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ABSTRACT

The use of nanotechnology in drug delivery and targeting has proven to be extremely valuable. The Nose-to-brain route of drug administration acts
as a more encouraging alternative to the traditional routes of medications acting on the Central Nervous System (CNS). This approach overcomes
the disadvantages of Blood Brain Barrier (BBB), hepatic first-pass metabolism, and systemic circulation. Thus, it is highly suitable for
neurodegenerative diseases, brain tumors, and neurological disorders like Alzheimer’s disease, Parkinson's disease, epilepsy, and brain cancer.
Anatomy and physiology of the nasal cavity, mechanisms of drug transport to the brain, and different nano-formulations that may enhance the
delivery and efficacy of CNS targeted drugs are reviewed here. Nanotechnology has brought new drug delivery systems like nanoparticles,
niosomes, liposomes, dendrimers, in-situ gels, nanoemulsions, and nanostructured lipid carriers capable of successfully delivering drugs across the
olfactory and trigeminal nerve pathways. It also discusses challenges pertinent to drug delivery across the BBB and the therapeutic application of
nose-to-brain delivery, the article also highlighted the nanoformulation development and the ongoing clinical trials along with the marketed
formulations related to nose-to-brain delivery.
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INTRODUCTION

The two most frequently used methods to administer drugs are
orally and intravenously. However, these methods present
significant limitations, especially for brain disorders, due to barriers
such as the BBB and hepatic first-pass metabolism. Therefore, there
is a need to explore alternative drug delivery systems for enhanced
therapeutic effects and reduced side effects [1].

This review focuses on nanotechnology-driven formulations for nose-to-
brain drug delivery, emphasizing intranasal pathways to bypass the BBB.
A systematic literature search was conducted using keywords such as
"nanotechnology,” "nose-to-brain delivery,” "intranasal administration,”
"CNS disorders,” and "nanoformulations.” Articles from peer-reviewed
journals spanning the past 25 y were selected to cover recent advances
and foundational studies. Additional filters included English-language
publications and studies focusing on nanoparticle-based drug delivery
systems, covering mechanisms, therapeutic applications, and clinical
advancements in nose-to-brain formulations.

One such promising route is the intranasal administration of drugs,
which provides a direct nose-to-brain pathway through olfactory and
trigeminal nerves and reduces exposure to systemic circulation [2].
Knowledge of the anatomy and physiology of the nasal cavity is
important for the achievement of fantastic therapeutic efficacy with drug
delivery systems. The nasal cavity is divided into three regions: the
vestibule, respiratory, and olfactory. Its surface area for the vestibule
region is small, and thus, drug absorption in this region is limited [3].

The brain, which receives messages from sense organs and controls
most bodily activities, is one of the most intricate and important
organs. It regulates the operations of numerous other organs as well
as hormone secretion, memory encoding, and both voluntary and
involuntary motions [4].

The brain is crucial to the human body and are protected both
internally and externally. The skull and its various membrane layers
shield it from external harm, while the BBB, the Cerebro Spinal Fluid
(CSF), and the CSF-blood barrier provide internal protection. These
barriers assist in preserving the brain's equilibrium and protect
against endotoxins, harm to the body, infections, and other negative
consequences [5].

The nose-to-brain pathways include the respiratory and olfactory
regions of the nasal cavity as shown in fig. 1. The septum divides the
nasal cavity into two 12 cm long halves containing 13 ml in volume
and 150 cm? in surface area. Each of these two halves contains three
sections as follows: the respiratory section, the olfactory section, and
finally, the physiological site, the vestibular section, which acts as a
physiological site for intranasal transport to the brain. In the
respiratory region, goblet cells are mucous-secreting and extremely
vital for mucociliary clearance, which aids in the removal of foreign
substances. The presence of the trigeminal nerves in the respiratory
region can provide a rapid pathway for drug delivery to the brain [6].

The olfactory area also plays an important role in transporting drugs
to the brain and CSF. This region is placed in the upper nasal cavity,
which may limit the drug’s access to this permeation area [7]. The
most important organ in humans for controlling their body functions
is the brain [8]. The human brain contains 644 km of blood vessels
that supply oxygen, energy, metabolites, and nutrients to brain cells
and also remove carbon dioxide and other metabolic wastes from
the circulatory system [9]. The endothelial surface area of the brain
vasculature, which includes arteries, veins, arterioles, capillaries,
and venules, is around 20 sq. meters [10]. The brain is extremely
sensitive to toxic substances in circulation and requires an optimum
microenvironment that is controlled by three barrier systems to
ensure correct neuronal activity. The third barrier is the BBB which
is fabricated by the brain micro vessel endothelial cells [11]; the
arachnoid barrier is the barrier that borders the CSF in the
subarachnoid space from extracellular fluids in the blood vessels of
the superficial dura layers, which represents fenestrated capillaries
[12], the blood-CSF barrier is at the choroid plexus, which is of
spongy, vascularized structure that manufactures CSF and is
attached to the wall inside the ventricles of the brain [13].

Some physicochemical parameters can affect the delivery of the nose
to the brain. One of the most important aspects of the nose-to-brain
delivery system is particle size. The Olfactory Sensory Neuron's
diameter ranges from 0.1 to 0.7 um, restricting the size of the particles
to the nanoscale [14]. Additionally, because mucus creates a structure
resembling a mesh, smaller particles are less resistant to penetrating
the mucous membrane. Since the membranes lining the nasal mucosa
are generally negatively charged, positively charged particles are more
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likely to interact electrostatically with the mucosa. Increased residence
time and bio-adhesion to the nasal epithelium will result from this
[15]. Because of this property, many research studies have employed
positively charged carriers to boost drug bioavailability for nose-to-
brain delivery, specifically chitosan and its derivatives. Since
hydrophobic carriers form hydrophobic bonds with the hydrophobic
domains of mucin, they lengthen the residence period, which increases
mucoadhesion. However, because of its hydrophobic interaction with
mucin, if the carrier is sufficiently hydrophobic, it will not pass through
the mucus and be removed by mucociliary clearance [16]. Thus,
striking a delicate balance between lengthening the residency period
and allowing mucus penetration would be crucial. Similar to how the
charge of the nanoparticle influences mucoadhesion, hydrophobicity
may likewise influence the route of nose-to-brain delivery and
distribution in the brain.

