all have neurodegeneration as a 
common trait [25,26]. The most prevalent neurodegenerative illnesses are AD prion disease, ALS, HD, 
motor neuron disease, spinal muscular atrophy, PD, and spinocerebellar ataxia [25,27,28]. Millions of 
people around the world suffer from neurodegenerative diseases. A person's age is the most important 
risk factor for developing Neurodegenerative Disorder. But a person's genetic profile and environmental 
factors can also increase the risk of developing ND, according to new research [29]. The speed and 
severity of neurodegeneration are largely determined by their immediate surroundings [30]. Recent 
research suggests that a single neurodegenerative disorder may be characterised by multiple pathologies 
[31,32]. As a result, NDs can be very serious, even life-threatening in some cases; however, this is solely 
dependent on the stage and type of the disease. Because the brain is in charge of so many aspects of body 
function, neurodegenerative diseases are common. As a result, diseases affect many facets of human 
functions, reducing one's ability to execute both simple and complex tasks (e.g., speech, movement, 
stability, balance, bladder or bowel functions, as well as cognitive abilities). The majority of NDs make 
progress without any remission, while in some cases, treatments are aimed at improving symptoms and 
relieving pain. If pain is present, it may be treated, as well as the restoration of balance and mobility [33]. 
Neurodegenerative diseases and the types of neurons affected is shown in figure 1. 
Alzheimer Disease (AD) 
It is the most prevalent neurological illness that results in progressive loss of cognitive functions. This 
disease is defined by the presence of two neuropathological brain lesions: intracellular 
hyperphosphorylated tau protein deposits and extracellular A protein [34,35]. According to new research, 
the accumulation of amyloid-β and tau proteins is essential in progression of the illness [36,37]. The 
production of Aβ—containing plaques in the brain, coupled to hyperphosphorylated tau of 
which neurofibrillary tangles (NFTs) is composed, which has been recognized as a characteristic hallmark 
of AD [38,39]. Plaque development impairs hippocampal circuitry, resulting in poor consolidation of 
short-term memories which generate long period signs [40]. Alzheimer disease is characterized by 
neuronal loss, impairment of the essential neurotransmission that is required for brain processes, 
incorrect synaptic connections, and, particularly memories. As a result, selective memory impairment is 
the most prevalent clinical sign in early-stage AD. Activities requiring the hippocampal and middle 
temporal lobes, such as declarative episodic memory, are frequently impaired. Other pathological changes 
that commonly appear early in the illness process include, judgement, executive function dysfunction, and 
dilemma [41]. There is presently no treatment for Alzheimer's disease, just palliative methods (tacrine, 
rivastigmine, etc.) slows the growth and enhance the patient’s performance, which opens way in 
nanosciences, particularly PLGA NPs [42]. 
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Parkinson Disease 
Muscle spasms, muscle rigidity, a shaky gait, and difficulties with postural control are all symptoms of this 
degenerative neurological condition. PD is caused by both genetic and non-genetic factors. The primary 
risk factor for Parkinson's disease is age [43,44]. Other factors that have been linked to the development 
of this disease include high coffee consumption, cigarettes, and being exposed to environmental 
pollutants [45,46]. Despite the fact that the exact mechanism is still unknown [47,48]. Deterioration of 
frontal pallium and hypertrophy of the ventriclest are two important common symptoms of Parkinson 
disease. In Parkinson's disease, cell destruction causes nigrostriatal pathway’s impairment, resulting in 
lower dopamine levels in the striatum and also cardinal motor illnesses [49]. Cell destruction causes non-
motor symptoms in PD. Misfolding and aggregation of synuclein, mitochondrial failure, defective protein 
clearance systems, neuroinflammation and neuroprotection are all implicated [50]. Cell loss in raphe 
nuclei, nucleus basalis of Meynert, the locus coeruleus, pedunculopontine nucleus, hypothalamus, dorsal 
