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ABSTRACT

Solid lipid nanoparticles are at the vanguard & thpidly budding field of
nanotechnology with numerous prospective applioation drug delivery, clinical
research, in addition to other diverse sciencesolid lipid nanoparticle (SLN) is a
typically colloidal spherical with an average diaerebetween 10 to 1000 nm. Solid lipid
nanoparticles hold a solid lipid core matrix thaneolubilize lipophilic molecules. The
lipid core of SLNs is stabilized by the surfactagsulsifiers). Due to their inimitable

size-dependent properties, lipid nanoparticles ferothe possibility to develop new
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therapeutics. The potential to incorporate drugs manocarriers offers a new archetype
in drug delivery that could hold an immense proniisaccomplishing the bioavailability
enhancement accompanied by controlled and siteifispecug delivery. This review
presents a discussion on the aims, advantagesationis, production procedures, factors
affecting the formulation, characterization studies promising remedies of SLNs.

Keywords: Controlled and site specific drug delivery, nanbteogy, solvent
evaporation, super critical fluid technique, ultnaigation.

INTRODUCTION:

In the recent past solid lipid nanoparticles (SLN)
are escalating at a faster rate. Solid lipid nanapes
introduced in 1991, signify an alternative carmsgstem
to traditional colloidal carriers, such as emulsion
liposomes and polymeric micro- and nanoparticldN S
are sub-micron colloidal carriers ranging from @Q.000
nm, composed of physiological lipid dispersed inexar
in aqueous surfactant solution. SLN offer unique
properties such as small size, large surface driggh,
drug loading, and interaction of phases at therfite
and are attractive for their potential to improve
performance of pharmaceuticals. Nanoparticles are
attracting major attention as novel colloidal dreagrier
for intravenous applications as they have beenqueg
as an alternative particulate carrier system. Dmpraknt
of solid lipid nanopatrticles is one of the emergiralds
of lipid nanotechnology with numerous potential
applications in drug delivery, clinical
medicine and research, as well as in varied disepl
Particulate drug carriers investigated for manyryea
include oil-in-water (O/W) emulsions, liposomes,
microparticles and nanoparticles based on synthetic
polymers or natural macromolecules. Solid lipid
nanoparticles are one of the novel potential cd#bi
carrier systems as alternative materials to polgmdrich
is identical to oil in water emulsion for pareniera
nutrition, but the liquid lipid of the emulsion h&gen
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replaced by a solid lipid shown on Fig. 1. They éav
many advantages such as good biocompatibility, low
toxicity and lipophilic drugs are better delivered solid
lipid nanoparticles and the system is physicatpks’ 2

Liposomes

Drug leakage
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Particle growth
Unstable during storage
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Fig. 2: A diagrammatic representation on SLN over
emulsions and liposomes advantages of SLN

Control and / or target (site specific) drug reteas
Excellent biocompatibility.

Improve stability of pharmaceuticals.

High and enhanced drug content.

Easy to scale up and sterilize.

* & & o o
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¢ Better control over release kinetics of encapsdlate

compounds.

¢ Enhanced bioavailability of entrapped bioactive
compounds.

¢ Chemical protection of labile incorporated
compounds.

¢ Much easier to manufacture than biopolymeric
nanoparticles.

¢ No special solvent required.

¢ Conventional emulsion manufacturing methods
applicable.

¢ Very high long-term stability.

Application versatility.

¢ Can be subjected
procedures.

<

to commercial sterilization

Disadvantages of SLN *
¢ Particle growth.
¢ Unpredictable gelation tendency.
¢ Unexpected dynamics of polymeric transitions.

Aims of solid lipid nanoparticles*3*
¢ Possibility of controlled drug release.
Increased drug stability.
High drug pay load.
No bio-toxicity of the carrier.
Avoidance of organic solvents.
Incorporation of lipophilic and hydrophilic drugs.

