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A B S T R A C T

The blood brain barrier (BBB) segregates the central nervous system from the systemic circulation
nevertheless also retard the effective treatment of central nervous system diseases. Intrinsically, the BBB
prevents contagions and pathogens by invade the brain, but also restraint the brain uptake of therapeutic
molecules. The potentiality to treat central nervous system disorders is strongly limited by the poor
access of many therapeutic agent to the target tissues, formed by a complex interplay of endothelial cells,
astrocyte and pericytes and the cells are connected by tight junctions which express a variety of receptors,
transporters, and pores which allow the penetration of specific substances from the blood into the CNS
through which only selected molecules can passively diffuse to reach the brain. Nonetheless, under certain
pathological conditions, the BBB is interrupted by allowing direct interaction between blood components
and consequently, it plays a pivotal role in minimizing CNS toxin exposure, controlling immune–CNS
communication, maintaining a low protein CNS environment, separating peripheral and CNS neuro-
signals, and importantly, regulating ion homeostasis. At present, along with the structural and mechanistic
manifestation of the BBB under physiological and pathological conditions it is feasible to design drug
delivery systems that could cross the BBB adequately. This review focuses on strategies that influence such
BBB disruption for delivering nano-carriers to the central nervous system with wider implementations
and broader prospection the treatment of brain targeted therapy, nano-medicines have turn out to be more
potent, more distinct and less toxic than traditional drug therapy.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

Disorders related to the central nervous system including
Alzheimer’s disease, Parkinson’s disease, strokes, brain
tumour and psychosisare the world’s leading causes of
infirmities associated with various comorbidities and thus
have been invite more scrutiny for the targeted and effective
therapy of all the above mentioned disorders.1,2 Although,
very few drugs are advantageous for the treatment of
the CNS affected diseases and the therapeutic efficacy is
greatly limited by various factors, among which inefficient
transportation of drugs across the BBB is the most
promising challenge.3–5 Central nervous system comprising
of brain which is the major portion for regulation of
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the nerve impulses throughout the periphery as well as
within the brain and the structural phenomenon of it
was well known for the its lipophilicity and the barriers
present in the brain i.e., blood brain barriers.6,7 The
ability of drug molecule to transport across the BBB
greatly depends on the properties of hydrophilicity of the
drug, hydrophobicity, dissociation degree, and molecular
size of the drug particle due to which the transportation
process of the drug molecule may carried out without
hampering any alterations or disturbance to the brain
environment.8–10 Consequently, the evolution of drug
delivery systems that can effectively transport the curative
agents into the CNS is of critical importance in the targeted
treatment of CNS diseases. Recently, nano-materials have
been considered as versatile drug transportation systems
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across BBB, which can deliver the loaded diagnostics
and therapeutic agents into the central nervous system.
Various types of nano-materials serve the unparalleled
advantages such as relatively high drug loading content,
good stability, controllable release of the active drug,
excellent passive and active targeting, biodegradability,
biocompatibility, and low toxicity.9 Moreover, approaches
avoiding uptake by the reticulo-endothelial system (RES)
allow drug-loaded nano-materials to have a prolonged blood
circulation, which significantly improves the BBB-crossing
possibilities of nano-materials resulting in a relatively
high drug accumulation in the brain parenchyma for
desirable theranostic effects of the drug.9,11–13 The primary
advantage of Nanoparticles carrier technology is that NPs
mask the blood-brain barrier limiting characteristics of the
therapeutic drug molecule and because of this, system
may slow drug release in the brain, decreasing peripheral
toxicity. Depending upon the nanotechnologies, many
strategies were extensively exploited for the transportation
of effective drug agents across the BBB, for example,
receptors-mediated transcytosis, disruption of BBB with
mechanical or ultrasound, and intranasal delivery of nano-
materials. The above discussed characteristics of the nano-
materials could affect the transportation ability across the
BBB, which provides tremendous space for researchers
to investigate and develop more promising strategies for
nanomaterial-based BBB crossing.14–19 In this review, we
will come up with the latest progress in nanomaterial based
BBB crossing strategies for the treatment of CNS diseases
and its associated comorbidities and the mechansims.

