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A B S T R A C T

Nanotechnology is rapidly expanding research area, encompassing
the development of man-made materials in nanometer size range.
Nanoscale drug delivery system using various nanomaterials is
emerging technology for the rational delivery of many
chemotherapeutic agents. Nanoparticles attracted the scientists
across many disciplines to engineer many desired properties that
might otherwise be incompatible on a single device. Formulation
scientists are facing the challenges such as poor solubility and
bioavailability of the newly invented drugs. One of the approaches
to face the above challenge is to develop the particulate carrier
system. Solid lipid nanoparticle or liposphere or nanosphere
system is the most feasible particulate carrier system which is an
alternative to nanoemulsions, liposomes and polymeric
nanoparticles. This system offers added advantages in comparison
to other related particulate drug delivery systems. The present
review emphasizes on various basic and applied aspects of solid
lipid nanoparticles in novel drug delivery system especially
techniques involved in their production, characterization and
various applications. It also focuses on the drug loading capacity,
drug incorporation and factors affecting drug release from this
colloidal system.

© 2013 British Biomedical Bulletin. All rights reserved
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Introduction
In the current domain of science,
specially drug delivery areas and even in our
everyday life, nanotechnology has become a
commonly used buzzword.1,2 Numerous
definitions
have
been
coined
for
nanoscience and nanotechnology which are
often used interchangeably and the former
can be defined as the study of activity of
natural laws at a nanoscale and latter can be
defined as the novel and practical
applications of this scientific knowledge to
change the world we live in. 3
Nanotechnology is the area of science,
which deals with developing and producing
extremely small tools and machines by
controlling the arrangement of individual
atoms based on the needs. Several
restrictions have been placed on what
exactly nanotechnology is. It has been
described as the exploitation of materials
with structural features at the intermediate
range between atoms and the molecular
scale with the important prerequisite that at
least one dimension is in the nanometer
length scale.4-6
Particles lie between 10-1000 nm
with mean correlation spectroscopy diameter
are usually prepared from synthetic or
natural polymers and designed to deliver the
drug in an optimized manner with reduced
toxicity. The first practical applications of
nanotechnology can be found in the areas
communications, engineering, physics,
chemistry, biology, robotics and medicine.
Applications of nanotechnology can be
explored in medicine for therapeutic drug
delivery and development of treatments for a
many disease and disorders. Nanoparticles
attracted scientists of many disciplines due
to the scope to engineer many properties
such as relevant attachment of biologically
active molecules, targeting sequences,
biocompatible coatings and others.7
Over the decades, nanoparticles have
emerged as an alternative particulate drug
carrier system for liposomes. Successful use
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of nanoparticles mainly depends on their
ability to penetrate through various
biological barriers, controlled fashion of
drug release and their stability in the nano
range. However, high cost of approved
polymers has restricted the wide spread
application of nanoparticles in the clinical
medicine.8 Polymeric nanoparticles are
generally prepared with suitable polymers,
which have been shown to prolong the
release of encapsulated drug9 a typical SLN
is depicted in Figure 1. The polymer system
has an advantage to provide chemical
modifications, however, lack of large scale
production methods to yield acceptable
polymers for regulatory registration, cost of
the polymer, toxic solvent residues and
cytotoxicity of some polymers are the major
limitations associated with polymeric
nanoparticles.10
During the last twenty years, solid
lipid nanoparticles (SLN) system emerged
as an alternative particulate drug carrier to
suite the development of dosage forms for
lipophilic and poor water soluble drugs.11-18
SLN are highly biocompatible with better
bioavailability and control release property.
The system protects the incorporated labile
drug from degradation and also got excellent
tolerability with safer ease of administration
through multiple routes.19-24 This also offers
unique features such as large surface area,
high drug loading and interaction of phases
at the interfaces, and is attractive for their
potential to improve performance of
pharmaceuticals, neutraceuticals and other
materials.25 The present review is aimed to
focus on various fundamental and applied
aspects of SLN in the field of novel drug
delivery system especially techniques
involved
in
their
production,
characterization methods and different
applications.
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Historical Background of Sln
The history of SLN starts from
middle of late 90s. Solid lipid system is
explored and modified from the original
concept into more complex systems, such as
nano-structured carriers (NLC) or lipid drug
conjugates (LDC) since then.26-29 At the
beginning of the SLN research, only few
groups were working in this area. Later on,
this system found more attention which was
clearly documented in the increase of
research groups and the number of published
papers, a first review being published in
1995. The research work on SLN continued
further and focused almost exclusively on
pharmaceutical applications this has been
observed in recent available data about the
patents related to SLN as depicted in Figure
2.30 The SLN system has been emerged as a
promising alternative to other novel drug
delivery systems such as emulsions,
liposomes, microparticles and polymeric
nanoparticles which suffer with the
drawbacks such as instability and nonbiodegradability.31
Drug Loading Capacity and Drug
Incorporation in SLN
Many different drugs have been
incorporated in SLN. A very important point
to judge the suitability of a carrier system is
its loading capacity. The loading capacity is
generally expressed in percent related to the
lipid phase. Major disadvantages of SLN
system is poor drug loading capacity and
drug expulsion after polymeric transition
during storage have been observed.
Properties such as solubility of drug in lipid
melt, physical and chemical structure of
lipid matrix, miscibility of drug and lipid
melt and polymeric state of lipid matrix
have been considered to be the parameters
which limit the drug loading capacity of
conventional SLN. It is essential to obtain a
sufficiently high solubility of the drug in the
lipid melt and typically, the solubility should
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be higher than required because it decreases
when cooling down the melt and it requires
putting some suitable solubilizers. In
addition, the presence of mono and
diglycerides in lipids used as matrix material
promotes drug solubilization. The chemical
nature of lipids is also important because
lipids which form highly crystalline particles
with a perfect lattice leads to drug
expulsion.32 Two approaches have been
reported to overcome such drawbacks which
are nanostuctured lipid carriers (NLC) and
lipid drug conjugates (LDC). In the NLC
approach, the first model includes mixture
of spatially arranged different lipids
(glycerides) composed of different fatty
acids which leads to larger distance between
fatty acid chains of the glycerides and
general imperfections in the crystal thus
provides more room for inclusion of guest
molecules. The maximum drug load could
be achieved by mixing solid lipids with
small amount of liquid lipids. This model is
called as imperfect type NLC. The drug
shows higher solubility in liquid lipids than
in solid lipids can be dissolved in the oils
and yet to be protected by the surrounding
solid lipids. This model is called as multiple
types NLC, are analogous to w/o/w
emulsions since it is an oil-in-solid lipid-inwater dispersion. The drug expulsion is
generally caused by ongoing crystallization
or transformation of the solid lipid; this can
be prevented by third amorphous type model
of NLC. In this model the particles are solid
but crystallization upon cooling is avoided
by mixing special lipids like hydroxyl
octacosanyl. The NLC have mainly been
investigated
in
the
topical
and
dermatological preparations in the delivery
of clotrimazole.33,34
The drug loading capacity of SLN
for hydrophilic drugs is very less due to
partitioning effect during the production
process. Certain highly potent hydrophilic
drugs which have low dose may be suitably
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incorporated in the solid lipid matrix.35 In
order to overcome this problem, the so
called LDC nanoparticles with better drug
loading capacities have been developed.
The LCD with insoluble drug is first
prepared either by salt formation with fatty
acids or by covalent linking with ester or
ethers. Thus obtained LDC nanoparticles are
then processed with an aqueous surfactant
solution to a nanoparticle formulation using
high pressure homogenization. Such
matrices may have potential application in
brain targeting of hydrophilic drugs in
serious protozoal infections.36
Preparation Techniques for Sln
Preparation of SLN mainly depends
on the top-down techniques that divide the
lipids with drugs dispersed in them after
heat melting or dissolving with the aid of
solvents with high pressure homogenization
method
and
the
solvent
emulsification/evaporation
method,
followed by cold congealing and/or solvent
evaporation. SLN can be produced by
following advanced techniques.
High pressure homogenization technique
High pressure homogenization
technique is initially employed for the
production of solid lipid nanodispersions in
which SLN produced by melt emulsification
method.37 The two basic production methods
for SLN are, the hot and cold
homogenization techniques.38, 39 In both
techniques the lipid is melted little above its
melting point and drug to be used is
dissolved in the molten mass of lipid. For
the hot homogenization technique, the drug
lipid melt is dispersed under stirring in hot
aqueous surfactant solution of same
temperature. Thus obtained pre-emulsion is
homogenized
using
a
piston-gap
homogenizer. The nano emulsion thus
obtained is cooled down to room
temperature which recrystallizes the lipid
BBB[1][2][2013]103-118