* & & o o

M ethods of preparation of solid lipid nanoparticles
SLNs are prepared from lipid, emulsifier and
water/solvent by using different methods and are
discussed below.
1. High pressure homogenization
A. Hot homogenization
B. Cold homogenization
2. Ultrasonication/high speed homogenization
A. Probe ultrasonication
B. Bath ultrasonication
3. Solvent evaporation method
4. Solvent emulsification-diffusion method
5. Supercritical fluid method
6. Microemulsion based method
7. Spray drying method
8. Double emulsion method
9. Precipitation technique
10. Film-ultrasound dispersion

1. High pressure homogenization (HPH)

It is a reliable and powerful technique, which is
used for the fabrication of SLNs. High pressure
homogenizers push a liquid with high pressure (2008
bar) through a narrow gap (in the range of a few
microns). The fluid accelerates on a very shottadise at
a very high velocity (over 1000 Km/h). Very highesin
stress and cavitation forces disrupt the partidiesn to
the submicron range. Generally 5-10% lipid contisnt
used but up to 40% lipid content has also been
investigated. Two general approaches of HPH are hot
homogenization and cold homogenization; which work

on the same concept of mixing the drug in bulkipidl
melt.

A. Hot homogenization:

Hot homogenization is carried out at
temperatures above the melting point of the lipidl a
therefore regarded as the homogenization of ansaomul
A pre-emulsion of the drug loaded lipid melt anc th
aqueous emulsifier phase (same temperature) isnebta
by high-shear mixing device. HPH of the pre-emuls®
carried out at temperatures above the melting pditte
lipid. In general, higher temperatures result inwdo
particle sizes due to the decreased viscosity ®fither
phase.

However, high temperatures increase the degradedien
of the drug and the carrier. Increasing the homizgéion
pressure or the number of cycles often resultsrin a
increase of the particle size due to high kinetiergy of
the particles: ®’

B. Cold homogenization

Cold homogenization has been developed to
overcome various problems associated with hot
homogenization such as: Temperature-induced drug
degradation, drug distribution into the aqueousspha
during homogenization, Complexity of the crystaltion
step of the nanoemulsion leading to several matibos
and/or super cooled melts. In this technique thegdr
containing lipid melt is cooled, the solid lipidogmd to
lipid microparticles and these lipid microparticlase
dispersed in a cold surfactant solution yieldingra-
suspension. Then this pre-suspension is homogelized
or below room temperature, the gravitation forcstieng
enough to break the lipid microparticles directlysolid
lipid nanoparticles> & "8

Advantages
1. Low capital cost.
2. Customary at lab scale.
Disadvantages
1. Energy intensive process.
2. Polydisperse distributions.
3. Unproven scalability.

Melting of the lipid and

dissolving/dispersing of the
drug in the lipi

Cold homogenization
technique

Hot homogenization
technique

of the drug-
in liquid nitrogen
ice

Grinding in a powder mill
(50-100pm)

High pressure homogenization
at room temperature or below

e
i
Hot o/w-nanoemulsion
Solidification of the
nanoemulsion by cooling
down to room temperature

Solid lipid nanoparticles
(SLN®)

Fig. 4: Schematic procedure of hot and cold
homogenization techniques for SLN production
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2. Ultrasonication / high speed homogenization
SLNs are also prepared by ultrasonication or
high speed homogenization techniques. To achieve
smaller particle size, combination of both ultrasation
and high speed homogenization is requitéd.
Advantages
1. Reduced shear stress.

Disadvantages
1. Potential metal contamination.
2. Physical instability like particle growth upon
storage.

