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ABSTRACT  

Nanoparticles are defined as colloidal particulate systems 

having dimensions between 10-1000nm. NLCS are prepared 

from solid lipid, liquid lipid, surfactant, active ingredients 

&water. Biodegradable& biocompatible lipids & emulsifier is 

used for preparation of NLCs. NLCs have gained attention of 

researchers as an alternatives of SLN, polymeric nanoparticles, 

emulsions, microparticles, liposomes etc. the commonly used 

solid lipids & liquid lipids are oleic acid, capric triglyecrides , 

alpha tocopherols, soybean oil, cow ghee, black cumin oil, 

olive oil, sweet almond oil, squalene, stearic acid , glyceryl 

monostrearate, cetyl palmitate. The oral drug administration 

route provides a valuable option for treating various deadly 

diseases because of its several advantages like patient 

compliance, cost effectiveness and ease of administration and is 

regarded as the most commonly accepted route for drug 

administration. In this review what are NLC, its types , method 

of preparation discussed.  
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INTRODUCTION 

Nanoparticles are defined as colloidal particulate systems having dimensions between 10- 

1000nm. NLCS are prepared from solid lipid, liquid lipid, surfactant, active ingredients & 

water.1 Biodegradable & biocompatible lipids & emulsifier are used for preparation of 

NLCs.2 NLCs have gained attention of researchers as an alternatives of SLN, polymeric 

nanoparticles, emulsions, microparticles, liposomes etc. the commonly used solid lipids & 

liquid lipids are oleic acid, capric triglycerides, alpha tocopherols, soybean oil, cow ghee, 

black cumin oil, olive oil, sweet almond oil, squalene, stearic acid , glyceryl monostrearate, 

cetyl palmitate.3 

The oral drug administration route provides a valuable option for treating various deadly 

diseases because of its several advantages like patient compliance, cost effectiveness and ease 

of administration and is regarded as the most commonly accepted route for drug 

administration.4 It is also highly preferred for chronically administered agents, such as anti-

tumor, antidiabetic and antihypertensive agents, antipsychotic drugs, anti-inflammatory 

drugs.5 Unfortunately, more than 40% of drugs coming out of the drug discovery and 

development processes are not suitable for oral delivery due to their hydrophobic nature and 

present poor oral bioavailability, that is, insufficient drug is presented to the site of action 

with subsequent lack of pharmacological action.6 Several other barriers are also encountered 

with the oral route, which are responsible for comparatively poor plasma levels of orally 

administered drugs viz. poor permeability across the gastrointestinal membrane, first pass 

metabolism, drug expulsion via intestinal drug transporter, that is, P-glycoprotein (P-gp) and 

variability due to food effects 1,2,5-15, Therefore, there is a necessity for researchers to make 

advancements in oral drug delivery systems and the above mentioned factors need 

considerations for providing the desired therapeutic outcomes. 10,11,12,13,14,15 

For bioavailability enhancement, the researchers have attempted various approaches to 

overcome the challenges associated with oral delivery, such as Nano sizing of the drug 

molecules, salt formation, prodrug synthesis and encapsulation of drugs in nanosized carriers, 

such as polymeric micelles, nanoparticles, liposomes, emulsions, etc. 1,3,4. NLCs possess 

unique characteristics and are formulated using a combination of solid and liquid lipids where 

less ordered structures are produced, which offer the firmer inclusion of the drug molecules 

within the matrix during the shelf life 16,17. Also, the higher entrapment efficiency is due to 

higher solubility of drugs in liquid lipids in comparison to solid lipids19. Higher pay load 
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capacity along with long shelf storage stability thus makes NLCs as an advanced carrier in 

comparison to other conventional lipid-based systems. Further, NLCs have the feasibility of 

incorporating both hydrophilic and lipophilic drugs. In addition to this, they may provide 

sustained release of drugs and target them to the site of action. Various studies have proven 

that this nanoplatform has shown improvement in oral bioavailability of drugs via promoting 

their intestinal absorption 20. This system has also shed a light of hope for treatment of 

chronic diseases due to its modulation with drug efficacy and sustained for longer periods. 

