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Abstract
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Lipid based nanoparticles provide the prospect of developing novel treatments owing to their unique size related characteristics. 
The process of integrating medicines into nanomedicines provides a novel drug discovery concept that might be used for therapeutic 
targeting. As a result, these  nanocarriers offer tremendous potential for achieving the objective of regulated and site-specific 
medication, and also have captivated the interest of researchers. As a result of their pharmacological and reversible characteristics, 
lipid molecules can reduce undesirable consequences and toxic effects of medication methods as contrasted to polymer counterparts. 
The research emphasizes the significance of nanocarriers in modifying medication drug release and pharmacokinetic characteristics 
if administered orally.
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Introduction

Nanocarrier methods are quickly emerging as a breakthrough 
in fields like biotechnology, genetics, and nanomaterials. 
Nanostructures employ a variety of preparatory processes in the 
creation of Nano-sized products. The goal of nanomaterials in 
pharmaceuticals  will be to create medicines in form of particles 
that may be efficiently ingested, leading in a therapeutic effect with 
minimal adverse effects through a controlled release drug delivery 
mechanism [1]. SLNs were colloidal carriers composed of solid 
lipids having higher melting points that create a solid foundation and 
are coated by an aqueous surfactant. Lipid granules for medication 
transportation orally are well-known for their utilization of solid 
lipid as just a drug delivery system [2]. For the production of SLNs, 
lipids such as waxes, glycerides, fat, triglycerides, oil, are utilized. 
These benefit nanoparticles since the lipid matrix is composed of 
natural lipids with a minimal risk for complications and toxicity 
[3].

All those are sub-micron colloidal nanocarriers with diameters 
varied from 50-1000 nm and made of natural  lipid dissolved  in 
water or hydrophilic surfactant mixture. These  have distinctive 
properties like tiny size, large specific surface area, increased 
medication  loading, and phase interface, and therefore are 
appealing due to the ability to increase therapeutical efficacy [4]. 
These carriers are innovative possible colloid delivery systems as 
alternatives to polymer that is similar to such an oil - in - water 
dispersion for parenteral, except that the fluid lipids of an emulsion 
have now been substituted by a  solid-lipid matrix. These offer 
many benefits, including high biocompatibility, minimal toxic 
effects, and lipid soluble medicines are efficiently administered by 
lipid nanoparticles, and also the solution being highly stable. By 
use of these carriers as therapeutics has a distinct benefit in which 
network  is made of natural elements, namely excipients  having 
generally recognized as safe (GRAS) classification for systemic 
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and injectable delivery, that  reduces toxicity. The toxicity of 
these carriers  could  be ascribed to the nonionic additives and 
preservative chemicals employed in their manufacture [5]. For  in 
vitro study, carriers  produced at a dose  of 2.5 percent lipid has 
no harmful effects [6]. Particularly lipid levels greater or  above 
10% were demonstrated to provide an 80% survival in normal 
granulocyte growth. In addition, at 0.5 percent levels, certain 
polymeric nanocarriers  caused total apoptosis. Furthermore, a 
maximum load capability for even a wide variety of medications, 
particularly those with lipid soluble characteristics, can be obtained 
[7]. These could be made by replacing the fluid lipid in o/w nano or 
micro emulsions with a lipid matrix made up of solid. Generally, a 
solid based matrix has several benefits over a liquid-based core [8]. 
Emulsions and liposomes typically exhibit a loss of encapsulating 
medication safety and release of drugs as uncontrolled. They have 
the same solid lipid-based core as polymeric loaded nanoparticles. 
Furthermore, they are inexpensive, and ingredients and production 
processes, as well as the profit margins are not significantly greater 
than any of those developed for development of injectable mixtures. 
Lipid based nanocarriers have considerable potential for improving 
the bioavailability of a few of the least soluble medicines. The 
release of drug from these carriers inside the intestine is likewise 
relied on lipase action  for lipid-based  matrix breakdown inside 
the gastrointestinal tract. As part of an absorption, the lipase-
based  complex degrades dietary lipids. The in vitro degradation 
test based upon pancreatic lipase-based complex was designed to 
acquire valuable data about the breakdown speed of carriers as a 
factor of a lipid and surfactant employed [9]. Because of presence 
of a range of lipid assembling morphology, the morphological 
characteristics improves drug solubility, the formation of assembly 
morphologies as just a time - dependent, and chemical composition, 
the physicochemical parameters of lipid drug carriers are very 
complicated. 

