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ABSTRACT: There are many challenges associated with both acute and long-term pharmaceutical
therapy for different neurodegenerative and psychiatric diseases. Oral drugs come with a lot of
drawbacks, including high dose needs, quick metabolism, rapid elimination, limited brain exposure
and bioavailability, unpleasant side effects, and expensive expenses to the patient, their family, and
society. The chemicals' limited brain penetration may be explained by the fact that they need to pass
the blood-brain barrier, which protects the brain from xenobiotics. Intranasal drug delivery is one of
the most promising ways to get beyond the blood-brain barrier, minimize the medication's systemic
adverse effects, and use lower concentrations. Furthermore, nasal drug delivery usually yields a
greater brain exposure at same doses, less side effects, and a better bioavailability when compared
to oral drug delivery. The primary objective of this paper is to provide an overview of the intra nasal
drug delivery system, with their limitations as well as highlighting the main advantages and

. disadvantages of this delivery method for CNS drugs targeting. In this paper the authors describe
methods to enhance nasal drug delivery through the nasal epithelial route and also elaborate in
vitro, ex vivo, and in vivo models for studying intranasal drug delivery, which are based on the most
recent research in the area.
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absorption of the molecules from the nasal cavity via the
trigeminal and olfactory pathways offers a direct access
to the brain and a favorable
pharmacokinetic/pharmacodynamics (PK/PD) profile.
Additionally, this mode of administration circumvents
the two primary physiological barriers—the blood-
cerebrospinal fluid barrier (B-CSF-B) and the blood-
brain barrier (BBB) to allow highly potent and effective
CNS-targeted drugs to reach the brain parenchyma. This
is a novel and promising alternative to enteral and
systemic drug administration. The blood-brain barrier
(BBB), which restricts the entry of foreign substances
into the brain, is formed by the brain's capillary
endothelial cells enclosing pericytes and astrocyte end
feet as well as the basal lamina.

The interface between the brain and cerebrospinal fluid,
or B-CSF-B, is located at the surface of the cerebral
ventricles and restricts the amount of liquid (CSF) that
may be transported between the brain parenchyma. The
medications are sent straight onto the brain by molecular
diffusion that gets across these obstacles at the nasal
cavity via addition to having a local and/or systemic
impact, active pharmacological components absorbed
via the nasal mucosa may also be employed to directly
target the brain 1571 Compared to oral or intravenous
drug administration, the nasal route offers a number of
benefits, such as non-invasiveness, self-administered, a
quicker time to effect start, and better bioavailability
since hepatic first-pass metabolism is avoided.
Furthermore, avoiding the BBB could make the
medication more available in the central nervous system
(CNS) 8101
Subsequently,
intranasal penetration for various central nervous system
indications will be presented. Ultimately, the strategies
to enhance nasal medication delivery will be compiled,
and a critical assessment of the nasal drug administration
route will be provided, taking into account both the
benefits and drawbacks of this approach 141,

An overview of the nose-to-brain pathway is provided in
this article, with particular attention paid to the structure

a few studies assessing medication

of the nasal cavity and the cellular and molecular
processes that are crucial to the administration of drugs
via the nose and their absorption into the brain.
Following this introduction, a number of in vitro, ex
vivo, and in vivo models for studying intranasal drug
delivery will be discussed, all of which are based on the
most recent research in the area.
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ADVANTAGES AND LIMITATIONS OF
INTRANASAL DRUG ADMINISTRATION:
Brain-blood barrier (BBB): a thin layer of blood arteries
with densely packed endothelial cells that divide the
brain from the circulatory system. It shields the brain
from the entrance of undesirable or dangerous elements
including poisons and other compounds "I, Lipophilic
medications, such as antidepressants, anxiolytics, and
numerous hormones, may more readily pass the
endothelium cells than hydrophilic compounds, charged
molecules, proteins, and peptides. Chronic dosage was
necessary for patients with neurological diseases, which
resulted in adverse effects in organs that were not the
intended focus. Patients with neurodegenerative illnesses
and brain tumors have fewer therapeutic choices since
most medications that were formerly effective in treating
neurological disorders have been shown to be
compromised by the BBB. Drug delivery to the brain
without intrusive methods is crucial for treating
neurological conditions and brain cancers that require
long-term care 171 When treating chronic disorders,
olfactory and trigeminal pathways provide dependable
alternatives to maximize therapeutic benefits at lower
dosages while avoiding negative effects. Drug
administration via the mucosa via the olfactory or
trigeminal pathways, which circumvent the blood-brain
barrier, is known as direct IN drug transfer to the brain.
The brain can only communicate with the outside world
via this pathway 8,

