ISSN 2320-5407

International Journal of Advanced Research (2014), Volume 2, Issue 1, 433-441

ISSN NO. 2320-5407

SOLID LIPID NANOPARTICLES (SLNs) - AS NOVEL LIPID BASED NANOCARRIERS FOR DRUGS

Journal homepage: http://www.journalijar.com

INTERNATIONAL JOURNAL
OF ADVANCED RESEARCH

RESEARCH ARTICLE

*Anu Mahajan, Sandeep Kaur, Navjit Kaur Grewal and Satvinder Kaur
GHG Khalsa College of Pharmacy, Gurusar-Sadhar (Ludhiana) 141104.

Manuscript History:
Received: 15 November 2013

Final Accepted: 20 December 2013
Published Online: January 2014

Key words:

Solid lipid nanoparticles, SLNs,
homogenization, microemulsion,

lipids, emulsifiers.

This review is focused on various aspects of Solid Lipid Nanoparticles
(SLNs) as novel lipid based nanocarriers with size range between 10 to 1000
nm. SLNs were introduced to overcome problems of polymeric
nanoparticles. By putting forward physiological safe lipids in place of
polymers to prepare lipid nanoparticles, a novel formulation technique came
into light. An approach undertaken here is to focus on various production
methods for preparation of SLNs, and their suitability for large industrial
scale. In addition, wide pharmaceutical applications of SLNs in drug delivery

are explored. Diverse instrumental techniques have been highlighted to
characterize the physiochemical properties of SLNs. Various routes of
administration of SLNs as drug carriers are logistically reviewed and
discussed. SLNs may open new vistas in therapy of complex diseases like
cancer. This chapter also focuses on the merits of the SLNs over other
colloidal drug carriers.
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Introduction

Due to simplicity of formulation and basic biocompatibility of the constituent lipid materials, SLNs have become an
exciting area for nanomedicine research. SLNs are a new generation of submicron-sized lipid emulsions where the
liquid lipid or oil has been substituted by a solid lipid. The lipids used to prepare SLNs remain solid at room and
body temperature. Due to entrapment of drug in solid lipid matrix, sustained/controlled release profiles in blood and
protection of drugs against GIT environment is obtained. SLNs offer many unique properties like: enhanced drug
solubility of lipophilic drugs, small size, large surface area, high drug loading, improved drug stability, and targeting
at cellular levels. SLNs represent a better alternative carrier system to existing colloidal carriers (emulsions,
liposomes and polymeric nanoparticles) in terms of good biocompatibility, lower cytotoxicity, modulating drug
release, good production scalability and drug targeting (Hao et al., 2011). SLNs are composed of physiological and
compatible lipids as the solid core with stabilizing surfactants/emulsifiers as the outer shell (Lakkireddy et al., 2006;
Maiaa et al., 2002). Many different drugs have been incorporated in SLNs. Examples include: Timolol,
Doxorubicin, Paclitaxel, Progesterone, Cyclosporin, Camphotericin, Hydrocortisone, Diazepam (Gasco et al., 1992;
Yang et al., 1999; Gohla et al., 2001). This review will highlight almost all aspects related to SLNs as given:

Advantages of SLN’s

SLNs offer many benefits in comparison to other colloidal carriers which include:
Improved solubility and bioavailability of lipophilic drugs.

Provide long-term stability against environmenal degradation.

Surface modification can be easily done.

Controlled release of active drug through lipid matrix.

Excellent biocompatibility of excipients used for SLNs.

Much easier to manufacture than biopolymeric nanoparticles
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7. Topical treatment of skin diseases with SLNs has the advantage that high drug levels can be achieved at the
site of disease and systemic side effects can be reduced compared to oral or parenteral drug administration
(Schafer-Kortin et al., 2007).

8. High drug payload (Cavalli et al., 2003).

SLN formulation can remain stable for even the years (Freitas et al., 1999).

10. SLNs having the particle size range of 120-200nm are not taken up readily by the cells of the RES and
thereby bypass liver and spleen filtration.