motor nucleus of the vagus nerve, and olfactory bulb is main hallmarks in disease [51]. The occurrence of 
Lewy bodies within neuronal cell bodies, as well as neuronal loss, are microscopically indicative of PD 
[52,53]. 
Amyotrophic Lateral Sclerosis (ALS) 
ALS or Lou Gehrig's disease, also known as motor neuron disease, is a degenerative neurological and 
spinal cord disease ultimately causes paralysis and muscle weakening [54,55]. Motor neurons deteriorate 
gradually before dying in ALS. Messages that should be transmitted to the brain aren't getting through 
when motor neurons are damaged or dead. ALS has been related to more than 30 genes, whereas 
mutations in 4 key gene such as (C9orf72, TARDBP, SOD1, and FUS) responsible over seventy percent 
patients [56]. 4 of this genes code for proteins which help in, homeostasis, mitochondrial functioning, 
DNA repair, and glial cell activity, among other things. Both of this defective mechanism is believing as 
cause for formation of motor neuron seen in this. The formation of intraneuronal protein aggregates is a 
pathogenic characteristic of disease. In many ALS patients, the TAR DNA-binding protein is the most 
abundant protein [57]. 
Huntington’s Diseases 
HD is a congenital and inherited condition as a result of a genetic changes in IT15 gene which causes the 
CAG trinucleotide, usually specified for the huntingtin protein, to spread. George Huntington was the first 
to describe it in 1872 [58]. Progressive motor example (involuntary jerking called as Chorea, stiffness, 
Muscle contraction etc.) behavioral (memory loss, complication in organizing and acquisition of 
knowledge), mental illnesses (irritability, insomnia) this HD symptom usually occur in the age of 30 and 
50 years old [59,60]. In advanced cases of HD, these issues are the loss of striatal neurons in the striatum 
hippocampus, cortex and in different brain areas such as subthalamic nucleus, thalamus, substantia nigra 
and pars reticulate has been linked to this problem [61,62]. 
Multiple Sclerosis 
MS is neurodegenerative illness that affect the CNS, mostly brain, spinal cord and nerves [63]. A number 
of bioactive molecules limiting threats and postponing the growth of disease have now been authorized 
by government organization. Indications vary by region of the attack: leg paralysis, visual issues, electric 
startle like feelings in body parts, loss of coordination, and so on. PLGA NPs may be used to vectorize a 
few of them to treat some MS symptoms [64]. 
CHALLENGES OF BRAIN-DRUG DELIVERY [BDD] 
Instead of addressing the fundamental causes, ND treatment aims at reducing the disease's progression. 
The ability of NDs to act successfully is restricted by their ability to deliver adequate dosages to the brain 
[65]. 
Blood–brain barrier (BBB) 
The diffusion barrier i.e. BBB stops the molecules or compounds present in the blood from reaching the 
brain, allowing for healthy brain function and homeostasis [66]. The BBB, which is a physically tight brain 
capillary, is formed by the fusion of several brain cells [67]. Tiny molecule   protein diffusion is restricted 
within brain capillary endothelial cells due to a lack of openings [68,69]. Inter-endothelial junctions 
connect the endothelial cells to a continuous barrier, preventing the transport of water-soluble 
substances [70,71]. The basal lamina, astrocytes, and pericytes surround the endothelial cells, preventing 
drug compounds from reaching the brain through the blood [72]. Efflux transporters, which are found in 
the brain capillaries, add to the barrier's strength by returning molecules that return to the circulation 
after entering the brain [73]. Gap junctions, tight junctions and adherens junctions are examples of inter-
endothelial junctions, which are protein complexes, that also regulate the BBB's permeability function. 
Molecules that cross the BBB travel in one of two ways: paracellular or transcellular [74]. The 
physicochemical features of substances that allow them to cross the blood brain barrier are size, surface 
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activity, lipid solubility, molecular weight, and charge. Small substances (including ethanol, CO2, and 
barbiturates) can effortlessly traverse the blood brain barrier due to passive diffusion. Transferrin 
