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ABSTRACT 

Addressing the primary restriction imposed by the 

blood–brain barrier, intranasal nanomedicine has 

become a viable method for the targeted delivery of 

therapeutics to the central nervous system (CNS). 

Recent developments in nose-to-brain delivery 

systems enabled by nanotechnology are highlighted 

in this review, along with their possible uses in 

neurological and psychiatric conditions. The nasal 

route reduces systemic exposure while facilitating 

direct drug delivery to the brain by offering a non- 

invasive pathway through the olfactory and 

trigeminal nerves. Numerous nanocarriers have 

been shown to improve drug stability, controlled 

release, and brain bioavailability. These include 

polymeric nanoparticles, lipid-based systems, 

dendrimers, nanoemulsions, and nanogels. By 

overcoming mucociliary clearance and enzymatic 

degradation, formulation techniques like 

mucoadhesive polymers, permeation enhancers, 

enzyme inhibitors, and stimuli-responsive gels 

further maximize therapeutic efficacy. Preclinical 

results point to great promise for treating 

conditions like depression, glioblastoma, epilepsy, 

Parkinson's disease, and Alzheimer's disease. 

Clinical translation is still hampered by issues with 

long-term safety, nasal absorption variability, and 

large-scale manufacturing, despite encouraging 

advancements. The successful use of intranasal 

nanomedicine for CNS therapies may be 

accelerated by future advancements centered on 

personalized medicine, sophisticated formulation 

design, and regulatory standardization. All things 

considered, this developing field offers a 

revolutionary strategy for enhancing 

neurotherapeutic accuracy and efficacy. 

Key Words: Intranasal Drug Delivery, 

Nanomedicine, CNS Disorders, Nanocarriers, BBB 

 

I. INTRODUCTION: 
Currently, a wide range of brain disorders 

is categorized as deficits within both the 

neurological and psychiatric domains, resulting in 

both short-term and long-term disabilities [1]. 

These deficits arise from either inherent brain 

dysfunction or the interaction of environmental 

factors with the brain [2]. CNS disorders are types 

of neurological problems that affect how the brain 

or spinal cord works or looks. CNS diseases 

include Alzheimer’s disease, Parkinson’s disease, 

dementia, epilepsy, stroke, multiple sclerosis, 

encephalopathy, and other cerebrovascular diseases 

[3]. Even though a lot of research has been done on 

how diseases start and how to treat them, there are 

still not many new drugs approved for disorders 

affecting the central nervous system compared to 

other types of diseases. Recently, the US FDA fast-

tracked the approval of aducanumab-avwa 

(Aduhelm™, made by Biogen Inc. in 

Massachusetts, USA), which is the first and only 

treatment available for Alzheimer’s disease. 

However, it is still pending approval until 

confirmatory trials are completed [4]. Over one-

third of the global population experiences a 

condition that affects the functioning of the nervous 

system, resulting in a total health loss of 443 

million disability-adjusted life-years (DALYs) in 

2021 [5]. More than half of patients with substance 

use disorder (SUD) have concurrent psychiatric 

comorbidity, such as mood disorders, anxiety 

disorders, personality disorders, and substance-

induced psychosis, according to a number of 

clinical and epidemiological studies. This 

comorbidity has been repeatedly linked to worse 

clinical outcomes, more severe symptoms, a lower 

quality of life, more medical complications, and 

restricted access to treatment services. 

Additionally, the presence of psychiatric disorders 

increases the risk of clinical complications and 

impedes treatment program compliance and 

effectiveness in patients with SUD and significant 

medical comorbidity, such as HIV infection or 

hepatitis B and C. This highlights the need for 

comprehensive approaches that concurrently 

address addictive, psychiatric, and medical aspects 

[6,7]. Over the years, these tiny drug delivery 
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systems have gone from basic lipid-based capsules 

to advanced, multi-functional nanocarriers that 

have special features allowing them to deliver 

drugs to specific places in the body, release them at 

the right time, and help make various drugs, such 

as nucleic acids and proteins, more effective [8,9]. 

Among these, liposomes, which are water-filled 

spaces enclosed by a layer of fat, are an important 

type of structure. clinically successful drug delivery 

vehicles. Today, 15 different liposomal drug forms 

have been approved by the Food and Drug 

Administration, are sold on the market, and are 

being used in medical treatments [10]. Lipid-based 

nanocarriers are considered highly effective for 

gene delivery because they can efficiently package, 

safeguard, and transport nucleic acids. Advances, 

including the addition of targeting ligands, 

materials that react to specific stimuli, and changes 

to the surface, have enabled these lipid nanocarriers 

to engage with biological systems more accurately 

[11,12]. The main objectives of specialized drug 

delivery system are to prolong drug presence, 

confine it to a specific area, direct it towards 

diseased tissue, and interact with that tissue, all 

while ensuring patient safety [13]. The primary 

obstacle driving advancements in brain drug 

delivery technology is the existence of the blood–

brain barrier (BBB), which significantly restricts 

the creation of novel brain medications. This 

barrier prevents over 98% of small molecule drugs 

from entering the brain, as demonstrated by the 

limited uptake of histamine, a small molecule drug 

weighing only 111 Daltons, in the mouse brain 

[14]. Variations in individual drug responses and 

BBB permeability highlight the necessity for 

personalized drug delivery methods. To enhance 

treatment effectiveness and safety, it is crucial to 

include patient-specific information, such as 

genetic markers and imaging findings, in the 

development of drug delivery systems. This 

tailored medicine strategy has the capability to 

transform CNS drug treatment [15]. The problem 

of tissue penetration from the site of entrance into 

the brain to target cells or areas of interest inside 

the brain persists even if therapies are able to cross 

the blood– CSF barrier or the BBB, or if they are 

given locally to get around these barriers. 

