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Nanoparticle Therapy Is a Promising Approach in the
Management and Prevention of Many Diseases: Does It Help in
Curing Alzheimer Disease?
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Treatment of brain diseases is always limited by the physiological nature of the highly selective blood-brain barrier (BBB) and the
electrostatic charge of the nanoporous extracellular matrix. Nanomedical application provides a promising drug delivery
revolution for the treatment of neurodegenerative diseases (NDDs). It depends on improving the pharmacokinetic distribution of
drugs through the central nervous system. Nanotechnology offers various forms of nanoparticles, and these nanoparticles have
brain-targeted and long-acting properties with minimal systemic adverse effects and motor complications. Gene delivery vehicles
and nanocarriers including neurotrophic factors are promising therapeutics for many NDDs, and they can modulate neuronal
survival and synaptic connectivity. Neurotrophic factors when integrated with the nanotechnological approaches can pass the
BBB merely, representing a significant challenging track. Clinical trials proved that levodopa nanoparticles cause little motor
complications which is a considerable drawback in treating Parkinson’s disease with levodopa. Recently, nanotechnology had
patented new formulations and achieved various advanced procedures for management, and even prevention, of NDDs.
Nanotechnology can be integrated into neuroscience to fight against neurodegenerative diseases. Primary research studies in using
nanoparticles to cure Alzheimer disease (AD) are promising but are still in need for more investigations.*e present paper aims to
review, outline, and summarize various efforts done in the field of using nanoparticles in the management of Alzheimer.

1. Introduction to Neurodegenerative Diseases
and Nanoparticles

Neurodegenerative diseases (NDDs) are debilitating dis-
orders that primarily affect the neuron cells, and they
degenerate the brain and central nervous system (CNS)
progressively which severely disturb the motor and cog-
nitive functions which may end with either complete
disabilities or death. Symptoms of NDDs often progress
slowly over the years [1]. *e resulting short- or long-term
impairments and limitations may burden the quality of life
of patients, families, and social networks [2]. NDDs are of
different types such as Alzheimer’s disease (AD),

Parkinson’s disease (PD), dementia, motor neuron diseases
(MND), Huntington’s disease (HD), prion disease, and
schizophrenia. In this review, we will focus on challenging
experimental and clinical trials in the treatment of the AD
as one of the most common NDDs among elders. Despite
the variations in clinical characteristics, there are some
molecular and subcellular similarities between these
NDDs. NDDs have standard features which include a late
appearance in life, synaptic abnormalities, extensive neu-
ronal loss, and gathering and collection of protein within
the brain [3]. Millions of people globally may have de-
mentia mainly due to AD, which causes an irreversible
type. It occurs in nearly 1% of the individuals in the age of
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more than 50 yrs and may jump to 50% in adults more than
70 yrs [4]. Profoundly, these percentages are expected to
increase with the worldwide increase in the population
mean age. AD is a chronic NDD, and it is considered as a
leading cause of dementia in elders; the causative mech-
anisms of the AD are still unclear.*e amyloid beta peptide
protein plaques are deposited extracellularly around the
walls of cerebral vessels and in the brain parenchyma [5].
*ey degenerate a person’s physical and mental skills
during their prime working years and has no cure [6]. In
this review, we aim to review, outline, and summarize
various efforts done in the field of using nanoparticles in
the management of Alzheimer.

Various fields of sciences were interested in using this era
of nanotechnology in challenges in the treatment and di-
agnosis of NDDs, see Figure 1 which reflects 236 published
papers since 1994 of different fields of science with years of
citations as provided by the Web of Science search result
analysis [7].

*e BBB has a nature of specific permeability which
represents the main challenge in the treatment of NDDs. *e
challenge is either to manipulate the drug in a ridiculously
small size that can easily pass the cells of the BBB or to change
the physicochemical parameters of the drug in a way that it
will be lipid soluble. All the available CNS treatment medi-
cations can hardly penetrate the BBB to give the required
therapeutic effect in the brain and CNS. Considerable re-
search studies indicate that enhancing the permeability and
bioavailability of the BBB is needed to improve therapeutic
outcomes. Nanotechnology medical applications offer many
new promising opportunities for efficient brain drug delivery
across the BBB that we will outline throughout the review [8].

