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Abstract: Intranasal drug delivery has emerged as a promising non-invasive strategy for direct brain 

targeting by bypassing the blood–brain barrier via the olfactory and trigeminal nerve pathways. However, 

conventional intranasal formulations suffer from limited nasal residence time and poor mucosal absorption. 

Recent advances in nanotechnology have enabled the development of diverse nanocarrier systems, including 

polymeric nanoparticles, lipid-based carriers, micelles, dendrimers, and nanoemulsions, which significantly 

enhance drug solubility, stability, permeability, and brain bioavailability. Anatomical and physiological 

features of the nasal cavity play a crucial role in determining delivery efficiency, while biocorona formation 

influences nanoparticle pharmacokinetics and biodistribution. Stimuli-responsive and targeted nanocarriers 

offer improved spatiotemporal control of drug release and cellular uptake. Despite encouraging preclinical 

outcomes, challenges related to toxicity, scalability, and regulatory approval hinder clinical translation. This 

review summarizes recent advancements in nanotechnology-based intranasal delivery systems and 

highlights their potential in improving therapeutic outcomes for central nervous system disorders. 

Keywords 

Nanotechnology, Mucoadhesion, nose-to-brain, nanoparticles, micelles, emulsions, liposomes, SLNs, 

NLCs, blood–brain barrier, bioavailability. 

INTRODUCTION 

These days, nasal drug delivery has garnered a lot of interest since it is a reliable, practical, and promising 

way to provide drugs systemically, especially for injectable and inefficient oral treatments [1]. This route 

avoids the first-pass metabolism, is easily accessible, has a big surface area, a porous endothelium 

membrane, and a high total blood flow. Furthermore, the nasal mucosa is more permeable to chemicals than 

the gastrointestinal tract because of the absence of pancreatic and stomach enzymatic activity as well as 

interference from the gastrointestinal tract [2]. Lipophilic drugs are usually efficiently absorbed through the 

nose canal, and their pharmacokinetic profiles are frequently identical to those obtained following 

intravenous injection. They have about 100% bioavailability in various circumstances.[3] Through the 

olfactory and trigeminal pathways, the nasal canal offers a direct avenue for the delivery of drugs from the 

nose to the brain. Drugs must be administered and absorbed through nasal mucus. The protein mucin, which 

is present in mucus, has the ability to form bonds with solutes, changing the diffusion process. Numerous 

techniques are used for nasal delivery and absorption through the mucosa, including as paracellular and 

transcellular routes [4]. There has been much interest in the use of intranasal drug administration for 

neurological disorders. However, a number of factors, including as the drug's physicochemical properties, 

experimental conditions, and anatomical and structural traits, make it challenging to achieve targeted drug 
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delivery to certain areas of interest [5]. A viable substitute for distributing drugs via the NR, including 

macromolecules and even medicines that are prone to cleavage, is the creation of DDS based on 

nanotechnology [6]. Depending on the physicochemical characteristics of the medication and the 

physiological characteristics of the human nose, nanotechnology-based modified delivery has gained favor 

as a remedy for issues with compliance and limited bioavailability from the nasal cavity. Additionally, target-

oriented delivery-specific therapy offers many benefits for the treatment of chronic human diseases. [8–11]. 

2.2. Pathways in the intranasal route of drug administration 

The development of dependable drug delivery systems from the nose to the brain is seriously hampered by 

individual differences in nasal shape. The complex shape of the nasal canal, which includes variations in 

surface area, airflow patterns, and mucosal lining thickness, affects the reliability and efficiency of 

medication absorption and transport to the brain [13]. There are three probable avenues for drugs to enter the 

brain via the nasal cavity: (i) indirect or systemic pathways via the respiratory portion of the nasal cavity; 

(ii) olfactory pathway via olfactory neurons; and (iii) trigeminal pathway. The indirect pathway involves 

medication absorption from the pulmonary epithelial area directly into the bloodstream. From here, the 

medicine can be delivered to the site of action, and it may even enter the brain. 

