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ABSTRACT: 

As an alternative to other conventional colloidal 

carriers such liposomes, polymeric nanoparticles, 

and emulsions due to their benefits such as 

controlled drug release, focused drug delivery, and 

enhanced stability, solid lipid nanoparticles were 

created in the early 1990s. This page provides a 

summary of the potential benefits and drawbacks of 

solid lipid nanoparticles, excipients, and all of the 

many techniques used to make them, including the 

membrane contractor method. aspects of the 

stability of SLN and the impact of different 

excipients (used in the manufacturing of SLN) on 

stability, as well as other secondary stages involved 

in their stabilization, such as freeze drying, spray 

drying, etc. The issues surrounding SLN 

manufacture as well as the instrumental methods 

employed are thoroughly examined. Particular 

focus is placed on drug integration models in SLN 

and the SLN release pattern. The principal uses of 

SLNs, namely targeted medication delivery, and 

the analytical techniques used in SLN evaluations 

are covered in detail. 

Keywords:Colloidal drug carriers, Solid lipid 

nanoparticles, Solid lipid, Surfactants, Drug 

incorporation 

 

I. INTRODUCTION: - 
For the purpose of guiding site-specific 

medication distribution, enhancing drug efficacy, 

and safeguarding active components, numerous 

drug delivery systems have been created. Drug 

delivery via nanoparticles has been extensively 

studied for decades. Solid lipid nanoparticles 

(SLNs), liposomes, and nanostructured lipid 

carriers (NLCs) are lipid-based nanoparticles that 

have shown remarkable clinical efficacy in 

delivering both hydrophobic and hydrophilic 

medicines. Docile, a doxorubicin (DOX)-loaded 

PEGylated liposome for the treatment of breast 

cancer, ovarian cancer, and other solid tumours, is 

the first nanodrug to receive FDA approval. By 

utilising the increased permeability and retention 

(EPR) effect, PEGylated Liposomal Doxorubicin 

Dox offers a number of advantages over free DOX, 

including a significant decrease in cardiotoxicity, 

an extended retention period in human plasma, and 

passively tailored delivery to tumours. 

However, because of their exceptional 

biocompatibility, biodegradability, and entrapment 

effectiveness, lipid nanoparticles (LNPs) have also 

been acknowledged as a perfect carrier for nucleic 

acids like DNA, mRNA, and siRNA. The first 

approved double-stranded LNP-delivering small 

interfering RNA is called ONPATTRO (2018). 

Since the 1980s, LNPs with cationic lipids or pH-

responsive lipids have been used to encapsulate and 

distribute nucleic acids. Cationic lipids, however, 

have unfavourable toxic effects. 

Ionizable cationic lipids, which are neutral 

at physiological pH but have positive charges at 

lower pH (pH 6.0), are better for creating LNP 

systems. Ionizable cationic lipids (DLin-MC3-

DMA), phospholipids (1,2-Distearoyl-sn-glycero-

3-phosphocholine [DSPC]), cholesterol, and lipids 

modified with polyethylene glycol are the 

components of LNPs that contain siRNA 

(PEG2000-C-DMG).Lipid nanoparticles (LNPs) 

have also been recognised as the ideal carrier for 

nucleic acids like DNA, mRNA, and siRNA due to 

their superior biocompatibility, biodegradability, 

and entrapment efficacy. ONPATTRO is the name 

of the first authorised double-stranded LNP-

delivering small interfering RNA (2018). LNPs 
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containing cationic lipids or pH-responsive lipids 

have been utilised to distribute and encapsulate 

nucleic acids since the 1980s. However, cationic 

lipids have hazardous side effects. 

Better for developing LNP systems are 

ionizable cationic lipids, which are neutral at 

physiological pH but contain positive charges at 

lower pH (pH 6.0). The constituents of LNPs that 

carry siRNA are ionizable cationic lipids (DLin-

MC3-DMA), phospholipids (1,2-Distearoyl-sn-

glycero-3-phosphocholine [DSPC]), cholesterol, 

and lipids modified with polyethylene glycol 

(PEG2000-C-DMG). 

 

 
Figure1:Nanostructuredlipidcarrier

(4).
 

 

NLCs also expanded the spectrum and 

were able to get around many of the drawbacks of 

traditional lipid-based carriers. For instance, NLCs' 

physical stability, which is a significant hurdle in 

emulsion-based formulations, was improved by 

putting them in a solid state at ambient 

temperature. The costly technological necessity for 

mass manufacturing of liposomes was eliminated 

by the availability of efficient technologies for 

producing NLCs on a wide scale. NLCs are 

biocompatible systems that differ from other lipid-

based formulations by having a hard morphology 

that adds to their special qualities.
5 

 

• LIPID NANO PARTICLES: WHAT ARE 

THEY? (6). 