Nanoparticle systems can be used with several routes of
administration such as oral [9], nasal [10], and parenteral
including intravenous [11], intramuscular [12], subcuta-
neous [13], and intraocular [14]. *e majority of the
nanoparticle systems that are used are composed of both
natural and synthetic polymers, proteins, and polysac-
charides in which the drug is incorporated for targeted
brain delivery [15]. *ese polymeric nanoparticles have
promising brain-targeting characters as modifiable
chemical characters for cell-specific and selective targeting
purposes and the ability to change the drug-releasing
pattern for controlled, sustained, or extended drug effects,
shielding the in situ drug in a way that interferes with the
lipophilic requirement to pass the BBB, which can also
protect the drug from the enzymatic degradation or the
first-pass metabolism effects, which all can help to increase
the bioavailability, decrease the required therapeutic dose,
and hence decrease the drug toxicity and systemic adverse
effects. *e size of the nanoparticle systems ranges from 1
to 1000 nm. *ere are many forms of nanosystems such as
nanoparticles, nanocapsules, nanospheres, nanogels,
nanosuspensions, nanomicelles, and nanoliposomes. *e
choice of a proper type of nanosystem depends on the
nature of the targeted cell or location, the nature and mass
of the drug, the required pattern of drug release, type of the
dosage form, and, in general, the nature of the drug
challenge to reach the brain or CNS [16].

2. Advantages of Using Nanoparticles for CNS-
Targeted Drug Delivery

In general, nanoparticles offer many promising advantages
to be applied in the medical fields for preparation of new
advanced dosage forms: high drug-loading capacity which
lowers the possibilities of chemical interactions or toxicity,
high surface area-to-volume ratio, ease of manipulation for
parenteral administration due to particle size and surface
characteristics of nanoparticles, capability to use for active
and passive drug-targeting strategies, sustained and con-
trolled release purposes of drug production, and site-specific
targeting by magnetic guidance or by attaching targeting
ligands to the surface of particles [17]. *ere are many
factors which affect the method of selection for the nano-
particle manufacturing materials such as required nano-
particle size, targeting properties, lipid or water solubility
and their respected hydrophobicity or hydrophilicity,
chemical and physical stability, surface charge and perme-
ability, biodegradability, biocompatibility, cytotoxicity, drug
release profile, and antigenicity of the final product [18].

Blood-brain barriers challenge the drug delivery design. In
general, pharmaceutical drug dosage forms cannot easily cross
the BBB; however, they can pass only by active efflux or carrier-
mediated transport in the usual drug formulations with very
little bioavailability [19, 20]. In vivo and in vitro studies verified
the passage of nanoparticles through the BBB. *ey supported
the incorporation of the nanotherapeutic substances into the
brain, so nanoparticles can also be applied in diagnosis as well
as brain-targeted therapy and gene therapy [21–23].

Ideal nanoparticles properties for brain drug delivery
purposes:

(1) Nanoparticles must be nontoxic, biodegradable, and
biocompatible, e.g., polylactide homopolymers and
polylactide-co-glycolide polymer nanoparticles [24].

(2) Nanoparticle size is preferred to be lower than 100 nm
where the rate of clearance increases with increasing
particle size more than 100 nm, so it affects both the
biodistribution and bioavailability [25].

(3) Physical stability and preventing aggregation in the
blood is necessary, where several types of nano-
particles were considered to be toxic due to physical
rather than chemical surface properties [26].

(4) Prolonged blood circulation time, in which only
PEGylated nanoparticles had lower uptake and
prolonged time [27].

(5) Targeted brain delivery with no need for active reflux
or carrier-mediated pathway, so as to enhance drug
bioavailability and efficacy and reduce the required
therapeutic dose and its resultant efficacy.

(6) Noninvasive gene-targeting brain delivery, e.g.,
PEGylated immunoliposomes via receptor-mediated
transcytosis which enter their content into the brain
tissues without injuring the BBB [28].

(7) Cost-effective studies should evaluate the potential
usage of nanomedicine for clinical purposes.
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Increasing treatment cost will limit the number of
patients who can benefit from those medications
[29].