2.3. Nasal route for drug delivery 

The systemic treatment of many CNS disorders, such as depression, epilepsy, schizophrenia, and migraine, 

is severely hampered by the restricted dispersion of therapeutic medications. Discriminatory barriers that 

divide the central nervous system from the circulatory system are the main cause of restricted CNS access. 

Peptides and proteins can cross the blood-brain barrier by entering the brain through the olfactory bulb and 

trigeminal pathways after nasal delivery [14, 15]. 

2.4. Advantages and disadvantages of nasal drug delivery 

For drug delivery, the nasal cavity's respiratory and olfactory areas offer unique benefits and limitations. 

For non-surgical medication administration, the respiratory region provides a large, extremely porous 

surface area that enables quick absorption and direct brain distribution while avoiding the blood-brain 

barrier.[16] Limitations in this area include poor protein delivery to the brain, possible membrane disruption 

by high surfactant concentrations, and enzymatic inactivation of medications by nasal enzymes, requiring 

modest prescription amounts (less than 200 μL). 

2.5. Therapeutic applications of nose to brain drug delivery 

Systems for delivering drugs from the nose to the brain have demonstrated encouraging possibilities in the 

treatment of numerous neurological psychiatric conditions. This novel strategy has been investigated for 

diseases including epilepsy, where anticonvulsant efficacy can be improved by direct brain targeting. 

Intranasal administration of psychotropic drugs in depression and schizophrenia may provide a quick onset 

of action and better results from treatment. This approach offers a possible way for prompt intervention and 

neuroprotection in acute circumstances like stroke. Nose-to-brain delivery systems can help deliver 

dopaminergic drugs directly to the afflicted areas of the brain in neurodegenerative diseases like Parkinson's 

disease. Additionally, by providing a non-invasive way to get around the blood-brain barrier and more 

efficiently administer therapeutic drugs to the central nervous system, this strategy shows promise for a 

number of different CNS and neurological illnesses.[1,4,9] 

3. Nanotechnology for nose to brain delivery 

Drug delivery from the nose to the brain can be greatly enhanced by using nanocarriers, such as liposomes 

and nanoparticles. These carriers are excellent in precisely delivering pharmaceuticals to designated targets, 

encapsulating them, and maintaining stability. It is An improved delivery method can decrease the necessary 

dosage while increasing brain medication absorption, which will lessen systemic side effects. By increasing 

bioavailability and reducing systemic toxicity, nanoparticle-based formulations for nose-to-brain medication 

delivery systems show promise in improving treatments for neurological disorders. Table 1 displays 

different kinds of nanotechnology that are supplied from the nose to the brain.[17] 
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Table No1.  Types and characteristics of nanoparticles 

Sr No Types of Nanoparticles Characteristics 

1 Liposomes 

Phospholipid bilayers are the 

basis of liposomes, which are 

lipid-based nanoparticles. 

2 Nanoemulsions 

Surfactants stabilize oil-in-

water or water-in-oil 

dispersions, which are known 

as Nanoemulsions. 

3 Nanostructured Lipid Carriers (NLCs) 

Lipid-based carriers, known 

as NLCs, consist of a liquid 

lipid matrix and a solid lipid 

core. 

4 Solid Lipid Nanoparticles (SLNs) 

Solid lipids make up SLNs, 

which stabilize medications 

inside their matrix. 

5 Polymeric Nanoparticles 

The biocompatible polymers 

used to make these 

nanoparticles include 

chitosan and PLGA. 

6 Magnetic Nanoparticles 
magnetically-active 

nanoparticles. 

7 Dendrimers 
Proteins with a tree-like 

branched structure. 

 

3.1. Lipid based nanoparticles 

Lipid nanoparticles are solid structures that provide an interesting substitute for other kinds of nanoparticles, 

such as polymeric ones, nanogels, and nanoemulsions. These lipid nanoparticles are really small as well! 