Intranasal administration represents an easy, non-invasive, and
vascular route allowing brain-targeted drug delivery. Intranasal
delivery is a convenient and non-invasive way to directly administer
drugs to the brain [17]. This delivery mechanism overcomes the
BBB, blood-CSF barrier, and hepatic first-pass metabolism,
eliminating oral administration of medications [18]. Intranasal
delivery systems deliver drugs through the nasal cavity either to
general circulation i. e, and systemic effect or to specific targets
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where other routes cannot do, for example-the brain [19]. Various
methods have been explored to bypass the BBB and distribution of
drugs to the CNS. Novel approaches to medication delivery to the
brain have been made possible by advancements in nanotechnology
and nanoscience. Conventional oral delivery for Alzheimer’s disease
has some drawbacks, such as low bioavailability, rapid metabolism,
limited brain exposure, and even some adverse effects, making it
difficult to identify a highly effective therapy [20]. Such as a recently
prepared transdermal patch of rivastigmine has improved
tolerability, but brain penetration remains limited. Therefore,
alternative brain-targeted rivastigmine delivery strategies are
urgently needed [21]. Some novel formulations can overcome these
problems  with the help of nanotechnology. Several
nanoformulations are used like in-situ gel, liposomes, nanoparticles,
nanoemulsion, Nanostructured Lipid Carrier (NLC), micro-emulsion,
niosomal in situ gel, microsphere, niosomes, Solid Lipid
Nanoparticles, nasal insert, etc. and we can target this formulation
through nose-to-brain delivery. This study aims to provide insights
into the function of nanotechnology of nose-to-brain drug delivery.
The review mainly focuses on the research work done using various
nanoformulations for nose-to-brain drug delivery. In this article, we
will discuss the therapeutic application of nose-to-brain delivery,
ongoing clinical trials, and marketed products, along with the
challenges and future aspects of nanotechnology.
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Fig. 1: Physiology for nose to brain delivery

Therapeutic application of nose-to-brain delivery
Alzheimer’s disease

Alzheimer's disease (AD’s) is a chronic and progressive
neurodegenerative brain disorder, recognized as the most prevalent
cause of dementia globally [22]. Approximately 30 million people
around the world suffer from AD’s, and these fig. are expected to
triple by 2050[23]. This neurodegeneration results in a constant
decline in cognitive, functional, and behavioral processes, causing
characteristic disorders like loss of memory, confusion, agitation,
and difficulties in executing daily activities [24].

The pathological manifestations of AD’s include the presence of
intracellular Neurofibrillary Tangles and extracellular amyloid
plaques (amyloid-beta deposits). These are accompanied by
neuronal cell loss, which is related to memory impairment [25]. It is
a type of multifactorial disorder and its causes are still unclear, but
having in mind the important role they play in the cholinergic
system changes early neuro as well amyloid plaque production line
tangles neurofibrillary [26].

The brain contains billions of neurons, each with an axon and some
dendrites. Neurons need communication, metabolism, and self-
repair to stay healthy. B-amyloid plaques and neurofibrillary tangles
characterize all three important functions of AD’s. First, neuritic
plaques are caused by deposits of the B-amyloid protein fragment
building up in the space between nerve cells or neurons. The

Amyloid Precursor Protein is the building block of amyloid plaque,
which protrudes through the neuron membrane. Enzymes such as
Bsecretase and a-secretase break down Amyloid Precursor Protein
into neurotoxic AB42 fragments, which include B-amyloid. These (-
amyloid fragments aggregate to form plaques. Neurons from these
aggregates grow in AD’s, interfering with neuron function [27].

A variety of nano-formulations have been developed to treat AD’s, in a
recent study by Wilson et al, prepared nanoparticles of Sitagliptin
using chitosan as a polymer. The particle mean size and zeta potential
of the formulation are 188.4+48.1 nm and 20.8 mV, respectively. In the
in vitro studies in pH 6.4 phosphate buffer, the range was between
49.55+2.62% w/w and 73.77+2.14% w/w for 24 h. In studies
conducted on rats, it was found that sitagliptin-loaded chitosan
nanoparticles increased sitagliptin levels in the brain by 5 times more
effectively compared to free sitagliptin after intranasal administration
[28]. Additionally, in a study by Shehata et al, nanostructured lipid
carriers of Astaxanthin (AST) were formulated using a high-pressure
homogenization process. The developed Astaxanthin loaded
nanostructured lipid carriers (AST-NLCs) have a mean particle size of
141.8+5.02 nm, a polydispersity index (PDI) of 0.247+0.016, a zeta
potential 0f-32.2+7.88 mV, an entrapment efficacy of 94.1+2.46%, and
a drug loading of 23.5+1.48%. The nose-to-brain delivery of
Astaxanthin loaded nanostructured lipid carriers (AST-NLCs) for AD’s
was performed by a rats’ model, which shows anti-cholinesterase,
antioxidant, anti-apoptotic, and anti-neuroinflammatory effects
through targeting different pathways to treat AD’s. They summarize
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that the intranasal distribution of Astaxanthin-loaded nanostructured
lipid carriers AST-NLCs may be an alternative treatment for AD’s,
overcoming its low oral bioavailability [29]. One more study by Kaur et
al. developed a nano-emulsion of Memantine for Intranasal delivery to
bypass the BBB for the management of AD’s. The developed nano-
emulsion has a particle size of 11 nm and a transmittance of 99%. In
vitro release studies demonstrated 80% drug release in simulated
nasal fluid. In pharmacokinetic studies using a rat model,
administration of the radiolabelled formulation through the intra-
nasal route showed higher drug absorption in the brain region
compared to oral and IV administration [30].

In further studies by, Espinoza et al, developed a nasal
microemulsion of Donepezil (DPZ) for intranasal administration. In
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this respect, the developed microemulsion in these studies had a
transparent and homogenous particle size of 58.9+3.2 nm, while the
PDI was 0.19+0.04. From morphological studies, it resulted in a
spherical shape of droplets with smooth and uniform surface
features. The hyperbola kinetic model is used in the in vitro release
investigation of medication DPZ microemulsion, which ensures that
the drug release studies have a prolonged time, However, the ex-
vivo permeation investigations showed that the largest quantity that
permeated was around 2000 pg or 80% of the initial medication and
that the peak permeation occurred in the first 4 h. They finally
conclude that microemulsion can be a novel tool for further research
in the field of AD’s [31]. The various nano-formulations for treating
Alzheimer's have been discussed in table 1.

