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Anxiety and Depression are widespread mental health conditions that have a major
influence on people's quality of life and overall health worldwide. The effectiveness of
traditional pharmacological treatments is frequently limited by issues such systemic side
effects, delayed therapeutic onset, and poor blood-brain barrier (BBB) penetration. One
innovative way to overcome these constraints is through nanotechnology, especially
with nose-to-brain drug delivery devices. Therapeutics can be delivered directly and
quickly to the Central Nervous System (CNS) via the nasal route, which avoids the
blood-brain barrier. Solid lipid nanoparticles (SLNs), polymeric nanoparticles,
liposomes, and nanoemulsions are examples of nanocarriers that have shown great
promise in improving medication targeting, bioavailability, and controlled release. This
method lowers systemic exposure, increases patient compliance, and maximizes
therapeutic results. This review examines the developments in nose-to-brain therapy for
depression and anxiety that are powered by nanotechnology. Important nanocarrier
systems, their modes of action, therapeutic uses, and the difficulties in clinical
translation are highlighted. The revolutionary potential of these discoveries to alter
psychiatric care and give those afflicted with these crippling conditions new hope is
emphasized.

INTRODUCTION

mental illness, with depression affecting about 280
million people, including 23 million children and

Mental illnesses continued to rank among the top
ten worldwide health burdens, rising 48.1% from
654 million cases in 1990 to 970 million cases in
2019. The World Health Organization (WHO)
estimates that one out of eight individuals have a

adolescents 1. The importance of mental health in
society cannot be overstated, and more funding is
required to support both the discovery of novel
treatments and the easier access to current,
successful treatments. One of the main causes of
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disability in the world, depression also has a role
in the emergence of other illnesses, such as
cardiovascular, metabolic, and neuropsychiatric
disorders. It is linked to a lower quality of life and
is typified by a lack of interest in daily activities,
melancholy, anger, exhaustion, guilt feelings, low
self-esteem, sleep issues, and suicide thoughts,
among other things. There are two primary types
of depression: major depression, which has more
severe symptoms and a higher emotional weight,
and minor depression, which has less symptoms
and permits normal daily functioning. A
monoaminergic transmission disorder, or a
disruption in the brain's transmission of serotonin,
norepinephrine, and dopamine, is the basis of the
most widely accepted theory regarding the
pathophysiology of depression. This is caused by
the complex interaction of multiple social (such as
a traumatic life), psychological (such as
personality), and biological (such as a genetic
predisposition) factors >8],

Due to the lack of pancreatic and stomach
enzymatic activity and interference from
gastrointestinal contents, the nasal mucosa is more
permeable to substances than the gastrointestinal
system. Only topical administrations of
medications meant for local effects were covered
by the earliest known historical use of nasal drug
delivery. Nasal drug delivery has attracted a lot of
interest lately since it is a practical, promising, and
dependable way to deliver medications to the
body, particularly those that cannot be taken orally
and need to be injected. High overall blood flow, a
porous endothelium membrane, a big surface area,
and easy accessibility are all provided by this
pathway. In order to have both local and systemic
effects, its application has recently expanded to
target numerous other body parts. Additionally,
nasal drug delivery has a specific role in traditional
medical systems like Ayurvedic Indian medicine,
which refers to it as "Nasya karma" and is a widely
accepted kind of treatment 12!,
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The human brain is among the most intricate and
important organs, it controls the majority of bodily
processes and receives messages from sensory organs.
It regulates hormone secretion, memory encoding,
voluntary and involuntary motions, and several
other organ processes [, The brain is safeguarded
both internally and outside because of its vital
significance in the human body. Cerebrospinal
fluid (CSF), the CSF-blood barrier, and the blood-
brain barrier (BBB) provide internal protection,
while the skull's many membrane layers guard
against external harm. These barriers protect
against infections, endotoxins, physical harm, and
other adverse effects while also helping to
maintain the brain's balance !4!8]. The blood-brain
barrier (BBB) and cerebrospinal fluid (CSF)
protect the central nervous system (CNS) from
external damage and preserve its integrity and
homeostasis while keeping it isolated from the
systemic circulation. An essential component of
brain function is the blood-brain barrier (BBB),
which keeps external blood components out of the
extracellular fluid of the brain. Its existence was
originally verified by Paul Ehrlich in 1885, and
Edwin Goldman followed suit in 1913. Animal
models demonstrated the BBB's role in preventing
dyes from moving from blood to the central
nervous system. Further research has improved
our understanding of the BBB's physiological and
anatomical characteristics and its role in drug
entry. Intranasal (IN) administration is a
potentially  effective way to  administer
medications to the brain, offering a minimally
invasive and rapid route compared to traditional
parenteral and oral routes. The nasal cavity has
unique anatomical characteristics, allowing for
rapid action and avoiding hepatic first pass-effect.
The IN route has been extensively studied for
topical and systemic treatments, with a surface
area of around 160 cm? and a high-density
microvasculature responsible for drug absorption
and distribution. However, nose physiology
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presents challenges, such as limited formulation
volume, mucociliary clearance, mucus layer
presence, and local enzymes. Drug delivery
methods based on  nanoparticles have
demonstrated the capacity to improve drug
accumulation in the central nervous system by
increasing olfactory area penetration. This article
critically reviews recent progress in developing
nanoparticles (NP) for IN drug delivery, focusing
on their nanocarrier nature, including polymer,
lipid, inorganic NP, and drug nanocrystals 1211,
PATHWAYS OF
TRANSPORT

