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Abstract: 

The purpose of this study was to design and development of Voriconazole loaded solid lipid nanoparticles by 
quality-by-design. Voriconazole loaded solid lipid nanoparticles, was prepared by High pressure 

homogenization technique, Cold homogenization technique and Solvent emulsification-evaporation technique. 

Results: Fourier Transform Infra-Red (FTIR) Spectroscopy and differential scanning colorimetry (DSC)  

reveals there is interaction between drug and formulation excipients. % Entrapment efficiency was found to be 

87.5 +2.19. Zeta potential value of more than ±30 is considered the reference value to derive a physical stable 

dispersion system. The mean particle size of optimized formulation of SLNs showed particle size below 200 nm. 

Transmission electron microscopy (TEM) particles showed spherical and uniform shape 
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INTRODUCTION: 

SLNs  originated in the late 20th century. They 

were used as a substitute for traditional drug 

colloidal carriers such as emulsions, liposomes, 

microemulsions, and other similar formulations 
containing polymers. Solid lipid nanoparticles were 

first developed for oral administration28. They lack 

the toxicity issues associated with lipids and have 

an industrial-scale production process. They are 

nanosized drug carriers in lipid form that remain 

solid at room and body temperature. They can be 

fabricated in very small sizes, ranging from 50 nm 

to 500 nm. Due to their smaller size, they have an 

increased surface area and exhibit high drug 

loading capacity1-3. 

 

Solid lipid nanoparticles prepared from 
biodegradable lipids offers numerous advantages 

like controlled release, high drug loading, low 

toxicity and ease of large scale production. The 

ingredients utilized commonly are solid lipids, 

surfactants and purified water. The lipids include 

fatty acids, triglycerides, waxes and steroids4-8. 

 

Nanostructured lipid carriers (NLC), the modified 

form of solid lipid nanoparticles in which drug in 

the form of liquid form is encapsulated in lipid 

matrix are also very popular for brain targeted 
delivery of drug9-10. 

 

The potential for a paradigm shift in ocular 

treatments occurs with the combination of colloidal 

and in-situ delivery systems which overcome 

physiological and anatomical limitations of ocular 

delivery. In terms of improving solubility, stability, 

targeting, prolonged release, and adaptability, 

colloidal drug delivery methods are a promising 

new direction for the pharmaceutical industry. This 

current review provides an overview of combining 

in situ gel with niosomes for ocular delivery of 
many therapeutic agents. An in-depth review has 

been made focusing on various formulation, 

characterization, safety, and development prospects 

of in situ gels loaded with niosomes for ocular 

administration11-14. 

 

MATERIALS AND METHODS: 

Materials 

Voriconazole was received from GSK 

Pharmaceuticals Ltd., Mumbai, Other chemicals 

used were of analytical grade.  

Methods 

High pressure homogenization technique 

High pressure homogenization or hot 

homogenization is a technique in which 

homogenization of sample takes place at a 

temperature higher than the melting point of lipid 

used. In this method first the lipid was melted at a 

temperature above its melting point. The drug 

being lipophilic in nature was dissolved in the 

melted lipid. Another phase containing purified 

water mixed with surfactant was prepared and 

heated to the same temperature as that of drug 

loaded lipid phase. The melted phase was dispersed 
in hot aqueous surfactant mixture drop wise and 

homogenised at high speed to make primary o/w 

type emulsion. This type of primary emulsion has 

coarse size of particles. This emulsion was again 

homogenized at high pressure above the 

temperature of melting point of lipid to convert the 

coarse emulsion of drug loaded lipid in 

nanoemulsion form. This hot nanoemulsion was 

kept a side for some time to cool at room 

temperature where lipid solidify at room 

temperature and resultant mixture was filtered 

through membrane filter to get solid lipid 
nanoparticles. High temperature during the process 

decreases the viscosity and produces the smaller 

size particles but this may also cause the 

degradation of heat liable drugs. Here, high 

pressure homogenization increases the sample 

temperature, approximately by 10 °C at 5 ×107Pa. 