and leads to formation of solid lipid
nanoparticles.40 In cold homogenization
technique the drug lipid melt is cooled and
solid lipid is ground to microparticles which
are then dispersed in a cold surfactant
solution to yield a pre-suspension. This presuspension is then homogenized below the
room temperature, in which the cavitation
forces are strong enough to break lipid
microparticles
into
solid
lipid
41
nanoparticles. This process minimizes the
melting of lipid and reduces loss of
hydrophilic drugs to the water phase.
Microemulsion technique
Microemulsions are slightly bluish or
clear solutions composed of a lipid phase in
water. Addition of a microemulsion to water
leads to precipitation of lipids into the fine
particles. This effect is exploited in the
preparation of SLN as developed by
Gasco.42 Microemulsion is formed at a
temperature above the melting point of the
lipid which remains solid at room
temperature. Lipid is heated to melt, a
mixture of water, co-surfactant and the
surfactant is heated to the same temperature
as the lipid and added under mild stirring to
the
lipid
melt.
A
transparent,
thermodynamically stable system is formed
when the compounds are mixed in the
correct ratio of microemulsion formation.
This product is then dispersed in a cold
aqueous medium at 2-3ºC temperature under
mild mechanical mixing, thus small sized
particles are precipitated out.43,44
Solvent emulsification/evaporation technique
Lipid material is dissolved in water
immiscible organic solvent that is emulsified
in an aqueous phase. Upon evaporation of
the solvent, nanoparticle dispersion is
formed due to the precipitation of lipid in
the aqueous phase. The size of particle thus
obtained would be in the range of 20-25 nm.
This method is based on precipitation of
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lipid component of emulation
evaporation of continuous phase.45