NOSE-TO-BRAIN

1. ANATOMY OF THE NASAL CAVITY:

The human nose consists of four anatomical
components: the nasal cavity, external nose,
paranasal sinuses, and nasopharynx. It comprises
five areas: radix, dorsum, apex, ala, and nares,
partially composed of nasal bones and cartilage.
The nasal cavity is responsible for dust adsorption,
humidification, and warming of inspired air.
There are mucous membranes lining it and
supported by bone and cartilage. The nasal septum
splits the nasal cavity into left and right cavities.
The nasal cavity is about 12 cm long and the
volume of each nasal cavity is 13ml with a total
area of 150-160 cm? [2223), Both the external nose
and the nasal cavity, which are essential for
respiratory function, are parts of the intricate nasal
architecture. The visible aperture for inhaled air is
the external nose, which is composed of bone and
cartilage. Upon entering the nasal cavity, which is
partitioned by the nasal septum, it serves as the
major conduit for respiratory function. Particulate
debris and foreign particles are efficiently
removed from inhaled air by the specialized cilia
of the respiratory epithelium, which lining the
nasal passages. These cilia act as microscopic
brooms. At the same time, the mucosal
membrane's blood vessels help with air
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conditioning by warming and hydrating the air that
is inhaled 24261,

The nasal cavity can be separated into vestibular,
respiratory, and olfactory areas based on its
structure and function. With a tiny surface area and
minimal absorptive capacity, the vestibular region
is a modest expansion that occurs inside the
nostrils and before the main nasal cavity.
Pharyngeal cells, cilia cells, intermediate cells, and
basal cells are among the many epithelial cells
found in the respiratory region. Numerous nasal
glands and microhairs cover the mucosal surface
cells, which significantly improves the absorption
of drugs. As a result, medications enter the
systemic  circulation mostly through the
respiratory system. The olfactory area, which is
composed of olfactory sensory neurons, basal
cells, and sustentacular cells, is mostly linked to
CNS administration. The axons, dendrites, and cell
body make up the three components of OSNs,
which are specialized bipolar neurons situated in
the space between supporting cells. The central
processes of olfactory cells stretch through the
epithelium's basal layer and then come together to
create olfactory filament nerve bundles. The nerve
sheath is formed by olfactory ensheathing cells
(OEC) and olfactory nerve fibroblasts encircling
the olfactory filament. The ethmoid bone's
cribriform plate allows the olfactory filament to
enter the brain, where it ends in the olfactory bulb.
As a result, this area has a direct connection to the
nasal delivery of medication to the brain [27-3%,

2. NOSE-TO-BRAIN
PATHWAYS:

TRANSPORT

Drug delivery through the olfactory mucosa has
been studied to administer medicinal drugs to the
brain to treat CNS diseases. As previously
described, it has the significant advantage of
bypassing the blood-brain barrier and reducing
systemic exposure. Major potential routes for
nose-to-brain delivery have been suggested by a
number of recent studies. These include indirect
drug delivery via the lymphatic and vasculature
systems, which cause the brain to cross the blood-
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brain barrier, and direct drug delivery to the brain
via neuronal pathways such as the Olfactory Nerve
Pathway and Trigeminal Nerve Pathway. The
following pathways are typically used to overcome
the barriers.