Nanostructured lipid Carriers a Lipid-based (Drug Delivery System) DDS is a approach to 

manufacture pharmaceuticals for different dosage forms 21 Lipid formulations like Solid lipid 

nanoparticles (SLN) , Nanostructured lipid Carriers  (NLC’s )need a variety of the products 

to be incorporated in formulations. A variety of product includes mainly solid lipid, liquid 

lipid and a surfactant. The bioavailability and solubility of the insoluble drugs are two main 

criteria which can be enhances with the formulations like NLC’s 22. Still all major kind of 

parameters like choice of lipid, surfactants other essential excipients and methods of 

preparation varies which leads to change in parameters like particle shape and size, phase 

transition, solubility, bioavailability of drug etc. Though Many pharmaceutical companies 

have developed a well-established industrial process for the manufacturing of large-scale 

batches of nanostructured lipid carriers 22,23. 

Lipid nano formulations make dispersions of fairly water-soluble drugs and can decrease the 

characteristic restrictions of slow and imperfect dissolution of fairly water-soluble drugs like 

Biopharmaceutics Classification System (BCS) class II and simplify the formation of 

solubilized phases from which drug absorption occurs easily. In any, another vehicle 

mediated delivery system like an emulsion, liposome the degree and mode of drug release 

from the system are important in relation to the movement of the delivery system in-vivo 25,27. 

A lipid matrix is available inside the newly made NLC’s having a very special nanostructure 

which was developed by Muller 23,28. This special type of NLC’s nanostructure also helps to 

increase bioavailability, drug loading and solubility of the drug in different conditions and 

environments 29. There are multiple techniques and methods by which means this kind of 

NLC’s can be prepared or formulated like high-pressure homogenization. As per the 

literature near about 30-80 percent of the product yield can be obtained by these methods 

after adjusting the different conations and environments 30. 
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The first time NLC’s was introduced in 1990s as another carrier system 32. The solid lipid 

carrier systems which are available in nanometer range like solid lipid nanoparticles (SLN), 

was presented as a substitute to liposomes. But there are multiple limitations related with 

SLN, such as incomplete drug loading ability and drug expulsion thru storage, all these 

limitations can be minimized or waived off by newer solid lipids DDS like NLC’s. There is 

new and modified type of NLC’s are available which is having a meticulous nanostructure. 

These meticulous nanostructures are responsible and also help to improve the stability of the 

formulations as well as increase the bioavailability, drug loading 29. NLC’s also minimized 

the different problems which are associated with the SLN for many drugs, problems like low 

payload, drug expulsion during storage and SLN’s dispersions due to the high-water content 

in it 32-35. 

Structure of NLC’s 

The structure of NLS’s are very and somehow similar to SLNs, NLCs have three very 

specific features 24. These properties are based up on the location the drug is going to be 

integrated 32,34,35 three different methods were adopted for a development and formulation of 

nanostructure NLCs. 

• NLC type I also called as imperfect crystal. 

• NLC type II also called as multiple type. 

• NLC type III also called as amorphous type as shown in Figure 36 

NLC type I 

NLC type I also called imperfect crystal types have a badly structured solid matrix. The 

different fatty acids such as glycerides can be used to improve and modify the structure. The 

total number of imperfections in the structure are responsible and also helpful for the property 

of good drug which can be easily increased 24. The type I of NLC’s can be prepared by 

mixing spatially different lipids which can leads to imperfections in the crystal lattice. The 

drug molecules lodges extra disorderly crystal as molecular form and amorphous clusters. To 

avoid this adding to a minor quantity of liquid lipid additional leans to increases the drug-

loading. The small quality of the glycerides can be used to overcome this situation 24. 

It was well documented in literature that If there is the change in the structure of the lipids, 
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the problems like cluster of drugs arise and leads to disorderly imperfect lipid matrix and all 

this occurs is due to crystallization method 24. 

NLC type II 

The oil-in-lipid-in-water type is II type of NLC’s also called as multiple type. In type II 

NLC’s, the solubility of oil is greater as compare to solubility of solid lipids. In type II NLC’s 

high amount of oil are mixed with solid lipids due to this oil molecule can effortlessly spread 

into the lipid matrix at a low concentration of oil 24,37,38. If the added oil in excess quantity 

than required of its solubility can lead to separation of different phases, finally produces 

small oily nano compartments which are bounded by the solid lipid matrix 28,33,39. 

This kind of formulation permit controlled drug release and leakage of drug from lipid matrix 

34. In this case, lipophilic drugs can be made soluble in oil first and type II method can be 

followed with the cooling procedure of a hot homogenization process 24,40,41. 

