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ABSTRACT

The demanding sector of efficient brain delivery has
great vision of scientific interest, resulting in the in-
vention and patenting of numerous novel methods.
Therefore in this article, we discuss recent remarkable
developments in the use of nanotechnology for med-
ication delivery. Central Nervous System (CNS) condi-
tions, specifically neurodegenerative disorders, are a
serious public health issue that researchers address
if individuals are to be saved. To promote treatment
efficacy while minimizing negative impacts, diverse
polymers have been incorporated in the preparation of

INTRODUCTION

Nanotechnology is the study of the science of nanoparticles. It is
the manipulation and application of matter on a microscopic level.
Atoms and molecules respond differently at this magnitude that
provides a range of unique and unexpected effects. Nanostruc-
tures and nonmaterial have progressed substantially in a multi-
tude of new fields in recent decades. It leads to the emergence of
goods, particularly for therapeutic applications, where traditional
methodologies have hit their limits. Pharmaceutical nanopar-
ticles are submicron-sized solid drug carriers which were either
biodegradable or non-biodegradable. Nanoparticle is a word that
applies to both nanospheres and nanocapsules. Nanospheres are
a matrix system in which the drug is scattered within a polymer
matrix, whereas nanocapsules are reservoir systems where the
drug is held in the internal cavity of the polymeric membrane.
Polymeric nanoparticles can be made of natural polymers such
as gelatin, pectin, sodium alginate, or synthetic polymers such as
Poly Lactic-co-Glycolic Acid (PLGA), Poly Butyl Acrylate (PBA),
and Polylactic Acid (PLA). Drugs, proteins, and DNA are distrib-
uted adequately to targeting cells and organs through polymeric
nanoparticles. Their molecular size helps in effective absorption
and stability across cellular membrane in the bloodstream. Nano-
technology has broadly knocked distinguishable fields of know-
ledge and has attained respectable progresses in field of medica-
tion and medicine delivery (Taghipour YD, et al., 2018). This aids
in the treatment of chronic diseases by targeting the site of action
and targeted release of API very precisely. The challenges faced
by scientist to deliver drug into the brain is achieved by nano for-
mulation as their size range between 10-100 nm (Patra JK, et al.,
2018).

LITERATURE REVIEW
Solid Lipid Nanoparticles (SLN)

Solid Lipid Nanoparticles (SLN) are colloidal carriers composed
of a biomaterial lipid matrix that are solid at body temperature
and size ranging between 100-400 nanometers. Controlled drug
release, targeted distribution, superior drug stability, large-scale
synthesis, and simplicity of sterilizing are few of the benefits of
SLN. A newer type of SLN known as Nanostructured Lipid Car-
riers (NLC), which are composed of a solid lipid and a modest
amount of liquid lipid (oil) and maintain the solid state at both
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room and body temperature, have recently been popular for brain
targeting (Lin LN, et al., 2010; Rangasamy M, 2011).

Nanospheres

Nanospheres, also known as matrix-type nanodevices, they are
solid polymeric NPs composed of circular polymeric matri-
ces that have been widely investigated as carriers of medicinal
compounds. The biological active agents are evenly dispersed
throughout the polymeric core, and the loaded active ingredi-
ent is released into the environment by diffusion. Drugs can be
adsorbed on the nanospheres’ surface (Gonzéalez-Nieto D, et al.,
2020). These nanospheres have the potential to integrate hydro-
phobic medicines at concentrations larger than their intrinsic
water solubility, resulting in prolonged and regulated drug release
patterns and high loading capacity for poorly water-soluble phar-
maceuticals. The time it takes for the medicine to be released from
nanospheres is determined by the polymer matrix’s composition
and capacity to absorb fluid (Tian X, et al., 2021). Drug loading
and the size of the nanospheres impact efficient drug release
from these nanostructures. In general, in release trials, a signifi-
cant burst impact and quicker release rate are found at increased
drug loading. Furthermore, bigger nanospheres have a lower
initial burst effect and a longer sustained release than smaller
nanospheres. Drug release is mediated by a variety of methods,
including hydration-induced degradation of the polymer matrix
or swelling, enzymatic or hydrolytic breakage of polymer bound-
aries, and transport of the physically encapsulated drug (Johanson
CE, et al., 2005; Johanson CE, 1980).

