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Abstract 

The administration of medications for illnesses affecting the central nervous system (CNS) is difficult since these medications 

must pass through the blood-brain barrier (BBB) to reach the brain. The use of the intranasal route to deliver medications 

straight from the nose to the brain has shown encouraging results among the many approaches that have been researched to get 

around this problem. Furthermore, by enhancing the bioavailability and site-specific delivery, the encapsulation of the 

medications in lipid-based nanocarriers, such as nanostructured lipid carriers (NLCs), can enhance nose-to-brain transport. The 

most recent in vivo research using lipid-based nanocarriers (NLCs) for nose-to-brain transfer is reviewed in this study. 

Drawing from the body of research published in the last 24 months, we offer an understanding of the various pathways that 

medications may take to enter the brain following intranasal delivery. The findings of research on pharmacokinetics and 

pharmacodynamics are presented, together with a careful examination of the variations in the nasal cavity anatomy among the 

many animal species employed in in vivo investigations. Drugs tend to be more effectively targeted to the brain when taken via 

the intranasal route in conjunction with NLCs, despite the fact that the precise mechanism of drug transport from the nasal 

passages to the brain is still unclear and its efficacy in humans is uncertain. These systems are anticipated to be approved by 

regulatory bodies in the upcoming years since it has been demonstrated that they are more efficacious for nose-to-brain 

transport than other routes or preparations with non-encapsulated medicines. 
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Introduction 

Because parenteral and oral routes have not produced 

sufficient results, research on alternate methods to better 

medication targeting for the management of illnesses 

affecting the central nervous system (CNS) has become 

imperative [1]. The nose-to-brain pathway presents itself as a 

viable substitute in this situation, enabling drug delivery 

straight from the nose to the brain without the need to pass 

through the blood-brain barrier (BBB) [2]. The latter is a 

sophisticated barrier that blocks approximately 98% of 

molecules from entering the brain from the circulation and 

shields the brain from infections and xenobiotics. It is made 

up of closely spaced endothelial capillary cells, pericytes, 

astroglia, and perivascular mast cells [3-5]. The second-

generation lipid-based nanoparticulate structure known as 

nanostructured lipid carrier (NLC) is created by substituting 

a combination of liquid and solid lipids for the oily phase of 

an emulsion. In order to deliver drugs via oral, cutaneous, 

parenteral injection, nasal, ocular, and buccal routes, NLC is 

often used as a carrier [6]. Because of their smaller sizes, 

nanoparticles can diffuse more quickly by transcellular 

transport, which, depending on the carrier's nature, can lead 

to a faster onset of action, better bioavailability, and 

enhanced dispersion in the target tissue. Nanoparticles 

provide protection against enzymatic degradation and allow 

for regulated drug release [7]. The highly researched 

nanocarrier system known as nanostructured lipid carrier 

(NLC) is made up of a mixture of liquid and solid lipid. It 

has been claimed that NLC can overcome the drawbacks of 

solid lipid nanoparticles (SLN), including their reduced 

capacity for drug loading and inability to exclude entrapped 

drugs during storage [8]. 

Need of nose to brain delivery of NLCs 

Drug concentrations in the brain are crucial for the 

successful treatment of CNS diseases. Drugs that are 

targeted to the brain may have higher concentrations of the 

medicine there, which would reduce side effects. The 

inability of some medications to be absorbed appropriately, 

first-pass metabolism, and problems with drug transit 

through the blood brain barrier (BBB) limit the targeting by 

oral route [9]. Treatment of CNS disorders is extremely 

tough and hard when the BBB is present. Tight junctions, 

which limit molecule movement by paracellular transport 

and only allow drug transit via transcellular, carrier-

mediated, and receptor-mediated endocytosis, are 

characteristics of the blood-brain barrier (BBB) [10]. P-

glycoprotein, an efflux transporter that is extensively 

expressed, further regulates drug uptake in the brain. A 

different method of brain targeting is called "nose to brain 

delivery," which allows drugs to be delivered by a variety of 

channels, including the perivascular, trigeminal, olfactory, 

and cerebrospinal fluid pathways. Enhanced nose-to-brain 

targeting can be accomplished by a number of techniques, 

such as employing mucoadhesive polymer to lengthen the 

nasal residency duration, applying nanocarriers for more 

effective drug penetration and regulated release, and using 

enzyme inhibitors and permeation enhancers [11]. 