Table 1: Nano-formulation for Alzheimer's disease

Drugs Formulation type Methods Polymer Key finding Reference
Sitagliptin Chitosan Ionic gelation method Chitosan Chitosan nanoparticles boosted brain Sitagliptin [28]
Nanoparticles Tripolyphosphate levels after intranasal administration, but more
studies are needed to confirm its effectiveness as a
drug delivery system.
Astaxanthin NLC The hot high-pressure Poloxamer 188 The results we obtained indicate that intranasal [32]
homogenization method Glyceryl administration of Astaxanthin in NLC could serve
palmitostearate as an appropriate treatment for AD’s and address
its low oral bioavailability.
DPZ Nano-emulsion DPZ-loaded nanoemulsion Polyglyceryl-3 The nanotechnology-based drug delivery of DPZ [33]
was prepared by dioleate and enhanced the pharmacological efficacy.
incorporating DPZ in oil oleoyl polyoxyl-6
under stirring at 700 rpm glycerides.
until a drug was dissolved
Memantine Nano-emulsion Homogenization and Propylene glycol. A nano-emulsion of the drug was prepared based [30]
Ultrasonication Method Ethylene glycol on solubility and transmittance. The formulation's
particle size was in the nano range, and it
demonstrated cell viability in neuroblastoma cells.
DPZ DPZ loaded Micro- Developed by Pseudo ternary  Propylene glycol It minimizes nasal irritation and provides effective [31]
Emulsion phase diagrams delivery while maintaining a low viscosity.
DPZ Liposomes Thin layer hydration Polyethylene glycol The administration of liposomal formulation via the [34]
technique intranasal route significantly increased (P<0.05) the
bioavailability of DPZ in plasma and brain.
Intranasal H102 Liposomes Modified thin film hydration Chitosan The liposomes penetrated Calu-3 cell monolayers, and [35]
peptide-loaded method intranasal administration effectively delivered H102 to
liposomes the brain, with hippocampal AUC of H102 liposomes
about 2.92 times greater than the solution group.
Rivastigmine Nasal Liposome and  Lipid layer hydration method  Scopolamine The results showed that it gave nasally depicted [36]
Nanoparticle-based for liposome. hydrobromide good pharmacokinetic properties, including rapid
Rivastigmine Nano-precipitation method Colchicine Soya absorption and increased systemic bioavailability.
for Nanoparticle. lecithin cholesterol
Noval Luteolin- Nanoparticles Ethanol injection method Chitosan Cholesterol Chitosomes enable non-invasive intra-nasal [37]
loaded Chitosan Phosphatidylserine delivery with lower doses and increased efficacy
decorated Streptozotocin compared to the suspension form.
Nanoparticles
Rivastigmine Niosomal in situ gel Thin film hydration Carbopol-934P The formulation showed enhanced perfusion and is ~ [38]
loaded self- technique HPMC-K4M expected to improve bioavailability over
assembled Chloroform conventional drug delivery systems.
nanostructure
Rivastigmine Microsphere Lectin was chemically Chitosan The result shows improved memory retention in [39]
functionalized on Ethyl-cellulose rats compared to the pure drug solution (p<0.001).
microspheres using a two- Polyvinyl alcohol
step carbodiimide activation
reaction method.
Lacosamide Niosomes Thin-film hydration method Chitosan The formulation offers sustained release, better [40]
Cholesterol nasal diffusion, and improved stability.
Barberine-laden NLC Hot homogenization and Poloxamer 407 The histopathological investigation revealed that [41]
nanostructured ultrasonication method Glycerol BER-CTS-NLCs are acceptable for nasal
lipid carriers monostearate administration, with higher brain/blood ratios,
overloaded with Chitosan Soybean drug transport, and targeting efficiency than the
Chitosan (BER- lecithin Oleic acid BER solution.
CTS-NLCs)
DPZ Solid lipid Nano- Solvent emulsification- Poloxamer 188 The DP-SLN formulation provided sustained [42]

particles

diffusion technique

Glyceryl mono-
stearate o-
phosphoric acid
Stearic acid
Palmitic acid

release, with imaging confirming drug localization
in the rabbit's brain.

Parkinson’s disease

The second most common and significant neurodegenerative disease
after AD is Parkinson's Disease (PD), affecting millions of people

across the globe [43]. Association with PD is due to the loss of
dopaminergic neurons within the Substantial nigra pas compacta.
The association of the loss with PD is from the deficiency in the
dopamine level, as it is a neurodegenerative disorder [44]. This is
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because dopamine, with less penetration to enter the BBB of the
brain, cannot enter into this. Hence, the treatment of PD with the
administration of external dopamine is limited [45]. There are
various drugs used to treat PD, such as the administration of L-
DOPA, which are the direct precursors of dopamine [46].

Various nano-formulations have been developed to treat the PD. A
recent study by Saha et al. formulated a poloxamer-stabilized
nanosuspension of Rotigotine (RTZ) for intranasal administration.
The formulated product demonstrated an average particle size of 73
nanometers and a PDI of 0.286. The lyophilization characteristic of
RTZ-nanosuspension showed good stability and was amorphous. In
vitro studies confirm that the first 15 min. showed 95% of the drug
dissolved from the prepared formulation. They concluded that the
amorphous nature of RTZ rapidly enhances the drug's ex-vivo nasal
permeation and in vitro nasal dissolution. Therefore, RTZ-
nanosuspension can improve RTZ distribution to the brain and could
potentially have therapeutic applications [47]. Further studies by
Avadh et al,, developed a polyelectrolyte complex of levodopa for
nasal drug administration. The particle size of the formulation is pH-
dependent. In the beginning (pH up to 10), increasing the pH
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reduces the particle size; after that particle size increases. The drug
content was 65.12 mg, and entrapment efficacy was 81.93% to
89.67. They conclude that the nose-to-brain delivery of levodopa
medication via the trigeminal neurons and the olfactory route has
been studied to enhance brain absorption and prevent levodopa
degradation in the peripheral circulation [48].

One more study by Sridhar et al formulated a nanoparticle of
selegiline with enhanced brain delivery in PD. The different
formulations were prepared to form nanoparticles due to which the
particle size of the nanoparticles ranged from 341-502 nm and the
lowest particle size 341.6+56.91 was detected in one batch. The PDI
of this batch is 0.317+0.29, which is the lowest of all the batches and
the maximum drug entrapment efficacy is 92.20£7.15%. The
formulated mixture resulted in spherical nanoparticles with over
90% of the drug loaded. The ex-vivo studies were conducted in rats
following intranasal and oral administration. Compared to oral
dosing, intranasal therapy resulted in 20-and 12-fold greater
amounts of selegiline in the brain and plasma [49]. The various
nanoformulations have been discussed for the treatment of
Parkinson’s in table 2.