In addition to its benefits, nose-to-brain delivery has
drawbacks that have been documented. These drawbacks
include the relatively small volume of drugs that can be
administered, the olfactory epithelium's limited surface
area, the short retention time for drug absorption, and the
impact of nasal secretions on drug delivery '8,

Advantages:
» Non-intrusive.

» little danger of infection.

» Simple self-management.

> comparatively big absorption area (rats: 13.4 cm?
humans: 160 cm?).

» large region of the olfactory epithelium, particularly

in rodents (12.5 cm? for humans against 6.75 ¢cm? for
rats).

»  Quick assimilation.

» There are several vascular and limphatic vessels in
the nasal submucosa.

» There is no hepatic first pass drug metabolism.
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» Direct medication administration that gets beyond
the blood-brain barrier to the brain.

Limitations:

Limited to powerful drugs.

Small amounts, 25 to 200 pL in humans.

An active mucociliary clearance.

Short amount of time invested.

YV VV VY

Proteases, peptidases, and nasal cytochrome P450
(pseudo first pass effect)-induced
degradation.

Drugs that are hydrophilic permeability are low.
It is necessary to use absorption enhancers.
Low nose epithelium's pH.

Individual variations.

Minimal CNS protein delivery.

enzymatic

YV VVYVYY

Nasal anatomy and physiology:

The nasal cavity, which forms the nasal channel meant
for breathed air from nostrils to the nasopharynx, is a
significant component of the respiratory system. The
primary purpose of the nasal septum, which separates
the nasal cavity from the nasopharynx longitudinally, is
breathing 21,
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Fig 1. The anatomy of the human nasal cavity.

A cartilage called the nasal septum divides and shapes
the nostrils. The nasal cavity of humans is 12 to 14 cm
long and 160 cm in size, with inferior, middle, and
superior conchae, or turbinates, making up the absorbent
surface area 122!,

This helps the inspired air to become warmer, more
humid, and filtered. Four types of lung function include
respiratory, transitional, and olfactory
epithelia that are found in the nose. The submucosal
layer of the nasal cavity is made up of blood artery

squamous,

networks, mucus, and cellular components such as blood
plasma that are secreted by glands. The main parts of the
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nasal cavity are the olfactory, respiratory, and nasal
vestibule regions %3,

Vomer to the anterior region of the conchae is where the
nasal vestibule extends. The squamous epithelium that
lines it, on the other hand, has sweat and sebaceous
glands. as well as rough hairs %!,

Between the squamous and respiratory epithelium lies
the non-ciliated transitional epithelium. However, the
emphasis of intranasal medication delivery is on the
respiratory and olfactory pathways. The olfactory region
is the most delicate part of the nasal cavity responsible
for the sense of smell. It is made up of pseudostratified
columnar epithelium with a surface area of less than 10
%. It greatly affects taste perception because it includes
turbinates communicating posteriorly with the mouth.
The olfactory region of the nasal cavity contains the
Bowman's glands and olfactory receptors. Mucus
secretion is the result of these Bowman's glands. The
bipolar cells that house the odorant-responsive receptors
found in the olfactory cilia are known as olfactory
sensory neurons. To generate nerve bundle cells that
connect to the central nervous system, the axons of
olfactory sensory neurons converge with those of other
olfactory sensory neurons 14I,

Mechanism of drug absorption:

Passage via mucus is the initial stage of medication
absorption from the nasal cavity. Small, unmodified
particles may go across this layer with ease.
Nevertheless, large or It could be more challenging for
charged particles to cross. The main protein in mucus,
mucin, has the ability to adhere to solutes and prevent
diffusion. Environmental changes (such as pH,
temperature, etc.) may also cause structural alterations in
the mucus layer %51,

There are several ways for a medicine to be absorbed via
the mucosa once it has passed through the mucus. These
consist of paracellular transport by cell-to-cell migration,
transcytosis by vesicle carriers, and transcellular or
simple diffusion across the membrane. Potential
metabolism prior to entering the systemic circulation and
a short duration of residency inside the cavity might be
barriers to medication absorption. Although several
processes have been suggested, the two that follow have
received the majority of attention 126,