3. Experimental Applications of
Nanoparticles in Treatment of
Neurodegenerative Diseases

3.1. +erapeutic Challenges. Recent application of nano-
technology in biomedicine and the optimistic growing of
researchers and applications in the fields of nanomedicine
and neuroscience provide the scientists with a promising
hope for the investigation and management of NDDs. *e
applications include targeted drug delivery, diagnostic ser-
vices, and manufacturing of advanced biocompatible sub-
stances [30, 31]. Solid nanoparticles are novel potential
colloidal carrier systems and matrix-like units prepared by
polymers or lipids; they are administered parenterally by the
intravenous route. *is technology manipulates nanometer-
scaled (1–100 nm) bioengineered materials with functional
groups that can interact at the molecular level with biological
systems [32]. Understanding these bioengineered nano-
particles is a vital key to recognize various nanomedical
applications. *e unique features of nanoparticles lie behind
their attractiveness for medical purposes. *e features are a
very high surface area of the nanoparticles to the mass ratio
and the ability to be functioning at their surface, so they can
adsorb or carry other substances such as medicines, diag-
nostic, or therapeutic probes and proteins. Nanoparticles
can be prepared with specific quantum properties which are
promising in diagnostic and imaging purposes [33].

Figure 2 illustrates different types of nanoparticles with
their average nanosize that can be injected intracerebrally to
treat Alzheimer disease.

4. Recent Applications of Nanoparticles in the
Management of Neurodegenerative
Diseases (NDDs)

Peptide-polymer conjugates profoundly improved bio-
availability and brain delivery of drugs. *ey advance
pharmacokinetics by raising their molecular mass, so they
shield themselves from proteolytic enzymes. *ese novel
approaches created new opportunities for the future de-
velopment of neurotherapeutic drugs and offer great hope
for the treatment of brain diseases [34, 35]. Despite the
clinical potentiality of the peptides, native peptides have
been seen with limited pharmacokinetics. *ey have low
bioavailability and metabolic stability in normal physio-
logical conditions [36]. Several interventions aimed to
enhance biological features of peptides for clinical appli-
cations by inclusion of synthetic amino acids, pseudo-
peptide bonding, cyclization, and chemical modification by
conjugation to polymers such as in different nanoparticle
systems offer great hope in the treatment of brain dys-
functions [37].

THPdb (http://crdd.osdd.net/raghava/thpdb/) a da-
tabase of the Food and Drug Administration (FDA)
contains therapeutically approved peptides and proteins
in which the data from 985 manuscripts and 70 patents
were compiled. *e latest version of the THPdb database
includes full information on 239 US FDA-approved
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Figure 1: Different fields of science interested in using nanotechnology for the management of NDDs.
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therapeutic peptides and proteins and their 380 drug
derivatives [38]. *e latest nanocarrier system was
designed by Yemisci et al., where chitosan nanoparticles
were used as a carrier for small peptides such as caspase
inhibitor Z-DEVD-FMK or the large peptide-like fibro-
blast growth factor through the BBB. *ese nanoparticles
are selectively targeting the brain without passing the liver
and spleen [39]. *e route of nanoparticle administration
reveals essential attention to defeat the physiological BBB
and to achieve therapeutic drug concentrations therein.
*erefore, alternative routes of administration for brain
drug delivery are being developed, such as the intravenous
and oral route, inhalation or intratracheal, and intrathecal
drug delivery systems [40]. *ere is a growing interest in
developing targeted brain delivery medicines and poly-
meric or lipid nanoparticles, which have a high degree of
specificity, to neurorepair and protection.*emain aim in
the design of a drug delivery nanosystem is to protect
therapeutic agents and increase their biodistribution and
therapeutic index to the brain [41]. *ese nanosystems
such as nanoparticles including nanospheres and nano-
capsules, micelles, dendrimers, nanocrystals, and nano-
golds mainly contain polymer- or lipid-based carriers.
Nanoparticles represent a promising strategy in which the
polymeric and biocompatible devices could deliver
immunoprotected therapeutic compounds to the brain
[42].

5. Advances of Nanoparticles in the
Management of Alzheimer Disease (AD)

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease that is manifested by deterioration of cognitive,
neuropsychiatric, and behavioral motor functions. Accu-
mulation of beta amyloid aggregates is the hallmark of AD
which are neurotoxic, and the resultant oxidative stress
causes damage to neurons and brain cells. *e main aim of
AD therapy is to protect neurons against the oxidative stress,
antiamyloid therapy, degeneration, and to pass through the
BBB for brain-targeted action [43]. In vitro and in vivo
studies for managing AD were done by Liu et al. in 2016
using a mice model; they successfully achieved therapeutic
brain delivery by parenteral injection of a multifunctional
nanoparticle. *is multifunctional nanosystem used
PEGylated dendrigraft poly-l-lysine as a carrier of the
therapeutic gene and the peptide [44]. Cranial implants of
microencapsulated vascular endothelial growth factor-
(VEGF-) secreting cells elevated brain vessel formation in
the cerebral cortex corresponding to the control group.
Findings of this study proved the earlier fact that considers
VEGF has a potential therapeutic effect on brain disorders
such as angiogenesis, protection of neurons, and cerebral
microvascular exchange of nutrients [45, 46]. Direct injec-
tion of bolus doses of drug nanoparticles into the brain has
many advantages: high concentration in the brain was