 

Mechanism of drug transport to brain when 

administered through nasal route 

There are two primary routes via which drugs are delivered 

across the nasal cavity: the respiratory region and the 

olfactory area. While the later region has exposed olfactory 

neurons in the upper part of the nares, the former region is 

extensively vascularized. The nasal epithelium, which is 
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vascularized, carries medication substances through the 

respiratory area primarily through the trigeminal nerves. 

Molecules from the olfactory region are transported by a 

transcellular route across the olfactory bulb and into the 

brain by olfactory neurons [12–14]. 

 

Limitations  

When creating a formulation that targets the central nervous 

system directly through the nasal route, certain constraints 

occur. Some of the constraints that are thought to be crucial 

for formulators when creating a formulation are the drug-

excipient stability, the volume of dose in the case of a liquid 

formulation, the size of the dose in the case of a powdered 

formulation—hence, potent drugs are preferred. Their safety 

and toxicity evaluation is one of the most important factors 

in the development of nose-to-brain medication delivery 

systems. Extended contact between the nasal mucosa and 

the mucoadhesive formulation may cause tissue damage, 

irritation, ciliotoxicity, or epithelial toxicity, as well as 

create an environment that is conducive to the growth of 

microorganisms [15, 16]. 

Advantages and disadvantages of Nanostructured Lipid 

Carriers [17-19] 

Advantages  

▪ Reduce the amount of water in the dispersion; 

▪ Increase the loading capacity for some medications; 

▪ Prevent or reduce drug ejection during storage  

▪ Delivery systems still need to be fully utilized.  

▪ Control and targeted drug release. 

▪ Possibilities to load both lipophilic and hydrophilic 

drugs.  

▪ Use of biocompatible and biodegradable lipids.  

▪ Avoidance of organic solvents.  

▪ Costlier (less costly than polymeric/surfactant based 

carriers). 

▪ Better physical stability.  

▪ Easier to prepare for and scale up. 

▪ Increased skin hydration and elasticity.  

▪ Small dimensions ensures close interactions with the 

stratum corneum.  

▪ Improved retention of drugs. 

 

 
 

Fig 1: Lipid-based drug delivery system classification illustrating the possible benefits of  

hybrid matrices that combine liquid and solid lipids over solely liquid or solid formulations 
 

Disadvantages 

▪ Application and effectiveness in the case of protein and 

peptide medications and gene therapy;  

▪ Cytotoxic effects associated with the type and 

concentration of lipid matrix;  

▪ Itching and hypersensitive action of surfactants;  

▪ Lipid Stability 

 

 
 

Fig 2: Evolution of lipid based nanocarriers 
 

Composition of nanostructured lipid carriers 
At room temperature, NLCs are a type of binary mixture of 
liquid and solid lipids, or fats and oils, respectively. In a 
formulation, the ratio of liquid to solid lipid typically varies 
from 50:50 to 90:10 [20, 21]. The preparation contains 
surfactants in the entire range of 1–5% (w/v). Because  

surfactants reduce the surface tension between the lipid and 

aqueous phases, they have a significant role in both the 

creation of stable formulations and the stability of NLC [22]. 

Drugs are loaded into liquid lipids, which are subsequently 

loaded into solid lipids. This provides double protection  
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from external degradation factors in the form of a core 

structure. The choice of liquid and solid lipids is crucial for 

the long-term stability of NLCs. According to regulatory 

organizations, every ingredient utilized to create a 

nanostructured lipid carrier must be GRAS (generally 

regarded as safe) [23]. 

 

Various types of nanostructured lipid carriers 

The imperfect type NLC (type 1) 

The solid matrix of an imperfect form of NLC has an 

uneven shape. The assimilation of a portion of solid lipid by 

liquid lipid (or oil) results in imperfect form. This causes 

tiny cavities to emerge. As a result, this occurrence results 

in more space being available for drug molecules to occupy, 

increasing the drug pay load. Using minuscule amounts of 

glycerides can help resolve this issue. Therefore, the 

creation of irregular shapes allows for more room for the 

loading of drugs, preventing the construction of a highly 

ordered and structured matrix that would have forced the 

medicament out of the core [24]. 

 

The multiple type NLC (type 2) 

This kind of NLC is essentially oil-in-solid or fat-in-water, 

and it can only be produced via the phase separation 

technique. Pharmaceuticals that are more soluble in oil or 

liquid lipid than different types of NLC are more suited for 

phase separation technology manufacture. It enhances the 

stability and capacity of medication loading as a result. 