Table 2: Nano-formulation for Parkinson's disease

Drugs Formulation type Method Polymer Key finding Reference
Levodopa and Chitosan-based Ionic gelation Chitosan Researchers have investigated delivering levodopa via the [48]
Carbidopa Poly-electrolyte method Pectin olfactory pathway and trigeminal neurons to improve
complex brain uptake and avoid peripheral degradation and
carbidopa use.
RTZ Redispersible Antisolvent Poloxamer 407 The nasal ciliotoxicity investigation demonstrated that both [47]
Nano-Suspension precipitation Poloxamer 188 RTZ-nanosuspension and drug dispersion were safe for
Ultrasonication Soluplus intravenous delivery, whereas RTG-Nanosuspension
method demonstrated a 20-fold increase in nasal penetration.
Levodopa Polymeric Solvent evaporation Chitosan Sodium tri- Characterization of the polymeric nanoparticles included [50]
Nanoparticle technique polyphosphate particle size distribution, drug content, zeta potential, and
Ionic gelation Poly (lactic-co-glycolic morphology. The levodopa-loaded nanoparticles showed
method acid) [PLGA] an AUC nearly twice as high (p<0.05) as the levodopa
solution.
Levodopa Liposomes Thin film hydration Quercetin dihydrate This study evaluated the structure-activity relationship of [51]
methodology Ascorbic acid several levodopa-loaded liposomes and preliminarily assessed
Sodium acetate their potential for intranasal drug delivery.
Selegiline Nanoparticles Ionic gelation Chitosan Selegiline administered intranasally enhances the amount of [49]
method Sodium tri- medication that reaches the brain by lowering pre-systemic
polyphosphate metabolism. It has a higher therapeutic value than oral delivery.
Levodopa In-situ thermo- Gelation Poloxamer-407 The results suggested that in situ gel-forming formulation [52]
sensitive gel temperature Chitosan could be of value for longer retaining of the drug in the nasal
method Alginate cavity and increasing the chance for delivery to the brain.
Epilepsy biodistribution and gamma scintigraphy tests were conducted in

According to the World Health Organization, epilepsy ranks as the
4t most frequent neurological disorder. It affects more than 50
million individuals globally, primarily in developing nations
accounting for over 90% of all cases. Every year, around 5 million
people worldwide are diagnosed with epilepsy. It is a condition that
disrupts normal nerve cell function in the brain, causing periodic
epileptic seizures [53]. To control this condition, multiple strategies
have been used, including surgery, medications, and yoga. Medicines
continue to play an important role in seizure management [54]. The
researchers investigate glutamatergic neurotransmission and
gamma-aminobutyric aminergic pathways in the CNS, which
regulate excitatory and inhibitory activity [55]. For the treatment of
epilepsy natural sources of medicine have several functions,
including medicinal, gastronomic, nutritional, and curative purposes.
Traditional and alternative plant-based therapies promote optimum
health and lower adverse effects [56]. In epilepsy, Pregabalin is used
as a first-line drug, which is commonly prescribed for diabetic nerve
pain and partial neuropathy [57].

Different nano-formulations have been prepared for the treatment
of epilepsy. A recent study by Shah et al. developed Lamotrigine
(LMT) loaded poly(lactic-co-glycolic) acid nanoparticles for direct
delivery from the nose to brain. The developed formulation
exhibited a particle size of 170.0 nm, % an entrapment efficacy is
71%, a PDI of 0.191, and a Zeta potential of-16.60 mV. The

mice, rabbits, and rats. The results revealed that intranasal delivery
of LMT-nanoparticles resulted in a greater concentration of LMT in
the brain than LMT solution. This method also demonstrated
prolonged release, increased bioavailability, and better targeting of
the BBB [58]. A further study by Tulbah et al,, formulated a novel
nasal niosomes loaded with lacosamide (LCA) using the thin film
hydration method. The formulation has a vesicle size of 194.3 nm,
with entrapment of 58.3%. Surface charge+35.6mV and in vitro
release of the formulation is 81.3% during 8 h. The developed
formulation has increased residence time on the physical stability,
nasal mucosa, and brain bioavailability of LCA in brain tissues. These
Niosomal formulations have a delayed release profile compared to
solution form. After intranasal administration, it has 2 times
increased in bioavailability, nasal diffusion, and brain distribution as
compared to other routes of administration [59].

In one more study by, Nerli et al, they formulate niosomes coated
with chitosan for nasal delivery of Clonazepam (CLZ). The prepared
formulation has a particle size of around 200 nm, PDI less than 0.3, a
positive surface charge, a spherical shape, and CLZ encapsulation
above 60%. The release of CLZ is 50% after 4 h. in the medium. After
encapsulation, it reduces the 1.5 times CLZ toxicity, which is
confirmed by the mucoadhesive properties of chitosomes and has 10
times permeation in co with a CLZ solution [60]. The various
nanoformulations for the treatment of Epilepsy have been discussed
in table 3.
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Table 3: Nano-formulation for epilepsy