Figure 2: Diagrammatic ICV injection for different forms of drug-loaded nanosystems.
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achieved with no alteration or impairment in BBB func-
tions, enhancement of vascularity at the cerebral cortex,
and diminishing of the amyloid beta deposits [47]. Based
on this fact, the therapeutic use of VEGF microencapsu-
lation was patented [48, 49]. Parenteral administration of
medications ensures the delivering of therapeutic medi-
cines with proper doses to the cerebrospinal compart-
ments, but it exposes the ependymal surface to a higher
level of drugs that may cause toxic rather than therapeutic
effects. Treatment with growth factor nanoreleasing sys-
tems is highly promising for NDDs, but it may cause severe
side effects in the brain due to the direct injection to the
brain. Axonal sprouting and Schwann cell hyperplasia were
reported after the intracerebroventricular (ICV) injection
of the nerve growth factor [50]. Periventricular astrogliosis
is also reported due to the ICV injection of the fibroblast
growth factor [51].

Another design of physiologically active nanoparticles is
the cytokine-derived peptide nanopeptide that is used in the
preparation of drug dosage forms for the management of
NDDs, in precise, AD [52]. *ey can be administered by
parenteral, topical, oral prelingual, rectal, or intraocular
routes, but the preferred routes are subcutaneous, intranasal,
intraperitoneal (IV), and intravenous routes (IP). Topical
preparations such as patch, pomade, or gel are available [53].
Experimental studies proved that the PAT nanopeptide
exhibits some biological activity when it is administered by
the ICV route—which bypasses the BBB—and by the par-
enteral route (intraperitoneal). *is latter mode of admin-
istration highlights the fact that that the product crosses the
BBB and reaches the brain. To pass the BBB, persons skilled
in the art know that the molecular and physicochemical
properties of the molecule must fulfil the rule-of-five criteria
described by Lipinski et al. (a low molecular weight, its

Table 1: Drugs used for investigating the effective therapy of different nanoparticles in the treatment of Alzheimer.

Drug Composite Type of
nanoparticles Model Improved properties Shape and

particle size
Zeta

potential References

Pd hydride
(PdH)

Pd hydride
(PdH) Nanoparticles Mice

In situ and sustained
release of high payload
of hydrogen, decreasing
the oxidative stress

Cubic shape with
uniform size
(about 30 nm)

NA [61]

Vitamin D-
binding
protein
(DBP)

DBP-PLGA Nanoparticles
Aβ-

overexpressing
(5XFAD) mice

Decrease Aβ aggregation
and accumulation

Spherical and
uniform size,

average
226.6± 44.4 nm

−0.144mV [62]

Curcumin
(Cu) and
selenium
(Se)

Se-Cur/PLGA Nanospheres Transgenic mice
(5XFAD) Decreases the amyloid-β

Spherical and
uniform size,

average
70.5± 6 nm

NA [63]

SNPs

Aqueous
extraction of
Lampranthus
coccineus,

Malephora lutea,
F. Aizoaceae

Nanoparticles
Adult male
albino rats of

Sprague Dawley

Anticholinesterase and
antioxidant activity

Spherical
nanoparticles

with a mean size
from 12.86 nm to

28.19 nm

NA [64]

Aβ1-42
peptide

Aβ1-42 peptide
monoclonal

antibody to PEG
chain (anti-aβ1-

42-NPs)

PEGylated
nanoparticles

AD-like
transgenic mice

Promote Aβ1-42
elimination through the

“sink effect”
125 nm −20 to

−30mV [65]

Zinc Zinc-PLGA Nanoparticles Wild-type (WT)
and APP23 mice

Reduction in plaque size
and affects the release of

proinflammatory
cytokines IL-6 and IL-18

200–220 nm NA [66]