NLC type III 

The III type of NLS’s also called as amorphous type. In this technique of prepration of 

NLC’s, the lipids are mixed in such a way that crystallizing can be prevented through mixing 

procedure. In type III method the lipid matrix remains solid but, in an amorphous state. The 

technique and method of crystallization often leads to drug expulsion. To minimize this, 

NLCs can also be formulated by carefully mixing of solid lipids with special lipids such as 

hydroxy octacosanyl hydroxyl stearate, isopropyl palmitate or MCT. Solid, but non- 

crystalline NLC are formed 24,42,43. 

Component of the NLC Lipids 

The lipid, itself, is the main ingredient of NLC that influence their drug loading capacity, 

their stability and the sustained release behavior of the formulations 24. Lipid nanoparticle 

dispersions are based upon a variety of lipid materials including fatty acids, glycerides, and 

waxes. Most of these lipids, with the notable exception of cetyl palmitate, are approved as 

generally-recognised-as-safe (GRAS) and are physiologically well-tolerated 24. Selection of 

appropriate lipids is essential prior to their use in preparation of lipid nanoparticle dispersions 

24. Although there are no specific guidelines, empirical values, such as the solubility of drug 

in the lipid have been proposed as suitable criteria for selection of an appropriate lipid  
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crystallization in lipids with longer chains of fatty acids are slower than those with shorter 

fatty acid chains. Wax-based NLC physically more stable, however, they exhibit significant 

drug expulsion cause of their more crystalline nature 22,24,44. To avoid such problems with 

lipid crystallinity and polymorphism, a binary mixture of two spatially different solid lipid 

matrices, i.e., a solid lipid and a liquid lipid (or oil) was used to prepare lipid nanoparticle 

dispersions, now known as nanostructured lipid carriers (NLC) 45,46. 

Solid lipids 

A combination of numerous chemical compounds which have a melting point higher than 

40°C. 

These solid lipids are well tolerated 47-49. 

• Accepted for human use. 

• Also in-vivo biodegradable. 

Examples are beeswax, carnauba wax, dynasan, precifac, stearic acid, ppifil, cutina CP 8 etc. 

Liquid lipids (oil) 

These liquid lipids are well tolerated and accepted for human use. Examples are Cetiol V, 

miglyol, castor oil, oleic acid, davana oil, palm oil, olive oil etc. 47-49 as shown in Table 2. 

Table 2: Lipids used in the preparation of nanostructured lipid carriers 23,24. 

Emulsifying agents – surfactants 

Surfactants are the compounds which are adsorbed at interfaces and reduce the interfacial 

tension. When a surfactant is present in small amounts, it improves the stability by decreasing 

the rates of surfactants also termed as surface-active agents 23,24,50. At low concentrations, 

surfactants adsorb onto the surface of a system or interface. Surfactant decreases the surface 

or interfacial free energy and decrease the surface or interfacial tension between the two 

phases 22,24,41. 

The categories and type of surfactants are mentioned in Table 324. The selection of 

surfactants for NLCs based upon a number of multiple factors, like route of administration of 
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NLCs, HLB value of surfactant 24,51. The surfactants and co-surfactants are given in Table. 

24,52-54. 

Table 1: Classification of surfactants and co-surfactants for the preparation of NLC’s 

24,55. 

Surfactants 

Ionic surfactants Non-ionic surfactants 

Sodium taurodeoxycholate, Sodium oleate, 

Sodium dodecyl sulphure  

Span 20, 80, 85, Tween 20, 80, Tyloxapol, Poloxamer 

188 Poloxamer 407, Solutol HS15 

 

Amphoteric surfactants Co-surfactants 

Egg phospholipid (Lipoid E 80, Lipoid E 80 

S) Soy 
 

 

 

Butanol, Butyric acid  

Hydrogenated soy phosphatidylcholine 

(Lipoid S PC-3, 

Hydrogenated egg phosphatidylcholine 

(Lipoid E PC-3) 

Phospholipon 80 H, Phospholipon 90 H) 

.The combination of solid and liquid- lipid mixtures will not help much for the doing the 

perfect crystallization in case if formulation of NLC’s. To overcome this problem reducing 

the probability of expulsion of the encapsulated drug upon storage 24,28,56. The addition of 

polysorbate 80 possibly provided more interfacial area than polysorbate 20 24. As a result, the 

average size of NLC’s 80 was smaller than NLC’s 20. The properties of NLCs can be 

influenced by the type of surfactant used in the formulation 26. The type of stabilizer 

significantly affected the average size and charge but not the size distribution of the NLCs 

24,57.NLCs have excellent features and properties that can rise the presentation of a variability 

of integrated drug forms 24. The properties of the NLCs are really influenced by the type of 

surfactant used 24. 

