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NANOSPANLASTICS AS PROMISING CARRIERS FOR NOSE-

TO-BRAIN DRUG DELIVERY 

 

Priyanka Singh, Poonam Maurya, Raj Keshwar Prasad 

ABSTRACT 

                    Drug delivery to the brain remains the biggest hurdle in central nervous system (CNS) disorders due 

to the protective nature of the blood-brain barrier (BBB) obstructs most of the drugs from reaching their target 

site. Intranasal drug delivery has gained attention as a non-invasive and direct nose-to-brain targeting to bypass 

the BBB. However, conventional nasal formulations often struggle with rapid clearance and poor absorption. 

This review article focuses on nanospanlastics, a highly flexible, surfactant-based nanovesicle, as a novel and 

promising approach for nose-to-brain drug delivery. In this review article, we will discuss methods of 

nanospanlastics formulation, their mechanism of drug release, ability to carry a wide range of drugs, protect them 

from degradation, and release them in a controlled manner, making them useful for treating chronic CNS 

disorders. The review also covers recent research showing their potential in managing various chronic CNS 

disorders like Alzheimer’s, Parkinson’s, epilepsy, brain tumors, and more. Growing interest and encouraging 

preclinical results show that nanospanlastics offer a powerful new tool in the fight against neurological and 

psychiatric disorders. Looking ahead, further clinical studies and scalable production methods will be significant 

to bringing this innovative technology from the lab to the clinic. 

 

Key words: Nanospanlastics, Nose-to-brain delivery, Intranasal drug delivery, Blood-brain barrier (BBB), 

Central nervous system (CNS) disorders, Brain targeting, Nanocarriers. 
 

1 INTRODUCTION 

                CNS disorders such as Alzheimer's disease, Parkinson's disease, epilepsy, multiple 

sclerosis, brain tumors, stroke, depression, and schizophrenia are among the many neurological, 

neurodegenerative, and psychiatric conditions that affect the brain and spinal cord. As the world's 

population ages and life expectancy rises, the frequency of CNS disorders is rising, posing important 

socioeconomic and health challenges.1 CNS disorders are responsible for a considerable proportion of 

disability-adjusted life years (DALYs) and premature deaths. For example, Alzheimer’s disease and 

other dementias are leading causes of disability in the elderly, while epilepsy and depression affect 

individuals across all age groups.2 Many of these conditions are chronic, progressive, and currently 

incurable, requiring long-term therapeutic administration. The pathogenesis of CNS disorders is often 

multifactorial, involving complex interactions among genetic, environmental, and biochemical 

factors. This heterogeneity obscures drug development and therapeutic targeting.3 

 

2 CHALLENGES WITH CONVENTIONAL THERAPIES 

 

2.1 Blood–Brain Barrier (BBB) 

 

                One of the most significant obstacles in CNS pharmacotherapy is the BBB, a highly 

selective physiological barrier formed by endothelial cells of the brain capillaries.4 As a result, over 

98% of small molecule drugs and nearly all large biologics are unable to cross the BBB in therapeutic 

concentrations.5 
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2.2 Systemic Side Effects 

               The BBB restricts the entry of most therapeutic agents 

particularly large, hydrophilic, or charged molecules into the brain 

parenchyma. As a result, over 98% of small-molecule drugs and 

nearly all large biologics are unable to cross the BBB in 

therapeutic concentrations.6 

2.3 Poor Patient Compliance 

              Oral and parenteral method control CNS drug delivery but 

express more difficulties  like first-pass metabolism (oral route), 

invasiveness (injections), and poor bioavailability.7 

 

2.4 Delayed Onset and Limited Brain Targeting 

 

             CNS drugs have an overdue onset of action due to slow 

absorption, extensive metabolism, and limited brain distribution. 