Benefits 

•	 Controlled release of drug 

•	 Medication stability is improved; 

•	 Medication stability is improved; 

•	 There is no toxicity of carriers.

•	 Organic based solvents should be avoided.

•	 There are no issues with huge manufacturing or sterilizing.

•	 Bioavailability of trapped natural compounds is elevated.

•	 Chemically protection of integrated labile chemicals

•	 These nanoparticles are easier to design as compared to 
polymeric based nanoparticles

•	 Higher stability [10].

Drawbacks associated with SLN

•	 Particulate formation

•	 Gelation tendencies that are unexpected

•	 Polymeric based transition dynamics that are unanticipated

•	 Burst release [10].

Preparation Methods

Various methods are employed for the preparation of solid lipid 
nanoparticles are shown in figure 1.

Figure 1: Method of Preparation.

High-pressure homogenization

These have been utilized as a dependable approach for 
preparing SLN. Several producers provide affordable homogenizers 
in a variety of sizes. Particulate in the micron range is produced in 
conditions of high shear stress and cavitation force. HPH creates 
nano-based emulsions for parenteral diet. This forces the fluid via a 
tiny area at increased pressures (100-2,000 bar). Such vesicles are 
manufactured using cold and hot homogenization methods. In each 
of these cases, there is a preliminary step. The lipid-based matrix 
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utilized throughout this method is derived from natural lipids, 
lowering the potential of acute and long-term cytotoxicity [11].

Hot homogenization

Temperature above the melting point of a lipid are chosen 
for all  procedures, which may therefore be called emulsion 
homogenization. At about the same temperatures, a liquid 
surfactant is utilized to combine lipid and medication. A rapid shear 
blending machine is being used to create a heated pre-emulsion, 
culminating inside an o/w emulsion. The solution would then be 
cooled, which causes the production of lipid- based crystals as well 
as the creation of carriers. 3-5 rounds of homogenization at 500-
1,500 bar was required for creation of ideal carrier [12]. The size 
of the particles increases as the number of repetitions or even the 
pressure increases. Lastly, the nano-based emulsion is cooled down 
to room temperature, when lipid recrystallization occurs, resulting 
in the production of particles [13].

Cold homogenization

The approach was designed to address the issues associated 
with hot homogenization, like quicker degradation owing to rising 
temperature, medication loss in  homogenization, and unknown 
polymorphic changes of a lipid owing to intricacy of crystallization. 
First basic stage, that involves drug solubility throughout the lipid 
melt, is identical. The subsequent stages are changed; the drug-
consisting melt is quickly chilled with solid CO2 or liquid nitrogen 
to provide a homogeneous drug distribution lipid-based matrix. A 
ball mill can then be used to grind the solid it into fine particles. The 
normal size of dust obtained would be in the 50 to 100 m range. 
The tiny particulates are disseminated inside the cooled liquid 
surfactant. The mixture been exposed to HPH to begin production 
[11].

Ultrasonication 
Sonication or high-speed stirring or  were also used to create 

these carriers. The technique’s present in each and every individual 
facility. The disadvantage of this method was its larger  size of 
particles  dispersion reaching into micrometer range, and is the 
primary source of instability. Throughout this approach, particle 
gain during storage and possible metallic degradation are serious 
issues [14].

Solvent emulsification

Diffusion process

Organic based solvents that seem to be partly water - soluble, 
like methyl acetate, ethyl acetate, isopropyl acetate, benzyl alcohol, 
and butyl lactate, are commonly seen for this technique. To begin, 
the organic-based  solvent and water are simultaneously filled 
to achieve the first equilibrium state of both stages. Lipids and 
medicines are dispersed in a liquid solvent before being mixed in 
the aqueous solution with mixing to create an o/w-based emulsion. 
The mixture is mixed with water (vol ratios ranging from 1:5-
1:10) to enable the solvents to diffuse into continuous liquid 
phase. These develop naturally as a result of lipid deposition, as 
well as the fluid is subsequently removed through lyophilization 
[15,16]. The approach avoids subjecting medicines to extreme 
temperatures and stress, including that caused by high-speed 
stirring or  homogenization at increased pressure. Furthermore, 
it’s also readily upgraded [17]. The method is also applicable to 
hydrophobic and hydrophilic medicines. Various medicines and 
biomolecules were encapsulated, including tretinoin, and insulin 
[18], cyclosporine.

