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Abstract:  

Parkinson's disease (PD) is a progressive neurodegenerative disorder with many characteristics, including degeneration 

of dopaminergic neurons in the substantia nigra, leading to debilitating motor and non-motor disabilities. Current therapeutic 

strategies are primarily focused on the symptomatic treatment of these diseases, hampered by delayed clinical diagnosis and the 

additional hurdle presented by the presence of a protective blood-brain barrier (BBB). Nanobiotechnology is a revolutionary 

paradigm that has the capacity to check and eliminate existing challenges associated with precision drug delivery, ultra-sensitive 

biomarker detection and novel neuroprotective strategies design. Some important examples include drug transport systems based 

on gold nanoparticles, nanosensors based on graphene oxide for pre-symptomatic identification of biomarkers and nanorobotics 

for site-specific therapeutic delivery. Complementary novel innovations such as quantum dot fluorescence sensors, magnetic 

nanoparticle-enhanced neuroimaging and cerium oxide nanoparticle-mediated antioxidant therapy collectively demonstrate robust 

translatability. There are still persistent challenges to overcome, including biocompatibility, the ability to scale up manufacturing, 

and compliance with regulatory bodies. Nanobiotechnology merger with artificial intelligence, personalized genomics and multi-

omics frameworks has the potential to revolutionize Parkinson's disease clinical management and improve global clinical 

outcomes. 
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I. INTRODUCTION 

Parkinson's disease (PD) is the second 

most common neurodegenerative disorder in the 

world, behind only Alzheimer's disease. Estimates 

from epidemiological studies suggest that PD 

affects nearest to0.3 of the general population, and 

closest to 1.5% of those in people aged >65 years, 
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subsequently imposing a major burden on health 

systems worldwide. The neuropathological 

hallmark of PD is progressive selective loss of 

dopaminergic neurons in the substantia nigra pars 

compacta, which disrupts nigrostriatal signalling 

pathways and triggers the major motor 

manifestations of the disease. These consist of 

bradykinesia, rigidity, resting tremor and postural 

instability. Apart from the classical motor 

dysfunction, PD is also characterized by a 

constellation of non-motor feature including 

cognitive impairment,cognitive decline, affective 

disturbances,sleep disorders and autonomic 

disturbance that collectively contribute to 

significantly impaired quality of life. PD has a 

multifactorial etiology that includes interactions 

among genetic factors, exposure to environmental 

toxins, and neuroinflammatory and mitochondrial 

machinery dysfunction. The economic burden can 

be significant, with a yearly cost of managing 

Parkinson's Disease (PD) in the United States 

exceeding 14 billion USD alone, and low- and 

middle-income countries bearing an unequal share 

of this burden given the limited healthcare 

resources available. Current pharmacological 

strategies are effective only short term and do not 

alter disease progression. Dopamine replacement 

therapies like levodopa/carbidopa provide 

symptomatic relief, but will eventually cause 

long-term complications like motor fluctuations 

and dyskinesias. Blood-brain barrier (BBB) 

represents a significant challenge for PD 

therapeutics due to this physiological barrier, 

which restricts the entry of most macromolecular 

and hydrophilic compounds into the central 

nervous system (CNS). Moreover, the traditional 

clinical diagnosis of PD relies on the identification 

of clinically manifest motor features that generally 

appear only after significant neurodegeneration 

has taken place—often more than 60–70% loss of 

dopaminergic neurons. Such protracted diagnostic 

latency greatly hinders the implementation of 

timely neuroprotective strategies. PD exhibits 

mechanistic similarities to other proteinopaties, 

especially Alzheimer's disease, with regard to the 

aberrant deposition of misfolded proteins like 

alpha-synuclein. This overlap at the molecular 

level indicates that therapeutic advances in one 

condition could lead to insights relevant to other 

neurodegenerative diseases. So here I find 

nanobiotechnology a pretty attractive frontier. In a 

nanoscale range (1–100 nm), nanotechnology-

based platforms possess an unprecedented ability 

to cross biological barriers, allow targeted drug 

delivery and provide the sensitivity necessary for 

the detection of pathological biomarkers at 

concentrations several orders of magnitude lower 

than those detectable by state-of-the-art methods. 

This review provides a comprehensively analyzed 

perspective of the support brought by 

nanobiotechnology with aspects of diagnosis and 



International Journal of Scientific Research and Engineering Development-– Volume X Issue X, Year  
        Available at www.ijsred.com                                                                 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 3 

therapy on this disease with the prime objective of 

ensuring functional recovery. 