• improved control over the kinetics of an 

encapsulated compound's release. engineering 

using lipid composition and size. Melting can 

act as a catalyst. improved bioavailability of 

the bioactive that was trapped. Chemical 

defence of a chemically integrated labile 

compound a lot less difficult to make than 

biopolymeric nanoparticles. No unique 

solvents are needed. 

• Numerous basic materials (lipids). Application 

of traditional emulsion production techniques 

Similar raw resources are required for 

emulsions throughout the long run. 

• Types of NLCs: 

•  While SLNs and NLSs share a structure, 

NLCs have three very distinct characteristics. 

Three alternative techniques were used for the 

production and formulation of nanostructure 

NLCs, and their features depend on the 

location the medicine will be integrated 

(7).NLC type also called as imperfect crystal. 

• NLC type also called as amorphous type. 
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Figure2 - Structures if nanostructure lipids carriers 
(7)

 

 

NLC kind is also known as flawed crystal. 

The solid matrix of NLC type I, also 

known as imperfect crystal types, is poorly 

organised. Glycerides are one type of fatty acid that 

can be used to improve and alter the structure. The 

total number of flaws in the structure is both 

responsible for and beneficial for the ability of a 

good drug to be improved. 

 

 
Figure3:Crystallization processduringstoragetoperfect crystalin SLN(left)and unchanged 

remainingNLCIstructurewith imperfections
(6).

 

 

• Kind II NLC is sometimes referred as as 

amorphous type. 

The lipids are blended in this method of 

making NLCs so that crystallization can be avoided 

by the mixing process. The lipid matrix is still solid 

but amorphous in the type III procedure. Drug 

ejection is frequently caused by the crystallization 

process and methodology. To lessen this, solid 

lipids such isopropyl palmitate, MCT, or hydroxy 

lactose hydroxyl stearate can be carefully blended 

with solid lipids to create NLCs. although 

nanocrystalline NLC are produced in solids (4,8). 
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The Type II device has the advantages of a high 

drug entrapment efficiency, controlled drug release, 

and minimum drug leakage. 
(9)

 

 

 
Figure4: Structure less type II of NLC the lipid solidifies in the solid but amorphous 

(6). 

 

The oil-in-lipid-in-water kind of NLC is 

known as a multiple type and belongs to the II 

category of NLCs. 

The solubility of oil is higher in type II 

NLCs than that of solid lipids 
(10).

 Due to the oil 

molecule's ease of spreading into the lipid matrix at 

low oil concentrations, type II NLCs include 

substantial amounts of oil mixed with solid lipids 

(6)
. 

If more oil is injected than is necessary for 

it to dissolve, this can cause the separation of 

distinct phases, which ultimately results in the 

formation of tiny oily nano compartments that are 

enclosed by the solid lipid matrix 
(4)

. 

 

 
Figure 5: Theoretical proposed structure of multiple type NLC (oil-in-solid fat-in-water) (O/F/W) 

(6).
 Of 

Because their highly disordered lipid structures, NLCs can accept pharmaceuticals. Because of their highly 

disordered lipid structures, NLCs can accept pharmaceuticals 
(11).
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CharacterizationofNLCs 

ZetaPotential: - 

The zeta potential (ZP) indicates the 

overall charge a particle acquires in a specific 

medium.Stability of the nano dispersion during 

storage can be predicted form the ZP value. The 

ZPindicates the degree of repulsion between close 

and similarly charged particles in thedispersion. 

High ZP indicates highly charged particles. 

Generally, high ZP (negative or 

positive)preventsaggregationof 

theparticlesduetoelectricrepulsionandelectrically 

stabilizesthe nanoparticle dispersion. In terms of 

rate of incorporation, neither SLN nor NLC lipid 

nanoparticles outperformed typical nano emulsions. 
(12).

 With increasing oil content, the zeta potential 

value of SLNs and NLCs has increased 
(13).

 

Cooling procedure of a hot 

homogenization process [n the other hand, in case 

of low ZP, attraction exceeds repulsion and the 

dispersion coagulates or flocculates. However, this 

assumption is not applicable for all colloidal 

dispersion, especially the dispersion which contain 

steric stabilizers. The ZP value of −30 mV is 

enough for good stabilization of a nano 

dispersion.TheZP of the nano dispersions can be 

determined by PCS
(14).