In most cases, 3–5 homogenization cycles at 5 

×107 Pa to 5 ×109 Pa pressure is sufficient to have 

better products in hands15-16. 

 

Cold homogenization technique 
The cold homogenization technique is employed in 

the formulation of solid lipid nanoparticles with an 

object to overcome the problems associated with 

the use of hot homogenization method. The hot 

homogenization methods leads to drug degradation 

of thermolabile drugs, unwanted lipid transitions 

states during recrystallization step and loss of drug 

in aqueous phase232. The first step in the cold 

homogenization process was same as that of hot 

homogenization. In this process, lipid was fist 

melted to a temperature higher than its melting 

point and drug was dissolved into the melted lipid. 
The drug loaded lipid phase was cooled and 

solidified by using dry ice or liquid nitrogen. The 

precipitated drug loaded solidified particles were 

coarse in size. The comminution of these particles 

was performed by using grinding mill to a size 

range of 50 to 100 µm. The surfactant was 

dispersed in aqueous phase and the powdered solid 

particles were dispersed in the surfactant mixture. 

The mixture was homogenized at high pressure at 

room temperature or below of that to get solid lipid 

nanoparticles17.  
 

Solvent emulsification-evaporation technique 

In this method the lipid was first melted above its 

melting point and drug was dissolved into the 

melted lipid. The drug-lipid mixture was dissolved 

completely in an organic solvent by using 

sonication technique. The surfactant was dissolved 

in purified water to make an aqueous phase and the 
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water phase was heated to the same temperature as 

that of lipid phase. The lipid phase was added 

slowly into hot aqueous phase using high speed 

mechanical stirring. As the high speed stirring 

takes pale, the temperature was increased due to the 
heat generated. Because of increased temperature, 

the volatile organic solvent gets evaporated and 

lipid nanoparticles start to precipitate due to low 

concentration of dispersion medium. These lipid 

nanoparticles were solidified through cooling at 

room temperature and filtered through membrane 

filter. Washed nanoparticles were lyophilized for 

stable formulation18 

 

Determination of entrapment efficiency and 

drug loading 

Entrapment efficiency is the study of drug amount 
that is encapsulated in the lipid matrix and quantity 

of drug present in supernatant layer received after 

the process of centrifugation at very high speed of 

16000 rpm for half an hour. The entrapment 

efficiency is the ratio of actual amount of drug 

loaded and theoretical amount of drug loaded in 

lipid nanoparticles. The loading of drug can be 

measured by subtracting the free drug amount from 

the total quantity of drug used in the formulation. 

The entrapment efficiency and drug loading can be 

calculated using the formulas given below235: 
%EE = free drug amount / total weight of drug 

*100 

% Drug loading= drug entrapped in SLNs/ weight 

of vehicle *100 

 

Dissolution study 

The in-vitro release of drug from Voriconazole 

loaded SLNs was performed using treated dialysis 

membrane. The SLNs suspension in 1 mL quantity 

was poured to dialysis tube and sealed. The tube 

was transferred to a vial having 10 mL of 

phosphate buffer solution pH 6.4 mixed with 2% 
tween 80. The sample was subjected to a shaker 

apparatus maintained at 37±1°C. The speed of 

strokes was fixed at 5o min-1. The samples in 2 mL 

quantity from the vial were taken out at time hour 

of 0, 0.5, 1, 2, 4, 8, 12, 16, 20 &24h. The sink 

conditions were maintained by replacing the 

amount of sample with fresh media236. The 

samples were analyzed by UV spectroscopy 

method at 291 nm. The release of drug from SLNs 

was compared with the release of drug from pure 

drug suspension18. 
 

X-ray Diffraction (XRD) study 

X-Ray diffraction is the measurement of diffraction 

angle and spacing of lattice in the crystalline 

sample. Theses diffracted X-Rays were detected 

and counted. The study was investigated using 

Panalytical XpertPro Diffractometer. The sample 

of drug loaded solid lipid nanoparticles were 

analyzed. 