11. Excellent reproducibility by use of cost effective high pressure homogenization method as a method of
preparation (Gohla et al., 2001).

12. The feasibility of incorporating both hydrophilic and hydrophobic drugs (Fundaro, 2000; Chen et al.,
2001).

13. The incorporated active ingredients/ drugs can be protected against chemical degradation in solid matrix of
SLN. The carrier lipids are biodegradable and hence safe (Tabatt 2004).

14. The use of organic solvents is avoided (Cavalli et al., 2000).

15. Large scale production and sterilization is possible (Muller et al., 2000).

©

Disadvantages of SLN’s

Some problems (Muller et al., 2000) reported with SLNs are (i) Particle growth and crystallization of drugs (ii)
Unpredictable gelatin tendency (iii) Unexpected dynamics of lipid transitions (iv) Drug loading capacity may be
limited in some cases (v) Drug expulsion from lipids (vi) High pressure induced drug degradation (vii) Water
content of dispersion is relatively high.

Material used to prepare SLNs
The GRAS (Generally recommended as safe) status lipids used to prepare SLNs along with stabilizing
surfactants/emulsifiers.

Lipids: The lipids (Rabinarayan et al., 2010) used to prepare SLNs remain solid at room and body temperature. The
GRAS status lipids used to prepare SLNs include: (i). Saturated monoacid triglycerides: tristearin, tripalmitin,
trilaurin, trimyristin. (ii) Partial glycerides: glyceryl monostearate, glyceryl behenate, glyceryl palmitostearate. (iii)
Fatty acids: stearic acid, behenic acid, palmitic acid, decanoic acid. (iv) Steroids: cholesterol (v) Waxes: cetyl
palmitate.

Surfactants/Emulsifiers: All classes of emulsifiers have been used to stabilize the lipid dispersions (Domb, 2008;
Rawat et al., 2011). Most widely used cateogory is non-ionic surfactants like Poloxamer 188, Poloxamer 407,
Tweens and Spans.

Methods of preparation of solid lipid nanoparticles
SLNs are prepared from lipid, emulsifier and water/solvent by using different methods and these methods are given
below:

1. High Pressure Homogenization (HPH) technique
It is a reliable and powerful technique. HPH (Ekambaram et al., 2012) was the earliest method used for SLN
preparation. High pressure homogenization pushes a liquid with high pressure (100 - 2000 bar) through a
narrow gap in the range of a few microns. This technique arose from its use in the preparation of o/w emulsion
for parenteral nutrition. Two general approaches of the homogenization step are hot and cold homogenization
techniques:
a) Hot homogenization technique (HHT)
In hot homogenization method, the drug is added to the lipid at 5-10°C above lipid melting point, then melt is
dispersed with stirring in an aqueous surfactant solution at the same temperature. The pre-emulsion is then
homogenized, and resulting hot o/w microemulsion is cooled to room temperature or lower temperature to produce
SLN (Ekambaram et al., 2012). The hot homogenization technique can be used for lipophilic and insoluble drugs.
As the exposure time to high temperature is relatively short, many heat sensitive drugs can be safely processed. The
technique is not suitable for incorporation of hydrophilic drugs into SLN because higher portion drugs in water
during homogenization results in low entrapment efficiency (Gohla et al., 2001; Schwarz et al., 1994).
Crystallization, temperature induces drug degradation and drug distribution into the aqueous phase is some problems
of this method.
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b) Cold homogenization technique (CHT)

Cold homogenization has been developed to overcome various problems associated with hot homogenization such
as: (i) Temperature-induced drug degradation (ii) Hydrophilic compounds partitioning into aqueous phase at
elevated temperature (iii) Complexity of the crystallization. The first step is same involving dispersion of drug in
molten lipid. The melt is cooled, and solid lipid is ground to lipid microparticles. The lipid microparticles are then
dispersed in a cold surfactant solution. Homogenization is conducted at room temperature or below, producing SLNs
(Ekambaram et al., 2012). In comparison to hot homogenization, in cold homogenization particle size and
polydispersity index are more. The cold homogenization only minimizes the thermal exposure of drug, but it does
not avoid completely it due to melting of the lipid/drug mixture in the first step of preparation (Rabinarayan et al.,
2010). This method is more suitable for heat sensitive products. It minimizes thermal exposure but does not avoid it.
It is energy intensive process and result in formation of large particle size & broader size distribution.