 

 

Particle Size:- 

Particle size was determined by particle 

size and zeta potential PCS. 
(15)

 The 

reticuloendothelial system's ability to absorb and 

remove particles from the gastrointestinal tract 

depends critically on their size. Therefore, it is 

crucial to determine the particle size precisely. For 

intestinal transit, it is best to use particles that are 

smaller than 300 nm 
(16)

. The most effective and 

popular methods for determining the particle size 

of lipid nanoparticles are photon correlation 

spectroscopy and laser diffraction. Another name 

for PCS is dynamic light scattering. This method 

measures the variation in scattered light intensity 

brought on by particle mobility. PCS is a method 

that is sensitive and reasonably accurate. However, 

PCS can only measure objects up to around three 

nanometers in size 
(17)

. For lipid nanoparticles to be 

described, this size range is sufficient. However, 

LD is able to quantify larger particle sizes (>3). 

From the nanoscale to the lower millimeter level, 

LD spans a wide size range. The foundation of this 

approach is the relationship between the diffraction 

angle and particle radius. In comparison to bigger 

particles, smaller particles exhibit more intense 

scattering at high angles. 
(18)

 However, as both 

approaches estimate particle sizes from their light 

scattering effects rather than actually measuring 

particle sizes, it is generally advised to employ both 

PCS and LD together. This is due to the fact that 

many times, particles are not spherical 
(14)

. 

 

Crystallinity and Polymorphism:- 

Determining the crystallinity of the 

ingredients in SLN/NLC formulations is important 

because the lipid matrix and the medicine it 

contains may go through a polymorphic transition 

that could result in unwanted drug ejection during 

storage. Drug incorporation and release rates are 

also highly associated with lipid crystallinity. Drug 

in corporation rates drop in the following order: 

super-cooled melt, modification, modification, and 

modification. Thermodynamic stability and lipid 

packing density increase. However, due to the 

small size of the particles and the presence of 

emulsifiers, lipid crystallization and alteration 

changes may be significantly slowed down. To 

ascertain the crystallinity and polymorphic 

behavior of the constituents of the SLNs/NLCs, 

two extensively utilized techniques are differential 

scanning calorimetry (DSC) and X-ray 

diffractometry (XRD) 
(19). 

In contrast to XRD, 

which may identify certain crystalline compounds 

based on their crystal structure, DSC offers 

information on the melting and crystallization 

behavior of all solid and liquid constituents of the 

particles. 
(20)

 

DSC takes advantage of the fact that 

various lipid changes have various melting points 

and melting enthalpies. In XRD, a monochromatic 

X-ray beam is diffracted at angles dictated by the 

distance between crystallographic planes and the 

kind and arrangement of the atoms, and this pattern 

is captured by a detector. Each form of crystalline 

material has a different diffraction pattern, both in 

terms of its intensity and location. An XRD pattern 

can characterize and identify the structure of lipid 

and drug molecules, as well as forecast how lipid 

molecules would be arranged and behave in phases. 

The direct investigation of SLN 

dispersions, however, yields the best results 

because solvent removal may alter the alteration. 

Raman and infrared spectroscopy are two other 

methods that are helpful for examining the 

structural characteristics of lipids. However, they 

have not been employed frequently to describe 

SLNs/NLCs.
(21)

 

 

Specific restrictions: 

Such as cytotoxic effects based on matrix 
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type and concentration, certain surfactants' 

irritative and sensitizing effects, It is still necessary 

to improve application and efficiency for gene 

delivery systems and medications based on proteins 

and peptides. and Insufficient preclinical and 

clinical research has been done on these 

nanoparticles for bone healing. Natural essential 

oils are gaining popularity as antimicrobials due to 

consumer demand for food free of synthetic 

additives
. (23)

. 

 

Componentof the NLCLipids:- 

The main component of NLC is lipid, 

which affects how well they can load drugs, how 

stable they are, and how they behave during 

continuous release. Lipid nanoparticle dispersions 

are created using a variety of lipid components, 

including fatty acids, glycerides, and waxes. The 

bulk of these lipids, with the notable exception of 

acetyl palmitate, have received approval as 

generally regarded as safe (GRAS) and are 

physiologically well-tolerated 
(24)

. It's crucial to 

pick the best lipids before employing them to 

create lipid nanoparticle dispersions. 

Although there are no exact standards, 

empirical information like medicine solubility in 

lipid has been offered as an important factor to 

consider when choosing an appropriate lipid.
25

The 

main component of NLC is lipid, which affects 

how well they can load drugs, how stable they are, 

and how they behave during continuous release. 