2. Blood Brain Barriers

The blood–brain barrier (BBB) is a selective semipermeable
lining of endothelial cells that prevents the solutes in
the circulating blood from non-selectively crossing into
the extracellular fluid of the CNS where neurons reside
and are also a physical and metabolic barrier that limits
transportation between the blood and neural tissues,
comprising of astrocyte end-feet encasing the capillary, and
pericytes embedded in the capillary basement membrane
which allows the passage of some molecules by passive
diffusion, as well as the selective transport of various
nutrients, ions, organic anions, and macromolecules such
as glucose, water and amino acids that are essential
for neuronal functions.8,20 It maintained the stability of
physiological environment of brain tissues and prevent
the CNS from infraction caused by harmful agents or
contagions in the blood. Furthermore these are the major
source for transporting the drug molecule to the site of
action with respect to the functional therapeutic efficacy
of the drug which should be decided according to the
diseases condition of the brain. The disorders of the CNS
may be directly depend upon the mechanism of action
of any particular drug should interact firstly with these

barriers to lead the purpose. Figure 1 is showing the
schematic illustration of blood brain barrier.21,22 Most of
the therapeutic agents delivered into the brain should pass
through the endothelial cells alternatively the transportation
of the ions and solutes crossing BBB carried out via the
paracellular passage between these endothelial cells and the
transportation of many cargos across the BBB takes place
via transcellular passage on the endothelial cells which is
also named as transcytosis. Precisely to maintained healthy
environment of the brain there should be rigid balance
between the paracellular and transcellular pathways.23 In
recent times the transcellular pathway has been broadly
explored and various strategies have been designed for the
transportation of the therapeutic agents into the brain tissues
as this pathway generally allows passive diffusion of small
lipophilic molecules having the size of < 500 Dalton.

3. Blood Brain Barriers and CNS Diseases

CNS diseases have been increasing in the world while the
development of targeted therapy for the prevention is greatly
limited because of the BBB. Many strategies based on
nanomaterials have been established to overcome the BBB
for the treatment of CNS diseases. Including this the BBB
and targeting potential of the nanomaterials towards the
CNS diseases like Alzheimer’s disease, Stroke, Parkinson’s
disease, Brain tumour, Autism and Schizophrenia are
presented.24Figure 2 showing the associated diseases of
central nervous system in correlation with blood brain
barrier dysfunctioning.25,26 To reach the specific site of
action in the brain the need of targeted dug delivery is
prerequisite and hence the role on nano technology for
the treatment of followed CNS disorders found to be very
important. According to the disease pathophysiology and
the mechanism of the drug action should followed the
penetration from the brain barriers by binding to the blood
and with this it will efficiently reach to the site after the drug
molecule is entrapped with the nano materials.27

4. Role of Blood Brain Barriers in Various CNS
Disorders

4.1. Alzheimer’s disease

Modified BBB transport of Alzheimer’s neurotoxin amyloid
-peptide (A) between blood with brain and brain with
blood, atypical angiogenesis, brain hypo-perfusion and
neurovascular inflammation, may initiate or contribute
to a circularity of the disease process, resulting in
progressivedys function of synaptic and neuronal regions
and loss in Alzheimer’s disease (AD).28–31 BBB plays a
major role in Alzheimer’s disease. On the basis of the
neurovascular hypothesis, decreased BBB clearance of Aβ
is one of the main reasons that may induce increased
amyloid load in the brain and the indicating Alzheimer’s
disease.32,33 In concern with pericytes, astrocytes and
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Fig. 1: Schematic illustration of blood brain barrier

microglia, the BBB separates components of the circulating
blood from neurons and the BBB maintains the chemical
composition of the neuronal ‘milieu’ that means the proper
and constant environment of brain kept by neurones and
also which is required for proper functioning of neuronal
circuits, synaptic transmission, synaptic modifications,
angiogenesis and neurogenesis in the adult brain.34