3. Solvent evaporation
SLNs can be prepared by solvent evaporation

method. The lipophilic material is dissolved in ater-
immiscible organic solvent (e.g. cyclohexane) tlgt
emulsified in an aqueous phase. Upon evaporatidheof
solvent, nanoparticles dispersion is formed by
precipitation of the lipid in the aqueous medium by
giving the nanoparticles of 25 nm mean size. Thetiem
was emulsified in an aqueous phase by high pressure
homogenization. The organic solvent was removeth fro
the emulsion by evaporation under reduced pregdlre
60 mbar)’
Advantages

1. Scalable.

2. Mature technology.

3. Continuous process.

4. Commercially demonstrated.
Disadvantages

1. Extremely energy intensive process.

2. Polydisperse distributions.

3. Biomolecule damage.

4. Solvent emulsification-diffusion method

SLNs can also be produced by solvent
emulsification-diffusion technique. The mean pagtic
size depends upon lipid concentration in the omani
phase and the emulsifier used. Particles with @eera
diameters of 30-100 nm can be obtained by this
technique. Avoidance of heat during the preparatdhe
most important advantage of this technique. Hehme, t
lipid matrix is dissolved in water-immiscible organ
solvent followed by emulsification in an agqueousigh
The solvent is evaporated under reduced pressure
resulting in nanoparticles dispersion formed by
precipitation of the lipid in aqueous medidh?

Lipid matrix dispersed in water |

|Emulsiﬁcal:{0n in an aqueous phase

i

Ewvaporation of solvent under

reduced pressure

{

| Precipitation of the lipid in aqueous medium |

Nanoparticle dispersion

Fig. 5: Systematic representation for emulsification-
diffusion method

5. Supercritical fluid method

This is a novel technique recently applied for the
production of SLNs. A fluid is termed supercritigzhen
its pressure and temperature exceed their respecti
critical value. The ability of the fluid to diss@v
compounds increases. This technology comprises of
several processes for nanoparticle production sagh
rapid expansion of supercritical solution (RESS),
particles from gas saturated solution (PGSS), aéros
solvent extraction solvent (ASES), supercriticabidl
extraction of emulsions (SFEE). The advantagegto$
technique includes avoidance of the use of solyents
particles obtained as a dry powder, instead of
suspensions, requires mild pressure and temperature
conditions. Carbon dioxide solution is the goodicbas

a solvent for this method.** **
Advantages
1. Avoid the use of solvents.
2. Particles are obtained as a dry powder, instead of
suspensions.
3. Mild pressure and temperature conditions.
4. Carbon dioxide solution is the good choice as a

solvent for this method.

6. Microemulsion based method

This method is based on the dilution of
microemulsions. Micro-emulsions are two-phase syste
composed of an inner and outer phase (e.g. o/w
microemulsions). They are made by stirring an @itic
transparent mixture at 65-70°C, which typically
composed of a low melting fatty acid (e.g. steaGad),
an emulsifier (e.g. polysorbate 20), co-emulsifiéesy.
butanol) and water. The hot microemulsion is dispdr
in cold water (2-3°C) under stirring. SLN dispersican
be used as granulation fluid for transferring instmlid
product (tablets, pellets) by granulation procdss, in
case of low particle content too much of water seted
be removed. High-temperature gradients facilitatpid
lipid crystallization and prevent aggregation. Dtoethe
dilution step; achievable lipid contents are coesadly
lower compared with the HPH based formulatidfg®

STEP 1 STEP 2

7

LIFID PHASE AT SAME TEMPERATURE AS
ADUEOUS PHASE

AGUEDLIS PHASE
[WATER ANDH
SURFACTANTS) b

[ - we

e —— COLOWATER {6
2%

*

' MAGNETIC STIRRING L )

Fig. 6: Microemulsion method

\\\\\\\

Advantages
1. Low mechanical energy input.
2. Theoretical stability.
Disadvantages
1. Extremely sensitive to change.
2. Labor intensive formulation work.
3. Low nanoparticle concentrations.
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7. Spray drying method

It is an alternative technique to the lyophilizatio
process. This recommends the use of lipid with imglt
point more than 7T. The best results were obtained with
SLN concentration of 1% in a solution of trehaldse
water or 20% trehalose in ethanol-water mixturé.

8. Double emulsion method

Here the drug is encapsulated with a stabilizer to
prevent the partitioning of drug in to external argbhase
during solvent evaporation in the external wateagghof
w/o/w double emulsiot.*®

9. Precipitation method

The glycerides are dissolved in an organic
solvent (e.g. chloroform) and the solution will be
emulsified in an aqueous phase. After evaporatiothe
organic solvent the lipid will be precipitated fdng
nanoparticles.