2. Ultrasonication/High Speed Homogenization

In this method, SLNs are also prepared by ultrasonication or high speed homogenization (Eldem et al., 1991). For
smaller particle size, combination of both ultrasonication and high speed homogenization is required. Drug is added
to hot lipid melt. Hot aqueous phase is added to the hot lipid melt, emulsified by probe sonicator or by using high
speed stirrer. Pre-emulsion is formed, sonicate it using probe sonicator, o/w nanoemulsion is formed which is
filtered to obtain SLNs. This method offers many advantages like no temperature induced degradation, reduced
shear stress and equipments are easy to operate. Demerits of method are: metal contamination, physical instability
like particle growth upon storage, broader particle size distribution ranging into micrometer range.

3. Solvent emulsification - diffusion method

In Solvent emulsification - diffusion method (Gasco, 1993), lipid matrix is dispersed in water. Emulsification is
done in an aqueous phase under reduced pressure. Lipid precipitates in aqueous medium. Nanoparticle dispersion is
obtained. The average diameter of obtained particles is 30-100 nm. It avoids any type of thermal stress. It is an
extremely energy intensive process and involves use of organic solvents.

4. Solvent evaporation/emulsification technique

In this method (Krishna et al., 2011), drug and lipid are dissolved in a water immiscible organic solvent
(cyclohexane, dichloromethane, toluene, chloroform). Emulsification is done in an agqueous phase using high speed
homogenizer. The emulsion is evaporated to remove organic solvent by stirring at room temperature under reduced
pressure (40-60 mbar). Lipid will precipitate to form SLNSs.

5. Microemulsion based technique

Microemulsions are two-phase systems composed of oil and aqueous phases. This method (Rabinarayan et al.,
2010) is based on the dilution of microemulsion. They are made by stirring an optical transparent mixture of lipid,
emulsifier, co-emulsifier and water at 65-70°C. The hot microemulsion is dispersed in cold water (2-3°C) under
stirring. Typical volume ratios of the hot microemulsion to cold water are in the range of 1:25 to 1:50. There will be
formation of suspension of lipid particles, filter and wash with dispersion medium and SLNs are obtained. Low
mechanical energy is required and is theoretically stable. Low nanoparticle concentrations are one problem of this
method.

6. Spray drying method

This method is an alternative technique (Rabinarayan et al., 2010) to the lyophilization process. It can transform an
aqueous SLN dispersion into a solid product by spray drying. The best results obtained are with 1% SLN
concentration in a solution of trehalose in water or 20% trehalose in ethanol-water mixtures (10/90 v/v). It is a
cheaper method in comparison to lyophilization. Problems encounterd are: use of lipid with melting point more than
70°C, particle aggregations because of high temperature, shear force and partial melting of particles.

7. Supercritical fluid (SCF) method

In SCF method (Singhal et al., 2011) many gases like carbon dioxide, ammonia, and ethane are used, but carbon
dioxide is best for SCF technique because it is much safer in comparison to other gases and it does not cause the
oxidation of drug material (Rabinarayan et al., 2010). Carbon dioxide (99.99%) was the good choice as a solvent for
this method (Gasco, 1993). This technique generally uses organic solvents (DMSO, DMFA) because they are fully
miscible in SCF-CO2. This technique contains several methods for production of nanopartices which are: i) Rapid

435



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 1, 433-441

expansion of supercritical solution (RESS) ii) Particles from gas saturated solution (PGSS) iii) Gas/supercritical
antisolvent (GAS/SAS) iv) Supercritical fluid extraction of emulsions (SFEE).