receptor, Insulin transporters, and glucose transporter-1(GLUT-1) are examples of receptor-mediated 
transport mechanisms and also aid hydrophilic molecules like peptides and proteins in their transport 
[75]. Furthermore, a few pathological conditions are well known for causing problems in BBB's tightness, 
allowing substances to leak into the brain. Finally, using specialised drug carriers like nanoparticles can 
improve cargo transport throughout the blood brain barrier [76]. Different types of transporters and drug 
transport ways are shown in figure 2 of BBB 
Pharmacokinetic effect on BDD 
The effectiveness of routinely delivered medicines substantially shown by pharmacokinetic properties 
[77]. Trip from the site of delivery to the site of action (in this example, the brain) is long and usually does 
not provide any benefit to bioactive agent. Presence of distinct plasma proteins contained is initially 
focused. Some medications bind firmly to these proteins, reducing the quantity of free drug accessible for 
delivery to the brain and hence decreasing the quantity of drug in circulation [78]. The amount of drug 
that can be absorbed is limited by the interaction between the drug and the target cells. Small lipid 
soluble compounds are appropriate for BDD [79]. The inhibition of channels, an alteration in membrane 
permeability, can all occur as a result of drug components acting on cells [80]. 
NANOPARTICLES APPROACHES IN NEURODEGENERATIVE DISEASE 
As a result of advancement in nanomedicine, a range of technologies that increase medication transport 
across the BBB have been developed. In stroke, PD, ALS, HD, AD, and spinal muscular atrophy, 
nanotechnology can assist in improving sensory motor and cognitive skills. Because of the nanomaterial's 
unique features, as used with another treatment help to boost effectiveness of cell-based therapy. In 
stem-cell niche, nanoparticles interact with proneurogenic factors, boosting endogenous and exogenous 
brain stem cell self-renewal, proliferation, and differentiation. Nanotechnology techniques have 
significant effects in stem-cell investigations, leading to the huge proliferation of stem cells, which is one 
of the key advantages of nanotechnology techniques. The progress of neurodegenerative disease 
therapies is governed by the amplification of neuronal cells, which is a vital indicator [81]. 
Commonly studied np types for the treatment of neurodegenerative illnesses are shown in figure 3 
Inorganic Nanoparticles 
Metal nanoparticles have attracted a lot of attention because of their capacity to easily pass BBB to 
further accumulate in brain. Because of their propensity to smoothly pass the blood brain barrier and pile 
up in the brain, they have piqued researchers' curiosity. For effective brain targeting, their numerous 
features, including surface changes, size, and stability, can be smoothly controlled. Metal NP are routinely 
prepared with different ligands, example proteins etc. to increase medicine administration to the central 
nervous system. These NPs were renowned as anti-inflammatory and theranostic capabilities. Silver, 
Gold, and cerium NPs are commonly used metallic nanoparticles for imaging CNS delirium [82].  
Gold Nanoparticles 
In CNS imaging and targeting, gold nanoparticles (AuNPs) have been widely exploited [91]. Because the 
core has plasmonic properties, they are well suited for Micro-CT scanning or X-rays used in imaging 
applications. AuNPs are more effective than traditional materials at absorbing and reducing X-rays. In a 
recent study, Poly-L-lysine (PLL) and Rhodamine B isothiocyanate (RITC) were chelated with gold 
nanoparticles of 40 nm NP absorption in patient mesenchymal stem cells was increased as a result of 
these changes (hMSCs). This Au-labelled hMSCs was injected in brains of rats and examined for 30 
minutes using micro-CT. When used in addition with cell imaging, they have showed huge effect for 
identifying, eliminating amyloid clumps in vitro. The AuNPs' cores were coupled with apolipoproteins E3 
(ApoE3), which enhanced their coupling with amyloid clumps and increased their penetration of brain. 
Researchers employed curcumin as a sensor to monitor these AuNPs [83]. 
Silver Nanoparticles (AgNPs)  
The researched has been done on use of AgNPs for medication delivery to brain. After administration, 