10. Film-ultrasound dispersion

The lipid and the drug were put into suitable
organic solutions, after decompression, rotatiord an
evaporation of the organic solutions, a lipid filim
formed, then the aqueous solution which includes th
emulsions was added. Using the ultrasound with the
probe to diffuser at last, the SLN with the litthnd
uniform particle size is formed.
Formulation variablesin the product quality %%
Particlesize

Alteration of the size significantly affects the
physical stability, biofate of the lipid particlegand
release rate of the loaded drug. Hence the sizthef
SLNs has to be controlled within reasonable raifgell
formulated systems (liposomes, nanospheres
nanoparticles) should display a narrow particlee siz
distribution in the submicron size range (as hasimg
below 1um), according to the definition of colloidal
particles.

Influence of the ingredients on product quality

The particle size of lipid nanoparticles
affected by various parameters such as composifitime
formulation (such as surfactant/ surfactant mixture
properties of the lipid and the drug incorporated),
production methods and conditions (such as time,
temperature, pressure, cycle number, equipment,
sterilization and lyophilization). Large particléze is
obtained at lower processing temperature. The hot
homogenization technique gives a smaller particte, s
generally below 500 nm, and a narrow particle size
distribution as compared to cold homogenizationaMe
particle size as well as polydispersity index (PdJues
are reported to be reduced at increasing homogdeniza
pressure up to 1500 bar and number of cycles (3-7
cycles).

is

Influence of the lipids
Using the hot homogenization, it has been found
that the average particle size of SLN dispersioss i

and

increasing with higher melting lipids. However, eth
critical parameters for nanoparticle formation wile
different for the different lipids. The exampleslide the
velocity of lipid crystallization, the lipid hydrdylicity
(influence on self-emulsifying properties and thayge of
the lipid crystals (and therefore the surface areajther,
increasing the lipid content over 5-10% resultedanger
particles (including microparticles) and broadertigte
size distribution in most cases.

Influence of the emulsifiers

The concentration of the surfactant/surfactant
mixture strongly affects the particle size of thpid
nanoparticles. In general, smaller particle sizesrew
observed when a higher surfactant/lipid ratio wassen.
The decrease in surfactant concentration resulted i
increase of particle size during storage. Surfdstan
decrease the surface tension between the inteofattee
particles causing portioning of the particles ahdréby
increasing the surface area.

Characterization of solid lipid nanoparticles
Analytical characterization of SLN

Adequate and proper characterization of the
SLNs is necessary for its quality control. However,
characterization of SLN is a serious challenge wuthe
colloidal size of the particles and the complexignd
dynamic nature of the delivery system. The impdrtan
parameters which need to be evaluated for the SirNs
particle size, size distribution kinetics (zeta qgudial),
degree of crystallinity and lipid modification
(polymorphism), coexistence of additional colloidal
structures (micelles, liposome, super cooled, meltsg
nanoparticles), time scale of distribution processiug
content,in vitro drug release and surface morphology.

Deter mination of particle size:

Particle size and size distribution are the
essential characteristics of nanoparticle systefiey
decide thein vivo distribution, biological fate and the
targeting capability of nanoparticle drug delivery
systems. In addition, they can also control thegdru
loading, drug release and stability of nanopaicMany
studies have confirmed that nanoparticles of sutremi
size have a numerous advantages over microparéisles
drug delivery systerh.?

Electron microscopy:

Scanning electron microscopy and transmission
electron microscopy offer a way to directly observe
nanoparticles and physical characterization of
nanoparticles. Transmission electron microscopy &as
smaller size limit of detection, is a good validatifor
other methods and one must be cognizant of the
statistically small sample size and the effect tretuum
can have on the particles. Currently, the fastedtraost
routine method of determining particle size is limpion-
correlation spectroscopy or dynamic light scattgrin
Photon-correlation spectroscopy requires the vigca$
the medium to be known and determines the dianuéter
the particle by Brownian motion and light scattgrin
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properties . Lipidic nanoparticles containing cygorine
were prepared by the emulsification-diffusion metlamd
their physicochemical stability was characterized b
evaluating particle size. It was observed that SLNs
variations in size were greater and particle silso a
increased over time in all batches; this effect rhaye
been caused by a probable expulsion of the drugtaue
the lipid's partial rearrangemeht!