Nanogels

Nanogels are nanoparticles made up of a hydrogel that is strongly
cross-linked with hydrophilic polymer chains, either mechanic-
ally or chemically (Biddlestone-Thorpe L, et al.,, 2012). The pres-
ence of hydrophilic functional groups in nanogels allows them to
store a large quantity of water. Nanogels, among other novel drug
delivery vehicles, are particularly promising for use in a range of
methods, diagnostics, macromolecules, and other applications
(Laquintana V, et al., 2009). Nanogels, which are a few nanom-
eters in size, are far better at carrying physiologically active mol-
ecules than hydrogels. Chemical modification of nanogels aids
in the incorporation of targeting ligands for targeted drug deliv-
ery and the inhibition of particular site drug release by external
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stimuli. When compared to physically cross-linked nanogels, chemically
cross-linked nanogels offer a wide range of applications and shows stable
behavior. Nanogel production can significantly speed up bioactive mol-
ecule encapsulation, making them potentially effective nanomedical carri-
ers. Moreover, they have a greater surface area and drug loading capacity,
making them appealing for in vivo applications (Ohgaki H and Kleihues
P, 2007).

Different delivery approach to brain

Considering pharmaceutical molecules passage through the BBB and
BCSE, drug delivery to the brain for the treatment of multiple diseases and
disorders is extremely complicated and challenging. To overcome such
issues and obstacles, brain targeting techniques such as invasive, non-in-
vasive, olfactory drug administration, ophthalmic drug delivery, and fo-
cused ultrasonography methods are utilized. They enable easy penetration
of therapeutic agents through the BBB and CSE hence boosting therapeut-
ic efficacy (Burgess A and Hynynen K, 2013).

Brain: The cerebral hemispheres and the brain stem make up the brain.
The brain stem is split into three sections: The hindbrain, the midbrain,
and the diencephalon. The spinal cord continues in the hindbrain. It regu-
lates blood pressure and respiration. The midbrain comprises groupings of
neurons that influence the activity of neurons in the brain by using a spe-
cialized type of chemical messenger. The thalamus and the hypothalamus
are two components of the diencephalon: The thalamus transfers sensory
information to the cerebral cortex, which then transmits information to
the thalamus. The hypothalamus modulates mood and also controls pro-
cesses such as eating and drinking (Komarova Y and Malik AB, 2010;
Ghersi-Egea JF and Strazielle N, 2001).

Barriers of brain: Different processes, including as passive diffusion,
transporters, and transcytosis, are part of the transcellular route (Rautio J,
et al., 2008; Rodriguez A, et al., 2015) Blood Brain Tumor Barrier (BBTB).
Brain cancerous cells mimic the BBB in their early stages because of their
rapid proliferation and mobility. The Blood Brain Barrier (BBB) is formed
by basal membrane and brain cells namely pericytes and astrocytes (Wal-
lez Y and Huber P, 2008; Rao KS, et al., 2008). The capillaries in brain are
formed by the polarized endothelial cells, neurons, tight junctions, where
the endothelial cells are surrounded by astrocytes and pericytes which
makes the BBB highly impermeable. The two main barriers that restrict
the entry of toxic compounds into brain are Blood Brain Barrier (BBB),
Blood Cerebrospinal Fluid Barrier (BCSFB), Blood Brain Tumor Barrier
and Arachnoid barrier. As a result, the BBB and the BBTB collectively con-
stitute a significant barrier for drug delivery to treat neurological disorders
(Taddei A, et al., 2008; Pober JS and Sessa WC, 2007) Brain Cerebrospinal
Fluid Barrier (BCSFB) In cerebral ventricles, the choroid plexus is a vas-
cular tissue. As a byproduct, new blood vessels (brain tumor capillary)
develop the Blood Brain Tumor Barrier (BBTB), which is separate from
the BBB. The BBB is a diffusion barrier preventing neurotoxic chemicals
from entering brain cells and ensures brain homeostasis. By the linkage
of endothelial cells and interendothelial cells the water soluble substance
are restricted from entering into brain. Between the circulating blood and
the cerebrospinal region, BCSFB acts as a barrier (Erd E, et al., 2018). The
BBB, on the other hand, is sealed by tight junctions and lacks permanent
fenestration (Wallez Y and Huber P, 2008). They play an important role
in the transport of metabolites and foreign substances between the blood
and the Cerebrospinal Fluid (CSF) (Bahadur S, et al., 2020). Particles pass
through the BBB by passive transport through the paracellular route be-
tween neighboring cells, utilizing concentration gradients. The Multidrug
Resistance-related Proteins (MRPs) and multidrug transporters P-glyco-
protein (PgP) are the two main transporters of ATP Binding Cassette. It
is essential for the healthy functioning of the brain. The BCSF barrier’s
neuroprotective function relies heavily on SLC transporters (Teleanu DM,
et al., 2018). The Multidrug Resistance-related Proteins protect the BCSFB
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against metal ions. The majority of the transporters are ATP-Binding Cas-
sette (ABC) transporter and the Solute Carrier (SLC) super-families. In
glioblastomas, BBTB penetration is considerable in the bulk of the tumor,
but it is limited or non-existent in the peripheral area. The BCSFB includes
multiple gap junctions and pinocytosis vesicles which serve as a protein
filter. The BBB is disrupted when cancerous cells reach a particular thresh-
old (Mehdipour AR and Hamidi M, 2009). In the apical side of the Cere-
bral Palsy (CP) present the low density lipophilic receptor-related proteins
which aids in the clearance of peptides form the CSF (Radocha J, et al.,
2021; Erd6 E et al., 2018). SLC29A4 is an organic cation transporter that
eliminates serotonin, dopamine, and histamine from the CSF since they
might involve in the termination of neurotransmitter signaling. The move-
ment of substance into BBB is precisely regulated by protein complexes
called interendothelial junctions. The functional unit of CP consists of a
capillary surrounded by a layer of modified ependymal epithelium. Oc-
cludin, claudins, junctional adhesion molecules are some of the proteins in
tight junction (Figure 1).