silver NPs deposits in the hippocampus, called as key location for neurodegenerative disorders. In mice's 
brain cells, a 5g/mL dosage of these nanoparticles induced an inflammatory and neurodegenerative gene 
expression response. Silver nanoparticles helps to target range of therapeutic agent to the brain, 
including alisertib, which is used to treat glioblastoma, and anti-amoebic pharmaceuticals, which are used 
for treatment of amoebae that eat the brain. Another study found that citrate-capped AgNPs have anti-
inflammatory and antioxidant activities in the brain immune cells. Microglia absorbs these AgNPs 
preferentially, resulting in the development of enzymes that reduced oxygen species which is reactive and 
had anti-inflammatory effects. AgNPs, on the other hand, have the drawback of disrupting the blood brain 
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barrier by loosening the tight junctions. By collecting inert silver over time, they appear to trigger ND and 
necrosis in brain [84]. 
Cerium Oxide Nanoparticles 
The effect of cerium oxide nanoparticles on decreasing oxygen species (ROS), which has been related to 
neuronal death and NDs, is well-known. The remarkable antioxidant property of these nanoparticles is 
due to the change in state of oxidation between Cerium+3 and Cerium+4. When combined metal chelators 
or polyethylene glycol coats, these nanoparticles have been demonstrated to diminish A-aggregation and 
delay the impact of apoptotic in AD in cells of neuronal via modifying the neurological factor and pathway 
of signal transduction. In addition, cerium oxide nanoparticles have been found to efficiently absorb 
peroxynitrite ROS in stroke models in ischemic to repair motor functioning of the legs in MS as well as 
amyotrophic lateral sclerosis mouse model. Many preparations based on nanoparticles with neurogenesis 
potential has recently been reported. The neurogenesis efficiency of cerium dioxide (CeO2) nanoparticles 
was investigated by Zavvari et al., 2020. They reported that a single dose of CeO2 nanoparticles was 
sufficient to trigger neurogenesis in the hippocampus area. This is attributed to cerium oxide's anti-
inflammatory and neuro-regenerative properties [85] 
Organic Nanoparticles 
Due to their greater biocompatibility to inorganic materials, naturally found substances, like organic 
compounds and lipids, could be employed as nanomedicine delivery vehicles. Furthermore, a lipid 
nanocarrier is more successful than free-drug delivery at preventing degradation of the medicinal 
substance, lowering toxicity, and improving biocompatibility [86]. 
Liposomes 
Liposomes have been the most widely studied of the many lipid carriers for targeted brain delivery. 
Phosphatidic acid and mApoE containing liposomes were created for improvement in transport across 
the blood brain barrier and target A accumulates with strong affinity. In vitro, this liposomal preparation 
was not able to accumulate A fibril. The amino acid residues with positively charged on the A engage with 
the negatively charged phosphatidic acid, on the other hand mApoE reacts with area of the same which is 
negatively charged. In current work, surface-modified liposomes were created by group for brain-
targeted administration of plasmid DNA with ApoE2-encoding. Mannose was utilised as a targeting 
ligand, combined with a CPP to improve brain targeting and cell level internalisation. In same way, when 
compared to plain liposomes, transferrin and RVG modified liposomes showed improved absorption in 
brain, neurons, astrocytes and endothelial cells. Rodriguez et al. found that modification of surface of 
liposomes with transferrin and CPP is enough for increasing liposome permeability in brain in mice after 
an injection given intravenously [87]. 
Optimised Brain-Targeting Liposomes: In vivo animal models and in vitro blood brain barrier models, 
optimal brain-targeted liposome modified by mannose or RVG, penetratin or CGN peptide provided VGF. 
Researchers discovered increasing about from 1.5–2 folds in mice treated by in functionalized -liposomes 
than control mice (a group of mice that were not given any treatment) [88]. 
Solid Lipid Nanoparticles (SLN) 
In addition to liposomes, solid lipid nanoparticles (SLN) have been employed to transport medicines to 