Drugs Formulation Method Polymers Key finding Reference
type
CLZ Chitosan Thin layer Chitosan The optimized CLZ-loaded chitosan, with ~200 nm size [60]
coated evaporation Sorbitan stearate and PDI<0.3, achieved over 60% encapsulation, 12-week
Niosomes method Cholesterol stability, and 50% release in 4 h. They also reduced CLZ
Triton X-100 toxicity and increased permeability.
LCA Niosomes Thin film hydration Chitosan It shows sustained release, better nasal diffusion, and [59]
method Cholesterol enhanced stability. Histopathological tests revealed no
nasal mucosa toxicity, and it has significantly greater brain
distribution than the drug solution.
Phenytoin NLC’s Melt emulsification Poloxamer 188 Three sizes of phenytoin sodium-loaded NLCs were [61]
Sodium loaded with the Cholesterol developed. NLCs smaller than 50 nm released the drug
NLC’s ultrasonication completely in 15 min, crucial for rapid epilepsy
method treatment.
LMT Nano- Thin film Phospholipid 90G The LTG nanoliposome demonstrated nanoscale vesicle [62]
liposome dehydration- Cholesterol size, substantial entrapment within the lipid bilayer, and
rehydration a high release rate, as shown by Plackett-Burman's
method design and response surface methodology.
LMT Nasal insert Ethanol injection HPMC K4M Based on optimization parameters, nano-plastic nasal [63]
method Gelatin inserts can be considered a novel nano-carrier system for
Potassium dihydrogen targeting the brain with Lamotrigine to enhance its
phosphate therapeutic effects.
Disodium hydrogen
phosphate
Glycine
LMT loaded PLGA  Nano- Emulsification- Poloxamer-407 The formulation could be used as a once-daily treatment [58]
nano-particles particles solvent evaporation ~ Potassium dihydrogen for epilepsy, reducing the need for frequent dosing.
method phosphate Pharmacodynamic studies also confirmed that it quickly
Poly (lactic-co-glycolic acid) addresses involuntary muscle contractions.
Lorazepam (LZM)  Thermo- Solvent diffusion Chitosan In the present study, a thermosensitive gel loaded with [64]
sensitive Gel and evaporation f3-glycerol phosphate LZM-NLCs was investigated for its applicability as a nasal
method drug delivery system in treating epilepsy
LMT NLC Solvent Poloxamer PEG-8 Beeswaxes The drug release followed zero-order kinetics and [65]
evaporation Glyceryl di-behenate diffusion according to Fick's law, as described by the
method Glycerol disterate Korsmeyer-Peppas model.
Midazolam Nano- Ionic gelation Chitosan In this study, the nose-to-brain delivery of Midazolam-loaded [66]
particles method Sodium tri-poly-phosphate chitosan Nanoparticles was established with superiority over
Glacial acetic acid other formulations andanother route of administration.
Catechin hydrate Polymeric Double emulsion- Chitosan The formulation was optimized using a four-factor, three-  [67]
nanoparticles solvent evaporation Poly-vinyl alcohol level central composite design, and optimized based on
method Poly (lactic-co-glycolic acid) particle size, PDI, and zeta potential with high
entrapment efficacy.
Clonazepam Polymeric Thin film hydration Polyethylene glycol The produced formulation findings demonstrate the [68]
micelles method Polypropylene glycol generated polymeric micelles' potential as an effective
therapy option for epilepsy in an emergency.
Carbamazepine Nanoparticles  Etherification Chitosan This study found that the Intranasal CBZ-nanoparticles [69]
loaded method administration increased brain-to-plasma exposure
carboxymethyl Emulsification (AUC) by 150%, indicating preferential brain delivery.
chitosan (CBZ- method
nanoparticles)
CBZ Micro- Emulsification Oleoyl polyoxylglyce-rides The formulation with polycarbophil enhances intranasal [70]
emulsion method Diethylene glycol monoethyl delivery of CBZ to the brain, resulting in higher brain
ether Polyoxyl-40 concentrations compared to intravenous administration.
hydrogenated castor oil
Polycarbophil
LMT Nano- Solvent Glyceryl mono-oleate In this study, we confirm that lamotrigine rapidly and [71]
capsules displacement Diethylene glycol monoethyl significantly releases from nanocapsules in vitro and
method ether, Chitosan shows considerable brain tissue penetration in vivo.
hydrochloride Poly-
oxyethylene monostearate
CBZ Mucoadhesive ~ Spontaneous Xanthan gum CBZ-loaded mucoadhesive nano-emulgel for intranasal [72]
Nano-emulgel  emulsification Cholesterol use shows promise as a brain-targeted delivery system
following the water Phosphatidyl-coline through the olfactory mucosa, potentially allowing lower
titration method Labrasol doses and reducing CBZ side effects in epilepsy
treatment.
LMT Hydrogels Cold production Poloxamer-407and188 The results show that various formulations exhibited [73]

method

Carbomer 974P
Propylene glycol
Polyethylene glycol 400

good thermosetting behavior, pH, and lamotrigine release
above the minimum effective concentration for treating
generalized epilepsy.

Ischemic heart stroke

Even in the modern world, ischemic stroke remains one of the main
causes of mortality and disability [74], Over 100 million individuals
worldwide have been affected by ischemic stroke. Every year, more
than 12.2 million fresh cases are reported, causing 6.55 million
fatalities [75]. It is the leading cause of disability worldwide and the
second most prevalent cause of death [76]. Ischemic stroke occurs
when there is a disruption in the blood supply to a specific region of
the brain, leading to brain injury and cell death [77], with adverse

effects including memory loss, speech impairments, or physical
impairments [78]. According to the previously published data, the

process of oxidative stress is considered to be the primary contributor
to the development of cerebral ischemia and its reperfusion damage.
During oxidative stress in the body, the production of free radicles and
reactive oxygen species results in the largest amount of oxygen
consumption [79]. Some antioxidant drugs, including thioperamide,
ropinirole, and curcumin, have been shown to decrease ROS-mediated
reactions, protecting neurons from neuronal loss due to reperfusion in
animal models with cerebral ischemia [80].
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There are different nano-formulations have been prepared for the
treatment of Ischemic stroke. A recent study by Yu et al. prepared
a formulation of multidrug-loaded liposomes, which are
encapsulated by Baicalin (BA) Borneol (BO) and Cholic acid (CA)
to avoid ischemic stroke. The prepared formulation of Baicalin,
Borneol, and Cholic acid-loaded Liposomes (BBC-LP) has a drug
loading was 6.17%and the entrapment efficacy was found to be
42.69%. Formulated liposomes have a low particle size
(156.62£2.96 nm), zeta potential (-0.99 mV), and PDI (0.195).
Pharmacological studies show that compared to BBC in other
forms with BBC-LP has significantly improved neurological
deficiency and inhibited neuronal apoptosis more effectively
shown in the Middle cerebral artery occlusion rat model and due
to the toxicity studies, intranasal delivery of BBC-LP was safe and
did not cause discomfort to the nasal mucosa [81].
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Further studies by Ahmad et al, in this work, poloxamer chitosan-based
Naringenin nanoemulsion was developed for the treatment of cerebral
ischemia. The particle size of the developed Naringenin nanoemulsion
(NRG-NE) gel formulation was observed to be 98.31+1.17 nm with a PDI
of 0.386+0.021. The prepared NRG-NE gel showed a pH and viscosity of
about 6.0+£0.20 and 2447+24 cp, respectively, with % accuracy ranging
from 95.10 - 99.30%. According to the conducted pharmacodynamic
studies, the Area under the curve (AUC) of the brain and plasma were
observed at 5600.99+144.92 and 995.60+24.59 (ng min/ml g)
respectively in rats after intranasal delivery of the prepared formulation.
The drug NRG, effectively used for treating cerebral ischemia by
decreasing the side effects systematically, emerged as a potent
neuroprotective drug against oxidative stress and cellular damage [82].
The various nanoformulations for the treatment of Ischemic heart
strokes have been discussed in table 4.