Small oil droplets are first distributed in the solid lipid phase 

and then in the aqueous phase. The phase separation process 

is covered in more detail in the section on NLC production 

methods below [25]. 

 

The amorphous type NLC (type 3) 

When solid lipid that is still in the alpha polymorph after the 

process of solidification and storage is combined with liquid 

lipid or oils, an amorphous core is produced in the form of 

NLC. A crystalline core or matrix is produced by solid lipid 

in its beta polymorph form. Since no crystalline structure is 

forced, the medication remains incorporated in the core of 

this type of NLC, which offers additional advantages [26]. 

 
 

Fig 3: Various types of NLCs 
 

 
 

Fig 4: Methods of preparation of NLCs as per energy requirement 

 

Methods of preparation of NLCs 

Various techniques have been documented for the 

preparation of NLCs. Some of the several ways to prepare 

are as follows:  

1. High pressure homogenization technique  

2. High speed/shear homogenization technique  

3. Microemulsion technique  

4. Hot melt extrusion 

5.  Double emulsion technique 

6. Phase inversion technique 

7. Emulsification technique  

8. Solvent diffusion and evaporation technique 

9. Solvent injection technique 

 

A. High energy required methods 

1. High pressure homogenization technique 

a. Hot high-pressure homogenization technique  

An energy-intensive and scalable method for creating nano-

sized colloidal molecules (NLC, SLN, and nanoemulsions) 

is high-pressure homogenization. With the aid of applied 
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pressure, it employs a top-down method to reduce 

microemulsion particles to nanoscale size [27]. This method 

created a hot lipid phase by melting solid lipid and then 

adding liquid lipid. To create an aqueous phase, 

surfactants—with or without cosurfactants—are added to 

water. To make a microemulsion, the heated aqueous phase 

and the preheated lipid phase are combined while being 

constantly stirred. A high-pressure homogenizer is used to 

reduce the size of this heated microemulsion. Different 

cycles of homogenization might be used according to the 

target particle size. To transform this nanoemulsion into 

NLC, it is cooled [28, 29]. NLC with a particle size of less than 

100 nm is produced over an extended period of time at an 

intermediate pressure of 1000 bar [30]. For medications or 

materials that deteriorate at high temperatures, this method 

is not recommended. 

 

b. Cold high-pressure homogenization technique  

This procedure, which is comparable to hot high-pressure 

homogenization, combines a lipid phase with a cold aqueous 

solution that is constantly stirred and kept at a temperature 

of about between 2 and 6 degrees Celsius. At low 

temperatures, a high-pressure homogenizer is used to 

homogenize this coarse NLC suspension. Materials and 

medications that shouldn't be subjected to high temperatures 

can be processed using this method [31]. 

 

2. High shear homogenization technique 

The preparation of NLC using this approach is the same as 

hot high-pressure homogenization. In this procedure, a high 

shear rate takes the place of high pressure. Liquid lipid is 

combined with melted solid lipid to form the lipid phase, 

and surfactant is combined with water to form the aqueous 

phase. A homogenizer is used to homogenize the heated 

lipid and the aqueous phase for a prolonged period of time 

(10–30 minutes) at a high rotation per minute (rpm). NLC is 

created by cooling the resultant solution to ambient 

temperature [32, 33]. The size of particles of nanocarriers is 

linearly influenced by the speed of homogenization [34]. To 

further lower the NLC particle size, liquid nanoemulsion 

can additionally be sonicated for five minutes with an 

ultrasonic probe before cooling [35]. The melt emulsification 

approach, which used the same process but with slower 

homogenization and longer sonication times, was described 

in certain literature [36, 37]. 

 

B. Low energy required methods 

3. Microemulsion 

Liquid lipid is added to molten solid lipid in the 

microemulsion process. To create a microemulsion, the final 

solution is combined with an aqueous phase. The NLC 

dispersion system is created by quickly cooling this 

microemulsion with cold water. The NLC particle size is 

determined by the difference between the microemulsion 

and water. Although this method of preparing NLC is 

straightforward, a significant quantity of surfactants and the 

cosurfactant is needed [38]. 