Their size ranges from 1 to 1000 nanometers [18] Since safe lipids and surfactants make up the surface of 

these solid lipid nanoparticles, human soften claim they are safe for our body. Triglycerides, diglycerides, 

monoglycerides, fatty acids, and waxes are examples of common lipids [19]. Like unique delivery systems, 

these lipid nanoparticles are really helpful! They aid in overcoming some of the problems that polymeric 

nanoparticle systems present. Here, we must take into account two generations! SLNs, or solid lipid 

nanoparticles, are the initial generation. Next, the second generation of nanostructured lipid carriers (NLC) 

is introduced [20]. 

3.2. Liposomes 

Liposomes are one of the most widely used lipid-based NPs for drug delivery applications. One or more 

phospholipid bilayers, often in combination with other lipids like phosphatidylcholine or cholesterol, make 

up a liposome. Different types of lipids can be used to modify the size and surface charge of liposome 

membranes. As an illustration, hydrophilic(found inside the Neutral or slightly negatively charged 

liposomes may contain hydrophobic (found inside the lipid membrane) or watery core) active compounds. 

Conversely, multiplexes can be formed by positively charged liposomes and negatively charged nucleic acid 
[21–24]. 

3.3. Solid Lipid nanoparticles 

Solid lipid nanoparticles (SLNs), a more modern kind of lipid-based nanocarriers, are lipid emulsions in 

which a solid lipid has replaced a liquid lipid. They create a solid lipid matrix and have diameters between 

100 and 300 nm. They are often made up of aqueous surfactants or physiological lipids in water [25].SLNs 

provide a number of advantages for medication delivery, such as excellent physical stability, enhanced, 

regulated release of loaded medications, and the ability to be produced without the use of organic solvents. 

The primary drawbacks of SLNs are their rigid shape, which restricts the efficiency of drug loading 

(especially for hydrophilic molecules) and results in undesired particle development through agglomeration, 

which may cause the drug to burst [26,27]. 
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3.4. Nanostructured lipid carriers 

Nanostructured lipid carriers, or NLCs, are a more recent class of lipid-based NPs created to overcome the 

shortcomings of SLNs. NLCs boost drug loading and prevent the drug's burst release because they contain 

a combination of liquid and solid lipids [28]. NLCs are frequently made using high-pressure homogenization 

and the twofold emulsion method (w/o/w) [29]. Because hydrophobic chemicals are more soluble in liquid 

lipids than in solid lipids, they can achieve higher encapsulation efficiency. NLC's disadvantages include 

reduced encapsulation efficiency for a combination of two or more therapeutic agents and relatively limited 

drug loading capacity for hydrophilic medicines [30]. 

3.5. Nanoemulsions 

The micelles that make up nanoemulsions are composed of three phases: an aqueous phase, an emulsifier, 

and an oily phase. Three different kinds of nanoemulsions exist: oil in water, water in oil (also known as 

"reversed" micelles), and bi-continuous (inter-dispersed water and oil domain). [31] Nanoemulsions can 

improve the stability of drugs, especially lipophilic ones. bioavailability while boosting medication 

absorption by using nanoscale droplets with a greater surface area [32]. However, because it is 

thermodynamically unstable, it can lead to poor stability and the release of the encapsulated molecules 

during storage [33]. 

3.6. Polymeric nanoparticles 

3.6.1. Natural Polymer-Based Nanoparticles 

Chitosan (CS) has been used to produce a variety of nanoparticles. The polymer known as chitosan is created 

when the chitin found in insects and crustaceans is deacetylated to form N-acetyl-D-glucosamine [34]. 

Chitosan is protonated in acidic environments due to its pKa of approximately 6.5.Since mucus has a pH 

between 5.5 and 6.5, chitosan is positively charged, which encourages its consistency [35,36]. Because both 

the respiratory and olfactory epitheliums are negatively charged, chitosan-based NPs prolong the 

bioavailability of the encapsulated drug for the brain by staying longer in the mucosa. Additionally, it serves 

as an activator of permeation, helping to open tight junctions between epithelial cells and enabling material 

movement between cells. 