Penetration inside the brain parenchyma is a 

frequently disregarded yet significant barrier to 

medication delivery into the central nervous system 

(CNS), given the focus of the neurotherapeutic 

field on bypassing the BBB [16]. The olfactory and 

trigeminal nerves are the main sources of intranasal 

drug delivery, which uses both intracellular and 

extracellular transport channels to provide direct 

access to the central nervous system [17]. Drugs 

provided by the trigeminal nerve go to the 

brainstem through the anterior lacerated foramen, 

whereas drugs administered via the olfactory 

pathway travel through the cribriform plate to reach 

the olfactory bulb and other brain areas [18]. PNPs, 

SLNS, liposomes, and micelles were employed as 

nanocarriers in the medical profession over the first 

several decades. However, more recent and 

sophisticated nano-systems, such as dendrimers, 

nanoemulsions, nano gels, and nanosuspensions, 

are currently the focus of this nanotechnology 

approach [19]. Biofunctionalized carbon nanotubes 

(CNTs) have recently emerged as a viable tool 

because of their mechanical, structural, and surface 

chemical variety as well as their capacity to 

penetrate cells [20]. Thus, intranasal nanomedicine 

has drawn a lot of attention as a cutting-edge 

technique to improve brain targeting and get 

beyond the obstacles preventing CNS treatment. In 

addition to discussing potential future paths for 

their therapeutic application in CNS illnesses, this 

study provides an overview of recent developments 

in nano-based intranasal delivery systems. 

 

Anatomy & Physiology of Nasal Cavity 

A ground-breaking idea in pharmaceutical 

research, the nose-to-brain medicine delivery 

system provides a novel means of delivering 

medicinal chemicals straight from the nasal cavity 

to the brain [21]. The external nose and the nasal 

cavity, which are both essential for respiratory 

function, make up the intricate system known as 

the nasal architecture. The visible aperture for 

inhaling air is the external nose, which is made of 

bone and cartilage. It becomes the main route for 

respiratory function after it enters the nasal cavity, 

which is divided by the nasal septum [22,23,24]. 

The brain "meets the outside world" exclusively in 

the nose. Nerve filaments, or axons, of the 12th 

cranial nerve (the olfactory nerve) extend directly 

from the olfactory bulb in the limbic region of the 

brain to the upper posterior segments of the nose, 

penetrate the mucosal lining and allow direct 

contact with the environment without a peripheral 

sensory receptor relay. There are millions of these 

neurons that function as chemical sensors, pick up 

food odors, and influence social behaviors. These 

peculiar neurons were once thought to be the sole 

type of neurons that could regenerate. Additionally, 

this special and significant anatomical 

configuration provides a possible pathway for 

direct drug delivery into the central nervous system 

[18,25,26]. The external nose and the nasal cavity, 

which are both essential for respiratory function, 
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make up the intricate system known as the nasal 

architecture. The visible aperture for inhaling air is 

the external nose, which is made of bone and 

cartilage. It becomes the main route for respiratory 

function after it enters the nasal cavity, which is 

divided by the nasal septum [22,23,24]. 

 

 

 

 

 
Figure 1 : Anatomical pathways for intranasal nanomedicine delivery to the CNS 

 

Barriers to intranasal CNS Delivery 

1. Blood–Brain Barrier (BBB) as a Major 

Limitation 

The development of effective therapies for 

central nervous system (CNS) disorders remains 

challenging due to the blood–brain barrier (BBB), 

which restricts the entry of many therapeutic agents 

into the brain [27]. This limitation has increased 

interest in intranasal (IN) drug delivery as a non-

invasive approach that may enable direct nose-to-

brain transport and reduce reliance on systemic 

BBB penetration [27,28]. 

 

2. Drug-Related Barriers: Molecular Weight 

and Physicochemical Properties 

Drug absorption across the nasal mucosa 

is strongly dependent on molecular size and 

physicochemical characteristics. Small lipophilic 

drugs (MW < 1 kDa) are generally absorbed more 

efficiently, whereas large hydrophilic molecules 

(MW > 1 kDa), including peptides and proteins, 

show low permeability across the nasal epithelium 

[29,30]. IN bioavailability is inversely related to 

molecular weight and also depends on the 

dominant absorption mechanism [33]. 

 

3. Biochemical Barriers: Nasal Metabolism 

and Enzymatic Degradation 

Intranasally administered drugs may 

undergo enzymatic degradation and metabolism 

within the nasal mucosa, thereby decreasing the 

fraction of intact drug available for absorption. This 

is particularly relevant for biologics and labile 

compounds, which are more prone to enzymatic 

breakdown and reduced stability in the nasal 

environment [29,32]. 

 

4. Clearance Barriers: Mucociliary Clearance 

and Short Residence Time 

Mucociliary clearance is one of the most 

important physiological barriers limiting IN drug 

delivery. It rapidly removes administered 

formulations from the nasal cavity, leading to short 

residence time and insufficient contact with the 

absorptive epithelium [31,32]. This results in 

reduced absorption and variable therapeutic 

outcomes. 

 

5. Anatomical and Physiological Barriers 

Affecting Nose-to-Brain Transport 

Several nasal anatomical and 

physiological factors restrict efficient deposition 

and transport of drugs to the CNS. These include 

the nasal vestibule and nasal valve, limited access 

to the olfactory region, and epithelial tight 

junctions that restrict paracellular passage [32]. In 

addition, efflux transporters may reduce drug 

uptake by actively transporting compounds back 

into the nasal lumen, contributing to low and 

variable delivery efficiency across individuals [34]. 