Dynamic Light Scattering (DL S):

DLS or quasi-elastic light scattering records the
variation in the intensity of scattered light oneth
microsecond time scale. This variation results from
interference of light scattered by individual peds
under the influence of brownian motion and is qifigat
by compilation of an autocorrelation function. This
function is fit to an exponential, or some combimiator
modification thereof, with the corresponding decay
constant(s) being related to the diffusion coedfiti The
advantages of the process are the speed of andbals
of requisite calibration, and sensitivity to subroimeter
particles! ?* 23

Photon correlation spectroscopy (PCS) and laser
diffraction (LD) are the most powerful techniques f
routine measurements of particle size. The Coulter
method is rarely used to measure SLN particle size
because of difficulties in the assessment of small
nanoparticle and the need of electrolytes which may
destabilize colloidal dispersions. PCS (also known
dynamic light scattering) measures the fluctuatiérhe
intensity of the scattered light which is caused thg
particle movement. This method covers a size rédiruye
a few nanometers to about 3 microns. This means tha
PCS is a good tool to characterize nanopatrticlesiths
not able to detect larger microparticles. They d¢an
visualized by means of LD measurements. This meithod
based on the dependence of the diffraction angl¢hen
particle radius (Fraunhofer spectra). Smaller pladi
cause more intense scattering at high angles ceapar
the larger ones. A clear advantage of LD is thescage
of a broad size range from the nanometer to thesdow
millimeter range™ % %3

Degr ee of crystallinity

It can be measured by X-ray diffraction (powder
X-ray diffraction) .The geometric scattering of iattbn
from crystal planes within a solid allow the preseror
absence of the former to be determined thus pengpitt
the degree of crystallinity to be assessed. Anathethod
that is a little different from its implementatiovith bulk
materials, DSC can be used to determine the natunle
speciation of crystallinity within nanoparticlesraligh
the measurement of glass and melting point te mprest
and their associated enthalpte¥:
Drug incor poration and loading capacity® %°

The particle size, loading capacity and the size
distribution of SLN’s is found to vary with lipid
(triglycerides, fatty acids, steroids, waxes etthulsifier
(anionic, cationic, non - ionic) and the method of
preparation etc.

Factors determining the loading capacity of the drug
in thelipid are 22
— Solubility of the melted lipid.
— Miscibility of the drug melt in the lipid melt.
— Chemical and physical structure of solid lipid
matrix.
— Polymorphic state of lipid material.

The pre — requisite to obtain a sufficient loading
capacity is a sufficiently high solubility of theuw in the
lipid melt. Typically the solubility should be highthan
required because, it decreases when cooling down th
melt and might be even lower in the solid lipid. To
enhance the solubility in the lipid melt one cand ad
solubilizers. In addition, the presence of mono and
diglycerides in the lipid used matrix material prates
drug solubilization. The chemical nature of theidifs
also important because lipids which form highly
crystalline particles with a perfect lattice leadugl
expulsion.

Estimation of incor porated drug
Entrapment efficiency

This is the prime importance in SLN, since it
influences the release characteristics of drug oubde
The amount of drug encapsulated per unit weight of
nanoparticles is determined after separation of the
entrapped drug from the SLN formulation. This
separation can be carried out using the techniguels as
ultracentrifugation, centrifugation filtration andr gel
permeation chromatography?® 2°