3.6.2. Synthetic Polymer-Based Nanoparticle 

Synthetic polymers have been widely used in the development of drug delivery techniques. Many of these 

polymers are good N2B delivery carriers because they are both biocompatible and biodegradable. The most 

widely used polymers are poly(lactic acid) (PLA), poly(glycolic acid) (PGA), and poly(L-lactide-co-

glycolide) (PGLA). Due of their hydrophobic nature, They are used to prevent drugs from breaking down 

in the nasal cavity and encourage hydrophobic drug loading [37,38]. Pharmaceuticals are encapsulated in these 

polymer-based nanoparticles using single or double emulsion techniques [39]. PEG or poloxamers are 

commonly utilized to alter the surface of polymeric nanoparticles to increase their stability, drug loading, 

and ability to pass through nasal mucus, much as lipid-based liposomes [40]. 

3.7. Dendrimers 

Although dendrimers are classified as polymeric nanoparticles, their modified structure distinguishes them 

from other polymers. These are large, three-dimensional, single-weight molecules composed of repeating 

units, nuclei, and various functional groups such as COONa, COOH, and NH2. [41] Several types of 

dendrimers, such as carbosilane, polyamidoamine (PAMAM), The chemical composition of the core and 

branches gives rise to poly-l-lysine (PLL) and polypropylene-imine (PPI). Because of the synthesis process, 

the form, size, polydispersity, and specific surface structure (hydrophilic or lipophilic, charged or neutral) 

may be controlled in the nanoscale range. [42] The most common kind of dendrimers, called PAMAM 

dendrimers, are used in gene transfer, medicines, and regenerative medicine, among many other areas. They 

consist of an alkyl-diamine inner core and an outer shell containing amine branches. Because dendritic 

patterns are so extensively controlled, dendrimers are potential carriers for biomedical applications and an 

effective method of delivering insoluble and hydrophobic drugs.[43,44] 
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Nanocarriers for Nose-to-Brain Delivery 

Micelles 

Micelles are nanoscale colloidal assemblies that arise from the self-assembly of amphiphilic molecules in 

an aqueous phase, usually block copolymers or surfactants [54]. Both hydrophilic and hydrophobic areas can 

be found in these compounds. When amphiphilic molecules are in water, their hydrophilic heads face 

outward and interact with the surrounding water, while their hydrophobic tails group together to form a 

nonpolar core [55]. Micelles are effective carriers for poorly soluble medications because of this arrangement, 

which produces a spherical structure that can contain hydrophobic materials within its center [56]. In drug 

delivery, micelles can improve hydrophobic medications' solubility, bioavailability, and stability [57,58]. 

Better medication absorption, longer circulation durations, and the possibility of targeted distribution are 

made possible by their nano size [55]. Micelles have been utilized in numerous trials to carry drugs from the 

nose to the brain. The drug's ability to penetrate a cellulose barrier was enhanced when risperidone was 

encapsulated in micelles [59]. Similarly, dexamethasone-loaded micelles demonstrated a rise in the solubility 

of the drug in water. medication [60] and increased permeability [14-fold]. Other research revealed in vivo 

tests that proved micelles' effectiveness in targeting the brain. For instance, after IN inhalation, baicalein 

was loaded into poly(ethylene glycol)-block-poly(D, L-lactide) (PEG-PLA) micelles, which showed an 

AUC brain that was 1.50 times higher than the oral drug powder [61]. When compared to the IV free drug 

solution, rotigotine-loaded micelles demonstrated an extended MRT (1.43-fold) of the drug in rat plasma 

following IN treatment [62]. Next, the micelles were loaded. into poloxamer gel, resulting in an additional 

1.79-fold rise in MRT. The distribution of rotigotine in the olfactory bulb, cerebrum, cerebellum, and 

striatum rose by 276.6%, 170.5%, 166.5%, and 184.4%, respectively, in comparison to the IV group. One 

medication used to treat schizophrenia is clozapine. Because to its weak solubility, slow rate of dissolution, 

gastrointestinal tract degradation, and significant hepatic first-pass metabolism, it has a limited distribution 

in the brain after oral treatment. In an earlier investigation, clozapine-loaded polymeric Tetronic® 904 and 

701, two hydrophobic poloxamines, and Synperonic® PE/F127, a hydrophilic poloxamer, were used to 

create nanomicelles [63]. The improved formulation demonstrated a five-fold increase in flux in an exvivo 

nasal penetration investigation when compared to the free drug suspension with no histological injury. 