 

4. Hot melt extrusion technique 

In order to obtain NLC, the hot melt extrusion technique 

pumps raw material into a barrel and then sonicates it. Using 

a volumetric feeder, the mixture of medication and solid 

lipid was delivered into an extruder barrel. Using a 

peristaltic pump, liquid lipid and aqueous solutions were 

introduced at extrusion temperature. To create a pre-

emulsion, this mixture had been extrude at the component 

melt temperature. To decrease NLC particle size, the 

resulting hot pre-emulsion is subjected to further sonication 
[39]. 

 

5. Double emulsion 

This approach facilitates the precipitation of uniformly 

dispersed NLCs particles by adding the produced 

microemulsion to cold water (2–10 C) [40]. 

 

6. Phase inversion 

This procedure involves exposing the mixture of all the 

components to three cycles of heating and cooling. Phase 

inversion causes NLCs to form after the hot mixture is 

shocked by being diluted with cold water [40]. 

 

C. Very low or no energy required methods 

7. Emulsification technique  

This approach involves dissolving the active ingredient and 

lipids in an organic solvent that has been saturated with 

water to achieve thermodynamic equilibrium. The resulting 

brief o/w emulsion is added to water and stirred until the 

dispersed phase solidifies [40]. 

 

8. Solvent diffusion and evaporation technique 

This method involves adding liquid lipid to molten solid 

lipid that has been dissolved at a high temperature in one or 

more organic solvents. After that, this lipid solution is 

stirred into an aqueous solution containing surfactant. To 

create an oil in water nanoemulsion, this prepared dispersion 

is ultrasonicated and then chilled with gentle stirring until 

the organic solvent evaporates [41]. This method uses less 

energy and prevents physical stress from shear or high 

pressure, but it requires an extra step to remove any 

remaining harmful solvent because it uses an organic 

solvent [27]. 

 

9. Solvent injection technique 

This method involves melting solid lipid by dissolving the 

lipid phase in a water-miscible solvent or in a combination 

of them. With continuous stirring, the resulting organic 

phase is quickly injected into an aqueous phase containing a 

surfactant or buffer solution. Lipid precipitation and lipid 

nanocarrier production cause the solvent to disperse. 

Diffusion of the solvent and emulsifier content determine 

particle size [27]. 

 

Table 1: Overview of how NLCs overcome various barriers for the efficient absorption of poorly water soluble drugs [42]. 
 

Sr. No. Barriers NLCs overcoming the barrier 

1. Unstirred water layer (UWL) Formation of submicron micelles enhances solubilization across UWL 

2. Reduced biliary secretion emulsification Induction of biliary and pancreatic secretions 

3. Intraenterocyte metabolism Lipids acts as protective core and prevent such metabolism 

4. Pgp efflux of the drug Modulatory activity of lipids on efflux transporters 

5. Extensive first pass metabolism Promotion of lymphatic uptake and surpassing liver 
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Characterization Techniques of NLCs 

Techniques for characterizing NLCs are crucial for 

evaluating their chemical, biological, and physical 

characteristics. These methods offer useful data for 

enhancing NLC formulations and guaranteeing their quality. 

The following are some typical methods of characterizing 

NLCs that are covered in detail in the research literature [21, 

43, 44]: 

 

1. Particle size analysis 

a. Dynamic light scattering (DLS): The hydrodynamic 

diameter of NLC particles in suspension is measured by 

DLS. It offers details on polydispersity and the 

distribution of particle sizes. 

 

2. Zeta potential measurement 

a. Electrophoretic light scattering (ELS): The zeta 

potential of NLCs is measured using ELS. Zeta 

potential is a surface charge reflection that can reveal a 

particle's stability and aggregation potential. 

 

3. Morphological analysis 

a. Transmission electron microscopy (TEM): High-

resolution imaging of NLCs is made possible by TEM, 

which offers details on the morphology, size, and shape 

of the particles. 

 

b. Scanning electron microscopy (SEM): NLCs can also 

be seen with SEM, even though it only gives surface 

morphological data. 

 

4. Drug loading and encapsulation efficiency: Drug 

content in NLC formulations is commonly measured 

using HPLC and UV-Vis spectroscopy, which is also 

used to determine encapsulation efficiency. 

 

5. Physical stability 

a. Centrifugation: Centrifugation experiments, which 

watch for particle sedimentation or creaming, can 

evaluate the physical stability of NLC dispersions. 

b. Freeze-thaw cycling: It is possible to evaluate the 

stability of NLC formulations under stress 

circumstances by performing repeated cycles of freeze-

thaw. 