 

DSC analysis of sample 

DSC is a thermal analysis to measure the amount of 

heat required to increase the temperature of 
processed sample. This study was performed using 

DSC instrument. The sample of pure drug, lipid 

and drug loaded SLNs were analyzed in the 

temperature range of 0-300°C. 

 

Determination of zeta potential 

The zeta potential studies for prepared formulations 

were carried out utilizing Zeta sizer instrument. For 

the preparation of sample, the drug loaded solid 

lipid nanoparticles were diluted with purified water 

in the ratio of 1:2. The sample were analysed three 

times and average mean was taken into 
consideration. 

Surface study by Transmission electron 

microscopy (TEM) 

Transmission electron microscopy (TEM) was 

utilized to evaluate surface characteristics of 

developed solid lipid nanoparticles. The prepared 

SLNs dispersion was first diluted with purified 

water in the ratio of 1:100. The diluted dispersion 

was filtered through membrane filter of 0.45 µm. 

The filtered sample was kept on a copper grid 

coated with carbon. The sample was put on the 
dried grid mixed with diluted solution of phospho-

tungstic acid. The slide was fixed by a cover slip 

and observed under light microscope19. 

 

RESULTS & DISCUSSION: 

Entrapment efficiency and drug loading 

Entrapment efficiency is the study of drug amount 

that is encapsulated in the lipid matrix and quantity 
of drug present in supernatant layer received after 

the process of centrifugation at very high speed of 

16000 rpm for half an hour. The entrapment 

efficiency is the ratio of actual amount of drug 

loaded and theoretical amount of drug loaded in 

lipid nanoparticles. The loading of drug can be 

measured by subtracting the free drug amount from 

the total quantity of drug used in the formulation. 

Drug loading end entrapment efficiency of solid 

lipid nanoparticles were dependent of drug lipid 

matrix and physico-chemical properties of drug and 
lipid used in the formulation, 

            Yield 

Yield of the formulation indicates the 

quantity of solid lipid nanoparticles 

achieved after the preparation. The yield is 

expressed as the ratio of lipid present after 
drying and used initially. The yield was 

calculated in percentage . 
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Table 1: % Entrapment efficiency, % drug loading and % yield for optimized Formulation (n=3) 

Analysis of particle size distribution 

The study of particle size and its distribution in the developed formulation is an important tool to give 

information of existing size range of the particles formed in the formulation. A no. of techniques was employed 

in the determination of particle size analysis. In current study, the particle analysis in solid lipid nanoparticles 

was investigated by photon correlation spectroscopy method. Photon correlation spectroscopy reports the data 
on the basis of intensity using Z average with PDI. The PDI is the representation of “broadness” of particle size 

distribution. The mean particle size of optimized formulation of SLNs showed particle size below 200 nm. The 

PDI is also mentioned in the table given below: 

Table 2: Particle size, PDI and zeta potential of optimized formulation (n=3) 

 

Optimized formulation 
Mean Particle size (nm) Polydispersity Index 

(PDI) 

Zetapotential (mV) 

VC-SLN(GMS-9) 151.1±10.7 0.172 ±0.07 -40.3±0.8 

 

The optimized batch of Voriconazole loaded solid lipid nanoparticles showed low value of PDI which indicates 

uniform size distribution in the formulation (Table 17).PDI represents the standard deviation ratio to the 
particles size and denotes the uniform distribution of particle size through-out the formulation. 

The stability of dispersed system depends upon the charge exist on particles. The surface charges of particles are 

well described with the values obtained of zeta potential (ζ).This parameter is an important one to study the physical 

stability of the formulation during storage. Zeta potential value of more than ±30 is considered the reference value 

to derive a physical stable dispersion system. If zeta potential value is less than given value then particles tends 

to aggregate and cause physical instability. However high zeta potential prevents the aggregation of particles 

because of repulsion. 

Surface morphological studies by Transmission electron microscopy (TEM) 

The TEM image of VC-SLN prepared by hot homogenization method using glyceryl monostearate as a lipid 

was taken. The image is having light background whereas particles seen black against bright background. 