Moreover, systemic administration often results in extensive drug 

distribution, leaving a smaller portion of the dose that reaches the 

CNS.8 

 

3 ADVANTAGES OF INTRANASAL DELIVERY  

 

3.1 Direct Access to the Brain 

 

              The unique structural and physiological characteristics of 

the nasal cavity facilitate the intranasal administration of 

medications, enabling them to circumvent the blood-brain barrier 

and directly access the brain.9   

3.2 Non-Invasiveness and Enhanced Patient Compliance 

             Intranasal administration is devoid of needles, painless, 

and readily self-administered, rendering it especially suitable for 

chronic treatment in juvenile and geriatric populations. In contrast 

to intrathecal or intracerebral injections, which are invasive and 

associated with significant risk and patient concern, intranasal 

administration offers a non-invasive, safer, and more cost-effective 

alternative.10 

 

3.3 Rapid Onset of Action 

 

           Drugs delivered via the nasal route show a rapid onset of 

pharmacological action, as they bypass first-pass metabolism and 

reach the brain within minutes.  This feature is mainly helpful in 

acute CNS disorders such as seizures, migraines, and neurotrauma, 

where direct therapeutic effect is dangerous.11 

 

3.4 Avoidance of First-Pass Hepatic Metabolism 

                  The oral drugs frequently experience extensive 

metabolism in the gastrointestinal tract and liver, causing reduced 

bioavailability. Intranasal delivery circumvents this metabolic 

barrier, allowing for higher bioavailability at lower effective doses. 

These reduce systemic toxicity and improve the therapeutic 

index.12 

3.5 Targeted and Sustained Drug Delivery 

             The nasal drug delivery systems, including nanovesicles 

included in mucoadhesive gels, in situ form systems, or thermo-

sensitive formulations, enable targeted, protracted residence time 

in the nasal cavity. This enhances drug incorporation and allows 

for sustained release, which is beneficial in maintaining consistent 

beneficial levels in chronic CNS conditions.13 

 

4 NOSE-TO-BRAIN DELIVERY PATHWAYS 

 

           Considering these anatomical and physiological routes is 

crucial for designing effective nose-to-brain drug delivery systems, 

such as nanospanlastics, which rely on these mechanisms for 

enhanced brain target (fig 1 ).14  

 

 
 

Figure 1: Schematic Representation of the Nose-to-Brain Transport 

Pathways.15 

 

4.1 Olfactory Nerve Pathway 

 

              This is the most direct route for drug transport into the 

brain. Drugs deposited in the olfactory region are taken up by 

olfactory sensory neurons. They are then transported intracellularly 

via axonal transport to the olfactory bulb, a part of the forebrain.16 

 

4.2 Trigeminal Nerve Pathway 

              

           The trigeminal nerve (cranial nerve V) innervates both the 

respiratory and olfactory regions. It contains sensory neurons 

whose branches (ophthalmic and maxillary) extend from the nasal 
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mucosa to the brainstem and spinal cord. Drugs can utilize this 

pathway via neuronal or extracellular diffusion to reach deeper 

brain regions like the brainstem, pons, thalamus, and even the 

spinal cord.17 

 

4.3 Lymphatic and Vascular Pathways 

 

              Although the primary advantage of nasal delivery lies in 

bypassing the BBB, a portion of the drug may be absorbed into the 

nasal vasculature or lymphatic system, reaching the brain via 

systemic circulation. However, this route is less efficient due to 

first-pass metabolism and limited BBB penetration.18 

5 CHARACTERISTICS OF NANOSPANLASTICS  

               Nanotechnology has revolutionized drug delivery systems 

in a significant manner in recent years, mainly for targeting hard-

to-reach sites like the CNS.19 Nanospanlastics are customized non-

ionic surfactant vesicles, typically derived from niosomes, that are 

rendered ultra-flexible by incorporating an edge activator (EA) 

such as Tween 80, sodium cholate, or Span 80 into the 

formulation. These edge activators destabilize the lipid bilayer, 

increasing its elasticity and allowing the vesicles to deform and 

squeeze through the narrow intercellular spaces of the nasal 

mucosa and epithelial layers.20  

5.1 Nanospanlastics: Structure and Properties 

 

                Nanospanlastics are a novel class of ultra-deformable, 

surfactant-based nanovesicles, developed to defeat the limitations 

of the conventional vesicular system, such as liposomes and 

niosomes (fig.2 ).21  

 