Centrifugation filtration
Filters such as ultra free — mc or ultra sort — 10
are used along with classical centrifugation teghes.
The degree of encapsulation can be assessed ihdingc
determining the amount of drug remaining in suptnmia
after centrifugation filtration/ultra-centrifugatioof SLN
suspension or alternatively by dissolution of tediment
in an appropriate solvent and subsequent analyis.
Principlesof drug release ™3 %
The general drug principles of drug release from
lipid nanoparticles are as follows:
— There is an inverse relationship between drug
release and the partition co-efficient of the drug.
— Higher surface area owing to smaller particle size
the nanometer size range gives higher drug release.
— Slow drug release can be achieved when drug is
homogenously dispersed in the lipid matrix. It
depends on the type and the drug entrapment model
of SLN.
— Crystallinity behavior of the lipid and high molyli
of the drug lead to fast drug release. There is an
inverse relationship between crystallization degree
and mobility of drug.
Factors contributing to a fast release are theelarg
surface area, a high diffusion co - efficient doe t
small molecular size, low viscosity in the matrida
a short diffusion distance for the drug. The inseea
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in the velocity with decreasing particle size was
reported.

Storage stability of SLN 332

The physical properties of SLN’s during
prolonged storage can be determined by monitoring
changes in zeta potential, particle size, drug exmnt
appearance and viscosity as the function of timerBal
parameters such as temperature and light appédss td
primary importance for long — term stability. Theta
potential should be in general, remain higher t#&mV
for a dispersion to remain physically stable.
4°C - Most favorable storage temperature.
20°C - Long term storage did not result in drug loaded
SLN aggregation or loss of drug.
50°C - A rapid growth of particle size was observed.

In vitro and ex vivo methods for the assessment of
drug release from SLN 2232
A large number of drugs including very
hydrophilic molecules have been postulated to be
incorporated into SLN. Various methods used to ystud
thein vitro release of the drug are:
— Side by side diffusion cells with artificial or
biological membrane.
— Dialysis bag diffusion technique.
— Reverse dialysis bag technique.
— Agitation followed by ultracentrifugation
centrifugal ultra filtration.

or

In vitro drug release 3
Dialysistubing

In vitro drug release could be achieved using
dialysis tubing. The solid lipid nanopatrticle disgien is
placed in pre - washed dialysis tubing which can be
hermetically sealed. The dialysis sac then dialyzed
against a suitable dissolution medium at room
temperature; the samples are withdrawn from the
dissolution medium at suitable intervals, centréfdgand
analyzed for the drug content using a suitableydical
method 34

Reversedialysis

In this technique a number of small dialysis sacs
containing 1 ml of dissolution medium are place®IN
dispersion. The SLN’s are then displaced into the
medium > **

Administration routes of SLNs:
Oral administration
Parenteral administration
Rectal administration
Nasal administration
Respiratory delivery
Topical application
Ocular administration

NogakrwbE

Oral administration

Controlled release behaviour of SLNs enables
the bypass of gastric and intestirddgradation of the
encapsulated drug, and their possible uptake andport

through the intestinal mucosa. However, the assessm
of the stability of colloidal carriers in Gl fluidss
essential in order to predict their suitability foral
administration® > %

Parenteral administration

Peptide and protein drugs are usually available
for parenteral use in the market. Their conventiaral
administration is not possible due to enzymatic
degradation in Gl tract. Parenteral applicationShfN
reduces the possible side effects of drug incotpdra
with the increased bioavailability. These systenes\very
suitable for drug targeting.® *

Rectal administration

When rapid pharmacological effect is required,
in some circumstances, parenteral or rectal adtréticn
is preferred. This route is used for pediatric grats due
to easy applicatior::* ¥’

Nasal administration

Nasal route is preferred due to its fast absorption
and rapid onset of drug action, avoiding degradiatd
labile drugs in the GIT and insufficient transpadross
epithelial cell layers- 3 %

Respiratory delivery

Nebulisation of solid lipid particles carrying
anti-tubercular  drugs, anti-asthmatic drugs and
antipassivecancer was observed to be successful in
improving drug bioavailability and reducing the ohmp

frequencyfor better management of pulmonary acton.
38

Topical administration

SLN are very attractive colloidal carrier systems
for skin applications due to their various desieabffects
on skin besides the characteristics of a collomatier
system. They are well suited for use on damaged or
inflamed skin because they are based on non-itrgad
non-toxic lipids.! 3 3940