Overall variability in deposition and uptake 
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remains a challenge in translational application 

[28,34]. 

 

Evidence and Mechanisms Supporting Nose-to-

Brain Transport 

Despite these limitations, evidence 

suggests that certain drugs can be transported 

directly from the nasal cavity to the cerebrospinal 

fluid (CSF), supporting the feasibility of the nose-

to-brain route and encouraging the development of 

optimized intranasal delivery systems for CNS 

targeting [35]. 

 

 
Figure 2 : Evidence and mechanisms supporting Nose-to-Brain Transport 

 

Rationale of Nanomedicine for Intranasal CNS 

Targeting 

Neurodegenerative and 

neurodevelopmental disorders affect a substantial 

global population and remain difficult to treat due 

to restricted drug transport across the blood–brain 

barrier (BBB) and the blood–cerebrospinal fluid 

barrier. Intranasal delivery has emerged as a 

promising strategy to enhance CNS targeting by 

enabling nose-to-brain transport and improving 

brain exposure. In this context, nano-based 

systems—particularly polymeric nanoparticles—

have attracted increasing attention due to their 

ability to improve drug bioavailability in the brain 

and their flexibility in formulation design [36]. 

Because nanomedicines have a promising function 

in CNS drug delivery, these days, imaging agents 

and therapies for CNS illnesses heavily rely on 

them. It has been demonstrated that nanomedicines 

may actively and successfully infiltrate the 

damaged brain tissues and breach the blood-brain 

barrier. Moreover, enhanced strength, stability, 

surface area, and sensitivity are linked to 

nanomedicines [37,38]. Plasticity and changing 

surface properties, flexibility, and controlled 

release of the active therapeutic substance are all 

hallmarks of nano-preparations. Active drugs 

designed especially for the central nervous system 

(CNS) are delivered to the brain using 

nanotherapeutics [39]. Because of its increased 

bioavailability in the brain, intranasal (IN) 

medication delivery has shown itself to be a major 

advantage over other drug administration methods. 

IN drug administration has solved this issue since 

the BBB keeps different drugs from getting to the 

brain. By blocking the majority of external 

chemicals, including lipids, peptides, and essential 

nutrients, from entering the brain, the blood-brain 

barrier (BBB) preserves the balance of the brain. 

As a result, almost all medicines and chemicals 

have difficulties accessing the brain [40]. 

 

Types of Nanocarriers Used in Intranasal 

Delivery Polymeric nanoparticles 

The size range of polymeric nanoparticles 

is 1–999 nm. Polymeric NPs are made from 

synthetic polymers or copolymers of poly (D, L-

lactic acid) (PLA), poly(ε-caprolactone) (PCL), 

PLGA, or natural polymers such chitosan and 

maltodextrins. Using techniques like solvent 

evaporation, nanoprecipitation, super critical fluid 

technology, and hot or cold homogenization, two or 

more chains of block copolymers with different 

hydrophobicity self-assemble to form them [41,42]. 

Bulk matrix breakdown is how drugs are released; 

however, the pace of polymer degradation may be 

influenced by a variety of environmental 

conditions, including pH and the physicochemical 

properties of NPs. As a result, the release pattern 

might vary but usually has a biphasic profile [43]. 

 

Lipid based nanocarriers 

Liposomes: Liposomes are nanometric vesicles 

made of lipids [44]. Liposomes and the cell 

membrane fuse to deliver the medication within the 

cell. While the lipid bilayer can regulate and 

manage the drug's release and absorption to 

accomplish the effect of prolonged release, 

encasing the medication in liposomes can lessen 

the direct contact between the drug and nasal 
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mucosa. They have a variety of applications and 

may encapsulate both hydrophilic and lipophilic 

compounds. Numerous pre-clinical investigations 

have demonstrated that nasally administered 

liposomal formulations can improve medication 

usage and reduce systemic adverse effects by 

increasing the effectiveness of drug transport into 

the brain [31,45,46]. 

Nanoemulsions : Nanoemulsions (NEs) are nano-

scale colloidal systems that typically have particle 

sizes between 20 and 200 nm and consist of an oil 

phase, an aqueous phase, and a surfactant. Water- 

in-oil, oil-in-water, and bicontinuous 

nanoemulsions are the three different kinds of 

nanoemulsions. Take use of their exceptional 

capacity to boost drug solubility, offer a sizable 

surface area for drug absorption, and make 

preparation simple [47]. NEs have drawn a lot of 

interest. Excipients in NEs can help them pass past 

the nasal epithelium and reach the brain, according 

to earlier research. For instance, chitosan can 

increase the amount of time that NEs stay in the 

nasal cavity and facilitate the transfer of 

medications from the nose to the brain [48]. 

Nanostructured lipid carriers : Lipid 

nanoparticles known as nanostructured lipid 

carriers (NLCs) have been created recently to 

address the shortcomings of SLNs [47]. It is made 

up of both liquid and solid lipids [49]. 

Physiological lipids such mono-, di-, and 

triglycerides, fatty acids, and waxes are used to 

make NLCs less toxic and more stable [50]. 

 

Dendrimers 

Dendrimers, which are nanosized 

macromolecules with a hyperbranched globular 

shape, are frequently employed in drug delivery. 

