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Abstract

Neurological diseases incidence led to the poor quality 
of life in several patients subsequently results in the higher 
mortality rate. The rapid advancement in the nanotechnol-
ogy is leading to the design of nanotherapeutics in the form 
of nanocarrier systems to target the pathophysiology of epi-
lepsy, and neurodegenerative diseases such as Alzheimer’s 
Disease (AD), and Parkinson’s Disease (PD). The aim of this 
study is to explore the efficiency of nanosystems in the di-
agnosis and management of epilepsy, and AD, and PD. We 
have searched Pubmed, Medline, relemed, national library 
of medicine for the published articles pertinent to nano-
therapeutics, and challenges related to nanotherapeutics 
usage in the neurological diseases. In this review, we have 
discussed the targeted delivery of active therapeutics across 
central nervous system mainly to modulate the activity of 
neurons, and endothelial cells. Furthermore, the efficiency 
of nanobioelectronic-implantable transient electronic devic-
es, ‘pH responsive nanomaterial -based therapeutics’ and 
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Introduction

Over the last few years, neurodegenerative disorders have 
surged globally [1]. Neurodegenerative diseases could impair 
the normal functioning of the brain causing cognitive, sensory, 
and motor disabilities and thereby reducing quality of life [2]. 
There is a growing demand for new therapeutic options to man-
age these disorders, however due to ‘high R&D costs, long-term 
research, high failure rate, unknown pathophysiology, lack of 
adequate diagnostic models, inefficiency in crossing physiologi-
cal barriers, and Blood Brain Barrier (BBB), and failure to meet 
pharmacokinetic barriers’ and ultimately high cost of the drug 
manufacturing has been making treatment accessibility very 
difficult among the patients diagnosed for neurological diseas-
es like epilepsy, Alzheimer’s disease, and Parkinson’s disease. 
Several drugs which can be used to treat neurological disease 
require nanoformulations as part of novel drug delivery systems 
to enhance the drug entrapment efficiency, and drug delivery 
at a higher rate and in a sustained manner at the site of patho-
logical region. Hence, nanotechnology and its advantages have 
been successfully utilized to develop various therapeutic and di-
agnostic systems by altering nanosystem properties in order to 
facilitate loading of drugs. This novel therapy-based approach 
has changed the course of treatment in the clinical sector main-
ly in the patient with neurodegenerative disorders by providing 
site specific drug delivery, lesser side effects, easily penetrating 
BBB and overall improving therapeutic outcome of treatments 
as compared to conventional drug delivery systems [1,2]. This 
nanotherapeutics can target microglia-mediated pathophysiol-
ogy in neurodegeneration. Furthermore, stem-cell derived exo-
somes can be used as the nanotherpeutics to effectively miti-
gate the pathophysiology of neurodegenerative diseases [2]. 

Nanotechnology provides a wide range of engineered mate-
rial systems for drug delivery, each having their own unique-
ness and advantage. They include dendrimers, liposomes, hy-
drogels, metal nanoparticles, polymer nanoparticles, micelles, 
nanotubes, biodegradable nanoparticles, nanocomposites. Na-
no-drug delivery systems have been successfully used to treat 
various types of cancer, gene therapy, modulating immune sys-
tem [1,2]. Multifunctionality, biocompatibility and versatility of 
nanotechnology can be leveraged to target brain tissue, perme-
ate the BBB and overcome any pharmacokinetic barriers and 
thus make it an indispensable tool in diagnosis and treatment 
of various neurological disorders [2]. In this review, we have dis-
cussed the implications of nanotherapueutics in the neurologi-
cal diseases and the current challenges pertinent to the usage 
of nanotherapeutics in the management of these diseases.
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electro-responsive nanosystems were discussed against 
epilepsy. In addition, the efficacy of curcumin-loaded nano-
drug delivery systems, monoclonal anti-tau antibody-coated 
gold nanoparticles, Polyethylene Glycolpolylactide-Polyg-
lycolide (PEG-PLGA) nanoparticle loaded with lactoferrin, 
Albumin/PLGA nanosystems conjugated with dopamine, 
curcumin-loaded onto T807/RPCNP nanoparticles were 
discussed against neurodegeneration. This review benefits 
neurologists, and clinicians to have keen knowledge perti-
nent to the nanotherapeutics implications and their chal-
lenges in the usage against neurological diseases.

Literature search 

A thorough literature survey of several databases such as 
Pubmed, Medline, eMedicine, National Library of Medicine 
(NLM), and ReleMed for the published reports, and articles in-
cluding review and original types. The information pertinent to 
the updated novel implications of nanotechnology in neurode-
generative disorders was gathered and reported.