upon

Double emulsion technique
Hydrophilic drug loaded SLN are
prepared by a novel double emulsion
method
based
on
solvent
emulsification/evaporation technique.46 In
this method, a drug is encapsulated with a
stabilizer to prevent drug partioning into
external water phase during solvent
evaporation in w/o/w emulsion system.
Ultrasonication technique
Lipid nanopellets for oral delivery
can be produced by dispersing a lipid melt in
a surfactant solution by sonication.47 To
obtain nanoparticles preferentially, relatively
high surfactant concentrations are employed
and even lipospheres can also be developed
by this method. These lipospheres are solid
water insoluble microparticles that have a
layer of a phospholipid embedded on their
surfaces.48-50 Lipospheres comprise a
hydrophobic core solid at room temperature
and phospholipid coat surrounding the core.
Particles are prepared by melting the core
material and dispersing in the aqueous
phospholipid
medium
at
elevated
temperature by sonication and cooling leads
to solid lipospheres.
Spray drying technique
A cheaper and alternative method to
convert the colloidal SLN into solid lipid
particulate system instead of lyophilization
is spray drying technique. Aggregated
particles are obtained with this method due
to the use of high temperature, shear forces
and partial melting of the particles. Use of
high melting lipids is recommended in order
to avoid such particle aggregation
problem.51
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Supercritical fluid technique
This is an alternative and very
attractive new method of preparing SLN
from gas saturated solution. The main
component of this technique is said to be
supercritical fluid when pressure and
temperature exceed its respective critical
value. Above the critical temperature it is
not possible to liquefy a gas by increasing
the pressure. However, the super critical
fluid has a unique thermo-physical property.
As the pressure increased, the density of gas
increases without significant increase in
viscosity while the ability of the fluid to
dissolve compounds also increases. This
method offers mild pressure and temperature
conditions for the production and also gives
option to use carbon dioxide solution instead
of toxic as well as costly organic solvents.
This method yields dry particulate mass
instead of suspension52 and the method can
also be modified into two ways as
gas/supercritical antisolvent technique and
gas saturated solution technique. In the
former method, the supercritical fluid is
used due to its ability to dissolve in organic
solvents and reduce the salvation power of
solid in solution thus causing the
precipitation of solid. The precipitator is
partially filled with the drug solution.
Carbon dioxide is then pumped at desired
pressure and introduced in the vessel
preferably from the bottom to achieve a
better mixing. The expanded solution is
made to pass after a holding time through
valve present above the precipitator under
isobaric condition to wash and clean the
precipitated particles. This method suffers
with the lack of control on particle
formation.53 In the latter method, the
supercritical fluid is dissolved in liquid
substrate in solvent or a suspension of
substrate in solvent followed by a rapid
depressurization of this mixture through a
nozzle causing the formation of SLN. A
great verity of substances which are not
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soluble in supercritical fluid can be used to
produce the particles by this method. Insulin
SLN of size less than 500 nm was produced
by this technique.54
Membrane contactor technique
This technique was developed
aiming at large scale production of SLN.
Here, the liquid phase is pressed at a
temperature above the melting point of the
lipid through the membrane pores on to
moving aqueous phase to allow the
formation of small droplets. The aqueous
phase is stirred continuously and circulated
tangentially inside the membrane module.
This aqueous phase sweeps away the
droplets being formed at the pore outlets.
The product is cooled at the room
temperature or placed in the thermostated
water bath of required temperature to obtain
SLN.55,56 This process offer advantages of
its facility of use, control of particle size,
versatility
in
preparing
polymeric
nanoparticles and its scaling up ability.57
Solvent injection technique
This is a novel technique to produce
SLN owing to its unique advantages over
other
methods
such
as
use
of
pharmacologically
acceptable
organic
solvents, easy handling and fast production
without technically sophisticated equipment.
The basic principle involved in this method
is precipitation of dissolved lipid in a
solution. A solid lipid is usually dissolved in
a water miscible solvent or a mixture. This
mixture is injected through an injection
needle into stirred aqueous phase with or
without surfactant. The resultant dispersion
is filtered in order to remove any excess
lipid. The emulsifier present within the
aqueous phase helps to produce lipid
droplets at the site of injection and stabilize
SLN until solvent diffusion completes by
reducing the surface tension between water
and solvent.58
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Microchannel/Microfluidic technique
This novel method involves passing
of a lipid solution prepared with water
miscible organic solvent through the main
channel of equipment, while an aqueous
surfactant solution is introduced into the
branches simultaneously. These two liquids
meet together at the cross-shaped junction
and passes along the main channel. The
solvent diffuse from the lipid solution
stream into the aqueous phase which results
in the local supersaturation of lipid and thus
lead to the formation of SLN.59, 60 All the
types of manufacturing techniques and lipid
employed for formulation of SLN have been
listed in Table 1.
FACTORS AFFECTING DRUG RELEASE
FROM THE SLN
The data available on method of drug
incorporation into SLN are plenty, however,
there are distinctly few data available about
the mechanisms of drug release. A
prolonged drug release was exhibited when
studying the incorporation of prednisolone.
This demonstrated the principle suitability
