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Formulation of Nanostructured lipid particles
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Abstract

Lipid nanocarriers are developed as an alternative to polymeric nanoparticles, liposomes and emulsions. NLCs are
the second generation lipid carriers developed to overcome problems associated with Solid Lipid Nanoparticles and
are utilized in various therapeutic approaches. NLCs were used for the delivery of lipophilic drugs .Biocompatible
nature of lipids is responsible for its development as a good drug delivery. It was found to be having excellent

characteristics over other lipid formulations.
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Introduction

Nanostructured lipid carriers (NLC) are a delivery o
system in which partial-crystallized lipid particles with o
mean radii < 100 nm are dispersed in an aqueous phase o
containing emulsifier(s), as a potential delivery system o

may have some advantages in certain circumstances
when compared with other colloidal carriers[1]. NLC
have been developed to overwhelm the drawbacks
affiliated with SLN. They are advised to be the second
lifetime of lipid nanoparticles. Contrasted to SLN,
NLC show a higher loading capability for hardworking
compounds by conceiving a less organized solid lipid
matrix, i.e. by blending a fluid lipid with the solid lipid,
a higher element drug stacking can be achieved. Thus,
the NLC have an expanded drug stacking capacity in
evaluation to SLN and the likelihood of drug expulsion
during storage is less[2]

Advantages of nanostructured lipid carriers over
other lipid-based formulation

Higher drug loading and entrapment potential.
Modulation of drug release pattern.

Long-term stability of incorporated drug during storage
Minimum level of surfactant with maximum drug
loading potential[3].

Limitations
Cytotoxic effects related to the nature of matrix
and concentration,
Irritative and sensitising action of some
surfactants,
Application and efficiency in case of protein and
peptide drugs and gene delivery systems still
need to be better exploited, and
Lack of sufficient preclinical and clinical studies
with these nanoparticles in case of bone
repair[4].
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Structure of NLC’s

The structure of NLS’s are very and somehow similar
to SLNs, NLCs have three very specific features. Hese
properties are based up on the location the drug is
going to be integrated three different methods were
adopted for a development and formulation of
nanostructure NLCs.

* NLC type I also called as imperfect crystal.

* NLC type II also called as multiple type.

* NLC type III also called as amorphous type

Methods of preparation of NLS’s

Here are several methods are developed for the
preparation of NLS’s

* High-pressure homogenization.

* Microemulsion technique.

*» Evaporation solvent injection.

» Multiple emulsion techniques.

* Phase inversion.

« Ultrasonication.

» Membrane contractor technique

High pressure homogenization

High Pressure Homogenization Technique has been
used as a reliable and powerful technique for the large-
scale production of NLCs. It involves the melting of
solid lipid materials first before mixing them with
liquid lipid and drugs. After mixing, the molten liquid
is scattered throughout the aqueous phase, which
contains surfactants. The mixture is stirred to form the
beginning of an emulsion. Lipid emulsions are pushed
with high pressure (100-200bars) through a narrow gap
of few micron ranges. So shear stress and cavitations
are the forces which cause the disruption of particle to
submicron range. Normally the lipid contents are in the
range of 5-10%. In contrast to other preparation
technique, high pressure homogenization does not
show scaling up problem. Homogenization may be
performed either at elevated temperature (hot
homogenization) or below room temperature (cold
homogenization) [5]

Hot high pressure homogenization

Hot homogenization is carried out at temperatures
above the melting point of the lipid (100° C above the
melting point of the lipid) and can therefore be
regarded as the homogenization of an emulsion. A
preemulsion of the drug loaded lipid melt and the
aqueous emulsifier phase (same temperature) is
obtained by a high shear mixing device (Ultra-Turrax).
The quality of the pre emulsion affects the quality of
the final product to a large extent, and obtaining
droplets in the size range of a few micrometers is
desirable. In general, higher temperatures result in
lower particle sizes because of the decreased viscosity
of the inner phase . Hot homogenization has three basic
problems. The first is temperature dependent

degradation of the drug, the second is the drug
penetrates into the aqueous phase  during
homogenization and the third is complexity of the
crystallization step of the nanoemulsion leading to
several modifications and/or supercooled melts [6]
Cold high pressure homogenization