Evaporation process

The  evaporation technique is utilized to create nanoparticles 
utilizing liquid insoluble  organic solvents (e.g., cyclohexane, 
chloroform, toluene and dichloromethane) [19,20]. To summarize, 
medication and lipid are mixed inside a solvent mixture, and 
dispersed inside an aqueous solution to produce nano-based 
dispersions. The major benefit of this model is that it avoids 
exposing medicines to extreme temp, making it suitable for 
enclosing extremely thermo-labile medications. The evaporation 
technique has drawbacks because it needs hazardous organic 
solvents as well as the resultant solution is diluted, necessitating 
additional ultra-filtration or evaporation [21].

Supercritical fluid (ScF)

That is a rather sophisticated approach for producing SLNs. 
It  has specific thermophysical characteristics that could be 
carefully tuned by small changes in pressure. It is a solvent-free 
method of manufacturing. The volume and capacity of liquid to 
liquefy chemicals increase as pressure increases, but velocity 
stays constant. This is a material that is over its temperature and 
pressure. At all these temperatures, the liquid seems to have the 
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following properties: It has a greater mass-transfer rate due to 
its fluid density,  viscosity like gas, and bigger diffusivities than 
just a conventional fluid. The medication’s great absorption in 
ScCO2 (solvent) is necessary for rapid expansion of supercritical 
solutions (RESS) technique to work. The liquid is rapidly expanded 
through a nozzle in this procedure to transform the solute as nano 
or micro particles. There have been 3 main variables that govern 
particle development, and they include a short residence period, 
a limited amount of time for crystal growth, and larger particle 
dilution. The griseofulvin was obtained by adding a co-solvent like 
methanol, which increases solubility of drug in ScCO2 by roughly 28 
times. Using a basic capillary tip, drug loaded nanoparticles with 
diameters ranging from 50-250 nm were created [22].

Spray drying

This is a method of converting a liquid  dispersion into 
medication that is similar to lyophilization. As opposed to 
lyophilization, this is a more cost-effective technique. Because 
of increased temperature,  shear pressures, or partial melting of 
a particles, there is indeed a possibility of particle collecting. It 
suggested recommended lipid having boiling points greater to 
70°C be chosen for spray drying. The nanocarrier levels of 1% in 
trehalose in water or 20% trehalose in ethanol-water combinations 
(10/90 v/v) produced the greatest results.

Microemulsion

The formulations preparations  are biphasic, with exterior 
and interior media. The heated microemulsion is dispersed in 
cold water (2°C-3°C). The dilution procedure could be modified 
dependent  on a  combination of microemulsion. There is no 
additional energy used in this approach to achieve the submicron 
size. The fundamental conditions for creation of nanomaterials 
are, they’ll only be generated using specific solvent which quickly 
disperse in to aqueous solution, while more lipid soluble solvent is 
used to obtain larger particle size distribution. The major benefit 
of this approach was its weak mechanical energy input, that is 
adequate [23].

Coacervation method

The method relies upon the  deposition of  fatty acids based 
alkaline salts  caused by acidification. The triglycerides utilized 
will be in the type of alkaline salts (e.g., sodium stearate) that are 
distributed in an aqueous phase of a polymer-based stabilizer, like 

HPMC or PVA [24,25]. In following phases, medications could be 
dispersed inside the lipid matrix or put onto controlled carriers 
[26]. Medications are dissolved in ethanol and dispersed with-in 
lipid phase to deposit them into lipid stage. If the combination is 
warmed above Krafft point, a transparent micellar mixture of a 
lipid alkaline salt  forms. The mixture then titrated dropped wise 
with an acidifying mixture, causing the lipid to precipitation. The 
acquired solution is next chilled in a water bath by constant stirring 
at 300 rpm till 15 ºC is achieved, after which it is chilled in a 
water bath continuous stirring to finish the precipitate of NLC 
or SLN. The technique was utilized to make insulin or glargine 
insulin-loaded NLCs and SLNs. The coacervation technique is the 
simplest approach for producing NLCs and SLNs without the use 
of complex equipment and solvent. This can, however, also be 
employed on lipid which produce alkaline salt, like fatty acids, 
which is not appropriate for pH-sensitive medicines.