8. Double Emulsion Method

This method (Singhal et al., 2011) is developed for mainly hydrophilic drugs and is based on solvent emulsification-
evaporation method. Double emulsification is carried out to form w/o/w double emulsion. Drug is encapsulated with
a stabilizer to prevent drug partitioning to external water phase during solvent evaporation in the external water
phase of w/o/w double emulsion. Drug is dissolved in aqueous solution, emulsified in melted lipid and stabilized by
stabilizer. Then this stabilized emulsion is dispersed in aqueous phase containing hydrophilic emulsifier. Thereafter,
the double emulsion is stirred and isolated by filtration. Formation of high percentage of microparticles occurs by
this method.

9. Precipitation method

In this method (Ekambaram et al., 2012), the glycerides are dissolved in an organic solvent (e.g. chloroform) and the
solution will be emulsified in an aqueous phase. After evaporation of the organic solvent the lipid will be
precipitated forming nanoparticles.

Types of solid lipid nanoparticles

The types (Rawat et al., 2010) of SLNs depend on the chemical nature of the active ingredient, type and
concentration of lipids, the solubility of actives in the melted lipid, nature and concentration of surfactants, method
of production and the production temperature. Therefore three incorporation models have been proposed for study.

SLN, Type | or homogenous matrix model

The SLN Type | is derived from a solid solution of lipid and active ingredient. A solid solution can be obtained
when SLN are produced by the cold homogenization method. A lipid blend can be produced containing the active
ingredient in a molecularly dispersed form. After solidification of this blend, it is grounded in its solid state to avoid
or minimize the enrichment of active molecules in different parts of the lipid nanoparticles.

SLN, Type Il or drug enriched shell model

It is achieved when SLN are produced by hot homogenization technique, and the active ingredient concentration in
the melted lipid is low. During the cooling process of the hot o/w nanoemulsion, the lipid will precipitate first
leading to a steadily increasing concentration of active molecules in the remaining melt; an outer shell will solidify
containing both active and lipid. The enrichment of the outer area of the particles causes burst release. The
percentage of active ingredient localized in the outer shell can be adjusted in a controlled shell model.

SLN, Type Il or drug enriched core model

Core model can take place when the active ingredient concentration in the lipid melt is high & relatively close to its
saturation solubility. Cooling down of the hot oil droplets will in most cases reduce the solubility of the active in the
melt. When the saturation solubility exceeds, active molecules precipitate leading to the formation of a drug
enriched core.
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solid solution

drug-enriched shell

core-shell model

drug-enriched core

Different models for incorporation of drug

Physiochemical Characterization of SLN’s (Waghmare et al., 2012)

1. Particle Size and Shape
SLNs are submicron sized, particle size and shape is determined by:
a) Photon Correlation Spectroscopy (PCS)

It is an established method which is based on dynamic scattering of laser light due to Brownian motion of particles
in solution/suspension. This method is suitable for the measurement of particles in the range of 3 nm to 3 mm. The
PCS device consists of laser source, a sample cell (temperature controlled) and a detector. Photomultiplier is used as
detector to detect the scattered light. The PCS diameter is based on the intensity of the light scattering from the
particles.

b) Electron Microscopy

Electron Microscopy methods such as Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM) are used to measure the physical characterization like overall shape and morphology of lipid
nanoparticles. It permits the determination of particle size and distributions.SEM uses electrons transmitted from the
surface of the sample while TEM uses electrons transmitted through the sample. TEM has a smaller size limit of
detection.

c) Atomic Force Microscopy (AFM)

It is an advanced microscopic technique which is applied as a new tool to image the original unchanged shape and
surface properties of the particles. AFM measures the force acting between surface of the sample and the tip of the
probe, when the probe is kept in close proximity to the sample which results in a spatial resolution of up to 0.01 nm
for Imaging.

2. Measurement of zeta potential

Zeta potential is used to measure the charge on the particles (Muller, 2000). It allows prediction about the storage
stability of colloidal dispersion because of repulsion between particles. Malvern Zetasizer is most widely used
instrument for measurement of Zeta potential. A zeta potential measurement can also be helpful in designing
particles with reduced RES uptake. Zeta potential below -25 mV and above + 25mV are required for full
electrostatic stabilization of the formulation.

