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Formulation and evaluation of fluticasone propionate microemulsions for nebuliser devices  
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Summary  
 
Purpose: To formulate fluticasone propionate (FP) microemulsions (ME) for pulmonary delivery using jet or 

vibrating mesh nebulisers, characterise the MEs by determining their physicochemical properties and compare 
their performance against the licensed FP nebuliser suspension (Flixotide

® 
nebules).  

Method: The formulations were based on microemulsion formulations licensed for non-pulmonary routes of 

administration. Three microemulsions (ME1, ME2 and ME3) were prepared and their viscosity and density 
measured. The aerosolisation performance of microemulsions and Flixotide

®
 was assessed by measuring 

delivery rate and respirable dose according to the European Pharmacopoeia guidelines.  Aerosol particle size 
distribution was measured by laser diffraction and the aerodynamic size profile was determined by fractionation 
using a next generation impactor (NGI).

 

Results: The mesh nebuliser failed to aerosolise any of the microemulsions, whereas the jet nebuliser was 

effective at delivering ME1, ME2 and Flixotide.  The microemulsions had varying viscosities (ME1; 2.64 cP, ME2; 
7.74 cP, ME3; 107.00 cP). ME1 and Flixotide had similar delivery rates, but delivered different doses (ME1 
27.07%; Flixotide 52.48%). ME2 exhibited the lowest delivery rate and delivered dose. In terms of particle size 
and aerodynamic particle size distribution, ME2 had the lowest volume diameter for 90% of droplet population 
(Dv(90)), highest fine particle dose (FPD) and lowest mean mass aerodynamic diameter (MMAD). For ME1, ME2 
and Flixotide, respectively, Dv(90) = 8.71 µm, 7.09 µm, 8.51 µm, FPD= 73.23%, 79.55%, 73.96% and MMAD= 4.60 
µm, 4.18 µm, 4.95 µm.  
Conclusion: In this study, the ME showed no major improvement over Flixotide. However, the aerodynamic 

particle size distributions produced by ME1 and ME2 using a jet nebuliser showed these to be promising 
prototype formulations, which also have the potential to offer clinical advantages or novel formulation options for 
the next generation of nebulisers, e.g. small volume devices.  
 
 
 
Introduction 

In the development of medicines for nebulized delivery, a key determinant of formulation strategy is the solubility 
of the drug molecule.  Fluticasone propionate (FP), a steroid used in the treatment of respiratory conditions like 
asthma and chronic obstructive pulmonary disease is practically insoluble in water (0.51 mg/L) 

[1]
. For 

nebulisation, FP is licensed as a suspension formulation, Flixotide
®
.  The formulation of nebuliser solutions as 

suspensions provides limitations in terms of aerosol droplet size 
[2]

 and the inability to employ filtration for terminal 
sterilisation of the final product.  As an alternative formulation, microemulsions are thermodynamically stable, 
solution-like systems that have been hypothesized to circumvent the issue of poor drug solubility 

[3][4][5]
. 

Microemulsions are isotropic mixtures of oil and water, which solubilise the incorporated drug in the oil phase of 
the system.  
The aim of this study was to develop fluticasone propionate microemulsions for pulmonary delivery by 
nebulisation.  Specific objectives were to (i) design prototype formulations, (ii) describe the formulations in terms 
of their physicochemical characteristics, and (iii) evaluate their suitability as nebuliser formulations by assessing 
product performance in terms of fine particle dose, inhaled dose, and aerodynamic size profile.  The aerosol 
output and aerodynamic properties of the emitted aerosol were measured for the licensed FP suspension, 
Flixotide nebules, to enable comparison with the novel microemulsions.  Two nebuliser types, a jet (Pari LC 
Sprint) and a vibrating mesh (Aeroneb Go) device were used in this study to generate aerosols from the 
microemulsion formulations. 
 