2.1. OLFACTORY NERVE PATHWAY:

The olfactory nerve pathway is a key route for drug
targeting the brain through intranasal delivery. It is
located at the upper portion of the nasal cavity and
contains olfactory receptor neurons (ORNs) and
supporting ORNs convey sensory
information from the peripheral surrounds to the
central nervous system (CNS). The olfactory
region includes bowman's glands,
lymphatic vessels, blood vessels, and connective
tissue. Whereas the axons of olfactory neurons

cells.

axons,

extend centrally in the cribriform plate of ethmoid
bone, the dendrites extend in the mucous tissue.
The stem of the olfactory neuron passes through
the subarachnoid space, extending towards various
brain regions. Drug transport across the olfactory
epithelium can generally include three distinct
pathways: (1) the transcellular (particularly
between sustentacular cells) pathway, which is
primarily in charge of transporting lipophilic
medicines and typically involves endocytosis or
passive diffusion; (2) the paracellular (between
sustentacular cells) pathway. The pace at which
hydrophilic medicines are transported via this
route is determined by the drug's molecular
weight. This pathway allows for the good
bioavailability of drugs with molecular weights up
to 1000 Da or more (with an absorption enhancer);
(3) the olfactory nerve pathway, where the drug's
absorption into the neuronal cell and subsequent
intracellular axonal transit to the olfactory bulb are
influenced by endocytosis.

The olfactory nerve, originating from the nasal
mucosa, 1s a sensory nerve that transmits
information about odors to the brain. It is the
shortest and first cranial nerve cranial nerve and is
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the unique visceral afferent nerve that conveys
information relating to smell. To travel from the
nasal cavity to the cerebrospinal fluid (CSF) or
brain parenchyma, a drug needs to pass through
the arachnoid membrane that encloses the
subarachnoid space as well as the nasal olfactory
epithelium. Odorants enter the nose and
disintegrate into the mucous membrane, triggering
a signaling cascade that transforms chemical
signals into electrical signals. One can categorize
the olfactory into three pathways:
transcellular, paracellular, and olfactory nerve

pathways. Drugs are taken up into neuronal cells

route

through endocytosis or pinocytosis mechanisms
and transported via intracellular transfer of axons
to the olfactory bulb. The nose-to-brain route has
high potential for treating CNS pathologies, but it
has limitations due to low drug doses due to low
permeability of molecules through the mucosa,
mucociliary clearance, and enzymatic degradation
[31-32]

2.2. TRIGEMINAL NERVE PATHWAY:

The trigeminal nerve, the fifth cranial nerve and
the thickest on the face, has three large branches.
These branches, including the mandibular,
maxillary, and ophthalmic nerves, extend into the
olfactory and respiratory regions of the nasal
cavity 3], The opposite end ends in the brain's
spinal nucleus of the trigeminal nerve after
entering the central nervous system (CNS) at the
pontine site *4!. Substances can be carried into the
brain through the intra-axonal pathway of neurons,
offering a new perspective on drug delivery B!,

The trigeminal nasal route is an essential conduit
that links the nasal passages to the central nervous
system (CNS). The trigeminal nerve innervates the
respiratory and olfactory epithelium of the nasal
passages and enters the CNS through the pons.
The olfactory bulbs are also where a tiny
percentage of trigeminal nerves terminate. The

capacity of the trigeminal nerve to enter the brain
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from the nasal passage's respiratory epithelium at
two distinct sites —i) Through the lacerated
foramen in front of the pons and ii) through the
cribriform plate close to the olfactory bulb of the
nose —makes it unique. It establishes entry sites
into the rostral and caudal regions of the brain
following intranasal administration ¢, Through
its ophthalmic division (V1), maxillary division
(V2), or mandibular division (V3), the trigeminal
nerve transmits sensory data from the nasal cavity,
oral cavity, eyelids, and cornea to the central
nervous system. While the latter have both motor
and sensory functions, the former two only have
sensory functions. Since neurons from the
ophthalmic and maxillary several trigeminal
nerves branches travel straight through the nasal
mucosa, these branches are crucial for medication
transport from the nose to the brain 7],