Lipid nanoparticle dispersions are created 

using a variety of lipid components, including fatty 

acids, glycerides, and waxes. The bulk of these 

lipids, with the notable exception of acetyl 

palmitate, have received approval as generally 

regarded as safe (GRAS) and are physiologically 

well-tolerated 
(26)

. It's crucial to pick the best lipids 

before employing them to create lipid nanoparticle 

dispersions. 

Although there are no exact standards, empirical 

facts, such as the solubility of medications in lipid, 

have been offered as relevant standards for 

choosing an appropriate lipid
 (4)

. 

 

Solid lipids:- 

A combination of numerous chemical compounds 

which have a melting point higher than40°C. 

Examples are beeswax, 

carnaubawax,dynasan,precifac,stearicacid,ppifil,cut

inaCP8 etc.  

Liquid lipids(oil):- 

These liquid lipids are well tolerated and accepted 

for human use. 

Examples are castor oil, oleic acid, palm oil, olive 

oil etc. as shown inTable1. 

 

Table1: Lipids used in the preparation of nanostructured lipid carriers 
(2,8).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EMULSIFYING AGENTS- 

Surfactants are adsorbing molecules at 

interfaces that aid in reducing interfacial tension. 

Surfactants, commonly referred to as surface-active 

agents, improve stability by reducing surfactant 

rate when they are present in small quantities. Low 

Fatty acids Do decanoic acid, Myristic acid, Palmitic acid 

And Stearic acid. 

Monoglycerides Glyceryl monostearate, and Glyceryl 

behenate. 

Diglycerides Glyceryl palm it Glyceryl 

Di behenate 

Triglycerides Caprylate triglyceride, Caprate triglyceride, 

Glyceryl and tri behenate 

Waxes Carnauba, and wax Beeswax 

Liquid lipids Soyabean oil, Oleic acid. 
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concentrations of surfactants cause them to adhere 

to an interface or system's surface. Surface tension 

or interfacial tension is decreased by surfactant. 

The mixture of solid and liquid-lipid 

mixes won't do much to aid in perfect 

crystallisation in the case of NLC formulation. 

Researchers lessened the possibility that the 

encapsulated medication would be ejected during 

storage to address this problem. The addition of 

polysorbate 80 may have provided more interfacial 

area than polysorbate 20. As a result, NLC's 80 had 

a smaller average size than NLC's 20. 

As a result, the average size of NLC's 80 

was smaller than that of NLC's 20. The properties 

of NLCs can vary depending on the type of 

surfactant used in the formulation. The type of 

stabiliser had a significant impact on the NLCs' 

average size and charge, but not their size 

dispersion 
(28)

. 

NLCs have special qualities and traits that 

make it possible to deliver a variety of integrated 

pharmacological forms. The properties of NLCs are 

significantly influenced by the type of surfactant 

used. Energy is conserved by lowering the surface 

or interfacial tension between the two phases. 

The many surfactant kinds and 

classifications are listed in Table 2. The mode of 

administration of NLCs and the surfactant's HLB 

value are two factors that are taken into 

consideration while selecting surfactants for NLCs. 

The surfactants and co-surfactants are listed in 

Table 2. the impact of surfactant concentration on 

NLC particle size and dispersion NLC is stable 

because of the steric and electrostatic attraction 

between the particles. Some steric repulsion and 

electrostatic properties are described. The 

separation distance between the internal and 

exterior aqueous phases, the thickness of the to 

words or bed surfactant layers, and the size of the 

internal aqueous droplets and the oil globules all 

affect how much the adsorbed surfactant molecules 

are compressed.To properly achieve the thickness 

of each of the two surfactant layers, thicker 

adsorbed layers must be employed 
(28)

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table:2 List of Surfactant 

 

To avoid the internal aqueous droplets 

combining with the outer aqueous phase, prevent 

this from happening. A more stable double 

emulsion system can be created by preparing the 

system with smaller oil globules and larger internal 

aqueous droplets. Smaller oil globules and bigger 

internal aqueous droplets provide more steric 

repulsion than larger oil globules. 

Surfactants  

Ionic surfactants Non-ionic surfactants 

Sodium deoxy 

cholate, Sodium 

oleate, 

 

Span20,80,85, Tween20,80,Tyloxapol, 

Poloxamer188Poloxamer407, SolutolHS15 

Amphoteric 

surfactants 

Co-surfactants 

Egg phospholipid 

(LipoidE80, 

LipoidE80S) Soy 

Hydrogenated soy 

phosphatidylcholi

ne (LipoidSPC-3, 

Hydrogenated egg 

phosphatidylcholi

ne (LipoidEPC-3) 

Phospholipon80H, 

Phospholipon90H) 

Butanol, Butyric acid 
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Systems are stabilised by polyhydroxy 

surfactants by spatial exclusion, and because of 

their non-ionic makeup, low and zero zeta potential 

are achieved. It is claimed that the continuous 

phase's ionic strength and the charge density on the 

surface of the water and fat have an impact on how 

stable nanolipid carriers are with regard to 

aggregation 
(28).