TEM image of particles showed spherical and uniform shape. 

Fig.1: Transmission Electron Microscopy (TEM) image of VC-SLN 

 

Optimized formulation %Entrapment efficiency Drug loading % Yield 

VC-SLNs (GMS-9) 87.5 +2.19 17.50 +0.43 95.20 +2.3 
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Surface topography studies by Scanning electron microscopy (SEM) 

This technique involves focused beam of electrons through the surface of sample. These electrons interact with 

the particles present in the sample and generate signals. The signals produced gave information regarding 

topography of surface . 

 

Fig.2: Scanning Electron Microscopy (SEM) image of VC-SLN 

Thermal analysis of drug loaded SLNs by DSC and XRD 

The polymorphism is an important point of consideration in the characterization of solid lipid nanoparticles. The 

different polymorphic forms of SLN consider the changes in the physico-chemical properties of drug and lipids 

like changes in melting point, thermal behaviour etc. It is commonly observed that formulation of solid lipid 

nanoparticles sometimes lead to such changes which are necessary to identify260-262. The thermal analytical 

technique (DSC) measures the amount of heat required to change the temperature of any material. DSC 

thermogram gives useful information regarding thermal changes in drug and polymers during formulation 

development. The DSC thermogram of Voriconazole, glyceryl monostearate taken for blank SLNs and VC- SLNs. 

In thermogram a sharp peak of Voriconazole was observed at 220 °C at its melting point and GMS peak was 

also observed. The peaks were also indicated in the physical mixture of lipid. The blank SLNs prepared with the 

lipid alone showed a peak of GMS only. The DSC thermogram of the Voriconazole loaded solid lipid 

nanoparticles showed that endothermic melting point of drug was almost dispersed which indicate that drug was 

completely dispersed in lipid matrix of SLNs. 

Fig.3: DSC Thermograms showing drug, lipid, blank SLN, VC-SLN 
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X-ray diffraction (XRD) has been used for the phase identification studies of sample in SLNs formulation263. 

The sharp peak of Voriconazole and glyceryl monostearate shown in XRD pattern of sample proved the 

crystalline nature of the drug and lipid. The crystalline peak of drug and lipid almost disappeared in developed 

Voriconazole containing solid lipid nanoparticles. This proved the encapsulation of drug in the lipid matrix 

which was quite difficult to explore in the pattern at molecular level. Hence no separate crystals of drug and lipid 

were found besides drug lipid matrix. 

Fig.4: XRD pattern showing drug, lipid and VC-SLN 

In-vitro dissolution study for VC-SLNs 

The in-vitro release of drug from Voriconazole loaded SLNs was performed using treated dialysis membrane. 

The in-vitro dissolution studies were investigated using phosphate buffer pH 6.4 mixed 2% tween 80 as 

surfactant. The SLNs suspension in 1 mL quantity was poured to dialysis tube and sealed. The tube was 

transferred to a vial having 10 mL of phosphate buffer solution pH 6.4 mixed with 2% tween 80. The sample 

was subjected to a shaker apparatus maintained at 37±1°C. The speed of strokes was fixed at 50 min-1. The 

samples in 2 mL quantity from the vial were taken out at time hour of 0, 0.5, 1, 2, 4, 8, 12, 16, 20 &24 h. The 

sink conditions were maintained by replacing the amount of sample with fresh media236. The samples were 

analyzed by UV spectroscopy method at 291 nm. The release of drug from SLNs was compared with the release 

of drug from pure drug suspension. The concentration of drug was calculated by extrapolating of curve and by 

making a graph between times 

versus % cumulative release. 