NANOFORMULATIONS FOR NOSE-TO-
BRAIN DRUG DELIVERY OF
NEUROPSYCHIATRIC DISORDER:

Nasal delivery methods based on nanotechnology
have drawn attention as a means of addressing
issues such as excessive dosages, undesirable side
effects, rapid metabolism and removal, restricted
brain exposure, and low drug bioavailability.
Numerous methods, including delivery systems,
liposomes, polymeric and solid lipid nanoparticles
(SLNs), solid lipid carriers, liquid crystals (LCs),
microemulsions, and in-situ gels, have been
developed to get across the blood-brain barrier.
Particles of matter with a dimension of one to a
thousand nanometers (nm) are called nanoparticles
38-391 Innovative drug formulations and devices
must be developed simultaneously to improve
drug delivery efficacy via the respiratory system.
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One particularly promising strategy for getting
over obstacles to medication delivery is
nanoformulation. Nanocarriers are crucial for
increasing the efficacy of drugs and are promising
formulations, making them important subjects in
clinical and preclinical research settings. Lipid
NFs increasingly popular for
delivering medications to the brain. Their nanosize
allows for effective medication transport across
the blood-brain barrier by avoiding biological
barriers. Moreover, they offer various advantages,
including controlled and precise drug delivery,
minimal unfavorable drug reactions, extended
shelf life, increased drug absorption, and
decreased drug removal to obtain an ideal
therapeutic drug level in the brain (40411,

have become

NANOPARTICLES:

Drug delivery by nanoparticles from the nose to
the brain shows promise and provides a versatile
platform to get beyond barriers. These tiny
particles are usually between one and one hundred
nanometers improve drug stability,
regulate release, and deliver them specifically to
specific brain parts. They ensure constant and

in size,

regulated administration by offering regulation of
medication release rates. Their ability to interact
with living tissues and lack of toxicity make them
safe, reducing negative impacts on the nasal lining
and brain. Formulations like liposomes, polymeric
nanoparticles, solid lipid nanoparticles (SLN), and
dendrimers (fig. 1) offer customized drug
administration approaches. Nanoparticles have a
lot of potential for delivering drugs from the nose
to the brain, and they are always being developed
to increase their precise and efficient delivery for
neurological conditions [*2-44],
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Fig. 1. Nanoparticles in Nose-to-Brain Drug Delivery

1. LIPOSOMES:

Liposomes are vesicles that range in size from 20
to 1000 nm and are made up of one or more
phospholipid bilayers encircling an aqueous core.
The hydrophilic (in the core) or hydrophobic (in
the phospholipid bilayers) medications that will be
delivered to the site of action can be incorporated
thanks to their composition. However, they have
several drawbacks, such as limited encapsulation
effectiveness, irreproducibility between batches,
system instability, the unintended release of the
encapsulated material, and trouble managing
liposome size 45461,

Liposomes, which are frequently composed of
phospholipid bilayers and other lipids such as
cholesterol or phosphatidylcholine, are commonly
utilized lipid-based nanoparticles for drug delivery
systems. They can combine hydrophilic or
hydrophobic  active ingredients to form
multiplexes with negatively charged nucleic acids.
Numerous CNS illnesses have been treated with
liposomes in N2B delivery experiments. Using
1,2-distearoyl-sn-glycero-3-phosphocholine
(DSPC), cholesterol, and PEG, they created a
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donepezil-loaded liposome to assess the
pharmacokinetics in the brain and plasma
following intranasal delivery. Compared to free
fentanyl IN, the liposomes had a stronger analgesic
effect and decreased plasma drug exposure.
Fentanyl is retained in the nasal and olfactory
epithelium longer when the RGD peptide
liposomes attach to integrin proteins on the nasal
epithelium. Drug concentration in the brain may
have increased with intranasal liposomal
administration, whereas systemic exposure may
have reduced 77,