3. Determination of Incorporated Drug

Amount of drug incorporated in SLNs influences the release characteristics; hence it is very important to measure
the amount of incorporated drug. The amount of drug encapsulated per unit weight of nanoparticles is determined
after separation of the free drug and solid lipids from the aqueous medium by ultracentrifugation, centrifugation,
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filtration or gel permeation chromatography. The drug can be assayed by standard analytical technique such as
spectroscopy and HPLC methods.

4. Measurement of degree of crystallinity and lipid modification
Thermodynamic stability and lipid packing density increase while drug incorporation rates decrease in the following
order:

Super cooled melt < a-modification < ’-modification < -modification.
Due to the small size of the particles and the presence of emulsifiers, lipid crystallization and modification changes
might be highly retarded. Differential scanning calorimetry (DSC) & X-ray scattering are used to investigate the
status of the lipid. DSC uses the fact that different lipid modifications possess different melting points and melting
enthalpies. By means of X-ray scattering it is possible to assess the length of the long and short spacings of the lipid
lattice. It is highly recommended to measure changes of the SLN dispersion because solvent removal will lead to
modifications. Sensitivity problems and long measurement times of conventional X-ray sources might be overcome
by synchrotron irradiation (Westesen et al., 1993). Infrared and Raman spectroscopy are useful tools for
investigating structural properties of lipids (Garti et al., 1998).
5. Acoustic methods
Acoustic spectroscopy measures the attenuation of sound waves are a means of determining sizes through the fitting
of physically relevant equations. In addition, the oscillating electric field generated by the movement of charged
particles under the influence of acoustic energy can be detected to provide information on surface charge.
6. Nuclear magnetic resonance (NMR)
Nuclear magnetic resonance (NMR) can be used to determine both the size and the qualitative nature of SLNs. Any
modification in functional groups can be detected by NMR spectroscopy.
7. Surface element analysis
It can be analyzed by Electrophoresis and Laser Doppler anemometry methods.

In vitro drug release studies for SLNs

Various methods used to study the in vitro release of the drug from SLNs (Chen et al., 2001) are:

1. Dialysis tubing: In vitro drug release could be achieved using dialysis tubing. The solid lipid nanoparticle
dispersion is placed in pre-washed dialysis tubing which can be hermetically sealed. The dialysis sac then analyzed
against a suitable dissolution medium; the samples are withdrawn from the dissolution medium at suitable intervals,
centrifuged and analyzed for the drug content using a suitable analytical method like spectroscopy or HPLC.

2. Reverse dialysis: In this technique (Muhlen et al., 1998), a number of small dialysis sacs containing 1 ml
of dissolution medium are placed in SLN dispersion. The SLNs are then displaced into the medium and samples are
analyzed.

3. Franz Diffusion Cell: The SLN’s dispersion is placed in the donor chamber of Franz diffusion cell fitted
with a cellophane membrane. The dispersion is then analyzed against a suitable dissolution medium; the samples are
withdrawn from the dissolution medium at suitable intervals and analyzed for drug content using suitable methods
like spectroscopy and HPLC methods.

Storage stability of SLN

The physical properties of SLN’s during prolonged storage can be determined by monitoring changes in zeta
potential, particle size, drug content, appearance and viscosity as the function of time. External parameters such as
temperature and light appear to be of primary importance for long term stability. The zeta potential should be in
between -100 to + 100 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 is observed.