Materials 

FP powder was supplied by Century Pharmaceuticals Limited (India). Tween 80 was supplied by Croda 
Chocques. Isopropyl myristate, kolliphor EL, propylene glycol were all supplied by Sigma Aldrich Limited (Dorset, 
UK). Isopropyl alcohol was from Fisher Scientific Chemicals (Loughborough, UK).  Oleic acid was supplied by 
Fluka Analytical. Pari LC Sprint nebuliser with TurboBoy S compressor (Pari GmBH Germany) and Aeroneb Go 
nebuliser (Medical Industries America Inc.).  Flixotide

®
 Nebules 0.25 mg/mL were from Allen & Hanburys Ltd. 

(Uxbridge, UK).  All other chemicals and equipment were supplied by Intertek Melbourn (Cambridge, UK) as 
required. 
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Experimental methods 

Formulation and characterisation 
Where the assay and quantification of FP was required, this was conducted using high performance liquid 
chromatography (HPLC).  The microemulsions were prepared based on formulations that had been previously 
described and manufactured for investigative studies 

[3][6][7]
. Three microemulsions were prepared namely ME1, 

ME2 and ME3. The FP concentrations in all microemulsions were identical, 0.5 mg/2 g.  To determine the 
encapsulation efficiency of FP in the microemulsions, a 0.22 µm filter (non-pyrogenic filter unit, Millex-GS) was 
used to separate solid from solubilised drug.  The original samples and the filtrates were diluted and analysed for 
FP content using HPLC. Viscosity of the test formulations was measured using the Brookfield LVDV (Brookfield 
Engineering USA). Measurements were taken with a temperature range of 25 ± 1°C. 
 
Aerosolisation 
Both nebuliser types failed to produce aerosols from formulation ME3. As a result, further testing (beyond 
encapsulation efficiency) was not carried out on ME3.  The Aeroneb Go (vibrating mesh) failed to generate 
aerosols from ME1 and ME2. Consequently, aerosolisation of ME1 and ME2 test formulations was carried out 
using the Pari LC Sprint (jet) nebuliser.  Delivery rate and delivered dose were measured in triplicate using the 
methods described in the European Pharmacopoeia.  The breath simulator was set to run at 15 breaths/minute to 
mimic the normal human adult breathing frequency. The nebuliser was connected to the breath simulators via 
filters, positioned to collect nebulised FP.  A sputtering sound was taken to signal the point when the formulation 
had been nebulised to dryness. The FP content on the filters was determined using HPLC.  
 
To determine the aerodynamic size profile produced by the formulations, a next generation impactor was used to 
fractionate the droplets according to their aerodynamic size. Each formulation, including Flixotide®, was delivered 
using the Pari LC Sprint jet nebuliser and the FP content of each stage of the NGI was assayed using HPLC. 
Testing with experiments carried out in triplicates.  
 
Data analysis 
The statistical significance of results, two-way analysis of variance (ANOVA, SPSS) was used and P values < 
0.05 were taken to be statistically significant.  
 
 
Results 
 

FP molecule(s) contained in the filtrate was considered to be encapsulated in the microemulsion. ME1 had the 
lowest FP encapsulation with 49.62% efficiency, whereas the highest encapsulation of the test formulations was 
evident in ME3 (Figure 1). 
 

 
 

Figure 1: Fluticasone propionate encapsulation efficiency of the test microemulsion (ME) 
formulations.  Data expressed as mean ± range (n = 2).  

 
 

ME3 exhibited the highest viscosity and ME1 was the least viscous of the three test formulations (Table 1).  ME1 
and Flixotide

® 
had higher delivery rates compared to ME2 (p<0.05). Flixotide showed the lowest consistency in 

the amount of FP that was delivered each time, indicated by the high standard deviation values. Flixotide also 
delivered the highest amount of FP of the three formulations. ME1 delivered significantly more FP than ME2 
(p<0.05).  
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Table 1.  The viscosity, delivery rate and aerosol output using a jet nebuliser of the three 
microemulsion (ME) formulations and the reference, Flixotide nebules. Data represent 
mean ± SD (n=3).   