of SLN system for prolonged drug release.61,
62
In vitro drug release could be achieved for
up to 5-7 weeks. The profiles could be
modulated with prolonged release pattern
without any burst at all, but also generating
systems with different percentage of burst
followed by prolonged release. The burst
can be exploited to deliver an initial dose
when desired. It is very important that the
drug release patterns are not or only slightly
affected by the particle size and shape but
also by various production parameters such
as surfactant concentration, temperature
employed and nature of the lipid matrix. The
extent of burst release can be controlled via
the solubility of the drug in water phase
during production through the control of
temperature and surfactant concentration.
Higher
temperature
and
surfactant
concentrations increase the burst. Production
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of SLN at room temperature avoids
partitioning of drug into the water phase and
subsequent repartitioning to oil phase, thus
showing burst at all. To avoid or minimize
such burst effect, SLN can be produced by
devoid of surfactant.
CHARACTERIZATION OF SLN
SLN are characterized adequately in
order to control the quality of final product.
The characterization of SLN is really a
challenging task for investigators due to the
complexity of this system which also
includes
dynamic
phenomena
and
particularly when the size of particles is very
small. The characterization parameters
which show direct impact on the stability
and release kinetics of incorporated drugs
have to be considered and assessed suitably.
Particle size and zeta potential
Particle size is measured usually
with powerful techniques such as photon
correlation spectroscopy or dynamic light
scattering, laser diffraction, coulter counter,
phase sensitivity diffraction scattering,
atomic force microscopy, field flow
fractionation and cryo-field emission
scanning electron microscopy. All the
techniques have their own merits and
demerits. Based on the need, a suitable
method is selected for particle size analysis
of SLN. In the polyphasic systems the
electrical properties of particles at the
interface are unique and decide the storage
stability of system. Zeta potential is an
important and useful parameter which deals
with the particle surface charges of
multiphase system which can be utilized to
predict and control the storage stability.63
Prediction of zeta potential is often a key
parameter which explains the dispersion and
aggregation
processes.
The
particle
aggregation is less likely to occur for
charged particles which show high zeta
potential due to electric repulsion.64
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Polymorphic form and degree of crystallinity
To analyze the quality of SLN
system, it is not only sufficient to determine
the particle size but a special attention also
to be paid to predict the degree of
crystallinity of the lipid and its modification,
as these parameters are equally correlated
with drug incorporation and release kinetics.
Polymorphism is an important route of
physical deterioration which affects the
stability of a solid system, though
polymorphs are chemically similar but
exhibit different thermodynamic properties
such as melting point, X-ray diffraction
pattern and solubility.65,66 The lipid state can
be investigated by differential scanning
calorimetry and X-ray scattering techniques.
Former method gives an idea about different
melting points and enthalpies for different
lipid modifications and later technique
reveals about length of the long and short
spacings of the lipid lattice. Infrared and
Raman spectroscopy are useful tools to
investigate structural properties of lipids
from their vibrational transitions.66-68
Co-existence and dynamic phenomena
Co-existence of additional colloidal
structures
like
micelles,
liposomes,
supercooled melts and drug nanoparticles
which also show profound influence on lipid
crystallization. NMR and ESR, are powerful
tools to investigate dynamic phenomena and
characteristics of nanocompartments in
colloidal lipid dispersion. The potential of
NMR has scarcely been used in SLN field,
although it will provide unique insights into
the structure and dynamics of SLN
dispersions. ESR requires the addition of
paramagnetic spin probes to study the SLN
system and corresponding ESR spectra
reveal
about
microviscosity
and
micropolarity of the SLN system.
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Drug incorporation and entrapment efficiency
The status of drug incorporation into
the carrier matrix and its expulsion are
mainly depends on lipid crystalline
structure. The highly crystalline state with a
perfect lattice of lipid in the nanoparticle
structure would lead to drug expulsion. In
contrary, the imperfect lattice of the lipid
structure offers space to accommodate the
drugs and this result in structure of less
ordered arrangement which is beneficial to
the drug loading capacity in nanoparticles.
Entrapment
efficiency
is
normally
determined by spectrophotometrically after
centrifugation of the aqueous dispersion.
SLN of mefepristone which is prepared by
ultrasonification
and
homogenization
technique showed more than 83 percent
entrapment efficiency and also demonstrated
relative long term stability as the leakage
was very negligible after being stored for
one month.69
APPLICATIONS OF SLN
Cancer chemotherapy
From the last twenty years many
anticancer agents have been formulated into
SLN system that resulted in improvment of
efficiency with significant decrease in
associated
side
effects.
Such
chemotherapeutic agents when encapsulated
into SLN system has augmented stability
and pharmacokinetics with reduced toxicity
which proved the SLN to be a suitable
carrier for delivery of such agents. Not only
small anticancer molecules but also macro
molecules like antsense oligonucleotides
have been delivered to liver cancer cells by
lipid coated particles. 70 SLN was also
employed as a targeted carrier for anticancer
drugs to solid tumor, as exemplified by
Tamoxifen SLN prolonged the release of
drug after IV administration in breast
cancer. The advantage of using SLN
containing anticancer drug is passive
BBB[1][2][2013]103-118