A. Pharmacological Treatments for Parkinson’s Disease 

Current pharmacotherapy for PD focuses 

almost exclusively on restoring the dopaminergic 

deficit, either by replacement of dopamine or 

stimulation of its receptors. Levodopa plus 

peripheral decarboxylase inhibitors (e.g., 

carbidopa or benserazide) has been the most 

effective treatment for motor symptom 

management. LAZY Triple combinations 

including catechol-O-methyltransferase (COMT) 

inhibitors like entacapone prolong the half-life of 

levodopa and lessen motor fluctuations during 

periods of off. But chronic levodopa therapy is not 

without its challenges, as motor complications 

inevitably develop, including wearing-off 

phenomenon and involuntary dyskinetic 

movements. Last reviewed: October 2023; for 

advanced disease or refractory symptoms, 

consider interventional approaches such as this 

guide on nonoral drug delivery (continuous 

duodenal levodopa-carbidopa infusion, 

subcutaneous apomorphine infusion) and surgical 

deep brain stimulation (DBS). At the same time, 

several research strategies that modify disease-

course by targeting upstream pathogenic 

mechanisms have been actively explored. 

Candidate strategies have comprised antioxidant 

agents for oxidative stress mitigation, 

neurotrophic factors to enhance neuronal survival 

and neuroprotective agents focused on reducing 

progressive neurodegeneration. On the surface, 

however, most of these strategies have failed in 

translation — primarily owing to unfavorable 

pharmacokinetic properties of candidate 

molecules and strict BBB impermeability. 

II. NANOBIOTECHNOLOGY: 

REDEFINING THE THERAPEUTIC 

PARADIGM

 

 

Figure 1: Distribution of Nanobiotechnology 
Research Applications in Parkinson's Disease 

(2015–2024). 

 

B. Nanoparticle-Mediated Drug Delivery Systems 

Gold nanoparticles (AuNPs) are some of 

the most studied nanocarriers for CNS-targeted 

drug delivery in PD. The biocompatibility, tunable 

surface chemistry and well-defined optical 

properties of graphene quantum dots make them a 

desirable candidate in pharmaceutical 
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engineering. Dopamine precursors, 

neuroprotective peptides or receptor-targeting 

ligands can then be coated on the surface of 

AuNPs: enabling selective accumulation in 

nigrostriatal pathways. 

 Mechanism of Targeted Delivery 

Colloidal gold nanoparticles (AuNPs) are 

synthesised using controlled chemical reduction 

protocols that allow for fine-tuning of particle size 

and shape. Therapeutic payloads, and targeting 

moieties such as transferrin receptors, low-density 

lipoprotein analogues, or cell-penetrating peptides 

can be conjugated on the surface of these 

nanocarriers to promote active transcytosis across 

the BBB through receptor-mediated endocytic 

pathways. Methods involving adjunctive physical 

strategies e.g., focused ultrasound-mediated BBB 

opening have also been deployed to further 

enhance CNS penetration from nanoparticulate 

systems. Even as compared to conventional oral 

levodopa formulations, AuNP-based delivery 

systems exhibited non-conventional 

pharmacokinetic profiles characterised by 

extended drug release kinetics yielding reduced 

peak-dose fluctuations and peripheral side effects. 

 
Figure 2: Schematic Representation of 

Nanoparticle-Mediated Drug Delivery Pathway 

Across the Blood-Brain Barrier in Parkinson's 
Disease. 

C. Nanosensor-Based Early Biomarker Detection 

 An early, correct diagnosis of PD before 

the onset of overt motor symptoms provides an 

significant unmet clinical need. Abstract: Novel 

nanosensors have been engineered based on 

graphene oxide (GO) to detect alpha-synuclein 

oligomers in biological fluids, including 

cerebrospinal fluid (CSF) and peripheral blood, 

with an ultra-high sensitivity. The aggregation of 

the alpha-synuclein protein is recognized as a key 

early event in PD, making it an attractive high-

value diagnostic target. 

Operational Mechanism 

 GO nanosensors can be functionalised 

with antibodies of defined sequence or aptamers 

which bind with high affinity to conformers 

(whole molecules) of the target protein alpha-

synuclein. Molecular recognition induces 

conformational changes of the sensor matrix. 

Therefore, graphene oxide nanosensors take 

advantage of the extraordinary electrical 

conductivity and large surface area of GO to detect 

PD-specific biomarkers on their layer with high 

sensitivity. Such as profiles of dopamine 

metabolites, phosphorylated species of alpha-

synuclein and neuroinflammatory mediators 

including interleukin-6 and tumour necrosis 

factor-alpha. Published data shows that GO 
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nanosensors are approximately 95% sensitive and 

specific for alpha-synuclein detection in CSF, 

with the ability to be applied to non-invasively 

collected biofluids including saliva and plasma. 

 

 

Figure 3: Pre-Symptomatic Detection Window 
Enabled by Nanosensor Technology Compared 

to Conventional Diagnosis in Parkinson's 
Disease. 