 
      Figure 2: Structure and Composition of Nanospanlastics.22 

5.1.1 Structural components of nanospanlastics 

           Nanospanlastics are composed of the following 

components:  

 

5.1.1.1 Non-Ionic Surfactants 

              It makes the bilayer membrane of the vesicles and gives 

the vesicle stability, and encapsulates the drug. The common 

examples of non-ionic surfactants are Span 60, Span 80, Tween 60, 

and Tween 80. It provides the vesicle structure, controls the 

hydrophilicity/lipophilicity balance, and controls entrapment 

efficiency.23 

5.1.1.2 Edge activators (EAs) 

 

                These are the single-chain surfactants used to make the 

bilayer membrane more substantial and flexible. Examples are 

Sodium cholate, Sodium deoxycholate, Tween 80, Span 20. They 

disrupt the prepared bilayer structure, increasing membrane 

elasticity, and provide the ability of nanospanlastics to squeeze into 

intercellular gaps without breaking. 

5.1.1.3 Drug payload 

              Nanospanlastics can encapsulate different types of drugs 

successfully, including hydrophilic drugs within their aqueous 

core, lipophilic drugs inside the lipid bilayer, and amphiphilic 

drugs distributed crossways both regions of the vesicle. 

 

5.1.1.4 Optional additives 

 

             Cholesterol sometimes added to modulate bilayer fluidity 

and stability. Charge inducers for the modifying zeta potential and 

attractive mucoadhesion or stability. Polymers (e.g., chitosan, 

carbopol) can be added for surface coating, increased 

mucoadhesion, and sustained release.24 

5.1.2 Morphology and Size 

              Nanospanlastics are typically unilamellar or multilamellar 

spherical vesicles. The average particle size ranges from 50–200 

nm, which is best for nasal absorption and neuronal transport. 

Polydispersity index (PDI) is usually low (<0.3), representing 

uniform size distribution. Zeta potential is often rather negative or 

neutral to avoid rapid authorization by mucosal defenses while 

maintaining stability.25 

 

5.2 Advantages of Nanospanlastics for Intranasal Delivery 

 

5.2.1 Enhanced permeability and deformability 

 

            Their ultra-flexible nature allows passage through the tight 

junctions of the nasal epithelium without damaging the mucosa. 

 

5.2.2 Enhanced brain targeting efficiency 
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           Bypassing the systemic circulation reduces drug 

degradation and increases drug levels in the brain .26 

 

5.2.3 Defence from enzymatic degradation 
 

           Nanospanlastics give a protective environment, preventing 

enzymatic degradation within the nasal cavity.27 bilayer 

membranes can be made to release drugs in a controlled and long-

lasting way, which makes it possible to distribute drugs over a 

longer period while keeping therapeutic levels. 
 

5.3 Formulation Strategies for Intranasal Nanospanlastics 

5.3.1 General principles of nanospanlastics formulation 

               Nanospanlastics are prepared by incorporating edge 

activators (EAs) into non-ionic surfactant-based vesicles, forming 

ultra-flexible membranes. The general principles of formulating 

nanospanlastics are given below 

• Selection of the right type and ratio of surfactant 

and EA 

• Selection of a suitable technique to control vesicle 

size, entrapment, and stability 

• Employing post-formulation modification such as 

surface coating or gel absorption for enhanced nasal 

habitation.28 

 

6 FORMULATION METHODS 

 

6.1 Hand Shaking / Thin-Film Hydration Method 

 

              Nanospanlastic vesicles are prepared by dissolving the 

surfactant (e.g., Span 60 or Span 80) in ethanol inside a 

round-bottom flask and then evaporating the solvent under reduced 

pressure (60 °C) to form a uniform thin lipid film; this film was 

subsequently hydrated with a warm aqueous solution containing 

the drug  and an edge activator (e.g., Brij 35) at around 60 °C under 

stirring, producing a milky vesicular dispersion, which was then 

sonicated to reduce vesicle size and subjected to freeze–thaw 

cycles (four cycles between –8 °C and 25 °C) to enhance drug 

entrapment and stability before final characterization( fig 3 ).29  

 