Cold homogenization has been developed to overcome
the problems of the hot homogenization technique such
as, temperature mediated accelerated degradation of the
drug payload, partitioning and hence loss of drug into
the aqueous phase during homogenization. This
method is suitable for heat-labile drugs or hydrophilic
drugs. the cold homogenization is carried out with the
solid lipid without melting as done in hot process. Drug
along with lipid in solid state is milled to form
microparticles, and further dispersed in a solution
containing emulsifier. The pre-suspension formed is
then subjected to high pressure homogenization at or
below room temperature.In the cold HPH technique,
lipid is melted above its melting point and drug is
dissolved or dispersed in it. The system is cooled down
by means of dry ice or liquid nitrogen. After
solidification, the lipid mass is grounded using ball or
mortar milling to yield lipid microparticles in a range
between 50 and 100 um. Then a microemulsion is
formed by adding these microparticles into cold
surfactant solution with stirring. This suspension is
passed through a high pressure homogenizer at/or
below room temperature and the microparticles are
broken down to nanoparticles[7].

Microemulsion technique

The lipids (fatty acids or glycosides eg. lipid acid) are
liquified and in this liquefied lipid the drug is
dissolved. A mixture of water, surfactant and co—
surfactant is heated at the same temperature as the lipid
and added to the lipid melt under mild stirring. A clean
microemulsion was obtained when the components
were mixed in correct ratio. The formed microemulsion
is the basis for the nanoparticle formation of a requisite
size. This microemulsion is then dispersed in a cold
aqueous medium under mild mechanical mixing of hot
microemulsion with water during a quantitative
relation in the range 1:25-1:50. This dispersion in cold
aqueous medium leads to rapid recrystalization of the
oil droplets . Surfactant and co-surfactant include
lecithin, salt along with alcohol such as Butanol. The
microemulsion was prepared in a large temperature-
controlled tank and then pumped from this tank into a
cold water tank for precipitation purpose[8].

Solvent emulsification-evaporation technique

This method is used for the production of the
polymeric nanoparticles by solvent evaporation in o/w
emulsion via precipitation. In this technique the
lipophillic material and hydrophobic drug were
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dissolved in a water immiscible organic solvent (eg.
Cyclohexane, toluene, chloroform) and then that is
emulsified in an aqueous phase using high speed
homogenization. The lipid precipitates upon
evaporation of solvent and thus forming the
nanoparticles. The big advantage of this technique is
avoidance of any thermal stress, which makes it
appropriate for incorporation of highly thermo labile
drugs. A clean disadvantage is the use of organic
solvent which may interact with drug molecule and
limited the solubility of the lipid in the organic solvent
[91.

Solvent emulsification-diffusion technique

It consists of two different phases; organic phase and
aqueous phase. In this technique organic solvent used
(eg. Benzyl alcohol, ethyl acetate, methyl acetate,
isopropyl acetate) must be partially miscible in water.
Initially both the phases were mutually saturated in
order to ensure the initial thermodynamic equilibrium
of both the liquids. When heating is required for the
solubilization of the liquid the saturation step was

High-Pressure

Homogenization (HPH)

+lipid is melted at 5-10°C above
its melting point and mixed with
the drug. (a)
*hot aqueous surfactant solution
was added (pre-emulsion) (b)

Emulsification-

Sonification

*(a) and (b)

s ultrasonicated using
probe sonicator
+*cooled down to

roomtemperature

performed at elevated temperature. Then the drug and
the lipid were dissolved in aqueous phase and the
organic phase was emulsified with aqueous solution
containing stabilizer using mechanical stirrer. After
formation of this o/w emulsion water (dilution
medium) in typical ratio ranges from 1:5 to 1:10, were
added to the system in order to allow solvent diffusion
to the continuous phase, forming the nanoparticles. In
the whole process continuous stirring was maintained.
The obtained dispersion can be placed in vacuum
desiccators for 24 hours to evaporate the residual
organic solvent

Melting dispersion method

In this method, drug, solid lipid and organic solvents
were melted together and the aqueous phase (water
phase) is heated at the same temperature as organic
phase separately. The organic phase is then added to
the water phase with high speed stirring for few hours.
The resulting mixture is cooled down to room
temperature to obtain nanoparticles[10,11].