D. Nanorobotic Platforms for Precision Therapeutic 

Delivery 

Nanorobotics embodies a doctrine of 

potential innovations in PD therapy, wherein 

therapeutic agents are able to freely travel along 

directed pathways autonomously throughout the 

CNS. Many nanorobots that were conceptually 

designed with biocompatible polymeric or 

metallic frameworks, engineered to autonomously 

select their trajectory in the cerebrovascular 

microenvironment, circulate through blood and 

should ultimately 'home' to targeted regions under 

external control. 

Design and Functional Architecture 

 

Nanorobots designed for use inside the 

CNS are made with nontoxic components and 

surface characteristics that allow them to traverse 

the blood–brain barrier (BBB). An external 

magnetic field, applied in a directional manner or 

mobility-oriented chemotactic navigation guided 

by disease-specific molecular gradients can also 

elicit directional control. Therapeutic roles may 

include: release of dopaminergic compounds in a 

site-specific fashion following maximal depletion 

of neuronal targets, enzymatic clearance of 

pathological alpha-synuclein aggregates, and 

region-ally localised delivery of neurotrophic 

factors to support axonal regrowth. While 

currently limited to preclinical stages of study, 

nanorobotic platforms are promising future 

candidates for translational precision neuro-

intervention. 

III. ADVANCED NANOSCALE 

DIAGNOSTIC TECHNOLOGIES 

E. Graphene Oxide Nanosensors for Biomarker 

Profiling 

Graphene oxide nanosensors take advantage of the 

outstanding electrical conductivity and large 

specific surface area of GO for high-sensitive 

detection of PD-specific biomarkers. These 

include the profiles of dopamine metabolites, 

various phosphorylated forms of alpha-synuclein 

species and inflammatory mediators like 
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interleukin-6, tumour necrosis factor-alpha etc. 

According to published data, GO nanosensors可

can reach 95% sensitiv, Ty and specificity for 

detecting α-synuclein in CSF and can also detect 

α-synuclein non-invasively from other biofluids 

such as saliva or plasma. 

.F.Quantum Dot-Based Fluorescence Sensors 

Semiconductor quantum dots (QDs) are promising 

fluorescent labels with unique size-tunable 

photoluminescence properties that enable 

multiplex detection of disease-specific protein 

biomarkers in either a fluorescence resonance 

energy transfer (FRET) or direct immunoassay 

configuration [1]. The QD-based sensor systems 

have shown detection accuracies of nearly 98% 

for PD biomarker-specific antigens in sample 

volumes below 50 µL, making them a significant 

advancement over conventional enzyme-linked 

immunosorbent assay (ELISA) analytes. 

Superparamagnetic iron oxide nanoparticles 

(SPIONs) linked to PD-specific antibodies have 

been employed as contrast enhancement agents 

for MRI, yielding a 30–40% increase in detection 

of early neurodegeneration when compared to 

conventional MRI protocols. 

 

 

Figure 4: Comparative Diagnostic Performance 
of Nanobiotechnology Platforms in Parkinson's 

Disease Detection.  

Table 1: Comparative Diagnostic Performance 
of Nanobiotechnology Platforms in Parkinson's 

Disease 

Diagnosti

c 

Platform 

Sensiti

vity 

Specifi

city 

Clinical 

Application 

Graphene 

Oxide 

Nanosens

ors 

95% 95% Alpha-

synuclein in 

CSF/Blood 

Quantum 

Dot 

Sensors 

98% 92% Multi-

biomarker 

fluorescence 

assay 

SPION-

Enhanced 

MRI 

80% 80% Early 

neurodegener

ation imaging 

Nanoparti

cle-

Exosome 

Isolation 

High 

(↑60%) 

High Liquid 

biopsy 

biomarker 

profiling 



International Journal of Scientific Research and Engineering Development-– Volume X Issue X, Year  

          Available at www.ijsred.com                                  

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 7 

G. Nanoparticle-Enhanced Exosome Analysis 

Exosomes, nanometer-scale extracellular 

vesicles of 30−150 nm in diameter, contain a 

molecular cargo that indicates the health and 

pathologic status of their originating cells. PD 

patients' neuronal exosomes are known to be 

enriched for alpha-synuclein oligomers, 

phosphorylated tau and disease-associated 

microRNAs (miR-153 is one of them). Liquid 

biopsy diagnostic sensitivity can be improved by 

60% with nanoparticle-assisted isolation protocols 

of exosomes utilizing magnetic or functionalised 

polymeric nanoparticles but for mass 

spectrometry, ultracentrifugation and density 

gradient centrifugation remain gold standards for 

exosome recovery efficiency [5]. 