the brain to treat a variety of NDs. Intranasally given Rosmarinic acid-loaded SLNs were used to treat the 
behavioural dysfunction in HD [89]. 
Nanomicelle 
For delivering a variety of therapeutic drugs polymer coated nano micelle as a vehicle have proven 
promising effect. Functionalized chitosan nanomicelles have recently been shown to be capable of 
introducing cells in the brain at an appropriate dose.  Easily disposable, nontoxic at the doses 
utilised, versatile in terms of surface modification are all advantages of this delivery Because of these 
benefits, medicines, proteins, DNA, and even antibodies can all be delivered to the brain via this 
transporter [99]. Xue et al. has shown that   chitosan conjugated NP is greatly reduced in vitro by-syn 
aggregation, as well as this chitosan can be utilised in a variety of applications to improve distribution 
across the BBB by conjugation with other polymers [90]. 
Polymeric Formulations 
Among the various polymeric formulations used to create NPs, (PLGA) have seen widespread use in 
brain-controlled and targeted drug administration. This biocompatible, disposable polymer is an ideal 
carrier system for treating NDs because it has customizable degrading rates, a large drug carrying ability, 
and the ability to penetrate from blood brain barrier to reach the brain. In an investigation, TET1 peptide-
coated PLGA NPs were utilised for encapsulation and distribution nattokinase, a hydrophilic medicine to 
brain. The peptide TET1 has a strong affinity for neurons and that it increased reverse transport. This 
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preparation enhanced consistency of nattokinase protein, decreased protein accumulation, showing as 
important treatment for alzheimer disease [90,91]. 
RECENT DIAGNOSIS AND TREATMENTS FOR NEURODEGENERATIVE DISORDERS 
Treatments for Alzheimer disease (AD) 
Recently, NP-based techniques for treating Alzheimer's disease have primarily focused on interfering 
with A aggregation of peptide, in the blood as well as centrally with intention for lowering its brain level 
(the 'sink effect'). NLs modified with phosphatidic acid or cardiolipin can be used for sink effect which has 
been found by Gobbi et al. These NL, according to the author, in vitro, has a strong affinity for A and 
reduces its toxicity. Canovi et al.  created NL that was coated with an anti-A monoclonal antibody that had 
strong affinity for A and ex in vitro in vivo on brain samples with post-mortem from Alzheimer's patients. 
In vitro, Mourtas et al. created nanoliposomes coated with derivative of curcumin, which bound A with 
great affinity to inhibits its accumulation [91]. 
Diagnosis for AD 
Nanotechnology also provides methods for early detection of Alzheimer's disease in vitro by assessing 
recognised pathogenic indicators (such as ADDLs or tau protein) in human CSF at proportions 
undetectable by standard techniques. Georgeakopoulos et al. developed an ultrasensitive assay, based on 
gold nanoparticle bio-barcode that determines concentration of ADDL. The Neely et al. used 2 
photons scattering with antibody-coated surfaces found that gold nanoparticle is used to detect tau 
protein. For CSF phospholipid profiling, nano-HPLC-MS has recently become popular and has been 
utilised for CSF phospholipid profiling, allowing researchers to track lipid changes as a possible new 
pathogenic factor. Nanotechnology has been used in vivo to identify A deposits in the AD brain. A-coupled 
iron oxide nanoparticles such as monocrystalline or superparamagnetic, has been studied. MRI was used 
to identify amyloid accumulation in Alzheimer disease transgenic mice. Roney et al. produce polymer 
containing n-butyl-2-cyanoacrylate NPs by which 125I-CQ, a radiolabelled amyloid affinity medication, is 
encapsulated. They show that this nanoparticle has the ability to penetrate from BBB, resulting in 
increase in their effectiveness and   brain absorption in Alzheimer disease transgenic mice with by taking 
under consideration of controls. Detection of amyloid-beta aggregation in cerebrospinal fluid and serum 
is done by using fluorescent peptide nanoparticles for AD diagnostic testing as well as growth controlling 
[92]. 
Treatment for Parkinson disease (PD) 
The treatments of PD are reported using nanotechnology-based techniques to dopamine delivery and 