The Effect of surfactant concentration on the particle size and particle size distribution of 

NLC 24. NLC can be stable by creating electrostatic and steric repulsion between particles. 

Some properties of both electrostatic and steric repulsion are mentioned. The steric 

interaction is dependent on the separation distance between the internal aqueous droplets and 
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the external aqueous phase, the thicknesses of the two adsorbed surfactant layers, the size of 

the internal aqueous droplets and the oil globules, all of which determine the extent of the 

compression of the adsorbed surfactant molecules 26. The thickness of each of the two 

surfactant layers have the same effect on the steric repulsion, and stronger steric interaction 

can be achieved with thicker adsorbed layers, which can effectively prevent coalescence 

between the internal aqueous droplets and the external aqueous phase. Increasing the internal 

aqueous droplet size can produce stronger steric repulsion; however, larger oil globules will 

weaken the steric repulsion, indicating that a more stable double- emulsion system can be 

achieved by preparing the system with smaller oil globules and larger internal aqueous 

droplets 26 Polyhydroxy surfactants stabilize systems by creating spatial exclusion and due to 

their non-ionic nature, low and zero zeta potential would be obtained stated that the stability 

of nano lipid carrier against aggregation is influenced by the ionic strength of the continuous 

phase and the charge density on the surface of the water and fat. High zeta potential along 

with the non-electrostatic agents such as steric forces has also an important impact on the 

stability The agents used in the preparation of nanostructured lipid carriers are shown in 

Table 3 26. 

Methods of preparation of NLS’s 

There are several methods are developed for the preparation of NLS’s 26. The most command 

methods are as follows: 

• High-pressure homogenization (HPH) 

• Solvent emulsification evaporation method 

• Solvent emulsification diffusion method 

• Solvent injection method 

• Microemulsion method 

• Double emulsion technique 

• Ultrasonication or high-speed homogenization 

• Phase inversion method 
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• Membrane contractor technique 

• Supercritical fluid (SCF) method 

• Hot-melt extrusion (HME) technology 

High-pressure homogenization 

In this process a stable emulsion can be made which involves the subdivision particles into 

nanosize. In the market, two types of homogenizers are available a) jet-stream homogenizers 

b) piston-gap homogenizers. There are three methods predominantly used to prepare NLCs 

by High-pressure homogenization are as follows and shown in Figure 126. 

• Hot homogenization  

• Cold homogenization 

• Microemulsion 

The hot homogenization process is executed always at temperature above the melting point of 

the lipids used in the formulation. While in cold homogenization method the lipid melt is 

cooled and the solid lipid is ground to lipid micro particles. 26 
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Figure No. 1 

Solvent emulsification evaporation method 

This method can be employed for sizes ranging from 30 to 100 nm depending upon the types 

of lipids and surfactants used 58. In this process, the drug accompanying the lipids is added to 

organic solvent (water-immiscible) and emulsified with an aqueous solution of surfactant to 

form an o/w emulsion. The organic solvent is then removed by evaporation at low pressure 

that eventually forms NLCs due to lipid precipitation by aqueous media on evaporation of the 

organic solvent (Fig. 2) 59. This method is ideal for heat-sensitive medicines since it is devoid 
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of thermal stresses. The most significant limitation of this process is the usage of organic 

solvents, as sometimes residues of organic solvents remain in the final product, which may 

produce toxic effects after administration 60. It was also reported that homogenization 

effectiveness gets reduced with an increase in the lipid concentration, resulting in highly 

dilute dispersions with very low lipid particle contents 61. 

Figure No. 2: Preparation procedures of NLCs: Solvent emulsification evaporation 

method 

Solvent emulsification diffusion method 

This method uses partly water-miscible solvents (such as ethanol, benzyl alcohol, 

tetrahydrofuran) as a means of dispersing the lipids and the drugs 62. This process begins with 

the mutual saturation of the solvent and water so as to maintain the thermodynamic 

equilibrium. Afterwards, API and lipids are added and emulsified to form an o/w emulsion. 

The emulsion is then diluted with water in a ratio varying from 1:5 to 1:10 to allow solvent 

diffusion into a continuous phase, thus precipitating the nanoparticles (Fig. 2.) The excess 

solvent can be removed by either lyophilization or ultrafiltration after the precipitation of 

NLCs 62,63. 