Solvent injection method

Drugs and lipids are dispersed in an aqueous-miscible solvent 
using this technique. Typically, the aqueous layer is made by adding 
an emulsifier or a buffer mixture. With the use of syringe,  the 
organic layer  is rapidly injected into to the aqueous layer while 
being continuously mechanically stirred [27]. Solvent diffusion 
leads in the production of small droplets and lipids deposition 
throughout this technique. Emulsifiers are crucial for  the 
estimation of size  and size ranges. At even small doses (e.g., 0.1 
percent), the size distribution is significantly decreased. Generally, 
as the percentage of emulsifiers rises, PDI  and size  immediately 
drop, so when it crosses the threshold level (0.5-1.5 percent), 
PDI  and size  begin to increase. As a result, the emulsifier forms 
and stabilizes NLCs  and SLNs. Particularly, organic solvent  rate 
of diffusion into the aqueous solution is regarded among the most 
essential elements influencing size [28]. After  injection, 2  major 
processes occur concurrently. Firstly, the solvent disperses out of 
droplet into aqueous solution, resulting in a decrease in particle 
size. As a result, the lipid content inside the particles rises, resulting 
in the development of supersaturated areas in the aqueous medium 
controlled by emulsifiers [29]. Secondly, the emulsifiers lower the 
interfacial tension here between solvent  and water, resulting in 
the production of tiny lipid particles just at site of injection. These 
molecules are split into smaller particles with roughly the very 
same lipid contents owing to interface pulsating and turbulence 
throughout solvent diffusion [30].
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Some recent studies of SLN preparation and characterization 
are listed in table 1 below.

Drug Method of Preparation Characterization Inference References

α-tocopherol 
acetate (ATA)

Solvent injection-ho-
mogenization

Size, zeta potential, 
entrapment efficiency

With the no gradual release 
for around ten days evaluated, NPs 
with size, zeta, and percent EE of 
175 ± 15 nm, +35 ± 2.5 mV, and 

90.58 ± 1.38 percent were 
produced.

[31]

Temazepam Solvent injection 
method

size, %EE, zeta 
potential, and 

polydispersity index 
(PDI)

The findings suggest that the 
composition might be used as a 

carrier system for brain-mediated 
medication delivery for treatment 

of insomnia.

[32]

siRNA Solvent injection 
method Size, %EE

The post-treatment approach is 
intended to help with the 

manufacturing of nanocarriers for 
useful applications as well as the 

creation of new LNP-loaded 
nanocarriers.

[33]

Enrofloxacin Ultrasonication and hot 
homogenization method

Zeta potential, %EE, 
size, PDI

When compared to different 
fatty acid- prepared formulations, 

stearic acid loaded formulation had 
greater particle size, greater PDI, 

and larger zeta potential.

[34]

Doxorubicin Solvent injection 
method

PDI, size and zeta 
potential

Histological studies verified the 
decrease in toxicity. The 

findings imply that VitB6 enhanced 
charged reversing particles might 

be a unique platform for 
effective cancer diagnosis and 

therapy medicines.

[35]

Simvastatin Solvent injection 
technique

Size, PDI, %EE

designed to provide an optimal 
mixture with smallest size as well 
as the best feasible entrapment, 

capable of sustaining release 
profile for more than 55 hours

[36]

Piroxicam Solvent emulsification 
evaporation method

Size, PDI, %EE

Piroxicam gel demonstrated more 
drug penetration through skin 

than commercial formulations, as 
well as the size of a formed carrier 

system had such a significant 
influence on permeability rate.

[37]
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Magnesium 
lithospermate B Solvent diffusion 

method Size, PDI, %EE

Following PEG-SA alteration, 
the size of a composition ranged 

between 82.57 to 53.50nm, via an 
enhanced drug loading 

(approximately 16.18 percent).

[38]

[6]-Shogaol High-pressure 
homogenization

Size, %EE, Zeta poten-
tial

The composition that 
resulted was stable, 

homogenous, and dispersed. It 
measured 73.56 ± 5.62 nm and had 

a voltage 
of -15.2 ± 1.3 mV.