 

 

Surfacemodifiers 

Polyethylene glycol 2000 coupled with 

dipalmitoyl-phosphatidylethanolamine (DPPE-

PEG2000). 2000 Di stearoyl-

phosphatidylethanolamine-N-poly (DSPE-

PEG2000) 

Stearicacid-PEG2000(SA-PEG2000). 

 

mPEG5000-C-LAA18 is an acronym for -methoxy-

PEG 5000-carboxylic acid-lipoamino acids. 

Dextran sulphate sodium salt, an ionic polymer. 

 

Methods of preparation- 

For the manufacturing of SLNs and NLCs, 

a variety of formulation procedures are available. 

Among them, high-pressure homogenization 

(HPH) and microemulsion procedures have proven 

to have a significant degree of scaling potential. 

The various current methods for SLN and NLC 

formulations are described in the sections that 

follow. But in certain cases, a mixture of various 

techniques has been used to make the nanoparticles 

(14). 

 

Methods of preparation- 

A variety of formulation techniques can be 

used to produce SLNs and NLCs. For scaling up to 

industrial production levels, high-pressure 

homogenization (HPH) and microemulsion 

techniques have shown a lot of promise. The 

sections that follow provide descriptions of the 

various approaches that are currently employed to 

formulate SLN and NLC. However, a variety of 

approaches have occasionally been combined to 

make the nanoparticles (14). Aqueous NLC was 

created using the method outlined by Muller and 

coworkers. As a result, phase heated to 10-15 

degrees.
(29)

 NLCs can be made in large quantities 

utilising techniques that are generally well-

established, such as dispersing techniques that do 

not require organic solvents. For these techniques, 

there are two distinct homogenization methods: 

high-temperature, high-pressure and low-

temperature, high-pressure. More typically, high-

temperature, high-pressure homogenization is 

employed, which involves first melting the solid 

lipid components before adding the liquid lipid and 

drugs. Following mixing, the molten liquid is 

distributed throughout the aqueous phase that 

contains surfactants. The mixture is stirred to 

produce the initial phase of an emulsion. Then, 

under extremely high shear stress, high-speed 

impact and decompression expansion gradually 

separate fluid droplets into nanoparticles. The 

viscosity of the combined liquid normally 

decreases at high temperatures, which reduces 

particle size but raises the possibility that the 

medication and the carrier will deteriorate. While 

this method works well for insoluble and lipophilic 

medications, it performs less well for hydrophilic 

ones. Avoiding organic solvents and larger-scale 

manufacture are two advantages.
 

 

Hothigh-pressurehomogenization: 

This procedure involves dissolving or 

evenly dispersing the drug in the melted lipid(s) at 

a temperature that is 5 to 10 degrees Celsius over 

its or their melting point (s). 

Next, a hot, previously heated aqueous 

surfactant solution is combined with the drug-lipid 

melt at the same temperature, and the mixture is 

homogeneously disseminated (pre-emulsed). In a 

high-pressure homogenizer, this hot pre-emulsion 

is subsequently heated to the same temperature 
(30)

.The homogenization process is repeated until 

the nano emulsion's average particle size is as 

required. The nano-emulsion is produced and 

cooled to room temperature. Lipid droplets in the 

nano emulsion re-crystallize as it cools, forming 

lipid nanoparticles with a solid matrix 
(14)

. 

 

Cold high-pressure homogenization 

In the cold HPH approach, which is 

comparable to hot HPH, the lipid(s) is/are melted at 

5–10 °C above its/their melting temperatures, and 

the drug is/are dissolved or homogeneously 

dispersed in the melted lipid (s). After being 

immediately cooled down with dry ice or liquid 

nitrogen, the drug-lipid melt is next crushed into 

tiny pieces in a ball mill or mortar. By suspending 

these minuscule particles in a cold aqueous 

surfactant solution, they are then homogenised at or 

below room temperature to produce lipid 

nanoparticles. This approach is appropriate for 

hydrophilic or thermo-labile medications since it is 

expected to reduce temperature-induced drug 

breakdown and drug dispersion into aqueous phase 

during homogenization.However, it is impossible 

to totally prevent this because the medication must 
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be exposed to high temperatures. The material is 

dispersed or dissolves in the molten lipid as a result 

of the homogenization process, which also 

generates some heat. Increasing a process usually 

brings forth a number of problems (31). A product 

with even greater quality in terms of finer particle 

size and homogeneity is produced during HPH, 

though, by employing larger scale machines. 