Solvent injection method 

This technique is also known as the solvent displacement method. It works on the principle of 

quick diffusion of solvent over lipids interfaced with an aqueous solvent. In this method, both 

the solid and liquid lipids are added to water-miscible solvent (alcohols like ethanol, 

isopropyl alcohol) or a mixture of water-miscible solvents and speedily injected into the 

surfactant solution with continuous stirring. As a result, the lipid nanoparticles get 

precipitated in the aqueous solution as the solvent migrates quickly through it 64 

https://fjps.springeropen.com/articles/10.1186/s43094-022-00414-8/figures/3
https://fjps.springeropen.com/articles/10.1186/s43094-022-00414-8/figures/3


www.ijppr.humanjournals.com 

Citation: Mhetre R.M et al. Ijppr.Human, 2022; Vol. 25 (4): 370-390. 381 

This method is versatile and has a faster production rate, low shear stress, and high efficiency 

without using sophisticated equipment like a high-pressure homogenizer. However, particle 

size can be a concern with lipophilic solvents as more lipophilic solvents produce larger 

particles. The possibility of organic solvent residues can be another issue with this method 

61,65. 

Microemulsion method 

It is a popular method used for both polar and non-polar drugs. It involves the addition of 

melted lipids to an aqueous solution of the drug along with a surfactant and co-surfactant to 

form an emulsion, the nature of which depends upon the ratios of hydrophilic and lipophilic 

phase used. The resulted emulsion is dispersed in chilled water in a ratio from 1:25 to 1:50 

under mild agitation, ultimately giving NLC dispersion (Fig. ) 66,67,68.Even though this 

method is simple, time-saving and can be used for thermolabile substances, it is associated 

with various limitations like usage of large volumes of water for dilution and requires an 

appreciable quantity of surfactants for formulation 69,70. 

 

Figure No. 3: Preparation procedures of NLCs: Microemulsion Method 

Double emulsion technique 

This method is extensively employed for hydrophilic drugs as well as for thermosensitive 

drugs 71In this approach, a hydrophilic drug in aqueous media is emulsified in lipid melt, with 

lipophilic surfactants to form w/o emulsion. The primary emulsion is then added to an 

aqueous solution of hydrophilic solvent to form w/o/w emulsion (double emulsion); 

thereupon, the NLCs are purified from the dispersion by solvent evaporation and 

ultrafiltration 72,73. Although this method is simple, requires a modest energy input and there 

is no need for sophisticated instruments, it is only suitable for systems with a low lipid 

content 73. 

 

https://fjps.springeropen.com/articles/10.1186/s43094-022-00414-8/figures/4
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Ultrasonication or high-speed homogenization 

This method works on the principle of cavitation and is one of the least studied techniques. 

Firstly, the lipids are melted, and the active drug is added to them. This melt is added to the 

surfactant solution previously heated to the same temperature, followed by emulsification 

using a high-speed stirrer. The obtained pre-emulsion is further ultrasonicated with the help 

of a probe ultrasonicator. The dispersion is cooled to get the lipid nanoparticles 74,75,76 This 

technique saves both time and energy, but NLCs obtained from ultrasonication suffer from 

several shortcomings like contamination by metals, clumping of particles on storage, and low 

stability of NLCs 77,78,79. 

Phase inversion temperature method 

As the name suggests, this technique is based on the principle of temperature-induced phase 

inversion of an emulsion. In this process, non-ionic polyoxyethylated surfactants are used 

whose properties are dependent on the temperature. At low temperatures, the hydrophilic–

lipophilic balance (HLB) value of these surfactants is high because of the hydration of the 

hydrophilic groups. But as the temperature increases, their HLB value starts to decrease 

because of the dehydration of the ethoxy groups. There is a point (temperature) where the 

surfactant molecule has an equal affinity towards both lipophilic and hydrophilic phases, and 

this temperature is known as phase inversion temperature 80,81,82 When the temperature is 

above the phase inversion temperature, w/o-type emulsion is formed and vice versa 83 The 

lipids, oils, water, and surfactants are mixed and heated above the phase inversion 

temperature, followed by stirring using a magnetic stirrer to form a w/o emulsion. 

Subsequently, three cycles of heating and cooling (85 °C–60°C–85 °C) are applied at a rate 

of 4 °C/min. This hot mixture is then diluted with cold water to allow phase inversion (from 

w/o emulsion to o/w emulsion) and leads to the formation of NLCs 82,83 This is a novel 

method offering the advantage of incorporating thermolabile drugs without using any organic 

solvent 84,85. 