Table 4: Nano-formulation for ischemic heart strokes

Drugs Formulation Method Polymers Key finding Reference
type
BA-loaded ligand- Nanoparticles Double PLGA PEG-PLGA nanoparticles modified with RVG29 peptide [83]
modified emulsification Polyethylene glycol reach the hippocampus via the nasal-to-brain pathway,
nanoparticles method allowing BA to exert neuroprotective effects after cerebral
ischemia.
Melatonin lipidic Nano-capsules Phase inversion Solutol HS15 Melatonin (MEL)-lipidic nanocapsules were evaluated in a [84]

nano-capsules

temperature
method

Soya bean lecithin

BO modified Nanoparticles Double emulsion- Comurine-6
transhione (TSA) solvent Dimethyl sulfoxide
nanoparticles evaporation PEG, PLGA
method
Multidrug-loaded Liposomes Reverse phase Soybean lecithin
BBC-liposomes evaporation Cholesterol
method Sodium deoxycholate
Naringenin Nano-emulsion Ultrasonication Poloxamer-407
method Chitosan PEG-400
Tri-phenyl-tetrazolium
chloride
Thymoquinone- Nano-emulsion Titration method Carbitol
loaded mucoadhesive Labrasol

nanoemulsion

Tween-20 Formic acid

cerebral ischemia model using histopathology, pro-

inflammatory cytokines, apoptotic markers, and oxidative

stress markers.

A novel formulation of BO-TSA-nanoparticles improves [85]
brain delivery and enhances TSA's prevention effect on

Cerebral ischemia/reperfusion injury (CIRI).

In this formulation, pharmacological studies reveal that, [81]
compared to the drug alone, the liposome formulation more
effectively reduces nerve damage and inhibits neuronal

apoptosis.

The formulation effectively treats cerebral ischemia, [82]
reduces systemic side effects, and demonstrates strong
neuroprotection against oxidative stress and cellular

damage.

The study confirmed that low-dose Thymoquinone-loaded [86]
mucoadhesive nanoemulsion was found to improve brain
bioavailability and effectively treat cerebral ischemia.

Migraine

Globally migraine is one of the most prevalent neurological
disorders, which is ranked as 2nd cause of disability among young
and middle-aged individuals [87]. About 15% of individuals
worldwide suffer from severe neurological conditions [88]. In the
United States, approximately 28 million individuals experience
migraines, with a higher prevalence of 18.2% among women
compared to 6.5% among men [89]. It is characterized by headaches
that are paroxysmal and that usually last for four to seventy-two
hours. It is divided into two main types: migraine with aura and
migraine without aura." and its associated symptoms typically
persist for 4-72 h [90]. During the aura phase, 5-hydroxytryptamine
concentration in the blood falls, which might result in migraine
problems while the symptoms of migraine without aura include
unilateral headaches that are worse or prevented from practicing
routine activities like walking [91]. Although the pathogenesis of
migraine is unknown, a leading theory is that the stimulation of
trigeminal nerve fibers by neurogenic inflammation triggers
migraine attacks [92].

There are Different nano-formulations have been developed to treat
migraine. Recent research by Alastal et al, prepared a nanoparticles of
Dihydroergotamine (DHE) using the ionotropic gelation method. The
developed formulation has a drug loading percentage is 20%,
encapsulation efficiency of 95+13%, and a particle size of 395+59 nm.
The In vitro release studies show that DHE-nanoparticles given
through intranasal have significantly increased bioavailability
(82.5£12.3%) compared to administration solution (53.2+7.7%). The
prepared DHE-chitosan nanoparticles may enhance the systemic
absorption of the drug, which results in more rapid systemic onset and
higher systemic bioavailability compared to the DHE intranasal
solution [93].

A further study by Saleh et al. prepared Spanlastics of zolmitriptan to
enhance migraine treatment. The optimal formulation was found to
have an entrapment efficiency of 45.65% and an average particle size
of 117.5 nm. In the ex-vivo permeation studies, it is observed that 70%
of the drug gets penetrated within 30 min through the nasal
membrane. After 2 h, it is entirely penetrated and has a much larger
steady-state flow than normal gel. The formulated drug showed
improved permeation across the nasal membrane, confirming the
potential efficacy of intranasal delivery to the brain [94].

One more study by Esim et al. developed Eletriptan Hydrobromide
(EH) nanoparticles for nose-to-brain delivery. The formulated
nanoparticles have a zeta potential value of-17.3+2.11 mV and an
average particle size of 201.5+13.6 nm. After conducting studies on
cellular uptake and P-glycoprotein efflux, it has been shown that the
developed nanoparticles inhibit P-gp-mediated drug efflux. The
pharmacokinetics studies show that the administration of EH-
nanoparticles improves CNS permeation behavior compared to
other formulations. In conclusion for intranasal administration, an
approximately 2-fold higher AUC-brain value may indicate a greater
amount of drug reaching the brain as compared to other
formulations [95]. The various nanoformulations for the treatment
of Migraine have been discussed in table 5.

Brain cancer

Cancer is a hereditary disease caused by various factors like
Deoxyribose Nucleic Acid mutations, ultraviolet radiation, and
certain environmental factors, as well as alterations in cell division
[105]. The World Health Organisation reports that cancer caused 10
million deaths in 2020 and affects approximately 4 lakh youngsters
annually. By 2040, it's expected that there will be around 29.5
million fresh cases of cancer, and unfortunately, about 16.4 million
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people may succumb to it [106]. Cancer is characterized by
uncontrolled cell growth, lack of cell maturation, cell death,
disrupted redox state, stress, metabolic regulation, and the capacity
to spread to other parts of the body (metastasis) [107]. Adult
patients with Glioblastoma Multiforme (GBM) have one of the most
common and malignant primary brain tumors. Even with the use of
multimodal treatment, including surgery and chemotherapy, GBM
has an occurrence rate of over 90% [108]. There are Different nano-
formulations have been prepared for intranasal administration for the
treatment of cancer cells. A recent study by Colombo et al. developed a
Kaempferol-loaded mucoadhesive nano-emulsion (KPF-MNE). The
study aimed to develop nano-emulsions of KPF with or without
chitosan to test their efficacy for brain transport and anticancer
activity against glioma cells. The prepared KPF-MNE formulation has a
globule size of 180.53+4.90 nm, PDI of 0.203+0.022, Zeta potential
is+26.09+2.67 mV, and refractive index of 1.359+0.001. The intranasal
administration of KPF-MNE in rats' brains significantly increased the
amount of drug in the brain leading to cause enhancement of apoptosis
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and decreased viability of glioma cells, a crucial objective in cancer
treatment. In conclusion, the developed formulation significantly
decreased C6 glioma cell viability by inducing apoptosis, compared to
free KPF and KPF-NE [109].