targeting property due to enhanced
permeability and retention (EPR) effect in
which particles are shielded by surface
coating using poly ethylene glycol/oxide
(PEG/PEO) system which enhances the
circulation time.71 Other drugs used in the
similar manner are methotrixate and
camptothesin.52 In similar fashion, SLN
have been employed in treatment of
colorectal and lung cancer. Doxorubicin and
paclitaxel were loaded in SLN and evaluated
for colorectal cancer treatment however
doxorubicin is not an ideal drug candidate
for the same cancer.72
Brain drug delivery
Extremely fine particles of SLN with
diameter less than 50 nm offer advantages in
drug targeting drugs to brain this could be
attributed to enhance the drug penetration
through blood brain barrier especially SLN
coated
with
polysorbate
surfactants
demonstrated increased transport of drugs.73
SLN system also favors reduced uptake by
reticuloendothelial system which leads to
lower cytotoxicity and enhanced drug
loading ability thus making them preferred
over polymeric nanoparticles.74 SLN offers
high capacity to load the drugs and at the
same time avoids drug degradation and
releases the unaltered drug within tumor
cells which is due to the lipid components
used for surface coating.75 Though
nanotechnology gained momentum in
targeting
drugs
to
brain,
several
formulations showed reduced presence of
drugs in brain which is attributed to swift
clearance from reticuloendothelial system.
This clearance from reticloendothelial
system
consists
of
opsonization,
phagocytosis and reuptake. This could be
overtaken by inserting hydrophilic groups at
the surface of particles. Such modifications
in the formulations of SLN for targeting
brain tumor aided to deliver drugs including
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peptides,
cytokines,
ferromagnetic agents.