Membrane contractor method 

It is a relatively recent approach for the production of NLCs. The procedure involves heating 

the lipid phase to a temperature over its melting point in a pressured tank. The liquid is then 

passed down a tube and pushed against membrane pores, resulting in the production of tiny 

droplets. The aqueous phase sweeps away any droplets accumulating at the pore outputs as it 



www.ijppr.humanjournals.com 

Citation: Mhetre R.M et al. Ijppr.Human, 2022; Vol. 25 (4): 370-390. 383 

circulates inside the membrane module. The dispersion so obtained is cooled to precipitate 

the NLCs. The particle size is determined by the temperature of the lipid and aqueous phases, 

the membrane aperture size, and the lipid phase pressure. The advantages of this technique 

include the ability to regulate particle size by varying the process parameters and the 

simplicity of scale-up 86,87. However, clogging of the membrane is the only problem with this 

procedure 88. 

Supercritical fluid (SCF) method 

A wide range of applications, such as extraction, green chemical reactions, and 

chromatography, have made use of supercritical fluids. Recently, this technology has been 

explored for the formation of micro- and nanoparticles. However, the use of supercritical 

fluid technology in particle production is still in its early stages of development. 

A supercritical fluid is a liquid or gas that can coexist at temperatures and pressures above the 

critical temperature and critical pressure. It has characteristics that are distinct from those of 

gases or liquids under normal circumstances 89 Supercritical carbon dioxide is one of the 

widely used SCFs owing to its abundance, inertness, non-flammable, and easily attainable 

critical conditions (Tc =  ~ 31 °C and Pc = 73.8 bar) 90Generally, the solid lipids are melted 

and added to SCF along with the drug and liquid lipids to solubilize them. Either a gas-

saturated suspension or a solution is formed depending on the components' solubility in the 

SCF. Afterwards, the resultant dispersion is atomized and is sprayed in an enclosed chamber, 

where the decompression and evaporation of the gas lead to the formation of nanostructured 

lipid carriers 91 Chattopadhyay et al. employed a different technique (SCF extraction of 

emulsions) for preparing NLCs using SCF. The research group formed an o/w emulsion, 

which was added to the extraction column and extracted using supercritical carbon dioxide. 

There is a rapid and complete removal of the solvent, resulting in the precipitation of NLCs. 

In addition, it was reported that the NLCs formed had a uniform particle size 92. 

SCF method offers numerous benefits, including the avoidance of organic solvents and the 

production of dry powder particles rather than suspensions. Also, as the density of SCFs 

fluctuates with pressure, a simple depressurization process with pressure adjustments may be 

used to separate and recover the solvent 93. 
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Hot-melt extrusion (HME) technology 

It is one of the most widely used processing techniques in the plastic industry. Earlier, the 

HME method was used for manufacturing tubes, plastic bags, and pipes. However, since the 

1980s, there has been a rising interest in the use of HME in the pharmaceutical industry and 

has now been used for manufacturing tablets, capsules, implants, etc. 94 This method involves 

pumping the APIs and excipients with a heated rotating screw (extruder) at a higher pressure 

and is passed through a die to form uniform-sized nanoparticles. An emulsion is formed when 

the APIs and excipients are passed through an extruder, and afterwards, the size of the 

obtained emulsion is reduced by passing through the die 95,96. 

HME method has several advantages, such as no solvents are used in this method; hence, 

there is no need for the drying process. Also, it is used for enhancing the solubility and 

bioavailability of hydrophobic drugs. Furthermore, it is a cost-effective method that involves 

a shorter manufacturing time, fewer stages, and continuous operation. HME is chosen over 

other fusion processes because the mixture's residence time in the extruder is short, 

preventing deterioration of heat-sensitive components 95,97 HME, on the other hand, is 

performed at high temperatures that cannot be used to formulate thermolabile compounds. 

HME requires excipients with high flow properties. Additionally, the equipment is relatively 

expensive, and the driving unit requires a significant amount of energy. However, the 

majority of these drawbacks may be mitigated by adjusting process parameters appropriately 

95,97,98. 

CONCLUSION: 

Nanostructured lipid carriers have proved to be a promising drug delivery vehicle for 

enhancing oral bioavailability. Having the benefits of other nanocarriers like liposomes, 

SLNs and by circumventing some of their drawbacks, NLCs have become a center of 

attraction for scientists. NLCs as drug carriers offer a high drug loading capacity for drug 

distribution through a variety of routes, including oral, parenteral, nasal, topical, ophthalmic, 

and pulmonary routes, while improving the physical and chemical stability of the 

medications, providing versatile release regulation, shielding them from degradation, and 

provide improved biopharmaceutical attributes. 
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