Additionally, the food and pharmaceutical 

industries are well-known for and frequently use 

the HPH technique. HPH can also produce SLN in 

non-aqueous dispersion media if the dispersion 

medium, such as liquid polyethylene glycol or oils 

(such as mineral oil), does not dissolve the lipid 
(14) 

. 

 

 
Figure6-PreparationofNLCsbycoldandhothigh-shear 
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Ultrasonication: 

High-speed homogenization or ultra-

sonification is another method for creating SLNs. 

The advantage of this method is that it makes use 

of tools that are routinely used at lab scale. This 

method, however, has disadvantages, such as a 

greater size dispersion that extends down to the 

micrometre range. Potential metal contaminations 

and physical instability, such as the production of 

particles during storage, are additional drawbacks 

of this approach 
(33,34).

 

 

Micro-emulsiontechnique 

Using this technique, the lipids are melted, 

and the drug is then added to the liquid lipid. A 

mixture of water, co-surfactant(s), and surfactant 

that has been heated to the same temperature as the 

lipids is added together with the lipid melt. A 

transparent, thermodynamically stable system is 

produced when the ingredients are mixed in the 

ideal ratios for microemulsion formation. The 

development of nanoparticles with the requisite 

size begins with the creation of the microemulsion. 

To disperse the heated microemulsion in a cold 

aqueous medium, water is mechanically gently 

diluted with the hot microemulsion in a 1:25-2:50 

ratio. The dispersion in the cold aqueous solution 

causes the oil droplets to immediately recrystallize 
(5).

Lecithin and biliary salts are, respectively, co-

surfactants and surfactants. Along with alcohol, 

there is butanol. Excipients like butanol are less 

frequently employed because to the regulatory 

consequences. The microemulsion is prepared in a 

large temperature-controlled tank, and the contents 

are pumped into a cold-water tank for the 

precipitation stage 
(24).

 

 

Solventemulsification-evaporationtechnique: 

Lecithin and biliary salts are, respectively, 

co-surfactants and surfactants. Along with alcohol, 

there is butanol. Excipients like butanol are less 

frequently employed because to the regulatory 

consequences. The microemulsion is prepared in a 

large temperature-controlled tank, and the contents 

are pumped into a cold-water tank for the 

precipitation stage 
(24). 

In both aqueous and oligogenic phases, 

where the solvent must be slightly soluble in water, 

this approach can be used. The solvent and water 

must initially reach mutual saturation in order for 

the initial thermodynamic equilibrium of both 

liquids to be guaranteed. The heating process that is 

utilised to solubilize the lipid is carried out at the 

same temperature as the saturation. 

The drug and lipid were subsequently dissolved in 

a water-saturated solvent, and this organic phase 

was produced 
(14).

 

 

SolventDispersion: - 

In the solvent dispersion method, solid 

lipid, liquid lipid, and the drug are all dissolved 

using a water miscible organic solvent (ethanol, 

acetone, or isopropanol). The organic solution is 

then gradually infused into the water containing the 

emulsifier, and the NLC is extracted using 

centrifugation. The amount of medication placed 

into NLCs created using this method often depends 

on the liquid's volume. To further enhance the drug 

loading of NLC, the dispersed phase is often 

utilised to surround a saturated drug solution. The 

advantages of this strategy include speed, 

simplicity, and a low instrument requirement. This 

method has limitations because it still contains 

organic solvent and isn't entirely suitable for 

commercial manufacture 
(35).

 

The solvent also prepares NLCs 

dispersion strategy This approach was applied. In 

order to achieve an entrapment efficiency of 

paclitaxel7211.6%, they were made with 

cholesterol as the solid lipid, OA as the liquid lipid, 

and poloxamer188 and polysorbate 80 as 

surfactants. 3.1.4
(2).

 

 

Film-Ultrasonic Method 

In the film-ultrasonic method, the 

medications, solid lipids, and liquid lipids are 

dissolved in a suitable organic solvent before being 

eliminated by vacuum evaporation. The application 

of a layer of mixed lipid films requires the use of a 

surfactant aqueous solution. Then, using an 

ultrasound probe, small and reliable NLCs are 

produced by ultrasonic dispersion. This method is 

most frequently used since it is simple, practical, 

and produces small, homogeneous particles. 