Dendrimers feature distinct chemical structures and 

monodispersity when compared to conventional 

polymer nanovehicles. Furthermore, dendrimers' 

unique structure gives them the ability to load 

medicinal medicines via electrostatic adsorption or 

covalent conjugation [51]. Dendrimers resemble a 

multitude of biological entities in size. For 

instance, generation 5 (G5) polyamidoamine 

(PAMAM) dendrimers have nearly the same size 

and shape as hemoglobin (5.5 nm in diameter) [52]. 

Given that most dendrimers are uniformly modest 

in size and that smaller nanoparticles pass through 

the BBB more quickly than larger ones [53,54]. It 

has been demonstrated that brain uptake, diffusion, 

and specific cellular uptake of dendrimers are 

determined by both dendrimer physicochemical 

features and disease pathophysiology. According to 

reports, in an ischemic stroke scenario, PAMAM 

smaller than 11 nm is unnecessary for crossing the 

compromised BBB [55]. Drugs loaded into 

dendrimers would have significant impacts once 

they reach the site of illness or even certain cells 

that cause neuroinflammation, such as astrocytes 

and microglia. To treat cerebral palsy, for example, 

scientists created a dendrimer-N-acetyl-l-cysteine 

nanoconjugate (D-NAC) [56]. 

 

Hydrogels & Nanogels 

Hydrogel compositions with sufficient 

rheological qualities are challenging to give with a 

typical nasal spray device, however this can be 

addressed utilizing in situ gelation [57]. The nasal 

delivery of medications has made extensive use of 

in situ gelling hydrogels. These formulas are given 

as a solution. Once in the nasal mucosa, a trigger 

like pH or temperature causes the polymer's 

structure to change, forming a hydrogel. When 

mucoadhesive agents like chitosan and 

hydroxypropyl methylcellulose are combined with 

stimulus-sensitive polymers like poloxamers and 

poly (N- isopropyl acrylamide), the formulation's 

electrostatic attraction to the nasal cavity's mucus is 

enhanced [57,58]. Nanogels have been created for 

the intranasal delivery of medications to treat 

lifestyle illnesses, as carriers for vaccines, and to 

treat brain disorders including migraines, 

depression, and Alzheimer's disease, among others. 

Both hydrophilic and hydrophobic medications 

may be administered via nanogels, and because 

they can cross the blood-brain barrier when 

administered intranasally, they can be utilized to 

treat brain disorders. When compared to the 

administration of free drug, the use of nanogels for 

drug delivery has been shown to be more 

successful because to factors including less drug 

toxicity, increased drug cellular absorption, high 

drug loading, and controlled release of the loaded 

drug at the intended spot [59,60,61,62,63]. 

 

Formulation strategies for intranasal 

nanomedicine Mucoadhesive strategies 

A crucial physiological process that 

severely hampers nose-to-brain transfer is the 

clearance of the mucociliary system. Therefore, 

NP-based formulations able to interact with mucin 

and lengthen their staying duration in the smell area 

have been explored for ages [64]. In this context, 

chitosan NP or polymer NP encapsulated with this 

polymer has become a staple in between the nose 

and the brain delivery [65]. Because of its 

abundance of blood arteries and microvilli, the 

nasal mucosa greatly increases the surface area 

available for drug absorption and offers an 
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effective route for medications to reach the 

circulation [66,67,68]. Additionally, the olfactory 

epithelium, linked to several brain areas through 

the olfactory and trigeminal nerves, acts as an 

essential pathway for delivering drugs to the brain. 

This link not only facilitates focused delivery to 

particular areas of the brain but also permits 

accurate treatment of different neurological 

disorders [69,70,71]. Chitosan, a product of chitin 

deacetylation, serves as a cornerstone material in 

the development of modern biomedical delivery 

vehicles [72]. Chitosan-based nanoparticles exhibit 

strong mucoadhesive characteristics owing to their 

cationic surface charge and enable prolonged, 

sustained release of the incorporated drug [73,74]. 

It has been discovered that chitosan is 

biocompatible because human enzymes, such as 

lysozyme, can break it down [75]. Its hydroxyl and 

amino groups also facilitate chemical modification. 

By altering the DDA and molecular weight of 

chitosan, it is possible to vary the electrostatic 

contact between chitosan and mucosal membranes 

[76]. 

 

Permeation Enhancers 

Drugs with high molecular weights have 

been studied for improved absorption using 

permeation enhancers. Increased membrane fluidity 

and tight junction permeability, the creation of 

hydrophilic pores, and a decrease in viscosity and 

enzymatic activity are some of the suggested 

processes [30]. Insulin transport into the rat brain 

was improved by the cell-penetrating peptide 

penetratin [77]. Cyclodextrins, surfactants, 

saponins, fusidic acids, phospholipids, bile salts, 

laureth-9-sulfate, and fatty acids are examples of 

frequently used permeation enhancers [78]. 

Furthermore, aside from to increasing adherence 

and extending staying duration in the nasal mucosa, 

mucoadhesive compounds like chitosan have been 

demonstrated to improve penetration by opening 

tight junctions. To increase the absorption of 

medications with high molecular weight, 

permeation enhancers have been investigated. 

Increased membrane fluidity and tight junction 

permeability, hydrophilic pore formation, and 

decreased viscosity and enzyme function are some 

of the suggested explanations [30]. Permeation 

enhancers can, in general, stop inadequate nasal 

absorption of proteins, peptides, and other 

macromolecules; however, their advantages must 

be carefully balanced to preserve patient safety and 

tolerability, particularly over an extended period of 

time. 

 

Enzyme inhibitors for peptide/protein drugs 

For nasal medication administration, 

enzymatic degradation is still another important 

constraint, especially for proteins and peptides. 

Reduced bioavailability of these compounds is a 

major effect of this frequently disregarded issue. 