4.2. Parkinson disease

The comorbidities associated to the blood brain barrier
disruption inducing the disease state of parkinsonism with
the physiological conditions like inflammation of astrocytes,
infiltration of T-leukocytes, and microgliosisin the brain of
affected individual is related to the permeability of BBB and
loss of dopaminergic neurons moreover as the lot of pro-
inflammatory cytokines of TNF-α , IL-1β and interferon-
γ are released, and ROS and NO are greatly produced in
microglia and astrocytes of such PD patients, which are
thought to be correlated with BBB impairment.35–39 In this
condition there is selective degeneration of dopaminergic
neurons in substantianigra leads to the depletion of
dopamine in striatum with the presences of lewy bodies in

neurons which are composed of α-synuclein and protein
inclusions.40–42 The correlation between the progressive
BBB damage and the pathology course has been indicated
by the difference of the albumin ratios in parkinsonian
brain, also there are some associations between cerebral
blood flow deficiencies, vascular modifications and the loss
of BBB integrity in striatum and substantia nigra of PD
patients.43–45

4.3. Strokes

The most common type of stroke or ischemic stroke, is
defined as obstruction of blood flow to part of the brain
due to a thrombus or blood clot, condition of cerebral
edema (brain swelling)as this may lead to breakdown of
BBB, reassembly of endothelial cell tight junctions and
this results in a one year patient survival rate of 60%
because of the brain lacks blood supply during the stroke
episodes due to a bleeding vessel of hemorrhagic stroke
or vessel occlusion of ischemic stroke induced by a blood
clot.39,46,47 Evidences of pathophysiology of this condition
causes the deprivation of oxygen and nutrients in both
hemorrhagic stroke and ischemic stroke leads to brain cell
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Fig. 2: Overview of Blood brain barrier associated with CNS disorders

death, dysfunction of neurons and ultimate death of patient
furthermore throughout the episode of ischemic stroke there
is short opening time ranging from minutes to hours,
followed by the refractory interval take place to the BBB,
subsequently the BBB may undergo an reopening with time
period of hours to days.48,49 Thus the reopening of BBB
is directly associated with the formation of edema, reduce
the cerebral injury via blood re-supply, and the endothelium
activation, recruitment of leukocyte, production of cytokine
and ROS. In this condition of stroke drug delivery should
consider the compromised tight junctions, and the initial and
late opening of the BBB while taking the advantage of the
BBB-opening time window and the receptors expressed on
the luminal side of endothelial cells may be helpful for the
BBB-crossing of nanoparticles.50

4.4. Brain tumour

Glioblastoma (GB) has been thought to be the most
frequent primary brain tumor and the state of tumour
in the brain state a heterogeneous group of primary and
metastatic neoplasms in CNS which have a superlative poor
prognosis and very low survival rate of patients.51 It has
been an evolution in the research term of brain tumour
therapy as there is very challenging aspects because of
the complex and heterogeneous molecular biology, which
leads to different prognosis of patients expose to the same
treatment strategies.52,53 Primary brain tumours (PBT)
refers to the malignancies that originate and localised within
the brain. Although from a primary cancer that is affected
in other parts of the body first but later on it get invade
the CNS by producing inflammation or by affecting with
any carcinogen that are spread through primary cancer
such as lung cancer, breast cancer, colorectal cancer, renal
cell cancer or melanomas outside of the central nervous
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system and from here the initiation of metastatic brain
tumour is begin.54 Consequently due to complex and critical
structural anatomy of the blood brain barrier, transportation
of anticancer agents loaded nano-materials across BBB is
still the great challenge in the treatment of brain tumours
also the properties and the design strategies of nanoparticles
(NPs) mostly depend on the type of cancer, development
stage, and infected tissue location.55–57