release in the brain. Trapani et al. made chitosan NPs with dopamine adhesion. Experiments with animals 
in a live environment .NP-loaded DA is less effective in rats after i.p. administration. toxin, reaches the 
brain, and causes an increase in striatum dopamine by itself is less effective. NP has also been used as a 
vector for transfection. As an alternative to viruses, gene therapy for Parkinson's disease is being 
investigated. Excessive immune response and mutagenesis are both possible side effects. Using human 
neurotrophic factor-encapsulated Lactoferrin-modified NP Huang et al.  found that the gene improved 
locomotor performance significantly. Reduced dopaminergic neuronal loss, and increased dopaminergic 
neuronal activity in brains of PD rats [93]. 
Diagnosis for PD 
Yu and Lyubchenko developed a method for detecting synuclein. A new technique for describing the 
misfolding and self-assembly of alpha-synuclein that is based on nanomanipulation of a molecule of 
alpha-synuclein.  AFM Baron et al. had previously found in vitro diagnostic test for neurotransmitters 
involved in the pathophysiology of Parkinson's illness that takes advantage of Au NP and plasmon 
absorbance. There is currently no information in vivo application of nanomedicine for Parkinson's 
disease diagnosis [106]. Immune sensing of alpha-synuclein protein in human plasma samples utilizing 
Au NPs coated with graphene: a novel immuno-platform for early stage PD identification via point of care 
(POC) analysis [94]. 
Treatment for amyotrophic lateral sclerosis (ALS) 
The transport of various medicines, nutritive agents, and bio macromolecules to the CNS via the 
BBB/BSCB is a hurdle for ALS treatment. Nanotechnologies may be able to help overcome these 
limitations. Nanomaterials could be used to provide new DNA, antisense oligonucleotides (ASOs), and 
RNA for gene therapy, as well as glutamate inhibitors, anti-oxidants, anti-inflammatory agents, Iron 
chelators, SOD1-loaded (PLGA). HDAC6 inhibitor-encapsulated nanoparticles, stem cell delivery, 
neurotrophic proteins and chemical molecules help neurons survive and regenerate. To increase 
therapeutic index of therapeutics, New methods to the difficulty of breaching the blood brain barrier have 
been developed: Exosomes, glycosylated nano carriers, virus-mimic nanomaterials [95] 
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Diagnosis for ALS 
Some of the techniques used are diffusion tensor imaging (DTI), tractography analyses fractional 
anisotropy (FA) and proton magnetic resonance spectroscopy (1H-MRS). These techniques have been 
utilized to acquire a better knowledge of alterations in different regions of brain and in order to 
determine prognostic and clinical outcome. Decision making is done by neuroimaging. Less fractional 
anisotropy measurement in the corticospinal tract (CST) and ALS patients with hypermetabolism have a 
shortest lifespan. Preconditioning (PC) is phenomena in which minor factor causes tolerance to develop 
later in response to a more severe damage. A sub toxic dose of L-BMAA is employed as a preconditioning 
stimulus, and NCX3 can used as a new therapeutic target due to its protective impact. Last but not least, 
iron is regarded as a biomarker. Excess ferritin levels have been shown to worsen muscle deterioration 
and shorten patients' lives [96]. 
Therapeutic application of nanosystems in neurodegenerative disorders is shown in table no. 1[97-99] 
NANOMEDICINES UNDER CLINICAL TRIAL 
A new review of current clinical studies against NDs showed only ten nps formulations in various stages 
of development. Only one clinical trial for transthyretin-mediated amyloidosis using a lipid nanoparticle-
based formulation was already completed and is now available for sale to the general public. The purpose 
of this research is the use of nanoparticles to deliver APH-1105 against cancer is an exciting new 
approach. This clinical trial will begin in 2023 and will be open to patient with mild-to-moderate AD. 
AuNPs-mediated CNM-Au8 technique of delivering, is recently in phase-2 of a clinical investigation. A 
number of CNM-Au8-Au nanocrystals-based study are at the early phases of development. Phase 2 clinical 
trials for ALS are also underway [16A]. Nanocarrier-mediated formulation under clinical studies against 
various NDDs is shown in table no.2 [99,100]. 

