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Nanostructured Lipid Carriers (NLCs) are an advanced form of drug delivery system,
particularly designed for enhancing the oral bioavailability of lipophilic (fat-loving)
medications. Traditional lipid matrices have been used to deliver such drugs more
effectively by increasing their absorption in the body. NLCs, the third generation of
these lipid-based carriers, are composed of a blend of solid and liquid lipids that do not
mix well at a molecular level, known as spatially incompatible lipids. This unique
composition of NLCs remains stable at room temperature and addresses several
limitations found in earlier lipid carriers like solid lipid nanoparticles (SLNs). The
inclusion of liquid lipids within the solid lipid matrix creates structural imperfections,
which allow for higher drug loading and prevent the drug from being expelled during
storage. This structure also facilitates a more controlled and sustained release of the
drug, improving its overall efficacy. NLCs are versatile, meaning they can be used for
various drug delivery methods, especially oral delivery. Their benefits include enhanced
drug stability, improved solubility, and a higher capacity for drug loading. Additionally,
NLCs are relatively easy to manufacture on a large scale, making them a practical option
for pharmaceutical companies. This review offering a promising solution for the
effective and scalable delivery of lipophilic drugs.

INTRODUCTION

Oral drug delivery is the most convenient,
affordable, and patient-friendly mode of
pharmaceutical administration, it is also the most
extensively used.  Nevertheless, lipophilic
medications frequently face obstacles in attaining

efficient oral bioavailability. Their quick first-pass
metabolism and poor water solubility, which
decrease the amount of medication available in the
bloodstream after consumption, are the main
causes of this. Lipid-based matrices have been the
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focus of research to improve the absorption and
bioavailability of lipophilic medicines in order to
solve these problems. Liposomes, solid lipid
nanoparticles (SLN), nanostructured lipid carriers
(NLC), and lipid emulsions (LE) are a few of the
lipid-based carriers that have been produced. The
manufacture of lipid pellets, which was pioneered
by Eldem and Speiser, set the foundation for
contemporary lipid-based drug delivery methods.
Gasco developed a microemulsion method in 1993
for creating solid lipid microspheres, which had
advantages including room-temperature stability
and simplicity of handling.Even with SLNS'
effectiveness, issues with drug ejection during
storage because of lipid crystallisation and poor
drug loading capacity persisted. As a result, a
third-generation  lipid matrix  known as
Nanostructured Lipid Carriers (NLCs) was created
(1-5). Non-polar colloidal particles (NLCs)
present a viable approach to enhance the oral
bioavailability of lipophilic medicines due to their
enhanced stability, increased drug loading
capacity, and capacity to generate highly
concentrated particle dispersions.

NLC &TYPES

An incompatible mixture of solid lipids and a
combination of liquid lipids is called NLC. It
doesn't soften even at room temperature.
Comparable to single-pass metabolism (SLN), it

Figure 1: A Diagram lllustrating On Types Of Nlc.
COMPOSITION OF NLC (TABLE 1)

s Phospholipid or Solid am
other surfacts

offers several benefits such as the use of suitable
lipids, regulated drug release from the carrier,
economical large-scale production utilising
existing equipment, avoiding lymphatic transport-
mediated first pass metabolism, and shielding the
drug moiety from biochemical deterioration. It
also gets rid of all of SLN's disadvantages, such as
the fact that NLC has better drug loading because
liquid lipid is used, stops drug ejection during
long-term storage, and lets you use lipids at higher
ratios (up to 95%) than SLN, where lipids form
incoherent systems at ratios higher than 30%.(6)—
(®)
Three categories can be applied to NLC

a. The imperfect type

b. The multiple type

c. The amorphous type
a. The imperfect type:
Drug loading is enhanced and defects are produced
by mixing chemically different liquid and solid
lipids.
b. The multiple type: These oil nano compartments
are solid lipid-encapsulated. Dissolved or added to
the oil compartments is the medicine. It was
prepared using a lipid-lipid precipitation method.
c. The amorphous type: This is made by carefully
combining particular kinds of liquid and solid
lipids (such isopropyl myristate) to produce NLC
that are in an amorphous state.