Enzymes such as exopeptidases, which include 

mono- and diaminopeptidases, may break peptides 

at their ends (N and C termini) both within the 

nasal cavity and when they pass over the nasal 

epithelial barrier. Internal peptide bonds can also be 

broken by endopeptidases, such as serine and 

cysteine enzymes. This indicates that when proteins 

and peptides are delivered by the nose, they may be 

broken down by enzymes before they can enter the 

circulation or reach their intended locations. 

Therefore, to improve the efficacy of nasal 

medication administration for peptides and 

proteins, methods to shield these molecules from 

enzymatic degradation—such as enzyme inhibitors 

or modified formulations—are crucial 

[79,80,81,82]. Methods used to stop enzymatic 

breakdown, such as the use of protease and 

peptidase inhibitors. For example, trypsin inhibitors 

like leupeptin and aprotinin, as well as 

aminopeptidase inhibitors like comostate amylase, 

have been used to prevent the breakdown of 

chemicals like calcitonin. You can also take several 

absorption enhancers, such as fusidic acid and bile 

salts. Using inhibitors with trypsin-inhibiting 

qualities has been shown to improve salmon 

calcitonin's nasal absorption [83]. 

 

Thermoresponsive & ion-activated gels 

In situ thermosensitive gel formulations 

are in a liquid state at ambient temperatures but 

transition to a gel form when they come into 

contact with the nasal mucosa, thereby prolonging 

the duration that the drug remains in the nasal 

cavity and enhancing its absorption [84,85,86]. In 

situ thermosensitive gels have emerged as a 

promising drug delivery technique for 

neuroprotection due to the advantage of localized 

and extended release of therapeutic medicines 

directly to the brain. Polymers like poloxamer, poly 

(N-isopropylacrylamide), polyethylene glycol, 

polyester, chitosan, etc. are typically used to create 

these thermosensitive gels [87,88,89]. At room 

temperature, these polymer solutions are liquids; 

but, when they approach body temperature, they 

transform into gels. This ensures that a medication 

depot may be built because it is easy to administer 

at the designated place. This targeted 

administration minimizes systemic exposure and 

potential side effects while optimizing the 
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concentration of the neuroprotective medication at 

the site of injury or illness [90]. 

Ion-activated systems (like gellan gum 

and sodium alginate), temperature-dependent 

systems (like Pluronics, Tetronics, and 

polymethacrylates), and pH-triggered systems (like 

Carbopol and cellulose acetate phthalate) are the 

three categories of in situ gelling systems. The 

primary benefit of in situ gels is that, in contrast to 

regular gels, they are easily administered with 

precise and repeatable dosages, have the advantage 

of being easily infused in liquid form, and can 

extend the formulation's residence time on the nasal 

cavity surface because of gelling [91,92,93]. 

 

Intranasal Nanomedicine in Specific CNS 

Disorders 

Alzheimer’s disease 
Alzheimer's disease is a severe 

neurodegenerative disorder marked by impaired 

cognitive function, struggles with daily activities, 

and issues pertaining to learning, speech, and 

language [94,95]. The potential of polymeric and 

metal nanoparticles to treat Alzheimer's disease has 

drawn attention. These nanoparticles offer a 

number of benefits, including increased loading 

capacity, protection against degradation, improved 

stability, accurate targeting, lower dosage, and the 

possibility of improving affinity for Aβ proteins, 

which are a hallmark of AD [96]. Because of their 

controlled-release characteristics, biodegradable 

and biocompatible polymers such as chitosan, poly 

D, L-lactic-co- glycolic acid (PLGA), and 

polyvinyl alcohol (PVA) have been used for 

intranasal medication administration [97]. One 

potentially neuroprotective stilbenoid that may 

improve cognitive performance in Alzheimer's 

patients is resveratrol. However, its high 

metabolism and low bioavailability limit its 

therapeutic usefulness. Salem et al. created 

resveratrol-loaded transferosomes and 

nanoemulsions with gold nanoparticles (GNPs) for 

better distribution in order to get over these 

restrictions. To analyze spatial memory recovery, a 

variety of physicochemical characteristics were 

evaluated in addition to dynamic investigations 

including water maze testing. All treated groups 

showed gains in memory, according to the data, 

with the transferosome–GNP gel group matching 

the normal group. Interestingly, the transferosome–

GNPs showed improved symptom relief and 

permeation (81.29±2.64%), along with a higher 

concentration of gold nanoparticles [98]. 

 

 

Parkinson’s Disease 

Parkinson's disease (PD) is a complex 

age‐related neurodegenerative disorder that ranks 

second to Alzheimer's disease (AD) in prevalence. 

It is a multifactorial condition triggered by a variety 

of environmental and genetic factors, severely 

affecting patients' quality of life, and imposing a 

severe economic impact on society [99]. The 

creation of several nanocarrier systems, such as 

liposomes, nanogels, dendrimers, and solid lipid 

nanoparticles (SLNs), is one of the recent 

therapeutic uses of nanomedicine for the treatment 

of Parkinson's disease [100]. Liposomes and SLNs, 

which are frequently studied for the treatment of 

Parkinson's disease, make up the majority of lipid-

based NPs. These NPs promote the transport of 

hydrophilic and hydrophobic medications across 

the blood-brain barrier, shield them from 

deterioration, and encapsulate them [101]. The 

medicine is released more easily into the target 

cells when the liposomes fuse with the cell 

membrane. SLNs, which are composed of solid 

lipids, provide a stable substitute for liposomes and 

can be used to efficiently distribute lipophilic 

medications [102]. Organic substances made of 

biocompatible and biodegradable polymers, such as 

polylactic acid (PLA) and polyglycolic acid (PGA), 

are known as polymeric nanoparticles [103]. The 

capacity of these NPs to release medications in a 

regulated and sustained way is a significant benefit 

of utilizing them in the treatment of Parkinson's 

disease. This lowers the frequency of doses and 

facilitates patients' adherence to their treatment 

regimen. These polymeric NPs make up a 

significant class of NPs that are frequently utilized 

to treat Parkinson's disease [104]. 