antibodies

and

Parasitic diseases
SLN and nanostuctured lipid carriers
(NLC) are particulate in nature and inherent
structure exhibit good potential in the
treatment of parasitic infections.76 With
respect to encapsulation ability and target
ability, it requires extensive investigations
on these systems to arrive at a versatile,
effective and economical approach for the
delivery of anti-parasitic drugs.
Ultrasonic drug and gene delivery
Ultrasonic drug and gene delivery by
nanocarriers has tremendous potential
because of the wide variety of drugs and
genes could be delivered to targeted tissues
by fairly noninvasive means.74 Liquid
emulsions and solid nanoparticles are used
with ultrasound to deliver genes in vitro and
in vivo.
Pulmonary disorders
Nano particles with their special
characteristics have numerous merits in
targeted drug delivery compared with other
systems. Targeted nanoparticle delivery to
the lungs is an emerging area of interest.77
SLN powders can be used in dry powder
inhaler form by spray-drying with lactose as
an excipient.
Topical applications
In future, it is expected that SLN
replace other carriers for tropical
formulations, SLN are usually prepared
from well tolerated excipients and possess
adhesive properties which helps in the
formation of film on the skin due to their
small particle size which may assist the drug
penetration through stratum corneum. SLN
and NLC have been used for topical
applications for various drugs such as
tropolide and glucocorticoids.78,79 Numerous
BBB[1][2][2013]103-118