Further study by Alex et al. developed a nanoparticles of
Carboplatin, which is loaded with polycaprolactone (PCL) for
intranasal delivery. The formulated carboplatin-PCL-nanoparticles
have a zeta potential of-16.3+3.7 mV and a particle size of 311.6+4.7
nm. They exhibit an entrapment efficacy of 27.95+4.21%. The
formulation has shown ex-vivo permeation into sheep nasal mucosa
and demonstrated a release pattern similar to in vitro experiments.
In-situ nasal perfusion studies in Wistar rats revealed that
carboplatin-loaded PCL nanoparticles are more effectively absorbed
through the nostrils than pure carboplatin solution. Additionally, the
generated nanoparticles of Carboplatin exhibits enhanced in vitro
anti-tumor efficacy than plain medicines against human
glioblastoma cells [110]. The various nanoformulations for treating
brain cancer have been discussed in table 6.

Table 5: Nano-formulation for migraine

Drugs Formulation type Method Polymers Key finding Reference

Zolmitriptan SLN Emulsion solvent Dimethyl-sulfoxide Intranasal delivery of SLN with Zolmitriptan via the [96]
evaporation Tri-methylamine olfactory pathway achieves about 90% drug targeting
technique Stearic acid, Cholesterol compared to conventional Zolmitriptan tablets.

DHE Nanoparticles Modified Chitosan The formulation of DHE chitosan nanoparticles may [93]
ionotropic Trifluoroacetic acid increase systemic drug absorption by about 55%,
gelation method Triethyl-amine displaying a quick onset of action and higher systemic

bioavailability in comparison with DHE solution.

Zolmitriptan Spanlastics Ethanol injection Span-60 The improved formulation resulted in enhanced drug [94]
method Tween-80 penetration through the nasal membrane, demonstrating

the intranasal route's potential for brain delivery.

EH Nanoparticles W/0/W Poly(lactic-co-glycolic This study explored the antimigraine efficacy of EH [95]
emulsion solvent acid) polymeric nanoparticles, finding that different pH levels in
evaporation Polyvinyl alcohol the water phase affected drug encapsulation efficiency.
method

Frovatriptan Polymeric Nano- Double emulsion Poly (lactic-co-glycolic Intranasal delivery resulted in much greater drug [97]

Succinate particles method acid), PLGA, Polyvinyl dispersion in the brain than intravenous administration,

alcohol, Span-80 suggesting that intranasal delivery is a promising brain-
targeting route.

Sumatriptan NLC'’s Solvent diffusion Cholesterol This intranasal NLC formulation is an effective brain [98]
evaporation Triolein delivery system. A high Direct transport percentage (DTP)
method Stearic acid of the NLC formulation indicates efficient sumatriptan entry

into the brain.
Rizatriptan SLN Solvent diffusion Glyceryl monostearate In vivo studies showed that intranasal administration of [99]
benzoate method Lecithin rizatriptan benzoate consistently resulted in higher brain
Pluronic F127 concentrations than intravenous administration at all time
points.

Zolmitriptan Nanoparticles Ionic gelation Sodium tri-polyphosphate, The formulation showed maximum entrapment efficacy [100]

method Chitosan with a narrow particle size range and provided immediate
Zolmitriptan release followed by sustained release.

Sumatriptan Nanoparticles Desolvation Pluronic F-68 The optimized nanoparticles released faster than tablets [101]

containing method and nasal sprays, thanks to their small size. Glutaraldehyde

gliadin increased hardness, F68 improved stability, and gliadin

nanoparticles. added adhesive properties.

Zolmitriptan Nano-ethosomes Ethanol injection Carbopol-934 A three-level factorial design optimized the ethosomal [102]
method Poloxamer 407 formulation, indicating that zolmitriptan-loaded intranasal gel

HPMC K100 could be a better option for managing recurrent migraines.

Zolmitriptan Nanoparticles Double emulsion Poloxamer-188, Polyvinyl The present study successfully applied the quality-by- [103]
solvent diffusion alcohol, Ethyl acetate design approach to develop Zolmitriptan-loaded PLGA
technique Poly (lactic-co-glycolic nanoparticles achieving maximum brain targeting

acid) efficiency.

Propranolol Thermo-responsive  Micro-emulsion Poloxamer-407 Thisresearch demonstrates that limonene-based [104]

nasal nanogel. ion system Chitosan microemulsion in situ nanogel effectively manages migraines by

Deacetylated chitin

bypassing the liver's first-pass metabolism of propranolol.

Challenges and Future Prospects for the nose to brain delivery

The need for targeted drug administration may be significantly
addressed by intranasal drug delivery. Numerous studies have
demonstrated the intranasal route's superiority over other
conventional drug delivery techniques for the treatment of CNS
disorder with promising applications in bypassing the BBB and
directly targeting CNS cells table 7 highlights the ongoing clinical
trials for nose-to-brain delivery and table 8 highlights the marketed
products for nose-to-brain. Despite these advantages, several
limitations still challenge the clinical applications of this method,
such as ensuring consistent bioavailability, maintaining stability of

formulations, and addressing patient-specific anatomical differences
that can affect drug absorption. The BBB remains a significant
hurdle in the CNS drug delivery, making current treatments for
neurological disorders challenging. Many alternatives have been
suggested to get around this issue. Among them, the application of
intranasal delivery systems for nanocarriers has demonstrated
encouraging outcomes. This is because it circumvents the BBB,
allowing for quick access to the brain and getting around the
limitations of oral and intravenous delivery methods. However,
there is an ongoing need for enhanced formulations that can provide
sustained release and minimize systemic side effects without
compromising patient safety. Future developments in nose-to-brain
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drug delivery are expected to focus on personalized medicine, where
treatments can be tailored to individual patient needs based on their
genetic makeup and disease progression. The nose-to-brain delivery
method represents a significant advancement in treating neurological
disorders by circumventing the limitations posed by the BBB and first-
pass metabolism associated with traditional oral and intravenous
routes. Utilizing intranasal delivery alongside nanotechnology
formulations, such as lipid carriers and nanoparticles, enhances drug
bioavailability and neuroprotection. This method shows improved
therapeutic outcomes for conditions like PD, AD, epilepsy, stroke, and
brain cancer. Innovations in nanotechnology and nanocarriers will
likely improve CNS drugs' targeting efficiency and therapeutic efficacy.
The future in nanocarrier design for nose-to-brain drug delivery aims
to refine the designs of nanocarriers to enhance treatment safety and
efficacy, providing better targeting specificity. Such advanced
nanocarriers with varied functionalities, such as controlled release
combined with mechanisms that may cross the BBB, will be a critical
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factor that will improve treatment outcomes in the future.
Additionally, combinational therapies that utilize nose-to-brain
systems for multifactorial diseases like Alzheimer’s and brain cancer
present significant potential, though regulatory and safety
considerations for these novel approaches need careful evaluation.
By overcoming current challenges such as drug stability, sustained
release, and minimizing systemic side effects, nose-to-brain drug
delivery could become the preferred method for treating CNS
disorders. Despite these encouraging results from preclinical
studies, several challenges remain for clinical application, including
variability in nasal anatomy, the need for precise dosing, long-term
safety concerns, and scalability of nanocarrier production.
Furthermore, long-term safety concerns regarding the use of
nanocarriers necessitate thorough evaluation to ensure patient
safety and minimize potential adverse effects. Continued research is
critical for optimizing nose-to-brain delivery systems and ensuring
their effectiveness in clinical settings.