 

Epilepsy 

Antiepileptic medications must be 

administered via a variety of methods in order to 

treat both acute and chronic seizure disorders. Oral 

antiepileptic medications are frequently used for 

the long-term management of epilepsy [105]. When 

the oral route is not accessible or a prompt clinical 

response is needed, parenteral methods are utilized. 

Additionally, several medications can be given by 

the IN, buccal, or sublingual routes, particularly for 

therapy received outside of a hospital [106]. 

According to the Anderson research, the 

International League against Epilepsy's (ILAE) 

Task Force on Status Epilepticus consensus 

documents suggest rectal diazepam, buccal 

midazolam, or IN midazolam as out-of-hospital 

treatments for early seizures. Rather, Diastat® is 

the only rectal AED formulation that the FDA has 
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authorized for use at home in the United States 

[105]. AEDs can be encapsulated using 

nanomedicine to increase the therapeutic dosage at 

the brain, the target location, and lessen adverse 

effects because of the decreased biodistribution on 

peripheral organs. Using NPs to administer AEDs 

via IN administration is a very interesting area. 

Depending on certain factors, NPs may offer a 

great platform for the direct delivery of 

medications to the brain. Several authors have 

shown that the physico-chemical characteristics of 

NPs affect how they behave in the brain following 

IN delivery. It is well known that the 4S rules—

size, shape, surface, and stability—determine how 

NPs are transported [107]. 

 

Depression & Anxiety 

The most prevalent psychological problem 

and psychosocial ailment is depression. It is 

differentiated from depressing mental states and 

general sensations of despair [108]. Due to the 

numerous problems with antidepressant drugs, 

patients worldwide urgently require a new drug 

delivery system [109]. Drugs have been delivered 

to the brain using a variety of nanoparticulate 

therapeutic agent delivery methods [110]. Solid 

lipid nanoparticles (SLNs) are matrix nanoparticles 

that are dispersed in water or an aqueous surfactant 

solution. They are very biocompatible and 

tolerable, and they have exceptional physical 

stability without the usage of organic solvents 

during production. Because of their occlusive 

activity and mucosal adhesion, they also enable 

controlled drug release and extend the 

formulation's nasal retention time [111]. When 

compared to conventional zolmitriptan tablets, 

intranasal delivery of the solid lipid nanostructure 

via the olfactory pathway yielded a drug targeting 

potential of over 90% [112]. 

Drug delivery for anxiety disorders may 

be enhanced by nanoparticles, which may 

effectively cross the blood-brain barrier (BBB) and 

attach to certain brain receptors, such as 

GABAergic and serotonergic, that control anxiety 

or mood modulation [113]. As a controlled release 

system, they reduce the peaks and troughs that 

come with conventional dosage techniques, which 

can have negative consequences, particularly when 

it comes to managing anxiety [114]. Antianxiety 

medications are becoming more therapeutically 

effective because to the application of 

nanotechnology in drug delivery systems. Because 

they make it simple for benzodiazepines to 

penetrate the blood-brain barrier (BBB), 

nanoparticles can work wonders for them [115]. 

Because SSRIs are poorly soluble, using 

nanocarriers to boost absorption and deliver larger 

drug concentrations at the brain level may increase 

therapeutic benefits [116,117]. 

 

Brain tumors (Glioblastoma) 

Drugs that selectively target tumor cells 

without damaging healthy organs have been 

developed, however getting these medications to 

brain tumors is still exceedingly challenging due to 

the blood- brain barrier's (BBB) resistance. The 

most frequent primary tumors in the human brain 

are malignant gliomas. Even after surgery followed 

by chemotherapy and radiation therapy, patients 

with glioblastoma (GBM), the most aggressive 

kind of malignant glioma, have a 5-year survival 

rate of fewer than 5% [118]. In order to maximize 

brain absorption and reduce systemic toxicity, 

traditional small molecule chemotherapeutics like 

paclitaxel and temozolomide have been 

investigated for intranasal delivery. The gold 

standard for treating glioblastoma, temozolomide, 

has problems with resistance and dose-limiting 

toxicity; intranasal administration can offer greater 

localized concentrations with less exposure to the 

surrounding environment. Similarly, when 

administered systemically, intranasal paclitaxel has 

demonstrated promise in preclinical models to 

reach therapeutic CNS levels that are otherwise 

limited by efflux transporters [119]. 

 

Migraine 

The major symptom of migraine is a 

severe throbbing and pulsing pain around the head; 

its secondary symptoms, which are nausea, 

vomiting, and photophobia, are also quite prevalent 

[120,121]. Nasal medication administration is a 

potential non-invasive option since it decreases GI-

related adverse effects, avoids the breakdown of 

labile medicines (such peptides and proteins) in the 

GI tract, and has a quick commencement of action 

[122]. Many anti-migraine medications, including 

sumatriptan, zolmitriptan, and others, have low 

bioavailability when administered intranasally. For 

this reason, polymeric nanoformulations of these 

medications were used to generate high 

bioavailability and quick absorption in migraine 

attacks, as opposed to oral tablets [123,124]. 