hydrophilic
and
hydrophobic
drugs
including corticosteroids and anticancer
agents like doxorubicin and paclitaxel have
been delivered through SLN.80 In the
treatment of aczema, SLN formulations
consisting glucocorticoids and calcinuerin
inhibitors were tried, in the similar lines,
glucocorticoids were formulated in lipid
nanoparticles which showed skin atrophy in
long term use. Muller et al exhibited
sustained release of prednisolone from SLN
consistently for weeks.
The existing cotrimazole creams
though treated effectively the topical fungal
infections but upon discontinuation of the
cotrimazole application, dermal fungal reinflection was observed. This defect of such
formulations has been overcome by
incorporating clotrimazole in SLN and NLC.
Encouraged by such developments in
antifungal drug delivery, SLN has also
reduced the toxicity of few antifungal drugs,
to exemplify this ketoconazole which is
potent antifungal agent, developed as SLN
for tropical fungal infections, minimized the
adverse effects of ketoconazole and also
provided control release.81
Cosmeceuticals
SLN have been applied in the
preparation of sunscreens.79 SLN & NLC
have proved as controlled release innovative
occlusive topical.82 It has been reported that,
31% increase in the skin hydration upon
addition of 4% SLN to a conventional
cream.78 Better localization of vitamin A
with glyceryl behenate SLN was reported in
comparison to conventional formulations.83
Oral administration
SLN can also be administered by
oral route in an aqueous dispersion form
rather than its traditional solid forms. The
aqueous SLN dispersion can be used as a
granulating fluid in the granulation process
or alternatively, the spray-dried powder can
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be added to the tableting powder mixture.
During the preparation of pellets by
extrusion process, SLN dispersion can be
used as a wetting agent.84
Parenteral administration
A
study
on
intravenous
administration of SLN has been reported by
Yang et al.85 The intravenous administration
of SLN led to elevated and prolonged
plasma levels of paclitaxel and interestingly
increased uptake by brain was observed
along with low uptake by liver and spleen.86
This study demonstrates nicely the potential
of SLN to achieve prolonged drug plasma
levels. SLN are also useful in delivery of
peptides and protein based drugs which
enhances the bioavailability by avoiding
degradation when given by oral route.
Agricultural applications
Some of the essential oils after
incorporating in SLN system exhibited
reduction in rapid evaporation when
compared to emulsion system and have been
used as a suitable carrier of ecologically safe
pesticides.87
DEMERITS OF SLN
Numerous research and review
publications already reported large side
advantages of SLN, however, only few
reports cited the problems associated with
SLN as a carrier and such drawbacks require
special attention to improve the SLN
formulation. We here wish to bring some of
such difficulties associated with SLN during
its formulation as carriers.
Formulation based drug degradation
Reports suggest that large molecular
weight and long chain molecules like DNA
and peptides have demonstrated greater
sensitivity than low molecular weight drugs
or drugs having spherical shape during SLN
production in bulk scale.88 Different
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techniques are known for the production of
SLNs in laboratory scale and large scale.
High pressure homogenization technique if
employed in the production of SLN in bulk
quantity in which high shear is produced
which may be responsible for degradation of
aforementioned drugs, although shear may
not be a significant problem for majority of
drugs.89
Lipid Modifications
Selection of lipids for the
formulation of SLN is vital because the
efficiency of SLN in terms of drug loading
and its release depend on lipid used and how
much modifications needed. Lipids possess
thermodynamical mobility which attributes
for stable and unstable configuration. Such
themodynamic stability and lipid packing
pose serious challenge for formulation
scientists and the incorporation rate decrease
in the following order, Super cooled melt <
α-modification < β9-modification < βmodification. During storage, the lipid
structure
changes
from
unstable
configuration to stable configuration due to
which rapid expulsion of drug occur which
hinder the high drug loading capacity of
SLN. This drawback of lipid configuration
requires modification during the course of
storage. DSC and X- ray scattering are
successfully employed to inspect the status
of the lipid. DSC reveals the lipid
modification based on principle that
different structures of lipids possess
different melting points and melting
enthalpies.
Infrared
and
Raman
spectroscopy are also effective tools for
exploring structural properties of lipids.90
Conclusion
According to Paul Ehrlich’s concept
of magic bullet, which emphasized the idea of
delivery of the drug to the specific site, at
specific time, in appropriate concentration
and to avoid the systemic side effects, SLN
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are considered as potential drug carriers to
achieve aforementioned broad objectives
apart from controlled drug delivery. A
detailed survey over SLN disclosed that
plentiful academic groups are involved in
SLN development which could be attributed
to lack of drug formulation in the market. The
broad applications of this system can be
expected
only
when
pharmaceutical
companies come forward and carry research
based studies which yield prolific and cost
effective formulation containing SLN. Still
SLN is a premature drug delivery system and
in infancy stage however has gained primary
attention in the last two decades. Active
involvement of pharmaceutical industries will
gradually shift attention and future holds great
promise for SLN development and rightful
exploitation. Hope such momentum results in
new SLN based formulations in market in
future.
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Table 1. Types of preparation methods and ingredients used for formulation of SLN74
Different methods of SLNs
preparation



High shear
homogenization



Ultrasound High
shear
homogenization



Probe ultrasonication



Bath ultrasonication



Hot homogenization



Cold homogenization



Solvent
emulsiﬁcation



Solvent evaporation



Microemulsion
method

BBB[1][2][2013]103-118

Name of the ingredients
Lipids
Triglycerides
 Tricaprin
 Trilaurin
 Trimyristin
 Tripalmitin
 Tristearin
 Hydrogenated co-glycerides
(Softisan 142)
Hard fat types
 Witepsol W 35
 Witepsol H 35
 Witepsol H 42
 Witepsol E 85
 Glyceryl monostearate
(Imwitor 900)
 Glyceryl behenate
(Compritol 888 ATO)
 Glyceryl
palmitostearate
(Precirol ATO 5)
 Cetyl palmitate
 Stearic acid
 Palmitic acid
 Decanoic acid
 Behenic acid
 Acidan N12

Emulsiﬁers /Coemulsiﬁers






Soybean lecithin
(Lipoid S 75, Lipoid S 100)
Egg lecithin (Lipoid E 80)
Phosphatidylcholine
(Epikuron 170, Epikuron200)










Poloxamer 188
Poloxamer 182
Poloxamer 407
Poloxamine 908
Tyloxapol
Polysorbate 20
Polysorbate 60
Polysorbate 80

 Sodium cholate
 Sodium glycocholate
 Taurocholic acid sodium salt
 Taurodeoxycholic acid sodium
salt
 Butanol
 Butyric acid
 Dioctyl sodium sulfosuccinate
 Monooctylphosphoric acid
sodium
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Figure 1. Typical solid lipid nanoparticles
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Figure 2. Shows the comparative patents published in United State of America
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