—
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Figure 1: Approaches of drug delivery to brain
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Invasive technique

Intra cerebral implants: This strategy uses delivering therapeutics directly
into the brain parenchymal zone using one of 3 techniques direct infusion
via intrathecal catheter, controlled release matrices, or microencapsulat-
ed chemicals. Diffusion is the fundamental mechanism. This type of drug
delivery is essential in the treatment of several CNS illnesses, including as
Parkinson’s disease (Slavc I, et al., 2018).

Intra cerebral ventricular infusion: At only 1-2 mm from the surface,
the estimated quantity of a drug in the brain is only 1%-2% of the CSF
concentration. Drugs are delivered effectively to the brain’s surface via an
Intracerebroventricular injection (ICV), but they are not carried efficiently
to the subarachnoid space. If the medications target receptors are localized
near the ependymal surface of the brain, the pharmaco-logical effects can
be noticed following Intra-ventricular delivery. The disadvantage is that
drug diffusion is relatively poor in the parenchyma, and unless the target is
near to the ventricles, this approach of brain focused drug administration
is ineffective (Ningaraj NS, et al., 2002).

BBB disruption: This technology was developed in 1989 and was first per-
formed on individuals. When the BBB is disrupted, the tight connection
between the endothelial cells of the brain capillaries leaks, letting compon-
ents in the blood to enter the brain cells. According to this procedure, the
barrier is temporarily disrupted by injecting mannitol sugar solution into
cervical arteries, resulting in a greater sugar concentration in brain capil-
laries and fluid flows out of endothelial cells, weakening them and bypass-
ing the tight junction (Avhad PS, et al., 2015).
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Noninvasive technique

Chemical techniques:

Prodrug: Prodrugs are defined as drugs that must undergo chemical con-
version by metabolic activities to become an active pharmacological agent.
The prodrug strategy is used to make a drug more lipophilic by chemical
modification. Morphine, for example, never enters the CNS on its own.
Morphine may readily cross the BBB after latentiation via acetylation of
both hydrophilic groups and reach an optimum dose in the brain (Dixit
N, et al., 2007).

Drug conjugates: The volume of distibution is often increased when mol-
ecules are lipidized. Lipophilic addition and modification of hydrophil-
ic substances are two chemical techniques. One of the examples is
N-methylpyrimidium 2 carbaldoxime chloride (Dixit N, et al., 2007)

« Analogs of several opioid drugs that have been glycosylated.
« Increase access with antioxidants and pyrrolopyrimidines.

 Ganciclovir enhance transport via hydroxymethyl group+1-methyl
1,4-dihydronicotinate.

Use of fatty acids such as N-docosahexaenoyl (DHA) increases absorption
of tiny medicines.

Biological techniques:

Monoclonal antibodies conjugate: The study of the physiological and ana-
tomical details of BBB transportation is the core of biological approaches to
CNS medication delivery. Cross-linking of a medication with antibodies is
an effective method among the multiple possibilities. Other biological tar-
geting study utilizes ligands such as sugar or lectins, which may be directed
to particular receptors on cell surfaces. The antigen on or inside the target
tissues is directed by the antibody-drug conjugate. Due to their high affin-
ity and specificity of their ligands, antibodies are particularly well designed
for targeting BBB receptor-mediated transcytosis systems (Ghersi-Egea JF
and Strazielle N, 2002).