[39]

Cyclosporin-A High-pressure 
homogenization DSC, size, %EE, IR, SEM

In vitro tests indicated that 
GMS-loaded formulation 

delivered the medication quicker 
than 

GPS-loaded SLNs 
(in 20 hours).

[40]

Glutathione Spray congealing FTIR, DSC, size, %EE

SLMs comprising the 
medication or with other 

combination with some other 
antioxidant drug was efficient in 

lowering intracellular 
oxygen species concentrations.

[41]

Clarithromycin High-speed 
homogenization

Release, drug content, 
PDI and size

The analysis indicate that chain 
length of lipid was directly 

connected to PDI, PS, drug content, 
and preparation release level.

[42]

α-Bisabolol Hot homogenization 
method

PXRD, FTIR, size, zeta 
potential

The potential result represents that 
-bisabolol-preparation will have a 
greater capacity to transport the 
medication to a target location.

[43]

Doxorubicin Emulsification method

Small angle X-Ray 
scattering (SAXS), 

Small angle neutron 
scattering (SANS)

The findings show that if the 
concentration of drug is changed, 
the Dox does have a distinct effect 

on the surface morphology of 
carrier as well as alters the 

fractality throughout the vesicle’s 
formations.

[44]

 Table 1

SLN Characterization

Various approaches and tools used for SLN characterization are 
mentioned below.

Size

Laser diffraction (LD)

It has the advantage of having a broad range between nanoscale 
to low millimeter. The LD sensitivity to tiny particles was enhanced 
via polarization frequency divergence scattering [45].
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Figure 2: Parameters for characterization of SLN.

Figure 3: Particle Size Measurement Range by Technique.

Photon correlations spectroscopy of (PCS)

It uses particle mobility to measure the changes in reflected 
light. It has a range of sizes of these few nm to 3 microns. This 
is determined by the angle of diffraction  and the  radius of a 
particle [46].

Static light scattering (SLS)

Fraunhofer diffraction is another term for it. This is a technique 
in which the pattern of dispersed light is gathered from a particulate 
mixture  and incorporated in an electromagnetic formula. It is 
indeed a fast and precise approach.

Dynamic light scattering (DLS)

It indicates the change in the strength of reflected light during a 
time interval of microseconds. Light scatters due to Brownian and 
is measured by compiling a correlation function.

pH and electrical surface potential

Zeta potential

It describes the number of repulsive forces or affinity among 
particle in an SLN aqueous medium [47]. 

pH-sensitive probes

A probe  pH  is a medical instrument that measures the action 
of the H+ ion in aqueous fluids. It provides data upon alkalinity or 
acidity of a compound based on pH. The Nernst equation is used to 
calculate the magnitude of electrical reactions [48].

Density

The gas pycnometer is a device that uses Boyle’s law and the 
Archimedes concept to compute the actual densities of a solid 
substance. Rather than a liquid, an inert gas, primarily helium, is 
utilized. There are several benefits, including rapid and precise 
findings.

Viscosity

A device named as viscometer  measures the fluid viscosity. 
Similar instrument known as a rheometer can be used for liquids 
having changing operating conditions. A viscometer could only 
assess flow rate under a particular operating condition. Typically, 
either as the item moves via the liquid and the fluid remains 
motionless.

Molecular mass

Gel permeation chromatography allows separation based on 
sample size.

Hydrophobicity of the surface

Two-phase partition

The technique divides substances into two immiscible liquids, 
generally nonpolar and polar, based on particular solubilities. The 
separating pattern is characterized by the  potential chemically. 
Polymer and salt-polymer frameworks are  2  main kinds. pH, 
concentration of biomolecule, concentration of polymer, and 
biomolecule surface characteristics are all variables that influence 
stage segregation. These provide delicate settings which does not 
harm vulnerable molecules.
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Contact angle measurement

It is  the angle formed by the interaction of a liquid-solid  just 
at interface between 2 gases or fluids. Young’s equation serves as 
the foundation. The measuring gadget is a goniometer. During  a 
dynamic phenomenon, a spectrum of highest angle to lowest angle 
may be exhibited. It was critical in estimating the wet capacity of 
a polymeric surface of the membrane. The angle is influenced by 
several parameters, including particulate heterogeneity, roughness 
of a surface, and shape and size of a particle [49].