Coumarin TQNP/H102 Nanoparticles APP/PS1
transgenic mice

Decreasing amyloid
plaques, increasing Aβ-
degrading enzymes,
reducing tau protein
phosphorylation,

protecting synapses, and
improving the spatial
learning and memory

100 nm that may
increase on
loading with
H102 peptide

−25mV [67]

DBP-PLGA: vitamin D-binding protein loaded PLGA (poly (D,L-lactic acid-co-glycolic acid)); Se: selenium; Aβ: amyloid beta protein; TQNP is a mul-
tifunctionalized nanoparticle system based on poly(ethylene glycol)-poly(lactic acid) (PEG-PLA) and modified with TGN peptides as the brain ligand and
QSH peptides for A42-binding (TQNP) [61], to target amyloid plaques in the brain; TGN (TGNYKALHPHNGC), QSH (QSHYRHISPAQVC), H102 peptide
(HKQLPFFEED), and Aβ42 were peptides; NA: not available; SNPs: silver nanoparticles.
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lipophilicity, its charge, etc.). However, it was a surprise to
notice that the PAT peptide, which does not fulfil all these
criteria, crosses the BBB [54].

Monoclonal antibodies have been anticipated as useful
options for both in vivo diagnosis and treatment. Recent
clinical trials have assumed that this promising potential
impact is becoming a reality. Attention of researchers is
moving towards the production of sufficient quantity of
monoclonal antibodies with high purity and quality for
widespread human use. Microencapsulation technique is
currently used for large-scale production of both human and
murine types of monoclonal antibodies for in vivo appli-
cations [55]. Encapsulated antibodies are now used for the
treatment of brain diseases. Microencapsulation used for
controlled drug delivery of anti-VE-cadherin monoclonal
antibodies can be considered as a new therapeutic option for
the inhibition of angiogenesis [56]. Nanoparticle encapsu-
lation of the drug maintains about 80% of its enzymatic
activity with no cytotoxicity at the level of therapeutic
concentration [57].

A novel product of siRNA nanoparticles used the
peptide-tagged polyethylene glycol- (PEG-) related chitosan
polymer as a drug delivery system for NDD applications. It is
used to deliver a functional siRNA against the Ataxin-1 gene
in an in vitro simulation of NDD. *e results indicate that
the SCA1 protein was successfully suppressed after 48 hr of
transfection. *e result of this study has great impact on
NDD like AD, PD, and others [58]. Cerium oxide nano-
particles (CeONPs) have recently appeared as a new ther-
apeutic option which extends the therapeutic impact of
using nanomedicine in the treatment of NDD such as the
AD, PD, multiple sclerosis, ischemic stroke, and amyo-
trophic lateral sclerosis. *eir average nanosize helps the
smooth passage through the BBB. However, its antioxidant
activity can change the signaling pathway, which enables the
scavenging of reactive oxygen radicals [59]. Novel galant-
amine-loaded polymeric nanoparticles are another recently
emerged drug delivery systemþþ for treating neurodegen-
erative diseases. Galantamine-loaded polymeric nano-
particles (GNPs) were prepared by the nanoemulsion
templating technique, and GNPs have safe, biocompatible,
and biodegradable properties which make them suitable for
the intravenous use [57]. Silica nanoparticles (SiNPs) are
widely used as a drug delivery carrier and also used in
molecular detection and cellular manipulations, and many
research studies try to apply them in the nanoneuro-medical
applications. However, SiNPs may dangerously affect the
brain by causing neurotoxicity, inflammation, and degen-
eration by its amyloidogenesis action, which is a hallmark of
Alzheimer’s disease [60].

Table 1 summarizes some recent pharmacological
studies that investigate the effective therapy of different
nanoparticles in the treatment of Alzheimer.

6. Conclusion

Targeted nanoparticle brain drug delivery aims to improve
the clinical outcomes with developing the diagnostics and
therapeutic efficacy of medication in managing Alzheimer

disease. Many efforts on this approach were done and are
still ongoing for effective symptomatic therapy, suspending
the progression of different types of neurodegenerative
diseases and decreasing the well-known severe complica-
tions of therapeutic medication. Some nanopharmaceuticals
are patented in treating NDDs in animals, some still in the
experimental stage, and some proved to be safe, while others
reported cytotoxicity. Identification of putative gene-tar-
geted therapy using compacted DNA and RNA plasmids
using viral or nonviral vector technique research studies are
also still going on, and all these studies are promising for
managing and may preventing NDDs, but until now there is
no evidence for the efficacy and safety margin of using
nanoparticles in patients with AD.