The first mechanism, referred to as the paracellular
pathway, is an aqueous route of transport. This path is
passive and sluggish. The molecular weight of
substances that are soluble in water and intranasal
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absorption have an inverse relationship.
inadequate bioavailability
was noted for medications whose molecular weight was
more than 1000 Daltons 171,

The second mechanism, which is also referred to as the

log-log

transcellular process, involves transport of lipophilic
medicines that exhibit a rate dependence on their
lipophilicity via a lipoidal pathway. Medications
additionally traverse cell membranes by tight junction
openings or an active transport pathway mediated by
carriers #71,

Models for testing direct Nose-to-brain delivery:
Narcotic nasal route drug distribution to the central
nervous system (CNS) has been shown in AD, brain
tumor, epilepsy, pain, and animal models. There may be
paracellular, transcellular, and neuronal transport
involved in the nose-to-brain pathway via the olfactory
and respiratory epithelium B!,

Models of nasal drug delivery may be utilized for
PK/PD research, drug transporter interaction, nasal
barrier evaluation, toxicological and electrophysiological
studies, and detection and testing of nasal drug
absorption and penetration 1!,

Ex vivo, in vivo, and in vitro models are often employed
in nasal drug delivery research. Numerous investigations
may make use of the various models. Permeation and
diffusion studies may be conducted using in vitro
methods; nasal absorption can be characterized and a
drug's pharmacokinetic profile can be determined using
in vivo models; and nasal perfusion can be studied using
ex vivo methods B,

In vivo models:

Sufficient in vivo models are crucial for effectively
researching the nasal administration methods. When
choosing an animal model for an in vivo nasal
absorption investigation, it is crucial to examine the
architecture of the animal's nasal cavity. The initial
animal model was a rat, which was introduced in the late
1970s. Later, as nasal absorption investigations
progressed, mice, rabbits, dogs, sheep, and monkeys
were also included 6!,

While rabbit, dog, and sheep models are more often
employed for pharmacokinetic research, mouse and rat
models are highly helpful for early investigations of
nose-to-brain drug absorption ",

However, due to the anatomical and physiological
variations in their nasal cavities, the outcomes of
research conducted using animal models may not
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necessarily match well with those conducted using
human subjects. There are two main categories for the
direct drug transfer from the olfactory mucosa to the
central nervous system: transfer outside the nerve and
transfer inside the nerve axon. There is a chance to get
across the blood-brain barrier (BBB) via either route I,
Due to the restricted capacity for absorption, the limiting
factors are often the drug's potency and solubility. It is
crucial to remember that straight absorption from the
nose to the brain prevents dilution from distribution and
protein binding, preabsorption metabolism, and the first
pass impact. It is possible to administer and absorb a
dose as little as 0.01 to 1 % of the oral dosage to the
olfactory area or neuronally. The drug's solubility in the
few microliters that will be wused for intranasal
administration is also crucial. As a result of the quick
clearance inside the nasal cavity, drugs that must
dissolve before absorption often do not have enough
time to do so "\,

When administering medication by nasal formulation, a
pipette or a polyethylene tube connected to a
micropipette is often used. The tube is introduced around
3 (in mice) or 5 mm (in rats) into the nose. The
medication was given into the right nostril (right-sided
administration) in the Westin et al. trial, with a 5 pL
received volume for mice and 50 pL for rats during
intranasal treatment. This allowed the left olfactory bulb
to function as a control. To maximize the likelihood that
the medicine reaches the olfactory area, or the top
section of the nasal cavity, which has direct access to the
brain, it is crucial to maintain the animals in a supine
posture. About 10 % of the nasal cavity in humans is
occupied by the olfactory area, which has restricted
access. However, the olfactory area occupies almost half
of the nasal cavity in mice and rats. Similar to the human
olfactory area, the monkey olfactory region is located in
the upper nasal cavity. Dogs and rabbits both have
comparable nasal structure, with branching complicated
conchae within the nasal cavity. However, dogs' nasal
cavity has a greater surface area, and the olfactory region
is largely concentrated on the ethmoidal conchae 1.