Table 1: Therapeutic application of nanosystems in neurodegenerative disorders [97-99] 
Nanocarrier 

platform 
Bioactive agent Active targeting 

ligand 
Composition 

A. Alzheimer disease- 
Liposomes 

 

Amyloid beta binding 
llama single-domain 

antibody fragments (VHH-
pa2H) 

GSH PEG-EYPC, 

PEG-DMPC 

Polymeric 
micelles 

R-flurbiprofen FBA, RNA aptamers PEG-PLA 

Polymeric NPs IAβ5 peptide, Aβ 
aggregation inhibitor 

Anti-TfR mAb OX26 
and anti-Aβ mAb 

DE2B4 

PLGA NPs with pluronicF127 

Gold NPs Curcumin - Silica-coated Au NPs 
Polymeric NPs Curcumin Tet-1 peptide PLGA NP 

B. Parkinson disease- 
Polymeric 

nanoparticles 
Urocortin Lactoferrin PEG-PLGA NPs, PLGA 

Liposomes L-DOPA, dopamine 
precursor 

Chlorotoxin peptide HSPC/Chol/DSPE-PEG 
20:10:2 molar ratio 

SLNs dopamine agonist 
Ropinirole 

- Dynasan-114 (solid lipid), soy 
lecithin (primary surfactant) 

and poloxamer 188(secondary 
surfactant) 

Zwitterionic 
polymers 

Non-Fe hemin, iron 
chelators 

TAT peptide PMPC-coated acrylated BSA 

C.  Huntington disease 

PLGA NPs Cholesterol g7 glycopeptide Polymeric NPs 
SLNs Thymoquinone - Stearic acid (solid core), 

lecithin and taurocholate (co-
surfactant) 
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Table 2: Nanocarrier-mediated formulation under clinical studies against various NDDs [99,100]. 
Nanocarrier 

(Composition) 
Product (Active 

Molecules/Class) 
Clinical Phase, 
NCT Number 

Indications 

NPs APH-1105 (an α-secretase 
modulator) 

Phase 2, 
NCT03806478 

 

Dementia, 
Mild-to-moderate 

AD, 
LNPs (DLin-MC3-DMA; 

PEG2000-C-DMG; DSPC; 
and cholesterol) 

ALN-TTR02 (Patisiran) Approved for 
marketing, 

NCT02939820 

Transthyretin 
mediated 

amyloidosis 
Au nanocrystals CNM-Au8 (Nanocrystalline gold) Phase 1, 

NCT0408171 
Amyotropic lateral 

sclerosis 
Au nanocrystals CNM-Au8 (Nanocrystalline Au) Phase 2, 

NCT04098406 
Amyotropic lateral 

sclerosis 
Au nanocrystals CNM-Au8 (Nanocrystalline Au) Phase 2, 

NCT03815916 
Parkinson disease 

DSPC—distearoylphosphatidylcholine, PEG2000-C-DMG—1,2-dimyristoyl-rac-glycero3-
methoxypolyethylene glycol- 2000, DLin-MC3-DMA-dilinoleylmethyl-4-dimethylaminobutyrate. 

 
Fig 1: Neurodegenerative diseases and the types of neurons affected 

Figure 2: Blood Brain Barrier 
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Figure 3: Types of Nanoparticles. 

CONCLUSION 
Application of nanoparticles is source of hope for NDs, and it has potential to be powerful resource for 
overcoming the constraints of present and conventional methods of treatment. The primary feature of 
NDs, for example AD and PD, is death of neurons. As a result, so most extensively discussed therapy 
approach for these illnesses is neurogenesis. Yet, medication transport to brain remains challenging 
because of some factors such as the blood brain barrier, lipid solubility, and the drug's molecular mass. 
These factors restrict therapeutic options. Drug potency is reduced, making NDs more difficult to treat. As 
a result, nanoparticle-mediated nanoparticle-medicine, as targeted delivery of drug to the brain has been 
investigated for neurogenesis currently. It also provides a potential basis for future therapeutic 
techniques. Nanoparticles are ideal for immunotherapy as a result of their opposition to extremely high 
pH and their ability to bind to specific targets. As inflammation plays a crucial role in the development of 
neurological diseases, there is currently no treatment. There has been no effective therapy for 
uncontrollable behaviour. Controlling inflammation, rather than suppressing inflammation, will show to 
be a much effective therapy choice.   
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