S.no Solid lipid Liquid lipids Agueous Co-emulsifiers
surfactants
1. Triglycerides-tricaprin, Natural and synthetic | Tween-80, Soyabean lecithin,
trimyristin, tristearin. oils such as mustard | Pluronic F- | egg lecithin
oil, castor oil, cod-liver | 68 phosphatidyl
oil, medium chain choline.
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acid.

triglycerides,

oleic

2. Hard fat types-glyceryl
monostyearate, stearic acid,
cetyl alcohol.

DIFFERENT MECHANISM OF NLC FOR
IMPROVE BIOAVAILABILITY.

Direct absorption: via the Gl tract, or intestinal
lymphatic transfer. Because NLC uses long-chain
triglycerides and is lipophilic, it might cause the
synthesis of chylomicron, which is then absorbed
by the transcellular pathway. Via the intestinal
lymphatic system, highly lipophilic compounds
are transported around the hepatic first
metabolism. In the GIT, lingual lipase and gastric
lipase start the hydrolysis of TG, resulting in a
crude TG emulsion that is released into the
duodenum. This unrefined emulsion stimulates
bile salts, biliary lipids, and pancreatic juice.
Biliary lipids stabilise TG emulsion by binding to
its surface. Pancreatic lipase forms fatty acids (FA)
and monoglycerides (MG) at the outermost layer
of homogenised TG droplets (9-12) These are
eventually broken down by a range of organelles
and arranged to produce the lipid core of the
chylomicron. To stabilise the chylomicrons that
are formed, phospholipids and apolipoproteins are
added.These stabilised lipoproteins are then
secreted with the layer of lamina mucosa and
mesenteric lymphatic.

Mucoadhesion:

Mucus adheres to lipid nanoparticles, which
prolongs the mucus's residence time and speeds up
the medication's release from the carrier.

Mixed micelle formation:

The lipids used in NLC trigger the small intestine
to release bile since they are similar to dietary
lipids. Lipid digestion products are produced when
lipids are broken down by enzymes and mixed
with bile to form mixed micelles. This event
causes the medication to become more soluble,
which facilitates its passage across membranes
(13).

Increased permeability:

Surfactants alter the intestinal wall's permeability
in a number of ways. For instance, poloxamer is
known to cause cell membrane distortion and to
open the tight connection of intestinal epithelial
cells, enabling the paracellular transfer of NLCs
[10]. It also inhibits P-gp efflux and facilitates
NLC transport over the intestinal mucosa. They
also provide the required steric stabilisation.
Inhibits drug degradation:

In the hostile GI environment, several medications
become unstable. NLC has the benefit of shielding
the medication from enzymatic and chemical
breakdown by the lipids, which delays in vivo
conversion.

Figure 2: Mechanism Of Nlc.

PREPARATION METHODS

High pressure homogeniser: The most typical
usage for it is to produce NLC. It is better than
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other methods since it can be produced on a big
scale without the need for organic solvents. The
hot homogenisation technique and the cold
homogenisation technique are the two approaches
(14-17).In both procedures, the medication is first
dissolved in solid liquids known as melted lipid
mixtures (LM) at a temperature that is 5-10 °C
over the lipid's melting point. The melt above is
mixed with an emulsion in a hot aqueous
surfactant solution, and both are homogenised in
HPH at the same temperature to create a hot nano-
emulsion. NLC is produced when the mixture
cools to room temperature. The melt mentioned
above (step 1) was crushed and solidified in the
cold homogenisation process to produce lipid
microparticles. To create resuspension, these were
dispersed in a cold aqueous surfactant solution,
and to create NLC, they were homogenised at
reduced/RT.

Microemulsion technique:

For full solubilisation, the medication was
introduced to lipids that had melting points 5-10
°C higher than those of the LM, lipophilic
surfactant. The lipid melt was stirred while the
aqueous surfactant solution was added at the same
temperature. When the ingredients were combined
in the right proportion, a transparent micro-
emulsion was created. To create NLC, it was then
scattered into ice-cold water and gently stirred
continuously. Here, precipitation—rather than
being mechanically produced by stirring—is what
caused the particles to become so tiny.(18)
Solvent diffusion technique:

It is separated into two phases: the organic phase,
which  comprises the medicine, lipophilic
surfactant, and LM, and is dissolved in organic
solvents at a high temperature. The final organic
solution was quickly combined with the aqueous
surfactant solution at room temperature (25 °C)
and physically agitated strongly for a
predetermined period of time in order to produce
NLC. The resultant dispersion can be kept under

vacuum in desiccators for an entire day in order to
evaporate the leftover organic solvent.
Solvent emulsification technique:
The drug, surfactant, and lipid mixture were
melted and uniformly mixed with room
temperature heated aqueous surfactant solution to
form the primary emulsion. The warm original
emulsion was pulverised using a lab ultrasonic cell
pulveriser to form the nano-emulsion. The beaker
was then rapidly frozen by immersing it in freezing
water and stirred to produce a homogenous NLC
dispersion (19-21).
Solvent evaporation technique:
In this process, LM and the drug are combined
with an organic solvent, and the mixture is then
emulsified in an aqueous phase.
NLC is produced when the lipid precipitates after
the solvent has evaporated.
CHARACTERISATION
Drug loading (DL) and drug entrapment
efficiency (Ee):
The resultant NLC dispersion was spun for 15-20
minutes at high rpm (10000-20,000000) to
measure the drug. The particle size was taken into
consideration when choosing the rpm; the smaller
the particle, the higher the rpm needed for
centrifugation. To ascertain the amount of drug
present in the supernatant, an appropriate HPLC
method was employed for analysis.The following
formulas were used to determine the drug loading
(DL) and drug entrapment efficiency.(22-25)
E=(W1-WS) x100%
DL=(W1-WSs)/W1-Ws) +WI)100
Particle size (PS) and zeta potential (ZP):Using
Malvern Zetasizer, a device based on Mie theory,
Photon Correlation Spectroscopy (PCS) was used
to evaluate the particle size and zeta potential of
NLC. All ZP and size measurements were
performed at 25°C following the proper dilution
steps. Based on particle electrophoretic mobility in
an aqueous solution, the ZP was determined.
Long-term  stability and surface charge
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characteristics are provided by the ZP. Particle
aggregation is less likely to be caused by
electrostatic repulsion at greater ZP. For the NLC
to be stable, the ZP of dispersion typically needs to
be either less than -30 mV or larger than +30
mV(26-32)

External morphological research:

These investigations display the particle
morphology. The samples are diluted
appropriately, spread out on a sample holder, and
vacuum-dried in order to get them ready for SEM.
Once they have been covered with gold, these are
examined using a SEM. The diluted substance is
dried in a TEM on carbon-coated grids to form the
thin-film material. After that, drying, TEM
inspection, and colouring with phosphotungstic
acid are carried out. The recrystallisation index
(RI) was ascertained by thermal analysis of the
generated NLC formulation using DSC. A
carefully weighed sample (3-5 mg) was sealed and
put inside an aluminium pan. To provide context,
an empty aluminium pan was used (33-36).The
samples were heated over a temperature range at
an optimum heating rate of 5-10 *C/min.

Wide angle XRD:

This procedure involves mixing the medication
and LM with an organic solvent before
emulsifying the combination in an aqueous phase.
When the solvent evaporates and the lipid
precipitates, NLC is created.

APPLICATION

Essentially, the NLC is available for all stated SLN
applications. When it comes to speedy two-market
entrance and low regulatory obstacles, oral and
topical delivery are the most desirable options.
Zhang and colleagues have described the
characterisation and evaluation of NLC as an oral
delivery system for etoposide. When given orally
to rats, studies on the pharmacokinetics of NLC
have shown longer half-lives and improved