Factors Affecting Nasal Drug Delivery:
Physiochemical Properties:

Particle Size:

The most important and crucial component affecting the
drug's nasal administration to the brain is particle size
since smaller particles have less resistance to
mucus migration throughout the absorption route as well
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as penetration. Large-sized particles are held in the nasal
mucosa and have a tough time migrating through the
nose. It is easy for nanoparticles in the 100 to 200 nm
size range to pass through olfactory epithelium cells.
The process of cerebral transit is very size-dependent.
Particle morphological features must be taken into
account in addition to size in order to prevent grittiness
and irritation of the nasal mucosa 22!,

Surface Charge:

Due to the negative charge of the nasal mucosa, it is
feasible for positive charge particles or polymers to
interact with the mucosa via electrostatic forces. This
results in increased residence duration and bio-adhesion.
Most often, polymers such as chitosan and its derivatives
are employed to create nanoparticles. Since the normal
pH of the nasal cavity is positive, chitosan-like polymers
have the potential to target the brain by nasal
administration 24,

According to some research, the trigeminal and olfactory
nerve routes may be preferred by positively charged
particles and negatively charged particles, respectively.
The medication's physicochemical properties, such as its
pH, molecular weight, partition coefficient, pka,
perfusion rate, and drug concentration, all influence how
the drug is delivered from the nose to the brain 241,

Molecular Weight:

The primary factor used to calculate the rate of
permeability via mucosa is the molecular weight.
Compounds with a molecular weight of 300-500
Daltons may go from the nose to the brain with ease.
conveyance of the High molecular weight substances,
such as proteins and peptides, target the brain at a low
level via the nasal route. Drugs with a large molecular
weight may also be delivered by this route by using
permeation enhancers (sodium lauryl sulphate, sodium
glycocholate, etc.). When it comes to polar medications,
the primary factor influencing how quickly the drug
passes through the nasal barrier is its molecular weight.
Hydrophilic compounds with molecular weights under
300 Dalton are readily transported by carrier-mediated
transport or the paracellular pathway. Passive diffusion
is used to move the molecules, which are lipophilic and
have molecular weights between 300 and 1000 Dalton
(big molecules) and even less than 300 Dalton. Particles
that are too small to be delivered to the brain via the
nasal pathway may be readily deposited in the lungs 24,
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Polymorphism >

When developing new products and for nasal medication
administration, it is crucial to take the drug's polymeric
form into account. Various polymorphs have an impact
on both the drug's absorption via the nasal cavity and its
disintegration. The drug's many polymorphic versions
vary in their ability to pass through the nasal membrane.
It is necessary to take into account the stability and
purity of polymorphic forms for the nasal formulations.

pH:

The medicine's nasal distribution to the brain is
influenced by the pH of the nasal mucosa and the drug
itself. To avoid mucosal damage, bacterial development,
and nasal discomfort, the formulation's optimal pH has
to be between 4.60 and 6.50. Only the drug's non-
ionized portion may infiltrate via the mucosa of the
nose. ¢!

Partition Coefficient:

High molecular weight and hydrophilic chemicals are
removed via mucociliary clearance, which prevents them
from passing through the nasal mucosa. The nasal
mucosa contains hydrophilic and lipophilic components;
however, lipophilic medications need greater transit
across the nasal epithelium than hydrophilic drugs do.
With hydrophilic moieties, the prodrug method works
well for drug transport from the nasal cavity. Levodopa's
prodrug is designed to improve absorption via the nasal
mucosa. The enzymes found in the nasal mucosa break
down a variety of substances, including proteins and
peptides, but the prodrug method protects these
substances from breaking down. One such prodrug is
acyclovir, which is also known as L-aspartate [B-ester.
The nasal mucosa may be readily penetrated by the
medicine when it is in its salt or ester form 21,

Formulation Related Factors:

Tonicity:

A significant influencing nasal
permeability is tonicity. Through the reduction of nasal
epithelial cells, the hypertonic solution facilitates nasal
mucosal permeability. As a result, it promotes nasal
mucosal permeability. Furthermore, in the case that

factor mucosal

hypertonicity continues, it inhibits ciliary motility,
which obstructs mucociliary clearance. Because the
hypertonic solution shrinks nasal epithelial cells, it
facilitates nasal mucosal penetration. Moreover, it
reduces mucociliary clearance 17!,
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Mucoadhesives:

Excipient lengthens the medication's period of residence
in the nasal cavity, resulting in a longer-lasting release.
The mucus and the mucoadhesives are joined by
techniques for diffusion, adsorption, electrostatic
interaction, and wetting. Many mucoadhesive
compounds are available, including hyaluronic acid,
poly-methacrylate, chitosan, polyacrylic acid, and
carbopol 271,

Approaches to improve the Absorption of Drug in
the Nasal Route for Effective Delivery to The Brain:
The nasal cavity includes a number of features,
including complications, high enzymatic activity, quick
physical clearance via mucociliary action, and limited
mucosal permeability. Because of the intricate structure
of the nasal cavity, linked to drug deposition. Each of
these elements creates a barrier to the effective delivery
of medications to the brain. There are several methods
for addressing these restrictions 1,

Chemical Modification of Therapeutic Agents:

To improve stability, provide improved membrane
permeability, and improve the absorption of active
substances, the structure is chemically modified.
Prodrugs, lipidization, PEGylation, and amino acid
replacements are examples of chemical alterations.
Lipidization and PEGylation are two methods that may
change a material's hydrophilicity and hydrophobicity.
The specificity of the target might be accomplished by
surface functionalization and chemical alterations 1*°!.

Enzyme Inhibitors:

Increased mucosal reductase and protease activity in the
nasal cavity's olfactory area affects a variety of enzymes
involved in drug metabolism. The nasal cavity contains a
variety of enzymes, including glutathione S transferases,
CYP450 isomers, oxidative and conjugative enzymes,
exo/endopeptidases,  alkaline = phosphatases, and
Glucuronyl transferases, aldehyde dehydrogenases,
carbonic anhydrases, etc. These enzymes cause a variety
of medications to break down or metabolize, which
results in the pseudo-first pass effect. Adding protease
inhibitory compounds as a formulation element is a
workable way to break through the nasal cavity's
enzymatic barrier. By blocking the enzymes that cause
degradation, the use of enzyme inhibitors is another
effective strategy to improve the stability of medicinal
medicines at the absorption site 1%,
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Permeation Enhancers:

The most adaptable functional formulation elements that
improve a drug's or therapeutic agent's permeability
across biological membranes are called absorption
enhancers or permeation enhancers. There are several
agents that possess characteristics that improve
permeability, such as fatty acids, hydrophilic polymers,
cyclodextrins, surfactants, bile salts, etc. Enhancers of
permeability break apart the intricate structures that
connect neighboring epithelial cells, interact with the
phospholipid membrane, and make the material more
viscous . In the end, olfactory epithelium, olfactory bulb,
and CNS are the targets of penetration enhancers. This
reversible tight connection opening is the most practical
method for absorbing hydrophilic, polar molecules 1.

Chemical
madifications
T . | . inbibitors
cabancement
by nasal route
B I By
Fermeation
enhancers

Fig 2. Absorption Enhancement by Nasal Route.

Efflux Transporters %:

The main obstacle to medication delivery to the brain is
efflux transporters. Efflux transporters facilitate the
brain's increased absorption of drugs. Glycosylated
membrane proteins, which are found in the P
glycoprotein, many bodily tissues, such as the nasal and
respiratory mucosa. A wide range of hydrophilic and
hydrophobic compounds are detoxified by PgP-mediated
efflux transporters in the nasal mucosa. It contributes
significantly to the decrease in the drug's CNS
permeability. A greater penetration of the central
nervous system is achieved by inhibiting it. For
example, rifampicin with a P-glycoprotein efflux
inhibitor improves medication absorption in the brain.

Mucoadhesive Agents:

Different polymers, such as chitosan, carbomer,
polyacryl acid, pectin, etc., with mucoadhesive qualities
are used as formulation excipients.It is predicated on
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how mucoadhesive functions in conjunction with
mucous and lengthen the medication's duration of
residence within the nasal cavity. Additionally, it
improves permeability and aids in the mucosal
membrane's fluidization. Since mucoadhesive drugs do
not preferentially adhere to olfactory epithelium, a
combination of mucoadhesive with an appropriate
targeting ligand 1is more effective. Typically,
mucoadhesive compounds are found in powder forms.
Chitosan-poloxamer 188 has been utilized in fentanyl
nasal spray 3132,