Conflicts of Interest

*e authors of this paper have no conflicts of interest that
influence the results or interpretation of reviewed
manuscripts.

References

[1] B. L. Rajak, M. Gupta, and D. Bhatia, “Growth and ad-
vancements in neural control of limb,” Biomedical Science and
Engineering, vol. 3, no. 3, pp. 46–64, 2015.

[2] S. S. Dikmen, J. E. Machamer, J. M. Powell, and N. R. Temkin,
“Outcome 3 to 5 years after moderate to severe traumatic
brain injury11No commercial party having a direct financial
interest in the results of the research supporting this article
has or will confer a benefit upon the author(s) or upon any
organization with which the author(s) is/are associated,”
Archives of Physical Medicine and Rehabilitation, vol. 84,
no. 10, pp. 1449–1457, 2003.

[3] Y. Choonara, V. Pillay, L. Du Toit et al., “Trends in the
molecular pathogenesis and clinical therapeutics of common
neurodegenerative disorders,” International Journal of Mo-
lecular Sciences, vol. 10, no. 6, pp. 2510–2557, 2009.

[4] L. Bertram and R. E. Tanzi, “*e genetic epidemiology of
neurodegenerative disease,” Journal of Clinical Investigation,
vol. 115, no. 6, pp. 1449–1457, 2005.

[5] A.W. J. Morris, M.M. Sharp, N. J. Albargothy et al., “Vascular
basement membranes as pathways for the passage of fluid into
and out of the brain,” Acta Neuropathologica, vol. 131, no. 5,
pp. 725–736, 2016.

[6] P. Dayalu and R. L. Albin, “Huntington disease,” Neurologic
Clinics, vol. 33, no. 1, pp. 101–114, 2015.

[7] Web of Science, “Nanotechnology neurodegenerative dis-
eases,” Results Analysis, 2020, https://wcs-webofknowledge-
com.sdl.idm.oclc.org/RA/analyze.do?product=WOS&SID=E
39jrRpJaOJawVLdYQc&field=TASCA_JCRCategories_JCR
Categories_en&yearSort=false.

[8] C. Saraiva, C. Praça, R. Ferreira, T. Santos, L. Ferreira, and
L. Bernardino, “Nanoparticle-mediated brain drug delivery:
overcoming blood-brain barrier to treat neurodegenerative
diseases,” Journal of Controlled Release, vol. 235, pp. 34–47,
2016.

[9] Z. Izadi, A. Divsalar, A. A. Saboury, and L. Sawyer, “β-lac-
toglobulin-pectin nanoparticle-based oral drug delivery sys-
tem for potential treatment of colon cancer,”Chemical Biology
& Drug Design, vol. 88, no. 2, pp. 209–216, 2016.

6 Journal of Nanotechnology

https://wcs-webofknowledge-com.sdl.idm.oclc.org/RA/analyze.do?product=WOS&SID=E39jrRpJaOJawVLdYQc&field=TASCA_JCRCategories_JCRCategories_en&yearSort=false
https://wcs-webofknowledge-com.sdl.idm.oclc.org/RA/analyze.do?product=WOS&SID=E39jrRpJaOJawVLdYQc&field=TASCA_JCRCategories_JCRCategories_en&yearSort=false
https://wcs-webofknowledge-com.sdl.idm.oclc.org/RA/analyze.do?product=WOS&SID=E39jrRpJaOJawVLdYQc&field=TASCA_JCRCategories_JCRCategories_en&yearSort=false
https://wcs-webofknowledge-com.sdl.idm.oclc.org/RA/analyze.do?product=WOS&SID=E39jrRpJaOJawVLdYQc&field=TASCA_JCRCategories_JCRCategories_en&yearSort=false


[10] L. Casettari and L. Illum, “Chitosan in nasal delivery systems
for therapeutic drugs,” Journal of Controlled Release, vol. 190,
pp. 189–200, 2014.

[11] J. Kreuter, “Drug delivery to the central nervous system by
polymeric nanoparticles: what do we know?” Advanced Drug
Delivery Reviews, vol. 71, pp. 2–14, 2014.

[12] K. Nakano, J.-I. Koga, and K. Egashira, “Nanoparticle-me-
diated endothelial cell-selective drug delivery system,” in
+erapeutic Angiogenesis, pp. 247–266, Springer, Berlin,
Germany, 2017.