4.5. Psychosis

Altered blood–brain barrier function is a central factor
in the pathophysiology of many CNS disorders among
psychosis is the leading disorder associated with various
comorbidities.58 The blood–brain barrier is formed by the
endothelium of brain micro-vessels affected by adjacent
cells and has several important functions which are
correlatewith the disease condition in psychosis. The
endothelium delivers oxygen and nutrients like glucose,
amino acids, and other neurotransmitter precursors to the
brain subsequently removes waste products, and severely
restricts the permeability of highly toxic and neuro-
active agents and pathogens.59,60 At both the blood–brain
barrier and the choroid plexus, tight junctions between
adjacent cells restrict diffusion of polar solutes through
the intercellular cleft that is considered as paracellular
pathway.61 The pathophysiology of psychosis related to the
Blood–brain barrier or the neurovascular unit changes in
pathology can include altered expression of ion channels
and drug transporters on endothelial cells and glia,
increased leakiness of tight junctions and extravasation
of plasma proteins, up-regulation of luminal adhesion
molecules, and increased adhesion and transmigration
of leucocytes.62,63 New methodologies are suggested for
studying the blood–brain barrier function in psychosis
which areenlisted as:

1. Dynamic contrast-enhanced MRI for in vivo
measurement of blood–brain barrier permeability

2. PET ligands for in vivo measurement of blood–brain
barrier permeability (eg, 2-amino-[3-11C] iso-butyric
acid)

3. In vitro blood–brain barrier models derived from
induced pluripotent stem cells from patients

4. Measurement of peripheral antibodiesto CNS-
restricted antigens (eg, anti-S100B antibodies) as a
marker of chronic blood–brain barrier disruption

5. Measurement of the effects of manipulations of
psychosis-associated genetic loci on blood–brain
barrier structure and function in animal models

6. Large-scale multicentre studies providing large
sample sizes, and examination of associations between
psychosis risk factors and markers of blood–brain
barrier disruption

7. Integration and identification of measures of
blood–brain barrier integrity across different
modalities (eg, combining serum levels of S100B
and magnetic resonance spectroscopy measures of
candidate neural metabolites).

5. Nanomaterial Based BBB Crossing Mechanism

The BBB is essential for the maintenance of the unique
neuro-parenchymal environment but it also represents an
invulnerable obstacle for a multiplicity of therapeutically
important drugs as there is permeation factor of these active
drug constituents is take into consideration.64 Drugs that are
intended to act in the CNS can be administered systemically,
if they have the ability to overcome the blood–brain barrier
(BBB), or have to be introduced directly in the CNS by
invasive methods, if such avoidance is limited.65 Although
this barrier is composed of different cell types such as
endothelial cells, pericytes, astrocytes, and microglial cells
there is specific permeation mechanism of blood brain
barriers with respect to their crossing pathways as shown
in the figure (Figure 3). The nanomaterial-based BBB
crossing mechanisms can be classified into two categories:
1) invasive mechanism; 2) non-invasive mechanism in
which for the invasive mechanism, the BBB needs to be
opened via physical means, and the nano-materials are
transported across the BBB through paracellular pathway
and with this the temporary BBB disruption strategy and
local delivery strategy belong to the invasive mechanism,
which is also called paracellular mechanism. Likewise for
the non-invasive mechanism, the BBB is intact during
the drug delivery process, and the nano-materials are
delivered across the BBB via transcellular pathway known
as transcellular mechanism.