IV. NANOBIOTECHNOLOGY-BASED 

THERAPEUTIC STRATEGIES 

H. Polymeric Nanoparticle Drug Delivery Systems 

Biodegradable polymeric nanoparticles, 

especially those based on poly (lactic-co-glycolic 

acid) (PLGA), have shown great potential in 

encapsulating dopaminergic therapeutics and 

enabling sustained release of drugs inside the 

CNS. Pharmacokinetic studies show enhanced 

cerebral bioavailability of PLGA-encapsulated 

dopamine (3.1 times greater than conventional 

oral levodopa). Receptor-mediated transcytosis of 

surface-modified liposomes modified with brain-

targeting ligands like transferrin or apolipoprotein 

E can therefore improve intracellular drug cargos 

across the BBB whilst attaining higher 

effectiveness with much more focused on 

medication targeting and avoidance of systemic 

side effects. 

I. Nanoparticle-Assisted Gene Therapy 

Importantly, the CRISPR-Cas9 gene editing 
system is recognized as one of the most effective 
approaches to correcting loss-of-function 
mutations in PD-associated loci such as SNCA 
(alpha-synuclein), PARK2 (parkin), and LRRK2 
(leucine-rich repeat kinase 2). Both lipid 
nanoparticles and polymeric nanosystems are 
identified as non-viral delivery vectors able to 
load CRISPR-Cas9 ribonucleoprotein complexes 
and mediate their intraneuronal transduction 
subsequent to BBB crossing. Preclinical research 
indicates that CRISPR delivery facilitated by 
nanoparticles causes about a 70% reduction in 
alpha-synuclein aggregation along with 
substantial recovery of motor function in rodent 
PD models. 

4.3 Cerium Oxide Nanoparticles for 

Neuroprotection 

Oxidative stress is a key mechanistic 

driver of dopaminergic neurodegeneration in PD, 

mediated by increased production of reactive 

oxygen species (ROS). Cerium oxide 

nanoparticles (nanoceria), which have been found 

to contain intrinsic enzyme-mimetic antioxidant 

activity by cycling between the three and four 

oxidation state of Ce(III):Ce(IV) where they can 

catalytically scavenge superoxide anions and 

hydroxy radicals in a regenerative   manner.
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In comparison to traditional, stoichiometric 

antioxidants, nanoceria has an extended catalytic 

activity due to the self-renewal of its redox 

chemistry. 

 

Figure 5: Neuroprotective Efficacy of Cerium 

Oxide Nanoparticles (Nanoceria) Across 

Multiple Outcome Parameters in Preclinical 

Parkinson's Disease Models. 

Experimental data in vitro and in vivo indicate that 

nanoceria increased neuronal cell survival rates by 

nearly 40% under oxidative stress conditions, and 

decreased dopaminergic neuronal loss by 50–60% 

in neurotoxin-based PD models [26,27]. The 

ability of nanoceria to cross the BBB and then 

accumulate in mitochondria, where ROS are 

generated primarily from dopaminergic neurons, 

not only provides a rational basis for their 

neuroprotective mechanism but also further 

supports the consideration of nanoceria as an ideal 

adjuvant to other treatments available to patients 

with PD. 

V. CONCLUSION 

Nanobiotechnology is a revolutionary 

level for the control and management of 

Parkinson's Disease where it has provided novel 

strategies to long-standing diagnostic and 

therapeutic challenges. This redox-active 

engineered nanomaterials possess fundamental 

advantages compared to prior methods by its 

ability to permeate the blood-brain barrier, allow 

for prolonged and targeted delivery of drugs, and 

detect pathology-related biomarkers at 

unprecedented levels of sensitivity. Graphene 

oxide nanosensors and quantum dot platforms 

have been confirmed to follow translational 

pathways for pre-symptomatic diagnosis, 

providing a vital opportunity for therapeutic 

intervention. Dopaminergic agents are majorly 

used for treatment of neurodegenerative disorders, 

but their effectiveness is limited by systemic side 

effects and poor central nervous system (CNS) 

bioavailability. Nanoparticle- enabled CRISPR-

Cas9 gene therapy and cerium oxide nanoparticle-

mediated neuroprotection target upstream 

pathogenic mechanisms for a disease-modifying, 

as compared to simply symptomatic, benefit. 

Nonetheless, massive hurdles to their clinical 

translation remain. These factors such as long-

term biocompatibility of nanoparticles, off-target 

biodistribution, immunogenic potential and 

scalability in terms of GMP-compliant processes 

need to be adequately studied. The regulatory 

landscape for nanomedicine continues to evolve, 

requiring a collaborative effort between 

researchers, clinicians and regulators to develop 
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standardized safety and efficacy standards. The 

intersection of nanobiotechnology with predictive 

analytics powered by artificial intelligence, 

personalisation through genomic profiling and 

integration of multi-omics holds transformative 

promise for PD precision medicine. The full 

translational power of nanobiotechnology will 

depend on continued interdisciplinary 

collaborations, facilitated through coordinated 

funding mechanisms, translating advances into 

clinically meaningful progress for the expanding 

population of global PD patients.. 
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