Table 6: Nano-formulation for brain cancer

Drugs Formulation Method Polymers Key finding Reference
type
Temozolomide Nano lipid-based High-pressure Chitosan, Gelucire We incorporated temozolomide into a chitosan [111]
chitosan homogenization 44 /14, Transcutol, gel to enhance viscosity and extend nasal
Hydrogel technique Labrafil, Labrasol, residence time. Absorption studies revealed
Poly-oxyethylene higher temozolomide concentrations in the
sorbitan mono-oleate target area with this formulation.
Carboplatin-loaded Nanoparticles Double emulsion Poly-caprolactone The optimized formulation showed sustained [110]
polycaprolactone solvent Poly-vinyl alcohol release with non-Fickian diffusion kinetics. Drug
nps evaporation penetration into sheep nasal mucosa followed the in
technique vitro release pattern.
Curcumin-Loaded NLC’s Hot pressure Soya lecithin We formulated Curcumin-NLC, improving drug [112]
NLC homogenization Precirol entrapment efficiency and drug release properties.
method Capmul-MCM DSC and XRD analyses confirmed the drugis in an
amorphous state within the NLC particles.
Doxorubicin-loaded Nanoparticles Double emulsion PLGA Intranasal delivery of Doxorubicin nanoparticles [113]
PLGA nanoparticles method Poly-vinyl alcohol demonstrates the great potential for glioblastoma
therapy and its application to other types of brain
disease.
KPF-loaded Nanoemulsion High-pressure Chitosan The mucoadhesive nanoemulsion induced apoptosis ~ [109]
mucoadhesive homogenization Dimethyl sulfoxide and reduced glioma cell viability, showing promise
nanoemulsion technique Polysorbate-80 for delivering kaempferol from the nose to the brain
as a potential treatment for pre-clinical gliomas.
Temozolomide In-situ gel By low energy Poloxamer-407 The formulation showed sustained release and [114]
method Poloxamer-188 effective nasal permeation. Gamma scintigraphy
confirmed brain accumulation, indicating in situ gel
nanoemulsion of TMZ as a promising brain tumor
treatment.
Table 7: Ongoing clinical trial of the nose to the brain
Drug Disease Phase Application no.
Insulin detemir AD’s Phase I completed NCT01547169
Calcitonin Acute treatment of migraine headache. Phase Il and I1I have been completed. NCT04408794
Oxytocin Depression premenstrual dysphoric disorder Completed NCT02508103
Vasopressin Schizophrenia Completed NCT041900040
Insulin and Metabolic syndrome and Mild Cognitive Phase Il enlisting NCT06072963
Semaglutide Impairment
Insulin analogue Hyperglycemia, Stroke Phase IV completed NCT048334362
Insulin Aspart Mild cognitive impairments and AD’s Phase II completed NCT02462161
Progesterone Stroke, Brain injury Phase IV (unknown status) NCT04143880
Oxytocin Dementia Completed NCT01002300
Human fibroblast growth factor PD’s Phase |, not yet recruiting NCT05493462
Insulin Aspart AD’s Phase I and II completed NCT00581867
Insulin PD’s Phase Il completed NCT02064166
Vasopressin Austin Spectrum Disorder Phase Il and III enlisting NCT03204786
Oxytocin (syntocinon) Psychotic disorders and Schizophrenia Early phase I completed NCT02508103
Oxytocin and vasopressin Social behavior Completed NCT04890470
Insulin (Humulin R U-100) Mild cognitive impairment sand AD’s Phase Il completed NCT00438568
Oxytocin (syntocinon) Autism spectrum disorder Phase II Completed NCT01908205
Insulin (Humulin R® U-100) AD’s Phase Il and III completed NCT01767909
Insulin (Humulin R U-100) AD’s Phase Il enlisting NCT05081219
Empagliflozin
Insulin Stroke Phase II completed NCT02810392
Foralumab Multiple sclerosis Phase I withdrawn NCT05029609
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Table 8: Marketed product of nose-to-brain delivery

Drug Brand name Manufacturer Year
Salmon calcitonin Fortical (200 IU/spray) Physicians Total Care, Inc. (Tulsa, OK, USA) 2005
Zolmitriptan AscoTop/Zoming AstraZeneca

Desmopressin DDAVP solution Ferring Pharmaceuticals Ltd. 1978
Oxytocin Syntocinon (40 IU/ml, solution spray) Novartis 1960
Nafarelin Synarel (0.2 mg/spray) Pfizer Canada Ulc (Monteral. QC, Canada) 1996
Glucagon Bagsimi (3 mg powder) Eli Lillyand co. Ltd. (Basingstoke, UK) 2019
Buserelin Suprecur (0.15 mg/spray) Sanofi Avents 2001
Desmopressin Noctiva (spray) Pharmaceuticals LLC (Dublin, Ireland) 2017
Salmon calcitonin Miacalcin (2001U/spray) Novartis 1995
Dihydroergotamine Migranal Novartis Pharma

Butorphanol tartrate Stadol NS Bristol-Myers Squibb 1979

CONCLUSION

The nose-to-brain route of delivery is about a paradigm shift in
overcoming critical barriers to neurological diseases, considering that
the BBB and first-pass metabolism strongly limit traditional oral and
intravenous administration methods. Intranasal delivery combined
with nanotechnology-based formulations such as nanostructured lipid
carriers, nanoemulsions, nanoparticles, and liposomes has shown
considerable promise for improving bioavailability, increasing
penetration to brain tissues, and providing neuroprotection. These
systems have exhibited improved therapeutic efficacies in neurological
disorders like PD’s, AD’s, epilepsy, stroke, and brain cancer, where
traditional therapies have been less effective. Nanotechnology-based
formulations allow drugs to cross the BBB and provide sustained
release, improved stability and reduced systemic side effects. The
capability of drugs to directly reach the brain through the olfactory
and trigeminal nerve pathways has made the nose-to-brain systems
one of the most promising systems to target specific brain regions.
Nevertheless, promising results have been demonstrated through
animal research with nose-to-brain drug delivery systems. Nose-to-
brain uptake and therapeutic outcomes were seen in the pre-clinical
studies putting nose to brain delivery system at the center stage of CNS
drug development.
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