2. NANOEMULSIONS

Nanoemulsions are combinations of isotropic oil,
surfactant, cosurfactant, and drug, with colloidal
sizes ranging from 50-100 nm. They are
transparent, translucent, and stable against
sedimentation or creaming. These carriers are of
interest in chemical, cosmetic, pharmaceutical,
and biopharmaceutical fields [58-60]
Nanoemulsions consist of two immiscible liquids
(oil and water) that combine to create a single
phase when an emulsifying agent is added. They
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enable rapid drug absorption into the brain and are
biodegradable. However, they have drawbacks
like high melting point difficulty, the need for
surfactants, and high production costs 0163,

3. DENDRIMERS

A covalently assembled molecule that forms a
unique nanoparticle is called a dendrimer. Three
unique architectural elements are present in
dendrimers, specifically

e A core initiator.

e Internal layers (generations) that are
profoundly connected to the internal core and
made up of repeating units.

e The outermost interior
connected to the

functionality).

generations are
exterior  (terminal
Dendrimers are artificial macromolecules at the
nanoscale that have hyperbranched synthetic
polymer systems and monodispersed topologies
[64] Because of their enhanced half-life, quick
cellular entrance, high drug loading capacity,
enhanced delivery efficiency, biocompatibility,
targeting ability, stability, and decreased side
effects, they are widely used as therapeutic carriers
for neurological illnesses [*>%¢]. Dendrimers can be
modified with linkages and conjugated with
specific ligands to enhance targeted delivery to the
CNS. A study wusing poly (amidoamine)
dendrimers crosslinked with PEG hydrogel for the
antidepressant, venlafaxine, showed sustained
drug release and reduced toxicity due to the
nanocarrier's properties. The
incorporation of PEG hydrogel improved the

drug's sustained release profile and stability [67],

swelling

4. INSITU GEL:

In-situ gels are soft, stable, or solid-like materials
consisting of a minimum of two components, one
of which is a liquid. Once they arrive at a particular
location, they gel because of coming into contact
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with bodily fluids or physicochemical changes
such as pH, temperature, ionic concentration, UV
light, or the presence of particular molecules or
ions. In-situ gel drug delivery systems are
mucoadhesive and involve gel formation at the site
of action after formulation application. This
process allows the drug to be delivered in a liquid
or solution form, lengthening the time spent in the
nasal cavity and decreasing the frequency of
administration. It results in rapid absorption, onset
of effect, reduced wastage of drugs, patient
compliance, comfort, extended release of drugs,
low dose, minimal drug accumulation, and

increased bio-availability 6891,

5. NANOSUSPENSION:

Polymeric nanosuspensions are NFs stabilized by
lipid blends or nonionic surfactants. Among the
benefits are enhanced drug loading, improved
pharmacokinetics, ease of production, and the
ability to modify the surface of polymeric
nanosuspensions. For instance, modafinil (MDF)
is an oral medication used to treat narcolepsy and
attention deficit hyperactivity disorder (ADHD).
The results showed that MDF functioned as an
amorphous phase in the nanoparticle structure.
Making NFs might be a practical strategy to
enhance oral absorption 1,

6. MICELLE:

Micelles made of polymers that could act as
nanoscale medication delivery systems. The self-
assemblies of blocks of co-polymers are known as
polymeric micelles. With promising drug and gene
delivery nanocarriers, polymeric micelles have
been created from  biodegradable and
biocompatible copolymer blocks for drug delivery.
Core-shell structure is a characteristic of
polymeric micelles "!-"21. The nasal absorption of
peptides is enhanced by the combined micelles of

fatty acids and bile salts [”3),
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7. NANOSTRUCTURED LIPID CARRIER:

High-pressure homogenization and the double
emulsion approach (w/o/w) are commonly used to
formulate NLCs [7#l. To address the shortcomings
of SLNs, a more recent generation of lipid-based
NPs known as nanostructured lipid carriers
(NLCs) was created. NLCs have a blend of liquid
and solid lipids, which increases drug loading and
inhibits burst release ). Higher encapsulation
efficiency can be attained because hydrophobic
molecules are more soluble in liquid lipid than
solid lipid. NLC has certain drawbacks, such as
comparatively inadequate ability to load drugs for
hydrophilic medicines and reduced encapsulation
efficiency for a mixture of two or more therapeutic
agents [76-771,