Implications of Nanotherapeutcs in the neurological dis-
eases 

Epilepsy 

Epilepsy is a complex neurological disorder characterized 
by the incidence of seizures due to abnormal neuronal signal-
ling. Millions of people are diagnosed with epilepsy around the 
world annually adding to the demand for safer and efficacious 
therapeutic options for the management of epilepsy. In recent 
times, various nanotechnology-based therapeutic and diagnos-
tic agents have been developed for the management of epilepsy 
[2]. For instance, ‘nanobioelectronic-implantable transient elec-
tronic devices’ are referred to as the automated transient nano-
generators equipped with electrically charged nanomaterials 
which function as biomechanical sensors to monitor neuronal 
activity of the brain and release anticonvulsants in response to 
a seizure attack. The distinct, abnormal neuronal activity is suc-
cessfully detected in the in vivo studies through signal amplifier 
and wireless emitter which triggered electrothermal drug (phe-
nobarbital) release from controlled resistor heater attached 
to the nanogenerators. The decrease in seizure frequency and 
biodegradability is successfully evaluated through in vivo and in 
vitro studies. Such nanobioelectronic implants can be optimized 
for successful management of epilepsy for obtaining effective 
clinical outcomes in the epilepsy patients [2-4]. 

The ‘pH responsive nanomaterial -based therapeutics’ mod-
ulates pH at the diseased site to diagnose epilepsy and subse-
quently release drug locally without affecting normal tissue and 
ensuring site-specific action. In epilepsy conditions, microenvi-
ronment pH shifts from neutral to acidic or alkaline due to the 
pathophysiology factors such as inflammation, hypoxia, excess 
carbonic acid. Such pH responsive nanocarriers (modified hy-
drogels, liposomes and other nanoparticles) functionalized with 
pH sensitive agents which can effectively detect change in pH 
and cause physical change, subsequently triggering the drug 
release by weakening drug-polymer bonds. The pH-responsive 
macromer poly(methacrylic acid-g-ethylene glycol) can be used 
for pregabalin prolonged drug delivery for 5 hours with good 
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drug release profile in basic PH [5-8]. 

Electro-responsive nanosystems comprised of nanostruc-
tures made of electroresponsive polymers which undergo 
conformational changes in response to the fluctuating elec-
trical environments specifically in the abnormal neuronal im-
pulses during epilepsy and effectively release drug in response 
to electrical stimuli. An electroresponsive nanosystem for on-
demand drug delivery comprising of phenytoin-loaded onto 
electroresponsive hydrogel nanoparticles linked to angiopep-2 
to facilitate BBB permeation was evaluated using electrical and 
chemical-induced seizure models and successfully lowered phe-
nytoin dose, lowered seizure duration and frequency. This kind 
of nanostrategies may generate effective clinical outcomes in 
the patients with epilepsy [8-11].

Alzheimers disease (AD)

Alzheimer’s disease is a neurocognitive abnormality caused 
by the atrophy of the brain leading to dementia, subsequently 
induce damage to the core mental functions. Lack of proper di-
agnostic methods and etiology, and pathophysiology pertinent 
to AD are significant barriers to the efficient disease manage-
ment [1]. 

Beta-Amyloid deposits in the brain are mostly observed in 
the patients diagnosed with AD. A unique fluorescent chelator 
(TBT) with excellent BBB permeability was developed with dual 
functionality due to the high affinity and selectivity towards Be-
ta-Amyloid deposits allowing easy NIR imaging/diagnostics and 
inhibition of metal induced Beta-Amyloid aggregation (by che-
lating Zn2+ and Cu2+) [12]. TBT binding affinity to Beta amyloid 
aggregates was proven by ThT fluorescence competition assay 
and the inhibition of beta amyloid aggregation by TBT was as-
sessed in vitro by microBCA assay and visualized using TEM [12].

A series of novel phenothiazine compounds were developed 
as smart NIRF imaging probes for diagnosis of Beta Amyloid 
deposits and as the inhibitors of beta amyloid aggregation as 
potential treatment of Alzheimer’s disease. They were evalu-
ated for binding affinity to beta amyloid aggregates and showed 
good affinity in nanomolar scale. Aggregation inhibitory activity 
was assessed followed by fluorescence microscopy and showed 
activity in micromolar scale in addition to fluorescence staining 
of amyloid deposits confirming its diagnostic and therapeutic 
role in Alzheimer’s disease [13]. 

Curcumin-loaded nanodrug delivery systems have been im-
plicated in diagnosis and management of Alzheimer’s disease. 
Curcumin based diagnostic nanosystems (micelles and nanopar-
ticles) were developed using DSPE-PEG2000 and Pluronic 127; 
these nanosystem showed excellent penetration across the BBB 
for the detection of beta amyloid plaques at low concentrations 
due to its ability to it fluoresce as yellow/green under a violet/
blue (436 nm) light [14,15].