 

Formulations Viscosity  

(cP) 

Delivery rate  

(mg/min) 

Delivered dose 

(%) 

ME1  2.64 0.04( ± 0.002) 27.01 (± 0.36) 

ME2  7.74 0.02( ± 0.001) 20.70 (± 1.00) 

ME3   107.00   

Flixotide
® 

Nebules   0.04( ± 0.020) 52.48 (± 20.25) 

 
All three formulations, including Flixotide, deposited the FP predominately on Stages 3 and 4 (Figure 2). The 
deposition patterns for ME1 and Flixotide were most similar and there was no statistical difference between the 
fine particle dose (FPD) for these formulations.  The FPD for ME2 was significantly higher than the other 
formulations (p < 0.05). Both microemulsions exhibited significantly smaller MMAD than Flixotide (Table 2).  

 

 
 
Figure 2.  In vitro aerodynamic deposition profile from a jet nebuliser in the different stages of a next 
generation pharmaceutical impactor (NGI) at a flow rate of 15 L/min. Mass of drug on each stage was 
calculated as a percentage of total deposition in the NGI.  Data presented as a mean percentage of total 
mass of drug deposited ± SD (n=3). 
 
Table 2.  Fine particle dose (FPD) and Mass Median Aerodynamic Diameter (MMAD) of fluticasone 
microemulsions, ME1 and ME2, and the Flixotide suspension delivered by jet nebuliser. FPD was 
calculated as percentage of droplets that are <5 µm in diameter. Data expressed as mean ± SD (n=3). 

Formulation  FPD (%) MMAD (µm)  Dv(90) (µm) 

ME1 73.23 ± 3.70 4.60 ± 0.26 8.71 

ME2 79.55 ± 1.24 4.18 ± 0.20 7.09 

Flixotide
®
 73.96 ± 2.87 4.95 ± 0.24 8.51 
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Discussion 
 

Although ME3 had near total encapsulation, the inability of both nebulisers to generate aerosols from the 
formulation made it unsuitable for inhaled delivery. This finding was attributed to the very high viscosity of the 
formulation. This is especially relevant for the mesh nebuliser which has a working principle that renders it more 
sensitive to fluid viscosity, thus explaining why the jet nebuliser was better able to generate aerosols from the 
ME1 and ME2 microemulsions 

[8]
.  Overall, there was no major improvement over Flixotide in terms of the delivery 

rate or inhaled dose of the test formulations. This was attributed to the viscosity of the microemulsions slowing the 
rate at which the formulations pass the nozzle of the jet nebuliser. The inefficiency observed with the inhaled dose 
of all formulations could be due to aerosol wastage which is a common issue associated with continuously 
operated jet nebulisers 

[9]
.  

 
In the pathology of asthma, inflammation occurs throughout the respiratory tract but more predominantly in the 
lower airways. Particles within the range of 1 – 5 µm usually deposit in the lower airways 

[10]
 thus an optimal 

formulation would be one that produces a high proportion of droplets within this size range. This property has 
been quantified in this study as the fine particle dose (FPD). ME2 was shown to produce the greatest proportion 
of droplets that are likely to deposit in the lower airways as it had the most favourable FPD and MMAD, 
presenting an advantage over Flixotide.  The presence of surfactants in the microemulsion may reduce interfacial 
tension between the phases and facilitate the formation of smaller droplets 

[11]
.  

 
According to the British Pharmacopoeia, the pore size of filter used for sterility testing should be no greater than 
0.45 µm. The pore size used in this study was smaller and yet allowed for up to 85% drug recovery from ME2 
suggesting that perhaps with manipulation of the formulation to increase encapsulation, filtration could be 
employed as a means of terminal sterilisation of this formulation. 
 
Conclusion 
 

The results of this study indicate that the formulation of FP microemulsions for nebuliser devices is a realisable 
outcome.  More extensive studies are required to optimise the microemulsions for delivery rate and to evaluate 
their stability. However, the aerodynamic particle size distributions produced by ME1 and ME2 using a jet 
nebuliser showed these to be promising prototype formulations, which also have the potential to offer clinical 
advantages or novel formulation options for the next generation of nebulisers, e.g. small volume devices. 
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