Transporter interactions P74,

Because therapeutic medicines have a limited brain
penetration rate, CNS illnesses remain challenging to
treat. The blood-brain barrier is the main factor
preventing these drugs from being absorbed (BBB). The
polarized endothelial cells that make up the BBB are
joined by tight junctions, which restrict paracellular
permeability.  Numerous  strategies have been
investigated to enhance BBB penctration and hence
boost brain absorption. Increasing substrate lipophilicity
(to increase passive permeability), conjugating with a
substrate of an endogenous uptake transporter to
increase carrier-mediated transport across the blood-
brain barrier, and reducing efflux through transport
inhibition or substrate modification are a few of these
techniques. Furthermore, the transport of substrates to
the central nervous system via the nose has been
investigated. Previous research has shown that nasal
delivery of suitable transporter inhibitors may reverse
the attenuation of efflux transporters, which reduce brain
absorption of substrates. These findings appear to point
to the presence of efflux and absorption transport
mechanisms at this location 133341,

The effectiveness of medication distribution and
treatment may be improved by targeted nano-drug
delivery systems conjugated with certain ligands to
target particular cell-surface receptors or transporters.
Various cell types express various transporters on their
cell surfaces, and in pathological situations, some
transporters are expressed at greater levels than normal
in a subset of cell types. The effectiveness of medication
delivery may be improved by targeted nano-drug
delivery systems coupled with certain ligands. The
majority of transporters express themselves at specific
sites, making them perfect targets for drug delivery that
aims to improve penetration across biological barriers
like the blood-brain barrier or boost absorption at a
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particular place 35361, The ligands for the receptors are
much more selective, whereas transporters often have
wide substrate selectivity. Since there are many options
for ligands to modify the surface of the nanoparticles in
order to target the transporters, these differences may
actually be advantageous when choosing cell-surface
transporters for nano-drug delivery systems. Another
benefit of such ligands is their lack of immunogenicity

CONCLUSION:

In this review paper basically studied about nasal drug
delivery to the brain has primarily focused on
overcoming the blood-brain barrier. One promising
method is the nose-to-brain route, utilizing the
trigeminal or olfactory nerves. This pathway allows
direct access to the brain parenchyma, crucial for
treating neurodegenerative diseases. Medications can
enter through various routes, including transcellular or
intercellular pathways in the nasal cavity. Efflux
transporters pose challenges, but inhibitors may enhance
drug efficacy. As our understanding of the brain
expands, optimizing these delivery routes remains
crucial for targeted CNS treatment. The authors discuss
the methods to enhance nasal drug delivery through the
nasal epithelial route and elaborate in vitro, ex vivo, and
in vivo models for studying intranasal drug delivery,
which are based on the most recent research in the area.

ACKNOWLEDGEMENT:
The authors are thankful to Rungta Institute of
Pharmaceutical Sciences and Research, Bhilai,

Chhattisgarh and Rungta Institute of Pharmaceutical
Science, Bhilai, Chhattisgarh for providing necessary
facilities and database.

REFERENCES:

1. Alcalay RN, Giladi E, Pick CG, Gozes 1. Intranasal
administration of NAP, a neuroprotective peptide,
decreases anxiety-like behavior in aging mice in the
elevated plus maze. Neurosci Lett, 2004; 361: 128-
131.

2. Arora P, Sharma S, Garg S. Permeability issues in
nasal drug delivery. Drug Discov Today, 2002; 7:
967-975.

3. Bai S, Yang T, Abbruscato TJ, Ahsan F. Evaluation
of human nasal RPMI 2650 cells grown at an air-
liquid interface as a model for nasal drug transport
studies. J Pharm Sci, 2008; 97: 1165-1178.

2174



] Pharm Adv Res, 2024; 7(4): 2168-2176.

4.

10.

11.

12.

13.

14.

15.

Harsh, et al.

Banks W. Are the extracelluar pathways a conduit
for the delivery of therapeutics to the brain? Curr
Pharm Des, 2004; 10: 1365-1370.

Banks WA, DiPalma CR, Farrell CL. Impaired
transport of leptin across the blood-brain barrier in
obesity. Peptides, 1999; 20(11): 1341-1345.