8. SOLID LIPID NANOPARTICLES:

SLNs consist of a solid lipid matrix, surrounded by
a surfactant layer, and contain lipophilic drugs.
They are biocompatible, biodegradable,
toxicity, easy to produce, and have better control
of drug release. However, SLNs have
disadvantages like structural reorganization over
time due to their single type of lipid, reducing the
interior space for medicinal molecules and
tightening the structure. To address this, NLCs
have emerged, consisting of a solid lipid matrix
and a liquid lipid. The addition of liquid lipids
prevents crystallization and allows structural
disorganization, creating larger spaces for drug

low

molecules. Despite these advantages, because lipid
nanoparticles can be passively diffused to the site

of action, SLN is still an effective method [73-8],

9. POLYMERIC NANOPARTICLES:

Nanospheres and nanocapsules are two types of
polymeric nanoparticles., depending on the
preparation method and system characteristics.
Nanocapsules have a reservoir system, containing
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the drug in a cavity surrounded by a single polymer
membrane, while nanospheres are homogeneous
matrix systems, uniformly dispersed or dissolved
in the drug. Modulating the polymer allows for
controlled drug release to reach desired therapeutic
concentrations at the action site. These sub-micron
particles  contain  active  pharmaceutical
substances, have high cell absorption potential,
and can penetrate blood capillaries, improving
bioavailability and drug accumulation [,
Conjugating a ligand to the nanoparticles can
change the antidepressant's specificity. They
provide oral delivery, biodegradability, extended
duration, sustained drug release, and excellent

stability over time (82,
10. CARBON NANOTUBE:

One sheet of carbon atoms folded up into a
cylindrical shape makes up a carbon nanotube.
Because of their structural and chemical
characteristics, CNTs make excellent drug
delivery vehicles for the central nervous system
(831 The size, physical characteristics, and shape of
the changed molecules are some of the factors that
define the excellent biocompatibility and
solubility of CNTs 4. These factors impact the
molecule's biocompatibility with the body, which
in turn influences the therapeutic result. Because
of their spherical shape, CNTs are able to entrap
large amounts of drugs. Temperature affects the
permeability of CNTs into brain cells; higher
temperatures result in less permeability 53],

STRATEGIES TO ENHANCE DIRECT
NOSE TO BRAIN DRUG DELIVERY:

One of the best ways to control the drug delivery
characteristics of formulations is by surface
engineering of the drug carrier, which involves
interacting with a biological system through the
surface coating. This tactic might determine the
usefulness of this medication delivery method,
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increasing its likelihood of success. The main
research on surface modification of drug
delivery/carrier systems to improve direct nose-to-
brain medication delivery is highlighted in this
section. The nasal cavity contains numerous
obstacles that prevent different medications from
being absorbed. Certain techniques have been
effectively employed to enhance nasal medication
absorption 3¢,

e Structural modification: Enhances drug
structure without altering pharmacological
activity.

e Permeation enhancers: Various categories
like surfactants, fatty acids, phospholipids,
cyclodextrins, bile salts, etc., are used to
improve nasal absorption.

e Particulate drug delivery: Carriers like
microspheres, liposomes, nanoparticles, and
niosomes are used to prevent drug exposure to

nasal environment and improve retention
capacity.

e Chemical penetration enhancers: Solvents,
Alkyl Methyl sulphoxides, Pyrrolidones, 1-
Dodecyl azacycloheptan-2-one, and
surfactants are widely used in nasal drug
delivery.

e Bio-adhesive polymer: Increases drug
retention time by creating an adhesive force
between formulation and nasal mucosa.

e Prodrug approach: Inactive chemical
moiety that becomes active at the target site to
improve taste, odor, solubility, and stability.

e Nasal enzyme inhibitors: Minimize drug
metabolism in nasal cavity by minimizing
enzyme activity, including protease and
peptidase.

ADVANTAGES AND DISADVANTAGES OF
NOSE-TO-BRAIN DRUG DELIVERY USING

NANOTECHNOLOGY
Table 1. :Advantages and Disadvantages of Nose-to-brain drug delivery 7%
Advantages Disadvantages
* Rapid drug absorption via highly vascularized * Limited delivery volume: 25-200 microliters.
mucosa.