 

6. In vitro drug release studies 

a. Dialysis or membrane diffusion: Using methods that 

mimic drug release in vivo, these approaches are 

utilized to investigate the kinetics of drug release from 

NLCs over time. 

b. Franz diffusion cell: Technique makes it possible to 

monitor the amount of medication released from NLCs 

via a biological or synthetic membrane. 

 

7. Thermal analysis 

a. Differential scanning calorimetry (DSC): Drug-lipid 

interactions and the thermal behavior of NLC 

constituents can be ascertained by DSC.  

b. Thermogravimetric analysis (TGA): The thermal 

stability and degradation patterns of NLC formulations 

are evaluated by TGA. 

 

8. X-ray diffraction (XRD): Understanding lipid 

component crystalline structure and any variations in 

drug crystallinity inside NLCs is aided by XRD. 

 

9. Nuclear magnetic resonance (NMR): Drug-lipid 

interactions and the distribution of drug molecules 

within the lipid matrix can be examined using NMR 

spectroscopy. 

 

10.  Fourier-transform infrared spectroscopy (FTIR): 

Drug-lipid interactions are evaluated and chemical 

bonds and functional groups in NLC components are 

analyzed using FTIR spectroscopy. 

 

 

11. Rheological analysis: Rheological testing can reveal 

details on the viscosity and flow characteristics of NLC 

dispersions, which is crucial for the stability and 

administration of the formulation. 

 

12. Biological studies 

a. Cellular uptake studies: These investigations use 

methods like flow cytometry and confocal imaging to 

evaluate the cellular internalization of NLCs loaded 

with medicines. 

 

b. In vivo studies: Studies on humans or animals can 

assess the therapeutic effectiveness, biodistribution, and 

pharmacokinetics of NLC-based drug delivery systems. 

 

13. Stability and shelf-life testing: Accelerated stability 

tests can evaluate how stable NLC formulations are 

over the long term under a variety of storage scenarios. 

 

The particular characteristics and goals of the NLC 

formulation determine which characterisation approaches 

are best, and a combination of these techniques is frequently 

employed to thoroughly evaluate NLCs for drug delivery 

applications. 

 
Table 2: Drug Delivery through Nasal route by NLC 

 

Drug Purpose Solid lipid 
Liquid 

lipid 
Surfactant 

Formation 

method 
Outcome Ref. 

Almotriptan 

malate 

Nasal delivery 

of antimigraine 

drug 

Compritol Labrafil 

Tween 80 

and 

lauroglycol 

Hot 

homogenization 

and 

ultrasonication 

technique 

Chitosan-coated NLC demonstrated 

improved mucoadhesion and high drug 

permeability in the nasal mucosa of sheep. 

An in vivo investigation in albino rabbits 

revealed a higher Cmax than the solution 

and oral commercial formulation. 

45 

Lorazepam 

Nasal delivery 

of drug for 

status 

epilepticus 

Glyceryl 

monostearate 
Oleic acid 

Tween 80 

and pluronic 

F127 

Solvent diffusion 

and evaporation 

method 

Rats with convulsion models treated with 

chitosan-based NLC exhibit improved in 

vivo outcomes and a sustained in vitro 

medication release rate. 

46 
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Mosapride 

citrate 

 

 

 

Nasal delivery 

of 

prokinetic 

agent for 

GERD 

 

 

Stearic acid 

isopropyl 

myristate 

 

 

L-alpha 

lecithin And 

Lutrol F127 

 

 

 

Melt– 

Emulsification 

Low temperature– 

Solidification 

Technique 

 

Drug-loaded NLC demonstrates a three-

fold rise in drug penetration in the nasal 

mucosa of sheep. and better bioavailability 

and stomach emptying rate compared to a 

medicine suspension and commercially 

available oral preparation. 

47 

Oleuropein 

 

 

 

 

 

Phytochemical 

loaded NLC 

for treatment 

of meningitis 

 

 

Tefose Capmul 

Poloxamer 

188, 

polysorbate 

80, and soya 

lecithin 

 

 

Melt 

emulsification and 

ultrasonication 

method 

There is a high medication penetration rate 

in the nasal mucosa. Studies conducted in 

vitro demonstrate an initial burst release 

followed by a persistent release. 