Routes of Administration and Applications of SLN’s in drug delivery

From time to time, research has been carried out to access feasibility of various routes of administration for SLN
formulations. The routes through which SLNs have been successfully delivered are: oral, 1/V, ocular, rectal, nasal
and topical routes. Oral route delivery in the form of SLNs can be very beneficial in terms of better absorption and
stability of drugs in GIT. There are several potential applications of SLNs, some of which are given below:-

1. SLNs in tuberculosis disease (Pandey et al., 2005): Antitubercular drugs such as rifampicin, isonizide,
pyrazinamide-loaded SLN systems are able to decrease the dosing frequency and improve patient compliance.
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2. SLNs in cosmetics (Wissing et al., 2001): SLNs containing sunscreen, applied topically are proven to be
successful UV blockers.
3. SLNs for parasitic diseases: Antiparasitic therapy is the only choice of treatment for parasitic infections.

The reason being that these infections do not elicit pronounced immune response hence effective vaccination may
not be possible. SLN due to their small particle size and inherent structure, exhibit good potential in the treatment of
parasitic infections like malaria, leishmaniasis etc.

4. SLN as targeted carrier for anticancer drug to solid tumor: SLNs are useful as drug carriers to treat
neoplasms (Shenoy et al., 2005). Tumor targeting has been achieved with SLNs loaded with drugs such as
methotrexate (Ruckmani et al., 2006) and camptothecin (Yang et al., 1999). Tamoxifen, an anticancer drug is
incorporated in SLN to prolong release of drug after i.v. administration.

5. SLN in breast cancer and lymph node metastases: Mitoxantrone SLN local injections were formulated
to reduce the toxicity, to improve the safety and bioavailability of the drug (Lu et al., 2006).
6. SLN as Gene vector carrier: SLN can be used in the gene vector formulation (Rudolph et al., 2004).

Several reports of SLNs carrying genetic/peptide materials such as DNA, plasmid DNA and other nucleic acids are
reported (Hayes et al., 2006).

7. SLNs are used for Potential Agriculture Application: Essential oil extracted from Artemisia arboreseens
incorporated in SLN is able to decrease the rapid evaporation in comparison to emulsions and these systems are used
in agriculture as an appropriate carrier of ecologically safe pesticides (Lai et al., 2006).

8. SLNs are widely used for Topical Use: SLNs are used as topical formulations of various drug like
anticancer drugs (Chen et al., 2006), Vitamin-A (Jenning et al 2006), Isotretinoin, Flurbiprofen (Santos et al., 2002).
Vitamin A-loaded SLNs can be prepared using glyceryl behenate. This method is useful for improving the
penetration as well as to obtain sustained release effects. Isotretinoin-loaded SLNs are formulated for topical
delivery of drug. Formulation of the Flurbiprofen-loaded SLN gel for topical application provides an advantage of
delivering the drug directly to the site of action, which will give higher tissue concentrations.

Conclusion

SLNs are a type of lipid nanoparticles and proven to be promising drug carriers prepared from physiologically safe
lipids and emulsifiers. They are more beneficial than liposomes, emulsions and polymeric nanoparticles in terms of
safety, drug loading capacity, modulated release profiles and stability of encapsulated drugs. They can be prepared
with easily scalable advance techniques. Best SLN formulation is prepared by optimizing type and concentration of
lipids/emulsifiers. The problems related with SLNs are drug expulsion from lipid matrix and loading of hydrophilic
drugs. By using combination of solid lipid and liquid lipid to prepare lipid matrix, loading capacity can be enhanced
and drug expulsion can be minimized. Hence SLNs are novel formulations which can open new areas of drug
delivery systems.

References

Cavalli, R.O., Caputo, O. and Gasco, M.R. (2000): Preparation and characterization of solid lipid nanospheres
containing paclitaxel. Eur. J. Pharm. Sci., 10: 305-309.

Cavalli, R., Zara, G.P., Gasco, M.R. (2003): Duodenal administration of solid lipid nanoparticles loaded with
different percentages of tobramycin. J. Pharm. Sci., 92: 1085 — 1094.

Chen, D.B., Yang, T.Z., Lu, W.L and Zhang, Q. (2001): In vitro study of two types of long circulating solid lipid
nanoparticles containing paclitaxel. Chem. Pharm. Bull., 49: 1444-1447.