6.2 Ethanol Injection Method 

 

               In this method the nanospanlastic vesicles are prepared 

by first dissolving an accurate amount of drug and surfactant (e.g., 

Span 60) in approximately 3- 5 mL of absolute ethanol to form a 

uniform organic phase, which was then slowly injected (around 

0.2–1.0 mL/min) into a preheated aqueous solution (60–70 °C) 

containing an edge activator (e.g., Tween 80) under vigrous 

stirring; as the ethanol diffused, elastic nanovesicles 

self-assembled into a milky dispersion, which was stirred for an 

additional 30–60 minutes to evaporate residual ethanol, followed 

by brief sonication (typically 3–10 minutes) to reduce particle size 

and polydispersity, then cooled (usually overnight at 4 °C) to allow 

vesicle maturation (fig.4 ).31  

   
Figure 3: Thin film hydration method.30 

Figure  4: Ethanol injection method.32 

 

6.3 Sonication Method 

    

              In this method the nanospanlastic vesicles are prepared by 

first dissolving the drug, non-ionic surfactant (e.g., Span 60), and 

an edge activator (e.g., Tween 80) in an aqueous medium or after 

thin-film hydration, forming a coarse vesicular suspension; then 

subjected this suspension to ultrasonic energy typically via a probe 

or bath sonicator for a specified duration (3-5 minutes) which 

reduces particle size and narrows the size distribution, with the 

sonication time critical to balance vesicle refinement against 

entrapment efficiency losses, as longer exposure (e.g., 5 minutes) 

tended to lower drug entrapment due to vesicle disruption and drug 

discharge into the aqueous phase.33 

 

6.4 Microfluidization / Submerged-Jet Principle 

 

                The Microfluidization / Submerged-Jet (High-Pressure 

Homogenization) method to produce nanospanlastic vesicles by 

feeding the surfactant and frequently drug and edge activator 

mixture into a microfluidizer, where two high-velocity liquid 
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streams collide within precisely engineered microchannels under 

intense pressure (~500–20,000 psi or up to ~200 MPa). This 

high-shear impingement generates uniform, unilamellar elastic 

vesicles that form within size distributions and improve 

reproducibility compared to conventional delivery.34 

7 APPLICATIONS OF NANOSPANLASTICS IN CNS 

DISORDERS 

                 Nanospanlastics deformable, elastic vesicular carriers 

have emerged as a talented platform for overcoming these limits 

due to their enhanced penetration capability, targeted delivery 

potential, and biocompatibility ( fig 5 ).35 

  

Figure 5. Applications of Nanospanlastics in Central Nervous 

System (CNS) Disorders.36 

7.1 Neuroinflammation and Neurodegeneration 

7.1.1 Rheumatoid arthritis (RA) 

             

            Nanospanlastics encapsulating anti-inflammatory agents 

(e.g., dexamethasone, methotrexate, curcumin) have shown 

promise in delivering these compounds directly to inflamed neural 

tissues. Their surface modifiability allows targeted delivery to 

activate microglia or irritated endothelium, potentially reducing 

CNS inflammation and associated symptoms in RA.37 

 

7.1.2 Alzheimer’s disease (AD) 

 

             Encapsulation of anti-amyloid agents like curcumin, 

resveratrol, or galantamine in nanosponges has improved brain 

bioavailability and continued drug release. Fictionalization with 

transferrin or apolipoprotein Emimetics can enhance BBB 

translocation and targeting to the amyloid-prone region.38 

 

7.1.3 Parkinson’s disease (PD) 

 

              PD treatment requires sustained dopaminergic stimulation  

and neuroprotection. However, most dopaminergic drugs are 

rapidly metabolized and do not cross the BBB. Encapsulation of 

levodopa, ropinirole, or selegiline in nanospanlastics prolongs 

plasma half-life and enhances BBB permeability.39 
 

7.1.4 Epilepsy 

 