[13] J. Zhou, T. R. Patel, J. M. Piepmeier, and W. M. Saltzman,
“Highly penetrative nanocarriers for treatment of CNS dis-
ease,” US 20150118311A1, 2020.

[14] A. Vashist, A. Kaushik, A. Vashist et al., “Nanogels as po-
tential drug nanocarriers for CNS drug delivery,” Drug Dis-
covery Today, vol. 23, no. 7, pp. 1436–1443, 2018.

[15] N. Rajput, “Methods of preparation of nanoparticles-a re-
view,” International Journal of Advances in Engineering &
Technology, vol. 7, no. 6, p. 1806, 2015.

[16] G. Modi, V. Pillay, and Y. E. Choonara, “Advances in the
treatment of neurodegenerative disorders employing nano-
technology,” Annals of the New York Academy of Sciences,
vol. 1184, no. 1, pp. 154–172, 2010.

[17] G. Tiwari, R. Tiwari, S. Bannerjee et al., “Drug delivery sys-
tems: an updated review,” International Journal of Pharma-
ceutical Investigation, vol. 2, no. 1, p. 2, 2012.

[18] K. G. Budinski and M. K. Budinski, Engineering Materials,
Pearson Education India, Bengaluru, India, 1949.

[19] L. Battaglia, P. P. Panciani, E. Muntoni et al., “Lipid nano-
particles for intranasal administration: application to nose-to-
brain delivery,” Expert Opinion on Drug Delivery, vol. 15,
no. 4, pp. 369–378, 2018.

[20] C. A. Peptu, L. Ochiuz, L. Alupei, C. Peptu, and M. Popa,
“Carbohydrate based nanoparticles for drug delivery across
biological barriers,” Journal of Biomedical Nanotechnology,
vol. 10, no. 9, pp. 2107–2148, 2014.

[21] T.-T. Zhang, W. Li, G. Meng, P. Wang, and W. Liao,
“Strategies for transporting nanoparticles across the blood-
brain barrier,” Biomaterials Science, vol. 4, no. 2, pp. 219–229,
2016.

[22] R. Bayford, T. Rademacher, I. Roitt, and S. X. Wang,
“Emerging applications of nanotechnology for diagnosis and
therapy of disease: a review,” Physiological Measurement,
vol. 38, no. 8, pp. R183–R203, 2017.

[23] O. Betzer, M. Shilo, R. Opochinsky et al., “*e effect of
nanoparticle size on the ability to cross the blood-brain
barrier: an in vivo study,” Nanomedicine, vol. 12, no. 13,
pp. 1533–1546, 2017.

[24] F. Masood, “Polymeric nanoparticles for targeted drug de-
livery system for cancer therapy,” Materials Science and
Engineering: C, vol. 60, pp. 569–578, 2016.

[25] N. Hoshyar, S. Gray, H. Han, and G. Bao, “*e effect of
nanoparticle size on in vivo pharmacokinetics and cellular
interaction,” Nanomedicine, vol. 11, no. 6, pp. 673–692, 2016.

[26] A. Gnach, T. Lipinski, A. Bednarkiewicz, J. Rybka, and
J. A. Capobianco, “Upconverting nanoparticles: assessing the
toxicity,” Chemical Society Reviews, vol. 44, no. 6,
pp. 1561–1584, 2015.

[27] H. Ou, T. Cheng, Y. Zhang et al., “Surface-adaptive zwit-
terionic nanoparticles for prolonged blood circulation time
and enhanced cellular uptake in tumor cells,” Acta Bio-
materialia, vol. 65, pp. 339–348, 2018.

[28] A. V. Kabanov and E. V. Batrakova, “Polymer nanomaterials
for drug delivery across the blood brain barrier,” in

Neuroimmune Pharmacology, pp. 847–868, Springer, Berlin,
Germany, 2017.

[29] D. M. Parikh, Handbook of Pharmaceutical Granulation
Technology, CRC Press, Boca Raton, FL, USA, 2016.

[30] S. B. Pehlivan, “Nanotechnology-based drug delivery systems
for targeting, imaging and diagnosis of neurodegenerative
diseases,” Pharmaceutical Research, vol. 30, no. 10,
pp. 2499–2511, 2013.

[31] O. Lupan, “Nanotechnology and its applications in medicine,”
inHealth TechnologyManagement, Institutional Repository of
the Technical University of Moldova (IRTUM), Chişinău,
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