Banks WA, Goulet M, Rusche JR, Niehoff ML,
Boismenu R. Differential transport of a secretin
analog across the blood-brain and blood-
cerebrospinal fluid barriers of the mouse. J
Pharmacol Exp Ther, 2002; 302: 1062-1069.
Barakat NS, Omar SA, Ahmed AAE.
Carbamazepine uptake into rat brain following intra-
olfactory transport. J Pharm Pharmacol, 2006; 58:
63-72.

Behl CR, Pimplaskar HK, Sileno AP, Xia WJ, Gries
WIJ, DeMeireles JC, et al. Optimization of systemic
nasal drug delivery with pharmaceutical excipients.
Adv Drug Deliv Rev, 1998; 29: 117-133.

Benedict C, Brede S, Schioth HB, Lehnert H,
Schultes B, Born J, et al. Intranasal insulin enhances
postprandial thermogenesis and lowers postprandial
serum insulin levels in healthy men. Diabetes, 2011;
60: 114-118.

Bhattacharyya M, Kalra V, Gulati S. Intranasal
midazolam vs rectal diazepam in acute childhood
seizures. Pediatr Neurol, 2006; 34: 355-359.

Born J, Lange T, Kern W, McGregor GP, Bickel U,
Fehm HL. Sniffing neuropeptides: a transnasal
approach to the human brain. Nat Neurosci, 2002; 5:
514-516.

Burright EN, Brent Clark H, Servadio A, Matilla T,
Feddersen RM, Yunis WS, et al. SCA1 transgenic
mice: a model for neurodegeneration caused by an
expanded CAG trinucleotide repeat. Cell, 1995; 82:
937-948.

Capsoni S, Giannotta S, Cattaneo A. Nerve growth
factor and galantamine ameliorate early signs of
neurodegeneration in anti-nerve growth factor mice.
Proc Natl Acad Sci, 2002; 99: 12432-12437.
Charlton S, Jones NS, Davis SS, Illum L
Distribution and clearance of bioadhesive
formulations from the olfactory region in man: effect
of polymer type and nasal delivery device. Eur J
Pharm Sci, 2007; 30: 295-302.

Chaturvedi M, Kumar M, Pathak K. A review on
mucoadhesive polymer used in nasal drug delivery
system. J] Adv Pharm Technol Res, 2011; 2: 215.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

Cho HJ, Termsarasab U, Kim JS. In vitro nasal cell
culture systems for drug transport studies. J Pharm
Investig, 2011; 40: 321-332.

Consonni A, Sharma S, Schon K, Lebrero-
Ferndndez C, Rinaldi E, Lycke NY, Baggi F. A
novel approach to reinstating tolerance in
experimental autoimmune myasthenia gravis using a
targeted fusion protein, mCTA1-T146. Front
Immunol, 2017; 8: 1133.

Craven BA, Neuberger T, Paterson EG, Webb AG,
Josephson EM, Morrison EE, et al. Reconstruction
and morphometric analysis of the nasal airway of the
dog (Canis familiaris) and implications regarding
olfactory airflo. Anat Rec, 2007; 290: 1325-1340.
Dalpiaz A, Ferraro L, Perrone D, Leo E, lannuccelli
V, Pavan B, et al. Brain uptake of a zidovudine
prodrug after nasal administration of solid lipid
microparticles. Mol. Pharm, 2014; 11: 1550-1561.
Kaushik A, Jayant RD, Bhardwaj V, Nair M.
Personalized Nanomedicine for CNS Diseases. Drug
Discov Today, 2018, 23(5): 1007-1015.

Agrawal M, Saraf S, Saraf S, Antimisiaris SG,
Chougule MB, Shoyele SA, et al. Nose-to-Brain
Drug Delivery: An Update on Clinical Challenges
and Progress towards Approval of Anti-Alzheimer
Drugs. Journal of Controlled Release. 2018; 281:
139-177.

Dubois LG, Campanati L, Righy C, Porto-Carreiro I,
Pereira CM, Kahn SA, et al. Gliomas and the
Vascular Fragility of the Blood Brain Barrier. Front
Cell Neurosci, 2014; 8: 418.

Abbott NJ, Patabendige AAK, Dolman DEM, Yusof
SR, Begley DJ. Structure and Function of the Blood-
Brain Barrier. Neurobiol Dis, 2010; 7(1):13-25.
Bitter C, Suter-Zimmermann K, Surber C. Nasal
Drug Delivery in Humans. Curr Probl Dermatol,
2011; 40: 20-35.