6. New Strategies Targeted for Nanoparticles to
Enhance Brain Drug Delivery

Pharmaceutical compounds may not be able to approach
the brain while circulating in blood due to the presence
of the blood brain barriers that limits entry into the
brain and protects it from infections or harmful substances
whereas these barriers allows for the diffusion of a limited
portion of substances and prevents the diffusion of even
small molecules into the brain.66 While many essential
molecules are able to diffuse across this barrier but it
frequently excludes therapeutic compounds given their
special properties. Moreover, these nano compounds pass
through this barrier and reach neurons through different
routes and give the essential theranostic effects on the
diseased brain.67 Several Nanoparticles have been used for
crossing the BBB as these NPs penetrates through the tight
junctions between the endothelial cells of the vessels and
enable the drug to pass through the BBB. Endocytosis and
transcytosis of NPs can also facilitate drug transfer through
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Fig. 3: Permeation mechanism of blood brain barrier

the endothelial cell layer. NPs can target specific cells
by conjugating or coating ligands, and by use of specific
ligands can transport across the BBB from the circulation
by receptor-mediated transcytosis. The lipophilic features of
lipid NPs enable them to cross the BBB to enter the brain
through multiple transport pathways, including paracellular
pathway, transcellular pathway, transcytosis, and receptor
mediated endocytosis all these are responsible for the
transporting pathways for the nano-materials.68,69 The latest
strategies of nanotechnology with the enhancement of drug
delivery in the brain is shown in Figure 4. Known to
be paracellular and across cells which is transcellular.
This passive diffusion accounts for the transport of solutes
through the cell membrane, depending upon size and
lipophilicity of the substances.70 Carrier mediated transport
(CMT) or carrier-mediated influx are forms of diffusion
which may be passive or active, depending on the context,
and involve the unidirectional transport of drugs from the
blood to the brain. It is mainly instrumental in the transport
of many essential polar molecules, with the help of carrier

systems or transporters, such as glucose, amino acids and
nucleosides into the brain.

Receptor mediated transport is mainly implement in
the transportation of macro-molecules like peptides and
proteins across the BBB by conjugating the substance with
ligands such as lactoferrin, transferrin and insulin.57–59

Although it is an important transport mechanism of
predominant interest in drug delivery to the central nervous
system. Likewise the adsorptive mediated transport is a
type of endocytosis induced by conjugating the particle
to cationised ligands or peptides such as albumin.71,72

The general principle of AME based upon the transport
is electrostatic interaction between a positively charged
substance (cationized peptide-albumin) and the negatively
charged sites on the brain endothelial cell (BEC) surface
(e.g. glycoprotein).

According to the current scenario in the evolution of
drug delivery system targeting for the prevention of central
nervous system and blood brain barrier disorders with
respect to the newer strategies are developed to target such
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Fig. 4: Development of new strategies based on NP’s technology
for drug delivery to the brain

brain associated disorders and for this the nanocarriers
have to serve as good candidates for drug delivery across
the BBB possessing various characteristic features that are
summarized as follows.73,74

1. Particle diameter less than 100 nanometers;
2. Non-toxic, biodegradable and biocompatible;
3. Stable in blood (i.e., no opsonisation by proteins);
4. BBB-targeted (i.e., use of cell surface, ligands, and

receptor mediated endocytosis);
5. No activation of neutrophils, non-inflammatory;
6. No platelet aggregation;
7. Avoidance of the reticulo-endothelial systems;
8. Prolonged circulation time;
9. Scalable and cost effective with regard to

manufacturing process;
10. Amenable to small molecules, peptides, proteins or

nucleic acids;
11. Controlled drug release or should exhibit modulation

of drug release profiles.

7. Conclusion

The BBB plays a very important role in maintaining
normal physiological function of CNS. With the rapid
evolution of nano-biotechnology, nano-medicine has shown
great potential in the therapeutics and diagnostics of
neurological disorders, although the mechanism of many
brain pathologies is still not fully exemplify, the leading
reason is thought to be the BBB disruption. Therefore,
more rudimentary studies on the nanomaterial-based BBB

crossing strategies and drug release in the brain regions still
require to be carried out in more details. In this review
paper we learn about the strategies involve in the crossing
of drug molecule in the brain via penetrating through the
brain barriers and hence we can explore a broader prospect
and a promising direction of nanomaterial-mediated BBB-
crossing for the treatment of CNS diseases in the future.
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