Chen, H., Chang, X., Du, D., Liu, W., Liu, .J, Weng, T., et al. (2006): Podophyllotoxin-loaded solid lipid
nanoparticles for epidermal targeting. J. Contr. Rel., 110: 296-306.

Domb, A.J. (1993): U.S. Patent, 5188837.

Ekambaram, P.A., Abdul, Hasan.Sathali, Priyanka, K. (2012): Solid Lipid Nanoparticles: A Review. Sci. Rev.
Chem. Commun., 2(1): 82-85.

439



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 1, 433-441

Eldem, T., Speiser, P. and Hincal, A. (1991): Optimization of spray-dried and congealed lipid microparticles and
characterization of their surface morphology by scanning electron microscopy. J. Pharm. Res., 8: 47-54.

Freitas, C. and Muller, R.H. (1999): Stability determinatin of solid lipid nanoparticles (SLN) in aqueous dispersion
after addition of electrolyte. J. Microencap., 16: 59-71.

Fundaro, A. (2000): Non-stealth and stealth solid lipid nanoparticles carrying doxorubicin: pharmacokinetics and
tissue distribution after i.v. administration to rats. Pharmacol. Res., 42: 337-343.

Garti, N. and Sato, K. (1998): Crystallization and Polymorphism of Fats and Fatty Acids, Marcel Dekker, New
York and Basel., 227-263.

Gasco, M. R., Cavalli, R. and Carlotti, M. E. (1992): Timolol in lipospheres. Pharmazie, 47: 119 — 121.
Gasco, M.R. (1993): Method for producing SLN of narrow size. U.S. Patent, 5: 250-236.

Gohla, S.H. and Dingler, A. (2001): Scaling up feasibility of the production of solid lipidnanoparticles (SLN).
Pharmazie, 56: 61-63.

Hao, J., Fang, X., Zhou, Y., et al. (2011): Development and optimization of SLNs formulation for ophthalmic
delivery of Chloramphenicol using a Box-Behnken design. Int. J. Nanomedi., 6: 683-692.

Hayes, M.E., Drummond, D.C. and Kirpotin, D.B. (2006): Selfassembling nucleic acid-lipid nanoparticles suitable
for targeted gene delivery. Gene. Therp., 13: 646-51.

Iraji, F., Momeni, A., Naji, S.M. and Siadat, A.H. (2006): The efficacy of topical cyproterone acetate alcohol lotion
versus placebo in the treatment of the mild to moderate acne vulgaris: a double blind study. Dermatol. Online J., 12:
26.

Jenning, V., Schafer-Korting, M. and Gohla, S. (2000): Vitamin A-loaded solid lipid nanoparticles for topical use:
drug release properties. J. Contr. Rel., 66: 115-126.

Lai, F., Wissing, S.A., Muller, R.H. and Fadda, A.M. (2006): Artemisia arborescens L essential oil-loaded solid lipid
nanoparticles for potential agriculture application: Preparation and characterization. AAPS Pharm. Sci. Tech., 7: E2.

Lu, B., Xiong, S.B., Yang, H., Yin, X.D. and Chao, R.B. (2006): Solid lipid nanoparticles of mitoxantrone for local
injection against breast cancer and its lymph node metastases. Eur. J. Pharm. Sci., 28: 86-95.

Maiaa, C.S., Mehnertb, W., Schallerc, M., et al. (2002): Drug targeting by solid lipid nanoparticles for dermal use. J.
Drug. Target., 10: 489-495

Magenheim, B. and Benta, S. (1991): Nanoparticles characterisaton. A Comprehensive physicochemical approach.
STP Pharm. Sci., 1: 221-241.

Muhlen, A. and Mehnert, W. (1998): Drug release and release mechanism of prednisolone loaded solid lipid
nanoparticles. Phamazie, 53: 552.

Muller, R.H., Mader, K. and Gohla, S. (2000): Solid lipid nanoparticles (SLN) for controlled drug delivery — a
review of the state of the art. Eur. J. Pharm. Biopharm., 50: 161-177.