The in-vitro studies concluded that the maximum release (98.23%)for pure drug suspension was obtained in 4 

hrs. the solid lipid nanoparticles exhibited the extended release of drug and release 33.64% of drug in 4 hrs. The 

initial burst release of drug loaded solid lipid nanoparticles was observed which may be due to deposition of 

certain amount of drug at the surface of developed SLNs. On subsequent studies, the drug loaded solid lipid 

nanoparticles showed a sustained release of drug. The cumulative percentage of drug released was 89.47% for a 

time period of 24 hrs. In the later stage of dissolution profile of SLNs showed slow release of drug from lipid 
matrix through the mechanism of diffusion and dissolution. The result obtained from the drug loaded SLNs was 

found to be matched with the reported data of drug release of a lipophilic drug encapsulated in lipid matrix from 

SLNs. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig.5: In-vitro release pattern showing release profile of pure drug suspension and Voriconazole 

loaded SLNs 
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CONCLUSION: 

The current research proved that solid lipid 

nanoparticles are an adaptable technology that has 

the potential to enhance the solubility of poorly 

water-soluble drugs listed in BCS class II. 

Voriconazole is a lipophilic drug whose oral 

bioavailability is limited due to poor aqueous 

solubility. Solid lipid nanoparticles are nano lipid 

carriers that encapsulate lipophilic drugs in the 
lipid matrix. The SLN approach was used to 

increase the solubility and oral bioavailability of 

Voriconazole. The solid lipid nanoparticles 

containing Voriconazole were prepared by the hot 

homogenization method after method optimization. 

Glyceryl monostearate was used as a lipid, Tween 

80 as a surfactant, and PVA as a stabilizer in the 

formulation. The prepared formulation batches 

were analyzed for particle size, polydispersity 

index, drug entrapment efficiency, drug loading, 

zeta potential, and yield. The drug-to-lipid ratio 
was set at 1:5, with surfactant concentration at 4% 

and stabilizer at 1% after optimizing the 

formulation variables. The optimized batch of VC-

SLNs was found to be stable in accelerated 

stability studies at room temperature. In-vitro 

release studies showed extended drug release from 

drug-loaded SLNs over 24 hours. 

 

ACKNOWLEDGEMENT 

The corresponding author desires to explicit utmost 

gratitude to the Management and Prof. Dr. D. 

Ranganayakulu, M. Pharm., Ph. D., Principal, Sri 
Padmavati school of pharmacy, Tiruchanoor, 

Andhra Pradesh, India, for presenting all the 

necessary laboratory demands of the review and 

constant support. 

 

Conflict of Interest 

The authors declare no conflict of interest, financial 

or otherwise. 

Funding Support 

The authors declare that they have no funding for 

this study 

 

REFERENCES: 

1. Ku, M.S., Dulin, W., 2010. A 

biopharmaceutical classification-based Right- 

First-Time formulation approach to reduce 

human pharmacokinetic variability and project 

cycle time from First-In-Human to clinical 

Proof-Of- Concept. Pharmaceutical 

Development & Technology, 1–18. 

2. Takagi, T., Ramachandran, C., Bermejo, M., 

Yamashita, S., Yu, L.X., Amidon, G.L., 2006. 

A provisional biopharmaceutical classification 
of the top 200 oral drug products in the United 

States, Great Britain, Spain, and Japan. 

Molecular Pharmaceutics3, 631–643. 

3. Horter, D., Dressman, J.B., 2001. Influence of 

physicochemical properties on dissolutionof 

drugs in the gastrointestinal tract. Advanced 

Drug Delivery Reviews 46,75–87. 

4. Stella, V.J., Nti-Addae, K.W., 2007. Prodrug 
strategies to overcome poor water 

solubility.Advance Drug Delivery Review 59, 

677–694. 

5. Amidon, G.L., Lennernas, H., Shah, V.P., 

Crison, J.R., 1995. A theoretical basis for a 

biopharmaceutic drug classification: the 

correlation of in vitro drug product dissolution 

and in vivo bioavailability. Pharmaceutical 

Research 12, 413–420. 

6. Wu, C.Y., Benet, L.Z., 2005. Predicting drug 

disposition via application of BCS: 

transport/absorption/elimination interplay and 
development of a biopharmaceutics drug 

disposition classification system. 

Pharmaceutical Research 22, 11–23. 