               Many antiepileptic drugs (AEDs) include poor brain 

bioavailability, require frequent dosing, and exhibit systemic side 

effects. Nanospanlastics have been used to deliver AEDs like 

carbamazepine, valproic acid, and lamotrigine, attractive their 

brain uptake and reducing systemic toxicity.40 

 

7.1.5 Depression and anxiety disorders 

 

                  Most antidepressants and anxiolytics exhibit low CNS 

bioavailability, slow onset of action, and adverse effects. Drugs 

such as fluoxetine, sertraline, or diazepam encapsulated in 

nanospanlastics show enhanced brain delivery and earlier onset of 

action.41 

 

7.1.6 Stroke and cerebral ischemia 

 

             After ischemic injury, fast and targeted delivery of 

neuroprotectants and anti-inflammatory agents is critical. 

Nanospanlastics transport neuroprotective agents (e.g., edaravone, 

nimodipine, or antioxidants) and have exposed improved targeting 

to ischemic tissues.42 

 

8 CONCLUSIONS 

 

                The management of CNS disorders remains a significant 

clinical challenge due to the complexity associated with delivering 

therapeutic agents across the highly discriminating and protective 

BBB. Despite the availability of a broad array of pharmacological 

treatments, many drugs fail to attain effective concentration in the 

brain when administered during conventional systemic routes, 

resulting in reduced therapeutic efficacy and increased systemic 

side effects. This underlines the critical need for alternative, 

targeted, and efficient drug delivery strategies to the brain. 

Intranasal drug delivery has emerged as a non-invasive, patient-

compliant, and promising route that facilitates direct drug transport 

to the brain by bypassing the BBB via the olfactory and trigeminal 

neural pathway. However, conventional nasal formulations are 

limited by rapid mucociliary clearance, enzymatic degradation, and 

poor penetration across the nasal epithelium. These limitations can 

be overcome by the incorporation of advanced nanocarrier 

systems, among which nanospanlastics have shown considerable 

promise. Nanospanlastics are ultra-deformable, non-ionic 

surfactant-based nanovesicles customized with edge activators that 

endow them with better flexibility and membrane-disruptive 

properties. These structural facial appearances allow them to go 



           Current Research in Pharmaceutical Sciences 2025; 15 (03): 75-82 

 

80 

 

through biological barriers more effectively than conventional 

vesicular systems. Moreover, their ability to summarize both 

hydrophilic and lipophilic drugs, along with their biocompatibility 

and capacity for surface alteration, makes them an ideal candidate 

for intranasal delivery. Nanospanlastics show estimable 

mucoadhesion, improved nasal absorption time, and enhanced 

permeation through the nasal mucosa, all of which contribute to 

considerably improved brain targeting and therapeutic outcomes. 

Pharmacokinetic and pharmacodynamic studies have recognized 

that intranasal nanospanlastic formulations exhibit higher drug 

concentrations in the brain, reduced systemic exposure, faster onset 

of action, and extensive therapeutic effects. The use of 

mucoadhesive polymers and in situ thermo-responsive gels further 

optimizes their presentation by minimizing nasal clearance and 

facilitating sustained release. These qualities position 

nanospanlastics as a transformative technology in the field of CNS 

drug delivery. Despite the promising in-vitro and in-vivo results, 

the translation of nanospanlastic-based intranasal therapy into 

clinical use is still in its infancy. Challenges such as large-scale 

production, long-term safety, regulatory approval, and patient 

suitability must be carefully addressed. Additionally, consistent 

protocols for evaluating brain targeting competence, long-term 

toxicity, and neuropharmacological outcome are necessary for 

advancing clinical development. In conclusion, nanospanlastics 

offer a powerful and original platform for nose-to-brain drug 

delivery. Their ability to overcome the limitations of conventional 

therapies, coupled with their high competence in targeting the 

brain, holds major potential for civilizing the treatment of a wide 

range of CNS disorders. Future studies, heading towards clinical 

translation and addressing rigid and manufacturing challenges, will 

be crucial in realizing the full possible of nanospanlastics in CNS 

therapeutics. 
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