Pandey, R, Sharma, S. and Khuller, G.K. (2005): Oral SLN Based antitubercular chemotherapy, J. Tuberculosis
(Edinb). 85: 415-420

440



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 1, 433-441

Rabinarayan, P. and Suresh, P. (2010): Production of SLNs - drug loading and release mechanism. J. Chem. Pharm.
Res., 2(1): 211-217.

Rawat, M.K., Jain, A., Mishra, A., Muthu, M.S. and Singh, S. (2010): Studies on development repaglinide loaded
solid lipid nanoparticles: effect of lipid matrix. Therp. Deliv., 1: 63-73.

Rawat, M.K., Jain, A. and Singh, S. (2011): Studies on binary lipid matrix based solid lipid nanoparticles of
repaglinide: In vitro and in vivo evaluation. J. Pharm. Sci., 100: 2366- 2378.

Ruckmani, K., Sivakumar, M. and Ganeshkumar, P.A. (2006): Methotrexate loaded solid lipid nanoparticles (SLN)
for effective treatment of carcinoma. J. Nanosci Nanotechnol., 6: 2991- 2995.

Rudolph, C., Schillinger, U., Ortiz, A., Tabatt, K., Plank, C., Muller, R.H., et al. Application of novel Solid lipid
nanoparticles (SLN)- gene vector formulations based on a diametric HIV-1 VAT - peptide in vitro and in vivo.
Pharm. Res., 21: 1662-1669.

Sailaja, A.Krishna., Amareshwar, P. and Chakravarty. P. (2011): Formulation of solid lipid nanoparticles and their
applications. Curr. Pharm. Res., 1(2): 199.

Santos, M.C., Mehnert, W. and Schaller, M. (2002): Drug targeting by solid lipid nanoparticles for dermal use. J.
Drug Target., 10: 489-495.

Schwarz, C., Mehnert, W., Lucks, J.S. and Mdller, R.H. (1994): Solid lipid nanoparticles (SLN) for controlled drug
delivery: Production, characterization and sterilization. J. Contr. Rel., 30: 83-96.

Schéfer-Korting, M., Mehnert, W., and Korting, H.C. (2007): Lipid nanoparticles for improved topical application
of drugs for skin diseases. Adv. Drug Deliv. Rev., 59: 427-443.

Shenoy, V.S., Vijay, I.K. and Murthy, R.S. (2005): Tumour targeting: Biological factors and formulation advances
in injectable lipid nanoparticles. J. Pharm. Pharmacol., 57:411- 422.

Singhal, G., Patel, R. and Prajapati, B.G. (2011): Solid Lipid Nanoparticles: A Review. Sci. Rev. Chem. Commun.
2(2): 40-52.

Stecova, J., Mehnert, W., Blaschke, T., et al., (2007): Cyproterone acetate loading to lipid nanoparticles for topical
acne treatment: particle characterization and skin uptake. Pharm. Res., 24: 991-1000.

Tabatt, K. (2004): Transfection with different colloidal systems: comparison of solid lipid nanoparticles and
liposomes. J. Contr. Rel., 97: 321-332.

Waghmare, A.S., Grampurohit, N.D., Gadhve, N.D., Gadhve, M.V., Gaikwad, D.D. and Jadhav, S.L. (2012): Solid
Lipid Nanoparticles: A Promising Drug Delivery System. Int. Res. J. Pharm.., 3(4): 106.

Westesen, K., Siekmann, B. and Koch, M.H.J. (1993): Investigations on the physical state of lipid nanoparticles by
synchrotron radiation X-ray diffraction, Int. J. Pharm., 93: 189-199.

Wissing, S.A. and Muller, R.H. (2001): Solid lipid nanoparticles (SLN) a novel carrier for UV blockers. Pharmazie,
56:783-6.

Yang, S.C., Lu, L.F., Cai, Y., Zhu, J.B., Liang, B.W. and Yang, C.Z. (1999): Body distribution in mice of

intravenously injected camptothecin solid lipid nanoparticles and targeting effect on brain. J. Contr. Rel., 59: 299-
307.

441