However, the product made utilising this procedure 

could have toxicological problems due to solvent 

residues 
(2).

 

 

Applications 

Applications for NLCs as nano lipid 

carriers can be found in many different industries. 

The applications are broken down into two 

categories that are more general: the therapeutic 

applications, which cover the numerous drug 

delivery pathways, and the applications in other 

industries, such as cosmetics, nutraceuticals, food, 

chemotherapy, and gene delivery. Below is a 

discussion of them: 
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Therapeutic applications topicaldelivery 

Topical drug delivery to cutaneous regions 

has frequently used lipid-based nanoparticles. 

Recently, numerous studies and tests on the 

practical application of NLCs for their unique 

properties have been carried out 
(36)

. The apparent 

solubility of drugs that are retained by NLCs can be 

increased, creating a significant concentration 

gradient on the skin that facilitates the penetration 

of pharmaceuticals. Due to the nano-sized particles' 

strong adherence to the surface of the skin, drugs 

are delivered more gradually and under strict 

supervision 
(37)

. In order to increase penetration and 

prolong release, several different categories of 

drugs are applied topically using NLCs. 

The rapid time required for these products 

to enter the market is another benefit of NLCs for 

topical delivery of active compounds 
(22)

. Neither 

SLN nor NLC lipid nanoparticles outperformed 

ordinary nanoemulsions in terms of rate of 

incorporation 
(38).

 

 

Oraldelivery 

NLCs have been demonstrated to be one 

of the advantageous systems for oral administration 

of medicines with limited bioavailability and poor 

water solubility. Large dispersion of NLCs, which 

results in a high specific surface area for enzymatic 

assault by intestinal lipases, is another crucial 

characteristic (39). Increased drug loading, 

enhanced drug inclusion, patient compliance, high 

particle concentration, and cream-like carrier 

consistency are further benefits of administering 

NLC orally 
(33)

. 

 

Parenteraldelivery 

Lipid-based nanoparticles have been 

employed extensively for topical medication 

delivery to cutaneous areas. Numerous 

investigations and testing on the use of NLCs in 

practical settings for their distinct features have 

recently been conducted (36). Pharmaceuticals can 

more easily penetrate the skin by establishing a 

substantial concentration gradient on the surface 

thanks to an increase in the apparent solubility of 

medications that are held by NLCs. Drugs are 

administered more gradually and under precise 

control because of the strong adhesion of the nano-

sized particles to the skin's surface (37). Several 

distinct categories of medications are delivered 

topically utilising NLCs to improve penetration and 

prolong release. 

The quick commercialization of these 

products is another advantage of NLCs for topical 

administration of active chemicals (22). Regarding 

the rate of increased cytotoxicity and hemolytic 

activity with less negative effects when used in 

corporate NLCs (22,40). 

 

Oculardrugdelivery 

The administration of ophthalmic 

medications with prolonged pre-corneal retention 

durations and high penetration into aqueous 

humour and intraocular tissues is the key limiting 

factor for treating ocular illnesses and disorders. 

Recent studies suggest that the administration of 

NLC may increase the bioavailability of the 

lipophilic drug ibuprofen to the eyes 
(43)

. Our 

earlier research showed that NLC might improve 

the uptake of bioactive compounds into ocular 

tissues while preserving a tolerable level of ocular 

tolerance. Another method is to strengthen the 

formulation of an NLC by adding permeation 

enhancers such as transductal IP and Gelu Cire 

44/14, two types of solid lipids that can somewhat 

increase drug corneal permeability while stearyl 

Amine can lengthen pre-corneal retention of 

medication.The preparation demonstrated greater 

bioavailability when compared with eyedrops and 

all three materials can be used to improve the 

formulation of an NLC ocular medication delivery 
(22)

. 

Mucoadhesive nanostructured lipid is 

another promising carrier for the in vitro and in 

vivo administration of eye medications. An in vivo 

distribution investigation found that thiolate NLC 

might extend pre-corneal residence time and 

distribute high quantities of cyclosporine (CVA) to 

eye tissues in the ocular surface and anterior 

chamber 
(22)

. 