Microemulsion Double

Emulsion

*(a) and [b)
*the microemulsion
is dispersedin cold

+*the drug and
stabilizer are
encapsulatedin

+the pre-emulsion was put into
the high-pressure homogenizer.
*cooled down to room
temperature

Solvent Diffusion

*Similar to “solvent
Emulsification-Evaporation” but in
this case, lipid is dissolvedina

Evaporation

+lipid is dissolved in a water-

immiscible organic solvent.
*then emulsified in an aqueous

phase containing surfactants

partially water-miscible organic under continuous stirring. this case, lipid is
solvents. *solvent evaporates and the lipid dissulvedil; 3 water-
sthe solventdiffuse to the liquid precipitate.

water (2-10°C) with theinner
mild agitation. aqueous phase
of the w/o/w
double
emulsion

Solvent Emulsification-

Solvent Injection

sSimilar to "solvent
Emulsification-
Evaporation” but in

miscible organic

phase and the lipid solidified.

salvents.

Fig 1: NLC Method of preparation
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Material and methods

Tetanus toxoid was obtained from Panacea Biotec,
New Delhi, India.All the materials used were of
analytical grade.

Methods

Nanostructured lipid particles (NLPs) of stearic acid
were used as an immune-adjuvant for delivery of
tetanus toxoid (TT) antigen. Further, cationic lipid
(DDAB18) was incorporated in the composition of
NLPs to induce the cationic charge Cationic
nanoparticles have the ability to improve the transport
of an antigen in to the dendritic cells and consequently
the humoral and cellular immunity. Hence, TT was
adsorbed on to the surface of non-aggregated NLPs
(TT-NLPs1) and non-aggregated CNLPs (TT-C-NLPs
1-10) by adsorption method that were constructed by
solvent diffusion method.[12-15].

Preparation and optimisation of cationic
nanostructured lipid particles

Nanostructured lipid particles (NLPs) and cationic
nanostructured lipid particles (C-NLPs) were prepared
by solvent diffusion method[16,17]. In brief, 50mg of
stearic acid was dissolved in a mixture of 6mL ethanol
and 6mL acetone to prepare the organic phase.
Subsequently, this organic phase was dispersed in 120
mL of distilled water that was maintained at 70 °C.
Both phases were cooling to room temperature, water
in the mixture was evaporated stirred for 30 min whilst
the temperature was kept constant[18-21]. Upon
cooling to room temperature, water in the mixture was
evaporated by using a lyophilizer to get the fine
powder of NLPs. Correspondingly C-NLPs were
prepared by altering and optimising the composition of
lipid matrix. The stearic acid (50 mg) was mixed with a
gradient concentration of DDMB18 (50-250 mg) in
the equal volume of organic phase and processed under
identical conditions as recommended in NLPs.
Nanoparticles were sterilised by autoclave at 121 °C for
for 15 min before loading the antigen.

Table 1: Optimisation and characterisation of tetanus toxoid-loaded nanostructured lipid particles

Compositions Stearic acid: DDAB18
TT-NLPsl 50mg:0mg
TT-C-NLPs1 50mg:50mg
TT-C-NLPs2 50 mg:100 mg
TT-C-NLPs3 50mg:150 mg
TT-C-NLPs4 50 mg:200 mg
TT-C-NLPs5 50mg:250 mg
TT-C-NLPs6 50 mg:300 mg
TT-C-NLPs7 50 mg;350 mg
TT-C-NLPs8 50 mg:400 mg
TT-C-NLPs9 50 mg:450 mg
TT-C-NLPs10 50 mg:500 mg

TT-NLPs: Tetanus toxoid-loaded nanostructured lipid particles;
TT-C-NLPs: Tetanus toxoid loaded cationic nanostructure lipid particles;

DDAB18: Dimethyl dioctadecylammonium bromide

The formulations were prepared and were subjected to different evaluation parameters.

Conclusions

NLC is a potential approach for improving the
bioavailability of highly lipophilic drugs with poor
aqueous solubility, extensive first pass metabolism,
affinity for P-gp efflux transporters, and susceptibility
to intra-enterocyte metabolism. In a way, the high
caliber of NLC system shadows the petition of other
lipid-based dosage form. Disrupted matrices of NLC
consequently lead to higher drug loading, higher drug
entrapment, modulated drug release and ultimately
enhanced drug absorption as compared with other
lipid-based formulations (SLN and LE) having uniform
matrices of lipids. These special features of NLC are

exclusively attributed to their unique composition,
which is constituted of a blend of incompatible solid
and liquid lipids. New nanomaterials are still being
created, new effects discovered and new models and
concepts developed to explain and understand the
observed experimental results. The high potential of
nanoparticles for applications has moved them from
basic research, solely driven by scientific curiosity, into
the focus of technological interest
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