Miscellaneous technique:

Intra nasal route: Nasal route of delivery is also termed as olfactory drug
delivery. The nasal tract is a mechanism for delivering active pharmaceut-
ical substances for local, systemic, and direct brain and CNS targeting. Due
to low bioavailability into the CNS, the BBB has been hindering the evo-
lution of several promising CNS therapeutic candidates. Because the nose
and the CNS have different connections, the olfactory route can transmit
active pharmaceutical ingredients substances into the brain by crossing the
BBB. The ablility to transfer medications into the brain through drug ab-
sorption over the olfactory region of the nose is a distinctive feature. The
intranasal mode of administration allows the drug to be absorbed by the
systemic circulation (Bahadur S, et al., 2020).

Iontophoretic delivery: The use of the iontophoretic technique for CNS
medication delivery has sparked widespread attention. Iontophoresis is
a methodology that utilizes an external electric field to transport ionised
molecules across the BBB. Iontophoretic devices that use the olfactory
pathways to deliver drugs to the brain have been developed. They’ve also
been developed to enhance macromolecule agent delivery to the brain
and CNS. These devices use ions to increase medicament delivery into the
brain under controlled parameters, according to programmed modifica-
tions. The protein and peptide are transported into the brain through an
iontophoretic method (Bourganis V; et al., 2018).

Recent advancements

Nano technological advancement was attributed with the most enhanced
transport mechanism for therapeutic agent to release into the intended

According to literature survey, PEGylation (Polyethylene Glycol) is a de-
gree of chemical treatment boosting the biocompatibility of cationic Poly
Amido Amine (PAMAM) dendrimers (Joseph E and Saha RN, 2013). The
PEGylated PAMAM dendrimers did not affect the integrity of the BBB
in an in vitro model, and they did not trigger cytotoxicity in hypoxia in-
duced by oxygen-glucose deprivation. The PEGylated dendrimers also
have the ability to prevent blood clotting, which was an added benefit in
stroke treatment (Serlin Y, et al, 2015). The enhanced PAMAM formu-
lation was found in the brain 24 hours after administration in a chronic
brain ischemia animal model. The PEGylated PAMAM dendrimers im-
prove blood circulations half-life and could be utilized in mucoadhesive
drug delivery systems.

Recent studies focus on the development of injectable hydrogels as they
can be directly injected into the stroke cavity. As injected hydrogel can easi-
ly bypass BBB and promotes local regeneration (Li Y, et al., 2017). They can
be used parallel used as transplantation carriers. Recently work is under-
gone in the manufacturing of contact lenses, tissue engineering scaffolds,
wound healing, etc.

DISCUSSION AND CONCLUSION

The preceding demonstrates that nanoparticulate systems have significant
promise for converting poorly soluble, poorly absorbed, and labile physio-
logically active substances into promising drug delivery methods. Because
of the hydrophilic shell that hinders identification by the reticular-endo-
thelial system, the core of this system may include a variety of medicines,
enzymes, and genes and has lengthy circulation duration. Greater under-
standings of the many processes of biological interactions, as well as par-
ticle engineering, are still necessary to enhance this drug delivery method.
To develop the notion of nanoparticle technology into a viable practical
application as the next generation of medication delivery system, further
progress is required. Due to anatomic and pathophysiological brain bar-
riers, brain-targeted drug delivery is challenging. Current developments
in nanotechnology have provided a solution in the form of nanopharma-
ceuticals, which are drug-containing nanocarriers that can bypass CNS
barriers and target brain tissue in a variety of illnesses. The mechanism of
delivery of nanopharmaceuticals into the body is a significant factor that
influences drug concentration in the brain and drug therapeutic impact.
The methods through which nanopharmaceuticals can be administered
to the brain. Because of their unique physicochemical features and sur-
face modification, nanopharmaceuticals are able to circumvent route-re-
lated restrictions in drug delivery to the brain. Passage of drug molecules
through the BBB and BCSE, drug delivery to the brain for the treatment
of various ailments is extremely complicated and difficult. To solve these
issues and obstacles, techniques such as invasive, non-invasive, intranasal
medication administration, ocular drug delivery, and focused ultrasound
technique are developed to target the brain. They find things simpler for
the therapeutic molecule to cross the BBB and CSE, improving treatment
efficacy. The existing techniques, approaches for brain targeted delivery of
drug, and significant developments in the last few years were all discussed
in this review study.
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