Morphologies and structure

•	 Transmission electron microscopy (TEM): A highly 
energetic electron beam is accelerated over the sample, and 
collisions between these target atoms may be utilized to 
detect characteristics like crystalline structure and structural 
features like grain boundaries and deformations [50].

•	 Scanning electron microscopy (SEM): It generates 
analyte  pictures by screening the area with such a 
focused  beam of electron. Those electrons collide with 
materials and generate a variety of impulses which send 
signals about surface features and content.

•	 Atomic force microscopy: It includes the movement of 
colloidal particles or resistivity around the material. The 
topological mapping tracks this motion among point and layer 
depending mostly. Through mapping the material, they are 
able to achieve ultra - high resolution [51].

•	 Optimal microscopy: This is also known as light microscopy, 
and this is a type of electron microscope that uses light waves 
and a series of magnification lens to examine tiny things. 
To produce a micrograph, these sort of microscopes  uses 
standard, photosensitive cameras to record the picture [52].

Properties of SLN

Improved bioavailability

Various compounds could be incorporated inside the carrier’s 
exterior layer to improve treatment efficacy for oral delivery 
methods. To improve oral paclitaxel administration, wheat germ 
agglutinin (WGA) has been layered. Paclitaxel integration it in to 
a WGA-loaded carrier resulted in a fold increment residence time. 
In one study, the author used hydroxypropyl-beta-cyclodextrin 
to enhance the surfaces of paclitaxel. Dextrin does have the 

ability to increase lipid mobility and inhibit oxidation process 
[53]. Docetaxel is a taxane that has been used extensively in the 
treatment of lung, prostate, and breast, neck malignancies. The 
development of oral docetaxel is hampered by its low absorption. 
To improve the medication’s oral administration, D-alpha-
tocopherol polyethylene glycol succinate-coated carrier  were 
created. If paired with taxotere, carrier  demonstrated persistent 
docetaxel secretion [54]. Histone deacetylase (HDAC) inhibitor is 
vorinostat that successfully induces cell death and growth arrest 
for the treatment of T-cell lymphoma. The coupling of HDAC plus 
a range of DNA damaging chemicals is a promising chemotherapy 
strategy for cancer cell killing [55]. A research looked at the 
bioavailability and cytotoxicity of carrier  encasing tamoxifen, a 
medication used to treat breast cancer. The in vitro drug release 
characteristics produced an immediate initial burst accompanied 
by continuous release. The delivery of nanocarriers resulted in 
a 1.6-fold improvement in bioavailability. Oral nanocarriers  are 
being utilized in antitubercular treatment. Antitubercular 
medicines incorporated in carrier, like rifampicin, pyrazinamide, 
and isoniazid, have been able to decrease dosage  and improve 
patient outcomes. The emulsion solvent diffusion method is used 
to create antitubercular drug-entrapped  nanocarriers. Those 
medications improved bioavailability. Paclimer has become 
a standardized composition designed to aid in the long-term 
maintenance of increasing and systematic doses of paclitaxel [56]. 
The formulation is made up of polilactofate polymer-entrapped 
with drug, which had been created by Harper in  year  1999 and 
then evaluated for results for non-small-cell lung cancer. Expansile 
may be another  nanoparticle composition that used treat lung 
cancerous cells. This medication is unique in that it responds to 
an extremely acidic pH prevalent surrounding cancerous cell. 
The nanoparticles bind to an acidic-hydrophobic surface, causing 
polymer particle expansion and payload discharge. SLNs have 
been widely employed in infection treatment, and they’re used 
to deliver antimicrobial drugs to treat microbial, parasite, virus, 
and fungal illnesses. For instance, the World Health Organization 
has suggested the antitubercular medication isoniazid for 
treatment of all types of TB. A medication with such a short half-
life necessitates frequent dosage, and causes damage in the liver. 
Isoniazid-loaded SLNs increased bioavailability and increased 
circulatory retention [57]. From in vitro drug release study, a 
3-phase  design was identified, consisting of a first rapid release, 

32

Overview on Lipid-based Nanoparticles: Preparations, Characterizations, and Properties

Citation: Manan Patel., et al. “Overview on Lipid-based Nanoparticles: Preparations, Characterizations, and Properties". Acta Scientific Pharmaceutical 
Sciences 6.4 (2022): 25-38.