Intranasal nanoemulsion delivery devices for 

rizatriptan were studied for antimigraine treatment 

in order to improve its bioavailability and brain 

targeting [125]. 
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Multiple sclerosis 

The central nervous system (CNS) is 

affected by the demyelinating inflammatory and 

neurodegenerative illness known as multiple 

sclerosis (MS). Optic neuritis linked to irreversible 

vision loss due to retinal ganglion cell (RGC) 

injury is a common symptom [126]. Intranasal cell 

administration in animal models of multiple 

sclerosis has been employed in a small number of 

studies to date; most of them have used the 

experimental autoimmune encephalomyelitis 

(EAE) model. Fransson et al. (2014) used modified 

MSCs that expressed a particular myelin 

oligodendrocyte glycoprotein receptor. In EAE 

mice, cells were given intranasally, reaching the 

cerebellum, entorhinal cortex, and olfactory bulb. 

Clinical improvement and decreased inflammation 

and demyelination were the outcomes of this [127]. 

One of the earliest studies to employ this cell 

lineage for intranasal administration was Gómez-

Pinedo et al.'s use of the intranasal route to deliver 

oligodendrocyte- lineage cells, which reached the 

olfactory bulb and migrated to regions with 

quiescent endogenous OPCs (fimbria, corpus 

callosum, and septum) [128]. 

 

Therapeutic Agents Delivered via Intranasal Nanomedicine 

 
Figure 3 : Therapeutic Agents Delivered by Intranasal Nanomedicine 

 

Small molecules 

The tiny molecular weight and excellent 

oral absorption of small molecule medicines make 

them popular in clinical practice. Many studies 

have been conducted on the intranasal 

administration of small molecule medications, 

especially for the treatment of central nervous 

system disorders. For instance, it has been 

demonstrated that intranasal administration of 

galantamine, 9-cis retinoic acid, lacosamide, or 

isocyanomethane is useful in treating AD and 

epilepsy [129,130,131,132]. Benefits of intranasal 

administration include quick onset, simplicity of 

usage, and good patient tolerance, particularly for 

elderly patients who have trouble swallowing oral 

medications [133]. Intranasal delivery of morphine 

or midazolam can be used to treat pain and 

agitation in palliative care and community hospice 

therapy. It is easy to administer and is a great 

option for patients who have trouble swallowing or 

are afraid of needles [134]. 

 

Peptides & proteins 

Cyclodextrins have shown to be one of the 

most effective methods for directing peptides to 

different areas. In order to improve the intranasal 
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bioavailability of protein and peptide medications, 

cyclodextrins have long been utilized in nasal drug 

administration as adsorption-enhancing substances 

[135]. Additionally, recent research has shown that 

albumin may help target peptides to different parts 

of the brain. Albumin was able to modify leptin 

targeting following intranasal injection in a variety 

of ways to increase its effects in research involving 

leptin, a protein known to affect both appetite and 

cognition [136]. Insulin serves several vital 

purposes in the central nervous system. This 

involves improving memory, influencing how the 

hippocampus and other parts of the brain use 

glucose, and promoting synaptogenesis and 

synaptic remodelling [137]. Since boosting brain 

insulin signaling enhances memory functions in 

cognitively healthy adults and has neuroprotective 

qualities, it has been postulated that raising brain 

insulin concentrations in AD patients might prevent 

or halt the disease's progression [138]. 

 

Genes 

Therapeutics based on nucleic acids have 

the ability to alter gene expression at both the 

transcriptional and post-transcriptional levels. 

These include of nucleosides, DNA aptamers, DNA 

plasmids, oligonucleotides, antisense RNA, 

microRNA, small interfering RNAs, and other 

similar compounds [139]. Important processes in 

gene delivery include viral transduction and non-

viral transfection, which involve the introduction of 

foreign nucleic acids into host cells for the purpose 

of achieving gene expression, deletion, or silence. 

Despite its potential, nasal administration is 

extremely difficult because of the nasal cavity's 

unique anatomical and physiological 

characteristics. Since successful transfection or 

transduction entails not only getting genetic 

material to the intended location but also 

effectively internalizing and expressing it within 

cells of the nasal epithelium, olfactory region, or 

even in CNS-related pathways via the olfactory and 

trigeminal nerves, it is crucial for attaining 

successful therapeutic outcomes. In order to 

overcome these restrictions, gene delivery vectors 

must be carefully designed. Unwanted transduction 

and transduction may occur along the nasal route, 

and pathological abnormalities in the nasal cavity 

might affect the effectiveness of administration 

[73,140,141]. 

 

Stem cell derived vesicles / exosomes 

A significant amount of study has been 

focused on clarifying the function of exosomes as a 

vital stem cell therapy method in recent years. 

DNA, mRNA, microRNA (miRNA), and proteins 

are among the many substances found in exosomes, 

also known as extracellular vesicles, which are 

nano-sized vesicles with a diameter of 40–200 nm 

and are made of a double lipid-layer membrane 

[142]. Exosomes' tiny size allows the olfactory and 

trigeminal nerves to efficiently absorb them, 

allowing them to pass across the blood-brain 

barrier and transmit axonically to brain cells [143]. 

 

Herbal phytochemicals 

Phytochemicals are medicinal substances 

that are produced by plants and have antibacterial, 

neuroprotective, anti-inflammatory, and antioxidant 

properties [144]. The nasal route of medication 

delivery has become a new and efficient way to get 

beyond the drawbacks of conventional delivery 

methods. While the olfactory and trigeminal 

neuronal pathways offer a direct physical link to 

the brain, avoiding the blood–brain barrier (BBB), 

a significant barrier for CNS medication delivery, 

the nasal mucosa is extensively vascularized and 

permits fast systemic absorption [145,146]. One 

appealing non-invasive method of delivering 

phytochemicals and medicinal substances to the 

central nervous system (CNS) is through the nose. 