* Large nasal surface area for dose absorption.

* Suitable for potent drugs: Limited volume.

* Noninvasive and easy administration.

» Low bioavailability: Low bioavailability.

* Good bioavailability of small drug molecules.

« Potential nasal irritation: Budesonide, Azelastine.

* Increased bioavailability of large drug molecules
with absorption enhancers.

* Inability to deliver high molecular weight
compounds: May decrease permeability.

* Alternative to parenteral route for proteins and
peptides.

* Adverse effects: Pathological conditions can affect
concentration.

* Convenient for long-term therapy.

* Limited understanding: Uncertainty in drug
transport mechanisms.

» Reduces side effects due to low dose.

* Potential systemic toxicity: Unestablished due to
absorption enhancers.

* Improves patient convenience and compliance.

* Reduced absorption surface area in compared to

GIT.
* Self-administration possible. * Potential mucosal toxicity: Enzymatic barrier to
drug permeability.
* Direct transport into systemic circulation and CNS. | < Nasal congestion: Cold or allergic conditions can
interfere.

» Lower risk of overdose.

* Frequent use: May cause mucosal damage.

* No complex formulation requirements.
* Doesn't require energy consumption

* Dosage loss: Possible due to improper
administration technique.
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CHALLENGES TO OVERCOME IN
NANOPARTICLE-DERIVED TOXICITY TO
NASAL MUCOSA:

Nanoparticle-derived harm to the nasal mucosa is
a significant concern in drug-delivery systems. In
order to reduce adverse effects and enhance safety,
strategic methods are being employed. These
include careful design and engineering of
nanoparticle features, including size, surface
qualities, and composition. Biocompatible
materials and surface modifications are designed
that may
inflammation or cellular stress %!, Safety and
biocompatibility are evaluated using in vitro
investigations and animal models to understand
cellular reactions, inflammatory responses, and
potential effects on mucosal tissue integrity. This
knowledge is wused to make necessary
modifications in nanoparticle design and

to minimize interactions cause

composition to ensure safety while maintaining
O A comprehensive approach
includes careful preclinical evaluations, the
addition of biodegradable components, and the
tweaking of nanoparticle properties. This
approach can help develop drug-delivery systems
that target the brain through the nasal route while

minimizing potential hazards to the delicate nasal
[92]

effectiveness

mucosa
CONCLUSIONS

Nanotechnology-based  nose-to-brain drug
delivery is a promising approach in psychiatric
care, particularly for anxiety and depression. This
method circumvents the blood-brain barrier,
offering enhanced bioavailability, targeted drug
delivery, reduced systemic side effects, and
improved patient compliance. Various nanocarrier

systems, including solid lipid nanoparticles,
liposomes,  polymeric  nanoparticles, and
dendrimers, have demonstrated remarkable

potential in facilitating effective drug transport to

U
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the brain. However, challenges such as
nanoparticle toxicity, mucosal irritation, and
regulatory obstacles need to be overcome in order
to guarantee clinical translation. Future research
should focus on optimizing formulation stability,
mucoadhesion, and

in vivo and clinical studies.

enhancing
extensive

conducting
The
integration of nanotechnology with nose-to-brain
delivery holds immense promise for redefining
psychiatric treatment and offering new hope to
patients suffering from neuropsychiatric disorders.
Various factors must be considered when
developing nose-to-brain drug-delivery systems,
including architecture, = mucociliary
clearance, drug properties, formulation stability,
and targeting efficiency. Alternative dosage forms,
such as nanocarriers and nanogels, can be used for
safer and more -efficient nose-to-brain drug
delivery. Targeting specificity and improving
drug-delivery efficiency will revolutionize the
future of neurological therapies. Recent studies

nasal

have attempted to translate laboratory results into
clinical applications, but little has been done in
terms of optimizing and improving dosing
efficiency. Limited volumes, differences in nasal
anatomy, the need to create formulations and
appropriate and
nanoparticle-dependent toxicity to the brain tissue
and nasal mucosa are some of the main obstacles.

equipment, overcoming
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