accompanied by a crest, and finally subsiding. Miconazole would be 
a broad-spectrum fungal medication with a low solubility in water. 
Miconazole loading in SLNs resulted in a 2-phase release of drug 
with a main eruption accompanied by late release. The carrier had 
a higher death rate in the diffusion disk. Lopinavir, a HIV protease 
inhibitor, has been utilized throughout the antiretroviral therapy. 
Because of hepatic  metabolism and P-gp efflux, carrier  act as an 
effective lopinavir porter. The lopinavir-entrapped carrier  was 
sustained for 4 months at 4°C due to size and drug release. Due to 
enhanced lymphatic distribution, the carrier provided greater oral 
bioavailability than the solution version of lopinavir. Compritol 888 
is now used as solid-lipid in the formulation of lopinavir-entrapped 
carrier [58]. Primaquine can only be used to avoid relapses of a 
recurrent type of malaria. Higher dosages of primaquine are 
known to cause hematologic and GI damage. The trapping of 
primaquine in carrier resulted in an excellent controlled release of 
a medication for 72 hours [59]. Praziquantel is now used to cure 
the parasite illness schistosomiasis. Because praziquantel had little 
impact on schistosomiasis, a research introduced it to the carrier 
system to see whether it may increase treatment efficiency. During 
a thorough investigation, it has been shown that carrier was much 
more effective at inducing parasite death in a shorter period of time 
as compared to free medication [60].

Increased permeability

The recent studies indicate the potential of numerous chemicals 
produced from natural sources for cancer therapy. Those compounds’ 
anticancer properties are due to their anti-inflammatory, anti-
apoptotic, antioxidant, antibacterial, vasodilating and properties. 
An inherent role of Vitamin E tocotrienol exhibits anticancer action 
in breast cancer. Oral administration of gamma-tocotrienol, on the 
other hand, is much less efficacious (9%). These carriers are being 
used as a concept for gamma-tocotrienol absorption throughout the 
gut to enhance permeability. Nanocarriers are employed as specific 
medication carriers in the treatment of cancer. To treat tumours, 
carriers containing medicines like methotrexate and camptothecin 
have been utilized. Tamoxifen, an anticancer medication, has been 
placed in a carrier to increase permeability and retention, as well 
as the medication’s prolonged release after IV injection for breast 
cancer [61].

Increased cellular absorption

Diabetes-related hyperglycaemia is now a severe medical 
disease that causes nervous system and cardiovascular damage. 

Insulin uptake is difficult via the oral administration due to stomach 
acidic pH, epithelium cells of digestive system, and different 
enzymes. Following several study trials, carriers were seen to be 
transporters for peptides and proteins that are recognized for 
their sensitive to environmental factors. Octaarginine is now a cell-
permeable protein sequence that promotes the cell absorption of 
some medicines [62]. If compared to nonenveloped carriers, the 
structure demonstrated a significantly improved hypoglycaemic 
impact (3-fold) in animals. For situation of insulin administration 
orally, these carriers have been developed with Dynasan 114 
as  solid-lipid  matrix. To ensure the strength of glibenclamide in 
gastrointestinal liquid, a carrier encased in polyethylene glycol 
(PEG) was developed. Oral carrier resulted in a fast drop in glucose 
concentrations that lasted for eight hours, but free glibenclamide 
(5 mg/kg) administered orally lowered glucose concentration 
following four hours but remained at very elevated amounts in 
diabetic animals [63].

Toxicity reduction

Nanodiamonds are diamonds that are smaller than one 
millimetre in size. All of those are carbon materials formed as a result 
of phenomena like explosions and meteoritic encounters. Because 
it is not harmful to lung cell, this is safe and biocompatible. This one 
has a wide range of applications, including cancerous cells tracking 
and labelling. Those nanoparticles form noncovalent and covalent 
interactions to diverse molecules (e.g., protein, toxins, and cancer 
medicines. It was possible to analyse and identify  restructured 
carboxylate nm size diamond. In lung cells, there’s no loss in viable 
cells or alteration throughout the protein profile, but it did induce 
toxicity. Within instance of cancer treatment, nano diamonds are 
covalently linked to PTX [64]. Throughout testing, this mixture, 
while administered to immunodeficiency mouse xenografts, 
inhibited tumour development and cell production. Metals and 
metal mixtures have also been utilized in medicine for centuries. 
The 10 most important metals with anticancer properties are 
antimony, arsenic, gold, bismuth, iron, vanadium, rhodium, gallium, 
and titanium, platinum. Metals may form bonds with a wide range 
of negative charges atoms due to their diverse oxidation states. For 
example, the transition metal group cisplatin comprises a platinum 
metal ion in its core. Cis-diamminedichloroplatinum (DDP, cis-
platin) is also an anticancer medication that is beneficial in treating 
of several types of tumours, however its usage is limited mainly 
due to the poor cancer-specific target and severe adverse effects 
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[65]. Later, in a research, biodegradable epidermal growth factor 
receptor (EGFR)-targeted heparin DDP particles were created by 
attaching one chain variable segment antiEGFR antibodies to as the 
ligands of target for lung disease.