relative bioavailability in comparison to drug
solution When wused as oral

carriers for

Domperidone encapsulation, NLC demonstrated a
higher and consistently faster release than SLN,
according to similar investigations conducted by
Thatipamula et al. (41-44). After 40 days in
storage, the combination remained cohesive. In
comparison to free solution, the investigation by
Chen et al. on the impact of lipophilic solvents on
the oral administration of lovastatin from NLC
showed a considerable improvement in
bioavailability,When compared to SPC-NLC,
myverol-NLC was more stable in the stomach
environment, demonstrating the emulsifier's
function. The development of NLC for oral
hypoglycaemic medicines was reported by Jain et
al. A study on the impact of surfactant mixes on
NLC showed that a formulation comprising
sodium taurocholate, poloxamer 188, and lecithin
had a better and more favourable release profile.
Zhuang et al.'s study.When comparison to the
suspension in Wistar rats given by mouth, the
production and characterisation of vinpocetine-
loaded NLC upon In-vivo PK investigation
demonstrated enhanced relative bioavailability of
NLC up to 300%. Tiwari and colleagues PK
research comparing the relative bioavailability of
NLC and SLN for Simvastatin showed that NLC
had a better bioavailability than both suspension
and SLN. A wide variety of approved excipients
are readily available, including all lipids and
surfactants used in creams, pills, pellets, and
capsules. Particularly interesting are
pharmacological life-extensions. ego:
cyclosporine. (45-47) Because of the special
properties of NLC, there is little to no risk of
potential patent infringement. Many patents cover
emulsions, micro-emulsions, and liposomes.
Fewer patents cover lipid nanoparticles made of
solid lipids, especially those made of mixes of
solid and liquid lipids. Some specialised uses exist,
like delivering nanoparticles to the eyes to prolong
retention times. Many studies address the use of
polymeric nanoparticles to prolong the retention of
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medications in the eye; however, no product has
been commercialised as of yet due to a number of
factors, including the toxicity of non-accepted
polymer poly alkyl-cyanoacrylate.Since that SLN
showed an extended retention duration in the eye,
it would be even more advantageous to use NLC
with better drug accommodation qualities.
Andrade et al. design and evaluate the feasibility
of a topical administration technique for
voriconazole eye therapy, based on cationic
nanostructured lipid carriers (NLCs). Souto et
al.examined comparable key issues in ocular drug
management. They discussed the fascinating
strategies of submicron-sized particles, or
colloidal carrier systems. Nanostructured lipid
carriers (NLC) and solid lipid nanoparticles (SLN)
are promising replacements for well-known and
often used ocular carrier systems such liposomes,
polymeric nanoparticles, and nano emulsions. The
reviewer was particularly focused on the available
therapeutic alternatives while examining the most
recently approved drugs (48-49). Nebulised
aqueous NLC dispersions serve a similar purpose
as nano suspensions in terms of administering
medication to the lungs. A nano-drug delivery
method for co-encapsulating DOX and PTX has
been developed by Wang et al. This approach was
expected to treat the multidrug resistance caused
by a single round of treatment. Additionally, it was
intended for dual-drug-loaded nanostructured lipid
carriers to specifically target cancer cells with little
effects on healthy cells or tissues. Treatment for
targeted combinational lung cancer can be aided
by the PTX-DOX NLC used in this investigation.
You can use any basic mechanical nebuliser to
administer these dispersions. As with SLN, the
main benefit of NLC is its ability to combine a
state-of-the-art encapsulation technique with a
conventional dosage form that the patient is
familiar with, like a tablet or pellet.(50)
CONCLUSION

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Consequently, the mentioned analysis
demonstrated that NLC is thought to be the most
intelligent and sophisticated lipid nanoparticle
production method available today, with enhanced
capabilities for drug loading, control over release
patterns, and stable long-term drug integration.
NLC is a simple-to-use medicine carrier for oral
delivery due to its many benefits. Over the past
ten years, the biological field has consistently
improved NLC formulation. Both modifications
were necessary to ensure the results and the
efficacy of the NLCs' deployment. NLCs have a
profusion of possible industrial applications, and
their many advantages have resulted in the issuing
of multiple patents for a range of uses.
Nevertheless, many of them are the result of more
commercially motivated studies in addition to
basic research. The production method of highly
concentrated lipid particle dispersions, which was
made possible by NLC technology, simplifies the
conversion of aqueous dispersions into solid
products including tablets, capsules, pellets, and
powders for reconstitution. It is applicable to both
SLN and NLC. The expanding number of
preclinical and clinical examples in the paper,
which eloquently demonstrate how potential nano
formulations might be used to overcome the
pharmaceutical industry's current technological
disadvantage, can be used to explain the increasing
number of patented NLC-based formulations. As a
result, these benefits are fixing earlier issues. It is
also one of the possible deliveries that the
pharmaceutical market is anticipated to see in the
near future because to its capacity for large-scale
production.
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