Van RD, Verdijk R, Kuiken T. The Olfactory Nerve:
A Shortcut for Influenza and Other Viral Diseases
into the Central Nervous System. J Pathol, 2015;
235(2):277-87.

Johnston, M.; Zakharov, A.; Papaiconomou, C.;
Salmasi, G.; Armstrong, D. Evidence of
Connections between Cerebrospinal Fluid and Nasal

Lymphatic Vessels in Humans, Non-Human
Primates and Other Mammalian  Species.
Cerebrospinal Fluid Res, 2004; 1: 2.

2175



] Pharm Adv Res, 2024; 7(4): 2168-2176.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Harsh, et al.

Crowe TP, Greenlee MHW, Kanthasamy AG, Hsu
WH. Mechanism of Intranasal Drug Delivery
Directly to the Brain. Life Sci, 2018; 195:44-52.
Renner DB, Svitak AL, Gallus NJ, Ericson ME,
Frey WH, Hanson LR. Intranasal Delivery of Insulin
via the Olfactory Nerve Pathway. J Pharmacy
Pharmacol, 2012; 64(12): 1709-1714.

Gottofrey J, Tjalve H. Axonal Transport of
Cadmium in the Olfactory Nerve of the Pike.
Pharmacol Toxicol, 1991; 69(4): 242-252.
Bourganis V, Kammona O, Alexopoulos A,
Kiparissides C. Recent Advances in Carrier
Mediated Nose-to-Brain Delivery of Pharmaceutics.
Eur J Pharm Biopharm, 2018; 128: 337-362.
Casettari L, Illum L. Chitosan in Nasal Delivery
Systems for Therapeutic Drugs. J Controlled
Release, 2014; 190: 189- 200.Schipper NG, Verhoef
JC, Merkus FW. The nasal mucocilliary clearance:
relevance to nasal drug delivery. Pharm Res, 8: 807-
814.

Mathison S, Nagilla R, Kompella UB. Nasal route
for direct delivery of solutes to the central nervous
system: fact or fiction. J Drug Target, 1998; 5: 415-
441.

Chien YW, Chang SF. Intranasal drug delivery for
systemic medication. Crit Rev Ther Drug Carrier
Syst, 1987; 4: 67-194.

Hehar SS, Mason JD, Stephen AB, et al. Twenty
four hour ambulatory nasal pH monitoring. Clin
Otolaryngol, 1999; 24: 2.

Reed CJ. Drug metabolism in the nasal cavity:
relevance to toxicology. Drug Metab Rev, 1993; 25:
173-205.

Dahl AR, Lewis JL. Respiratory tract uptake of
inhalants and metabolism of xenobiotics. Annu Rev
Pharmacol Toxicol, 1993; 32: 383-407.
Thornton-Manning JR, Dahl AR. Metabolic capacity
of nasal interspecies comparisons of
xenobiotic- metabolizing enzymes. Mutat Res, 1997;
380: 43-59.

Lewis JL, Nikula KJ, Novak R, Dahl AR.
Comparative localization of carboxyl esterase in
F344 rat, beagle dog and human nasal tissue. Anat
Rec, 1994; 239: 55-64.

Aceto A, Llio, Angelucci S, et al. Glutathione
transferases in human nasal mucosa. Arch Toxicol,
1989; 63: 427-431.

Krishna NS, Getchell TV, Awasthi YC, Gatechell
ML, Dhooper N. Age and gender-related trends in

tissue

41.

©lJournal of Pharmaceutical Advanced Research 2018.

e - ISSN: 2581-6160 (Online)

the expression of glutathione Stransferases in human
nasal mucosa. Ann Otol Rhinol Laryngol, 1995;
104: 812-822.

Sahu B, Sahu B, Sahu J, Kumar D, Wamankar S,
Nema RK. The Role of Biomarkers in the Field of
Pharmaceuticals. J Pharm Adv Res, 2023; 6(11):
1970-1979.

Conflict of Interest: None

Source of Funding: Nil

Paper Citation: Dewangan H, Parveen S,
Wamankar S*, Pal S, Chouhan B, Nema RK. A
review on Intranasal Drug Delivery System for Brain
Targeting. ] Pharm Adv Res, 2024; 7(4): 2168-2176.

2176