Improved biocompatibility 

Polymer loaded  micelles are massively nanoplatforms for 
tumour therapy, medication delivery, and tumour imaging. 
Super magnetic iron oxide is often utilized as just a contrast 
chemical to improve blood vessel visualization. For MR image 
and medicinal administration, a multifunctional micelle (MFM) 
platform is translated to code, coupled with a lung cancer-targeting 
polypeptide, and enveloped with superparamagnetic iron oxide and 
doxorubicin. When opposed to a scrambling peptide coded MFM, 
LCP-coded MFM demonstrated significantly improved cell targeting 

Patent Number Approach Year

PCT/IB2018/001073 The formulation consists of 0.01-2.00 w percent HPMC in an aqueous phase and 
0.10-10% distributed SLN for internal delivery of drug compounds. 2020

PCT/IN2018/050300
The medication coated balloon comprises a balloon with only an exterior surface 

covered with thin layer of an anti-proliferative medication solution. The layer 
holds medication with 60-70 weight percent dose or with 2 excipients.

2019

PCT/IB2017/001582
The particle had a spherical form with a thickness of 15 - 100 nm, solid lipid 

chosen from plant-based wax and its synthesized equivalent, and TMDSC is em-
ployed as surfactant.

2019

WO/2014/191467 This consists of a glyceride or fatty acid, an amphiphilic combination, an alkaline-
earth group, and a fluorescent dye. 2014

US 2016/0030305 A1 The current invention pertains to novel (food grade) nanocarriers, as well as the 
manufacture or use of these particles. 2016

WO 2013/105101 A8 The particles are made with one lipid chosen from category of lipids and fatty 
acids, one amphiphilic or hydrophilic medication, and emulsifier. 2013

Table 2

in H2009 cancerous cells of lungs [66]. By combining fluorescent 
molecular chains and folic acid to iron oxide or silica, researchers 
created an aqueous soluble and compatible chemotherapeutic 
agents’ carrier. The addition of folic acid aids in focused medication 
administration, while the fluorescent molecule aids in visualizing 
the targeted. The toxicity of cell to various cell lines has accelerated 
necrosis and apoptosis methods, that are driven one by one by 
altering the cellular structure. The only constraint which prevents 
Ag-NP from being widely used is its lack of biocompatibility with 
living organisms. By coating the Ag-NP using latex from Euphorbia 
nivulia stems, a plant, the biocompatibility of silver NPs  was 
significantly improved. The particles are toxic to adult lung cancer 
cell (A549) depending on the dosage [67].

Various patents on SLN loaded drug delivery are listed in table 
2.

Conclusion

These carriers had also piqued the interest of many scientists 
due to their superior characteristics and advantages over all other 
conventional drug delivery systems, as well as other colloidal 
carriers  of solid lipid nanoparticles  have proven to become a 
major discovery in nanomaterials owing to its excellent therapeutic 
potential and also as a safe carrier in medicinal delivery systems. 
The various synthesis procedures described have benefits and 
drawbacks. Several considerations must be taken while determining 

the best approach for preparing vehicles. Solvent injection is one 
of the most often used and well-studied techniques since it allows 
you to adjust the PDI, PS, and EE parameters of items and would 
be used both for lipophilic and hydrophilic medicines. An easy, 
quick approach could be used in research laboratory to generate 
nanocarriers  for clinical trials. The usage of solvents, which is a 
significant disadvantage of such a technique, could be mitigated by 
removing solvent  procedures like spray-drying or lyophilization. 
In several situations, ethanol is used  which may be utilized in 
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