Ocular administration

Biocompatibility and muco-adhesive properties
of SLN improve their interaction with ocular mseo
and prolong corneal residence time of the drugh wie
aim of ocular drug targeting.> 4% 4

APPLICATION: #4041, 424344
SLNsas gene vector carrier:

Cationic  solid lipid nanoparticles have
established themselves during the past decadey.CEme
well bind DNA directly via ionic interaction and
intervene gene transfection. SLN can be used irgéme
vector formulation. There are several recent repoft
SLN carrying genetic/peptide materials such as DNA,
plasmid DNA and other nucleic acids. Cationic st
nanoparticles are promising nonviral gene delivery
carriers suitable for systemic administration. The
relationship between the composition of cationicNSL
and their ability to condense plasmid DNA (pDNA)dan
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to transfer it in neuroblastoma cells were invegtg.
The lipid nucliec acid nanoparticles were prepdreth a
liquid nanophase containing water and a water inisci
organic solvent where both lipid and DNA are sefgya
dissolved by removing the organic solvent, stalbie a
homogeneously sized lipid-nuclic acid nanoparti@e-
100 nm) were formed. It's called genospheres. Manna
modified DNA-loaded vehicles have great potential f
targeted gene delivery.

SLNsasatargeted carrier for solid tumors:

One of the most importanthallenges in drug
delivery is to get the drugt the place it is needed in the
body therebyavoiding possible side effects to non
diseased organs. The non restricted toxicity of
chemotherapeutics thus limits the full use thfeir
therapeutic potential. Local druglelivery or drug
targeting results in increasddcal drug concentrations
and provides strategies for more specific therapy.
Nanoparticles have specific particles as tools nabke
these strategies. SLNs have been reported to lhel ase
drug carriers to treat neoplasms. Tumour targeting
been achieved with SLNs loaded with drugs like
methotrexate, paclitaxel amémptothecin.

SLNsin anti tubercular chemotherapy:

Another prominent example of SLNs-based drug
delivery is pulmonary delivery of antimicrobials tieat
tuberculosis, a serious lung infection caused by
Mycobacterium tuberculosis. Antitubercular drugs such
as rifampicin, isoniazide, pyrazinamide-loaded SLN
systems, were able to decrease the dosing frequanty
improve patient compliance. This antitubercular gdru
loaded solid lipid nanoparticles were prepared bingi
the emulsion solvent diffusion technique.

SLNsin breast cancer:

Photodegradation and low bioavailability are
chief hurdles for the therapeutic use of curcumin.
Transferrin mediated SLNs were formulated to inseea
photostability and enhance its anticancer actiaigainst
MCF-7 breast cancer cells. The anticancer actiaty
curcumin is enhanced with transferrin-mediated SLNs
compared to curcumin solubilized surfactant solutiod
apoptosis is the mechanism underlying the cytoityxic
Mitoxantrone-loaded SLNs local injections were
formulated to reduce the toxicity and improve thdéety
and bioavailability of drug. Efficacy of doxorubicihas
been reported to be enhanced by incorporation INSSL
Doxorubicin was complexed with soybean-oil-based
anionic polymer and dispersed collectively withiad in
water to form doxorubicin loaded solid lipid
nanoparticles. The system has improved its efficany
reduced breast cancer cells.

SL Nsfor topical use:

Corticosteroids are therapeutic agents generally
used in the treatment of skin diseases such asnecoe
psoriasis. Topical SLN products show enormous
prospective for treating dermatological conditiohg
targeting corticosteroids to dermal disease sitédew

decreasing systemic drug absorption. Topical agfdin

of the drugs at the pathological sites offers pmesi
advantages of delivering the drug directly to tite sf
action. SLNs are used for topical application ofimas
drugs such as vitamin-A, isotretinoin, flurbiprofefihe
isotretinoin-loaded lipid nanoparticles were forated
for topical delivery of drug. Production of the
flurbiprofen-loaded SLN gel for topical applicatiaffer

a potential advantage of delivering the drug diyeict the
site of action, which will produce higher tissue
concentrations. Miconazole nitrate loaded SLN were
prepared by modified solvent injection method and
characterized for surface morphology, particle snel
drug entrapment.