 

Drugdeliverytobrain 

Brain targeting raises the drug's 

concentration in cerebrospinal fluid while reducing 

the frequency of dose and side effects. The 

avoidance of first pass metabolism and the rapid 

onset of action are this form of administration's key 

advantages over oral administration. LNC (for 

instance, NLC) of this generation are recognised as 

one of the important strategies for drug delivery 

without any change to the drug molecule due to 

their fast absorption by the brain, bioacceptability, 

and biodegradability. They are also more promising 

scale-up candidates and don't exhibit the burst 

effect, which increases their potential as drug 

delivery vehicles. NLC also enhanced the way 

duloxetine is administered intranasally to the brain 

in order to treat major depressive 
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disorder.medication used to increase dopamine 

Receptor agonist has also been added to NLCs for 

regulated drug administration in pulmonary drug 

delivery to provide long-lasting therapeutic effects 

and might extend BC half-life in vivo for the 

treatment of Parkinson's disease 
(22,33)

.localised 

drug concentrations In pulmonary drug delivery 

systems, surfactants and co-solvents are also used 

to develop stable formulations of very lipophilic 

active ingredients 
(44)

. 

Few attempts have been made to 

administer anti-cancer medications via inhalation 

using nanoparticles and liposomes, but the primary 

challenges were instability during nebulization, 

biodegradability, drug leakage, and undesirable 

side effects. The majority of the nebulized 

nanoparticles were able to settle in the mice lungs' 

alveolar region, lengthening the duration of 

celecoxib lung residency. Using a combination of 

solid and liquid lipids, the lipophilic COX-2 

inhibitor celecoxib was successfully encapsulated 

in the NLC nanoparticles. In order to prevent drug 

deposition in the upper airways and exhalation 

while medications are being deposited in the deep 

lung, ultrafine particles must be controlled.
(44)

 

 

Other applications Cosmetics 

Recently, NLCs were produced by 

carefully regulating the nano-structuring of the 

particle matrix, which has great advantages for 

loading capacity and long-term stability 
(45)

. 

Improved skin absorption of active ingredients, 

film generation and controlled occlusion, UV 

protection, penetration augmentation and epidermal 

targeting, improved physical and chemical stability, 

and in-vivo skin hydration are all benefits of 

employing these NLCs in cosmeceuticals 
(22)

. 

NLCs considerably increased 

oxybenzone's in vitro SPF and erythemal UVA 

protection factor by more than six and eight times, 

respectively, with less side effects. According to 

studies, NLC with CutanovaCreamNanoRepairQ10 

hydrates skin more effectively than a conventional 

o/w cream of the same composition. Nano Lipid 

Restore CLR is a different cosmetic item based on 

lipid nanoparticles. NLCs are given a boost in 

stability and oxidation resistance by the addition of 

the readily oxidised black currant seed oil. Another 

Sturm product increases the occlusive properties of 

a day cream without changing how light it is, 

resulting in higher occlusive features without 

making the skin look shiny. Additionally, by 

integrating the minimum NLCs, a prolonged 

release profile for the scents and in sect repellent 

was created 
(22)

. 

 

Chemotherapy 

Recent research has demonstrated that 

NLCs not only improved the efficacy and stability 

of several cytotoxic medicines, but also decreased 

their negative effects. In early 2005, the albumin-

paclitaxel nanoparticles were approved for use in 

chemotherapy for metastatic breast cancer. 

Etoposide NLCs were also discovered to be 

cytotoxic against human epithelial-like lung 

carcinoma cells, and topotecan NLCs were 

stabilised and released for a prolonged period of 

time to treat refractory ovarian and small-cell lung 

cancer. High drug loading efficiency, a delayed 

release profile, enhanced chemical stabilisation, 

and increased cytotoxicity are benefits of using 

anti-cancer medications in NLCs 
(22).

 

Nutraceuticals are bioactive substances 

that provide pharmacological or health benefits, 

such as the ability to treat and prevent disease. Due 

to their widespread distribution in plant tissues, 

structural variety, and extensive range of functions, 

carotenoids are one of the most significant classes 

of natural pigments 
(22)

. 

 

II. CONCLUSIONS 
With fewer side effects, NLCs 

significantly enhanced oxybenzone's in vitro SPF 

and erythemal UVA protection factor by more than 

six and eight fold, respectively. Studies show that 

NLC moistened skin more effectively than a 

conventional o/w cream with the same formulation 

when it contained CutanovaCreamNanoRepairQ10. 

Nano Lipid Restore CLR is the name of a separate 

cosmetic item based on lipid nanoparticles. NLCs 

are given the quickly oxidised black currant seed 

oil to boost their stability and oxidation resistance. 

Another Sturm product enhances a day cream's 

occlusive properties without changing its lightness, 

resulting in improved occlusive qualities without 

making the skin look glossy. Additionally, a 

prolonged release profile for conventional nano 

emulsions showed neither SLN nor NLC lipid 

nanoparticles to be beneficial. 
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