Monoclonal anti-tau antibody-coated gold nanoparticles 
have been developed and validated as the in vitro targeting 
agents to detect tau protein in Cerebrospinal Fluid (CSF) and 
beta amyloid plaques in the brains of patient with AD [16]. Cur-
cumin-loaded onto T807/RPCNP nanoparticles cross BBB easily 
and exhibit a high binding affinity to hyperphosphorylated tau 
in nerve cells, block multiple pathways involved in tau-associat-
ed pathogenesis of Alzheimer Disease as well as prevent neuro-
nal death (proven by in vitro and in vivo studies)[17]. Curcumin-
gold nanoparticles have been successfully developed to inhibit 
beta amyloid aggregation, cause its dissociation, subsequently 

mitigates Aβ-mediated peroxidase activity-mediated cytotox-
icity thus retain spatial learning and memory in rats (in vivo) 
[18,19].

Parkinson’s disease (PD) 

Parkinson’s disease is a neurodegenerative disorder which 
causes progressive loss of motor control and induces uncon-
trollable movements, tremors, rigidity and limits the ability 
of the patient to perform simple daily tasks. Degeneration of 
substantia nigra and subsequent deficit of dopamine across the 
mesolimbic system could cause a prominent pathophysiology of 
PD and the expression of alpha-synuclein is potentially higher 
across the brain during PD, and this alpha-synuclein expression 
is considered as the significant biomarker in PD [20]. 

A novel biodegradable Polyethylene Glycolpolylactide-Poly-
glycolide (PEG-PLGA) nanoparticle loaded with lactoferrin was 
developed to facilitate accumulation of lactoferrin in the brain 
thus facilitate CNS drug delivery in the PD models. In vivo up-
take studies in mice has shown higher concentrations of lacto-
ferrin-loaded nanoparticles in the brain models of PD and, thus 
demonstrating its potential as a nanotherapeutic candidate for 
the management of PD [20]. 

Albumin/PLGA nanosystems conjugated with dopamine 
were developed and evaluated in mice models. They have suc-
cessfully penetrated the BBB, and restored the dopamine lev-
els in substantia nigra and hence significantly improved motor 
control, coordination, balance and sensorimotor performance 
as compared to other groups [21].

Figure 1: Implications of the polymeric/inorganic/ exosome-
based nanotherapeutics in carriers [Curcumin-loaded nanodrug 
delivery systems Monoclonal anti-tau antibody-coated gold 
nanoparticles, polyethylene glycolpolylactide-polyglycolide (PEG-
PLGA) nanoparticle loaded with lactoferrin, Albumin/PLGA nano-
systems conjugated with dopamine, curcumin-loaded onto T807/
RPCNP nanoparticles] in the diagnosis, and management of beta-
amyloid peptides in Alzheimer’s disease, and neurofibrillary tangles 
in Parkinson’s diseases. LDLR: Low density lipoprotein receptor.

Challenges

Nanotherapeutics has many advantages over current con-
ventional drug delivery. However, it comes with a few limita-
tions and challenges which need to be understood in order to 
unleash its full potential as the treatment and management 
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options in neurodegenerative disorders. One major limitation 
is the genetic variation and differences in neural physiology 
among the patients, which makes it challenging to find a single 
therapeutic agent common to all. Health care practitioners may 
have to diagnose neurological disease conditions individually as 
well as to identify specific treatment for them [22]. Efficacy of 
Nanotherapeutics also constrained by the pharmacokinetic lim-
itations include low absorption time, possibility of absorption 
into other body parts and ultimately decreased concentration 
of active agent at the site of action [23].

Real-time treatment monitoring for assessing efficacy is not 
possible and hence it becomes difficult for the health practi-
tioners to track patient progress and significant impact on the 
treatment thus making it ineffective. Currently, nanotherapeu-
tics is in an infantile stage and requires huge monetary invest-
ments for extensive research and development of therapeutic 
agents ultimately making the said agents very expensive to ac-
quire and afford [24]. These challenges and limitations have to 
be overcome in order to enhance the applicability and scope of 
nanotherapeutics [25-30].

Conclusion 

Neurodegenerative disorders affect millions of people 
worldwide and requires more extensive research to develop 
newer therapeutic options. The concept of reformulation of 
existing drugs into nanosystems has emerged due to increas-
ing advancements in nanomedicine. Several nan-drug delivery 
systems and have been reported as potential candidates for di-
agnosis and management of neurological disorders. Although 
these nanosystems have been evaluated in cell and animal 
models, and lack substantial results which can be scaled to hu-
mans, they have demonstrated mitigative and therapeutic po-
tential in preliminary studies and hence can be optimized and 
researched further. However, these novel therapeutic tools are 
bound by certain challenges and limitations which should be 
sought to expand its applications in nanomedicine. 
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