SL Ns as cosmeceuticals:

Cosmeceduticals is rising as the major application
target of these carriers. Carrier systems like SlaNd
NLC were formulated with a point of view to meet
manufacturing needs like scale up, qualificatiord an
validation, simple technology, low cost etc. TheNSL
have been functional in the preparation of sunssread
as an active carrier agent for molecular sunscregas
UV blockers. Many features of SLNs are advantageous
for dermal application of cosmetic products haverbe
reported, e.g. occlusive properties, increase im sk
hydration, modified release, increase of skin pratien
and avoidance of systemic uptake. The first tworei
products containing lipid nanoparticles were introed
to the market in 2005. Within 3 years after the
introduction, of about 30 cosmetic products coritgn
lipid nanoarticles are in the market these days.

Solid lipid nanoparticles for delivering peptides and
proteins

Solid lipid particulate systems such as solid lipid
nanoparticles (SLN), lipid microparticles (LM) and
lipospheres have been sought as alternative carfoer
therapeutic peptides, proteins and antigens. Téeareh
work developed in the area confirms that undemoiged
conditions they can be produced to incorporate
hydrophobic or hydrophilic proteins and seem tdilful
the requirements for an optimum particulate carrier
system. Proteins and antigens intended for thetapeu
purposes may be incorporated or adsorbed onto Shd,
further administered by parenteral routes or bgraktive
routes such as oral, nasal and pulmonary. Forrounlat
SLN confers improved protein stability, avoids
proteolytic degradation, as well as sustained seled the
incorporated molecules. Important peptides such as
cyclosporine A, insulin, calcitonin and somatostdtave
been incorporated into solid lipid particles ande ar
currently under investigation. Several local ortsysc
therapeutic applications may be foreseen, such as
immunisation with protein antigens, infectious dise
treatment, chronic diseases and cancer therapy.

SLN as potential new adjuvant for vaccines

Adjuvants are used in vaccination to enhance the
immune response. The safer new subunit vaccines are
less effective in immunization and therefore effexct
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adjuvants are required. New developments in thevadit
area are the emulsion systems. These are oil-iarwat
emulsions that degrade rapidly in the body. Bemghie
solid state, the lipid components of SLNs will be
degraded more slowly providing a longer lasting
exposure to the immune system.

Stealth nanoparticles

These provide a novel and unique drug-delivery
system they evade quick clearance by the immune
system. Theoretically, such nanoparticles can targe
specific cells. Studies with antibody labelled #tea
lipobodies have shown increased delivery to theetar
tissue in accessible sites. Stealth SLNs have been
successfully tested in animal models with marker
molecules and drugs

Conclusion

SLN as colloidal drug carrier combines the
advantage of polymeric nanoparticles, fat emulsiand
liposomes. A lot of research on SLN as carrieresyshas
rationalized the approach that SLN are the noniatfriv
systems with complex lipid compositional matrix and
internal particle microstructure which could becdgmtial
colloidal drug carrier system to administer active
compounds or pharmacologically difficult molecusesh
as proteins, peptides, hormones, genes, DNA, RNA or
viral vectors for targeting to exert their relateenefits.
The appropriate characterization of the complex
surfactant/lipid dispersions requires several aiwy
methods in addition to the determination of thetipker
size. In summary, SLN are very complex systems with
clear advantages and disadvantages to other callloid
carriers. Still various new dimensions and implications
are being pooled by the scientific community esalbci
in nanoscalar systems to utilize these systems as
industrially viable and commercially robust tectom/ in
the field of SLN technology. Further work needsh®
done to understand the structure and dynamics bif &L
molecular leveln vitro andin vivo studies.
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