Higher brain distribution was seen in mice with in vivo biodistribution. Polydopamine-coated 

surfactinmicelles were loaded with ibudilast for in administration.[64] The combination improved drug 

delivery to the mouse brain and showed promising results in the treatment of multiple sclerosis (anti-

inflammatory and neuroprotective). Mixture loaded with luridone Using the solvent evaporation approach, 

Gelucire 44/14 and Poloxamer 407 micelles were created and refined using a 3² factorial design [65]. The 

micelles had a size of 175 nm and a 97.8% entrapment efficiency. Improved ex vivo permeability was 

exhibited by the hydrogel containing carbopol940 (79%). Histopathological investigations verified that the 

nasal mucosa of sheep did not exhibit nasociliary toxicity. The injection of the mixed micelles resulted in a 

notable increase in the concentration of the medication in the brain. Its effectiveness for nose-to-brain drug 

delivery was highlighted by its 19.1-hour half-life, 394% DTE, and 74% DTP. Polymeric micelles of D-α-

tocopherol polyethylene glycol 1000 succinate (TPGS), Poloxamer 407, and Pluronic P123 were loaded 

with olanzapine [66]. In addition to this development, some research has documented IN micelles that have 

not worked. Soluplus micelles loaded with meloxicam enhanced drug penetration across the nasal mucosa 

barrier culture model in an earlier work [67]. The drug is present in the rats' brains after IN injection, albeit 

the AUC brain is lower than the AUC plasma (only 0.65%). Therefore, even if the micelles' nasal 

administration assisted in delivering the medication to The majority of the medication entered the blood 

stream and went to the brain. Binary mixed micelles loaded with clozapine demonstrated decreased 

penetration into nasal mucosal tissues in a different research [68]. 
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Micelle-Based Formulations (Table 1) 

Drug Components Key Outcome References 

Risperidone Poloxamer 407 & 188 
Increased permeation across a 

cellulose membrane. 
[45] 

Dexamethasone 
PCL-PVAc-PEG, 

TPGS 

14-fold increase in aqueous 

solubility and enhanced 

permeability. 

[46] 

Baicalein PEG-PLA 
1.50-fold higher brain AUC 

compared to oral powder. 
[47] 

Rotigotine 
mPEG-PLGA, 

Poloxamer 

Increased drug distribution in the 

olfactory bulb (276.6%) and striatum 

(184.4%). 

[48] 

Clozapine 
Tetronic 904/701, 

Synperonic 

5-fold higher flux ex vivo; brain 

DTE of 396.5%. 
[49,50] 

Lurasidone 
Gelucire 44/14, 

Poloxamer 407 

1.3-fold higher nasal permeation; 

brain DTE of 394% and DTP of 

74%. 

[51,52] 

Olanzapine 
Poloxamer 407, 

Pluronic P123, TPGS 

Brain DTE of 535.9% and DTP of 

81.3%; improved anti-schizophrenia 

deficits. 

[53] 

 

CONCLUSION 

Intranasal medication delivery systems based on nanotechnology present a viable way to improve brain 

targeting and get around the drawbacks of traditional approaches. These technologies show lower systemic 

adverse effects, increased bioavailability, and the possibility of precision medication delivery to the central 

nervous system. Although difficulties including enzymatic degradation, restricted formulation limitations 

and the absorption of specific compounds continue to be problems that are being investigated. More efficient 

therapies for neurological conditions are made possible by the development of sophisticated nanocarriers 

and a better knowledge of nasal physiology and medication transport mechanisms. 
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