37 

Carbamazepine 

 

For fast action 

Of anti-

epileptic drug 

through nose-

to-brain 

targeting 

 

 

Precirol ATO 

5 

 

 

Capmul 

MCM 

 

 

Tween 80 

and span 20 

 

 

Microemulsion 

technique 

followed by probe 

sonication 

 

 

Poloxamer 407 (P407), poloxamer 188 

(P188), and the mucoadhesive polymer 

were employed in thermosensitive in situ 

gel. Gel based on NLC shows increased 

drug dispersion. Anticonvulsant activity in 

MES model rats and sheep nasal mucosa 

are superior than non-NLC-Based gel and 

drug dispersion. 

48 

Flibanserin 

 

Nose-to-brain 

delivery of 

seratonergic 

agent 

 

 

Glyceryl 

behenate 

 

 

Sweet 

almond oil 

 

 

 

L- 

phosphatidyl 

choline and 

gelucire 

44/14 

 

 

High speed 

homogenization 

followed by 

sonication 

 

 

Improved formulation results in improved 

medication release. Drug concentrations in 

the brain and plasma are higher in in vivo 

assessment than in raw form. 

49 

Escitalopram 

and Paroxetine 

 

 

 

Nose to brain 

drug delivery 

for treatment 

of depression 

 

 

Precirol 

ATO 5 

 

 

Lauroglycol 

90 

 

 

Tween 80 

High Pressure 

Homogenization 

Technique 

 

 

NLC in vivo experiments demonstrate 

comparable systemic drug response 

compared to intravenous drug treatment. 

With reduced systemic exposure, borneal 

encapsulation produces a five-fold 

increase in brain drug concentration. 

50 

 

Conclusion and future perspectives 

The intranasal route has garnered a lot of attention in recent 

decades due to research on how it can bypass the necessity 

for medications to penetrate the blood-brain barrier. Based 

on the published research, we draw the conclusion that the 

intranasal route, in conjunction with lipid-based 

nanocarriers like NLCs, is beneficial for delivering 

medications to the brain. When delivered via the nose to the 

brain, these methods have proven to be more successful than 

when free drug suspensions or solutions are administered 

intravenously. It is crucial to determine the parameters that 

affect the medication's nasal absorption when creating a 

lipid-based nanocarrier formulation. This will help to 

guarantee that the drug reaches the brain with the least 

amount of losses due to mucociliary clearance, enzymatic 

breakdown, or systemic circulation absorption. Developing 

an appropriate device that targets the medicine to the upper 

area of the nasal cavity also requires a deeper knowledge of 

the nose-brain transport process. 

The lipids utilized in the NLC formulation are readily 

available, biocompatible, biodegradable, and most 

importantly approved as GRAS status. Because 

straightforward production techniques like high-pressure 

homogenization are employed, NLCs may be produced on a 

large scale and scaled without any problems. The liquid 

lipids, or natural oils, used in the creation of NLCs are 

crucial to the effective treatment of disorders. In this study, 

we have attempted to compile data from nearly all studies 

conducted in the past few years that have used NLC as a 

carrier system to treat different types of brain diseases. 

Additionally, the review covered the various NLC varieties 

based on lipid blends, NLC manufacturing methods, and 

NLC stability profiles. With the growth of technologies over 

the years, fabrication techniques and drug delivery tactics 

also more improved and smarter which allows the 

development of more viable remedies to treat brain problem. 

By altering the surface with mucoadhesive substances like 

chitosan, natural gum, or in conjunction with an in situ 

gelling system, it is possible to improve nasal permeability 

by increasing drug retention in the nasal mucosa. All of 

these tactics aim to improve the medication's performance 

and bioavailability when treating brain disorders. However, 

despite a number of promising experimental claims, not a 

single method is offered for sale for use in clinical settings. 

The majority of the work was either abandoned at the 

preclinical or early phases of clinical trials, which is the 

cause for this failure. Other than this, no worldwide standard 

operating procedures or equipment specifications exist for 

the creation of innovative carrier systems as of yet. 

Different methodologies are used by different researchers 

and laboratories, which could have an impact on the 

commercial development of this kind of delivery system. 

Pharmaceutical companies and scientists have, nevertheless, 

made some attempts to create a commercial product that 

targets the brain with NLC; these attempts are unsuccessful 

at first, but persistent efforts will undoubtedly pay off in the 

long run. 
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