Nasal medication administration avoids the blood-

brain barrier (BBB) and offers a direct and efficient 

path to the tissues of the brain cells because of the 

unique physical connection between the nasal 

mucosa, olfactory bulb, and brain. Recent 

approaches based on nanotechnology, such as 

liposomes, solid lipid nanoparticles (SLNs), 

polymeric nanoparticles, and nanoemulsions, have 

significantly increased the pharmacological 

potential of natural substances in the treatment of 

systemic and neurodegradative illnesses [147,148]. 

 

II. CHALLENGES AND 

LIMITATIONS 
To guarantee efficient CNS 

administration, formulation development is still a 

significant challenge that necessitates meticulous 

optimization of drug stability, controlled release 

kinetics, mucoadhesive qualities, and targeting 

capabilities [149]. Studies on non-human primates 

have shown that intranasal medication 

administration has a good safety record. Increasing 

exposure to the brain while lowering systemic 

adverse effects is one of its specialties. But 

prolonged use over time may cause mucosal 

irritation and possibly olfactory impairment, 

therefore further research into its long-term safety 

in people is required [150]. Neuronal inflammation, 
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degeneration, or altered signaling may result from 

drugs and excipients used in formulations, such as 

permeation enhancers, surfactants, or cationic 

polymers like chitosan, that compromise the 

integrity of the nasal epithelium. Trigeminal fibers 

and olfactory neurons may experience oxidative 

stress or excitotoxicity as a result of high-dose or 

repeated exposure to neuroactive substances. 

Despite the increased bioavailability of various 

delivery technologies, nothing is known about how 

safe they are for neural structures [30,151]. In 

conclusion, despite intranasal nanomedicine's 

promising potential for targeted central nervous 

system therapy, a number of obstacles still prevent 

its widespread clinical application. To balance 

therapeutic efficacy with minimal toxicity and 

guarantee dependable patient outcomes in future 

applications, standardization of formulations, 

thorough long-term safety evaluations, and a 

deeper comprehension of nose-to-brain transport 

mechanisms are crucial. 

 

III. FUTURE PERSPECTIVES 
We may infer from the research conducted 

in recent years that nanotechnology is effectively 

gaining more attention. For the administration of 

CNS treatments, a variety of nanocarriers have 

been investigated, including polymeric 

nanoparticles, solid lipid nanoparticles, liposomes, 

micelles, dendrimers, nanogels, nanoemulsions, 

and nanosuspensions [152]. Large-scale production 

is a major difficulty in addition to cost. Certain NP 

synthesis techniques, such emulsification, solvent 

evaporation, and nanoprecipitation, are best suited 

for laboratory or pilot scale production and might 

not work well in industrial settings. Scaling up 

makes it harder to maintain consistency in drug 

encapsulation, morphology, and particle size, 

which might jeopardize batch-to-batch consistency, 

which is essential for regulatory clearance. For 

intranasal formulations, reproducibility and 

stability are particularly important since differences 

in particle properties might impact mucosal 

penetration, residence duration, and ultimately the 

effectiveness of brain targeting [153]. In order to 

move intranasal nanomedicine from research to 

clinical practice, it will be essential to integrate 

quality-by- design techniques, advanced 

manufacturing technologies, and regulatory 

harmonization. Working together, academia and 

industry could support more individualized CNS 

therapies with improved therapeutic precision, 

increase scalable production, and strengthen 

formulation robustness. 

IV. CONCLUSION 
Due in large part to the blood-brain 

barrier's (BBB) restrictive nature, which keeps the 

great majority of medications from entering the 

brain, treating disorders of the central nervous 

system (CNS) is still one of the most difficult 

problems in modern medicine. Intranasal 

nanomedicine, as discussed in this review, offers a 

revolutionary way to get around this problem by 

using the trigeminal and olfactory nerve pathways 

to deliver drugs directly from the nose to the brain. 

By potentially lowering peripheral toxicity and 

increasing drug concentration at the target site, this 

non-invasive method provides a substantial 

advantage over systemic administration. In order to 

overcome the physiological constraints of the nasal 

cavity, such as quick mucociliary clearance and 

enzymatic degradation, nanocarriers such as 

polymeric nanoparticles, liposomes, solid lipid 

nanoparticles (SLNs), dendrimers, and in situ gels 

have evolved. These formulations can greatly 

increase residence time and promote mucosal 

penetration by using stimuli-responsive systems 

and mucoadhesive polymers like chitosan. 

Additionally, because of these nanoplatforms' 

versatility, a broad range of therapeutic agents, 

from sensitive macromolecules like proteins, 

peptides, and genetic material to small hydrophobic 

molecules and herbal phytochemicals, can be 

encapsulated and delivered. 

There are obstacles in the way of moving 

from the bench to the bedside, despite the 

encouraging preclinical data for a number of 

conditions, including glioblastoma, Parkinson's 

disease, Alzheimer's disease, and epilepsy. 

Thorough consideration must be given to concerns 

about the long-term safety of nasal excipients, 

possible irritation of the mucosa, and the 

reproducibility of large-scale manufacturing. 

Standardization of formulation technologies and 

ongoing industry-research cooperation are 

ultimately necessary for intranasal nanomedicine to 

succeed in the future and guarantee that these 

cutting-edge delivery systems are both scalable and 

clinically safe for broad patient use. 
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