7. Lobenberg, R., Amidon, G.L., 2000. Modern 

bioavailability, bioequivalence and 

biopharmaceutics classification system. New 

scientific approaches to international 

regulatory standards. European Journal of 

Pharmaceutics and Biopharmaceutics50, 3–12. 

8. Horter, D., Dressman, J.B., 2001. Influence of 

physicochemical properties on dissolution of 
drugs in the gastrointestinal tract. Advanced 

Drug Delivery Reviews 46,75–87. 

9. Blagden, N., de Matas, M., Gavan, P.T., York, 

P., 2007. Crystal engineering of active 

pharmaceutical ingredients to improve 

solubility and dissolution rates. Advanced 

Drug Delivery Reviews 59, 617–630. 

10. R. Janknecht, S.De Marie, I.A.J.M. Bakker-

Woudenberg, D.J.A.Crommelin, Liposomal 

and lipid formulations of amphotericin B,Clin. 

Pharmacokinet. 23(1992)279–291. 

11. P. Couvreur, C. Dubernet, F. Puisieux, 
Controlled drug delivery with nanoparticles: 

current possibilities and future trends, Eur. J. 

Pharm. Biopharm. 41 (1995)2–13. 

12. R.H. Mu¨ller, K. Peters, Nanosuspensions for 

the formulation of poorly soluble drugs. I. 

Preparation by a size-reduction technique, Int 

.J. Pharm. 160 (1998) 229–237. 

13. R. J. Prankerd, V.J.Stella, The use of oil-in-

water emulsions as a vehicle for parenteral 

drug administration, J. Parent .Sci. Technol.44 

(1990)139–149. 
14. T. Eldem, P. Speiser, A. Hincal, Optimization 

of spray-dried and congealed lipid micropellet 

sand characterization of their surface 

morphology by scanning electron microscopy, 

Pharm. Res.8 (1991)47–54. 

15. P. Speiser, Lipid nanopellet sals 

Tra¨gersystemfu¨r Arzne imittelzurperoralen 

An wendung, European Patent EP0167825, 

1990. 



IAJPS 2026, 13 (04), 243-251                 Y. Sarah Sujitha et al                   ISSN 2349-7750  

 
w w w . i a j p s . c o m  

 

Page 250 

16. R.H. Mu¨ller, J.S.Lucks, 

Arzneistofftra¨gerausfesten Lipid- teilchen, 

Feste Lipid nanospha¨ren (SLN), European 

Patent No.0605497, 1996. 

17. R. Cavalli, O. Caputo, M.R. Gasco, Solid 
lipospheres of doxorubicin and idarubicin, Int 

.J. Pharm.89 (1993) R9- R12.   

18. R.H.Mu¨ller, S. A. Runge, Solid lipid 

nanoparticles (SLN) for controlled drug 

delivery, in: S. Benita (Ed.), Submicron 

Emulsions in Drug Targeting and Delivery, 

Harwood 

AcademicPublishers,Amsterdam,1998,pp.219–

234.  

19. R .H. Mu¨ller, W. Mehnert, J. S. Lucks, 
C.Schwarz, A.zur Mu¨hlen, H. Weyhers, C. 

Freitas, D. Ru¨hl, solid lipid nanoparticles 

(SLN) : An alternative colloidal carrier system 

for controlled drug delivery, Eur. J. Pharm. 

Bio- pharm.41(1995)62–69. 

. 

 

 

 

 

 

 
 

 


	Entrapment efficiency and drug loading
	Yield
	Table 1: % Entrapment efficiency, % drug loading and % yield for optimized Formulation (n=3)
	Table 2: Particle size, PDI and zeta potential of optimized formulation (n=3)
	Surface morphological studies by Transmission electron microscopy (TEM)
	Fig.1: Transmission Electron Microscopy (TEM) image of VC-SLN
	Surface topography studies by Scanning electron microscopy (SEM)
	Fig.2: Scanning Electron Microscopy (SEM) image of VC-SLN
	Fig.3: DSC Thermograms showing drug, lipid, blank SLN, VC-SLN
	Fig.4: XRD pattern showing drug, lipid and VC-SLN

