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Summary 
Polymeric nanoparticles offer a possibility as particulate carrier system for vaccines which can be administered to the 
respiratory tract. Nanoparticles were produced from PLGA by double emulsion technique and spray dried after 
solvent evaporation. The antigen, in this case ovalbumin as model antigen, was encapsulated inside the 
nanoparticles. PVA was used in order to stabilise the produced nanoparticles. Furthermore PVA acts as a bulking 
agent during spray drying; hence no further additives were necessary. Before spray-drying the particles have a size 
of 250 nm and a narrow size distribution. The spray-drying process embeds the antigen-carrying nanoparticles into 
PVA microparticles which can easily be redispersed to nanoparticles. Laser diffraction measurements of the spray 
dried powder showed an average particle size of 2.3 µm.  
The obtained dry powder was filled into HPMC capsules and the aerodynamic properties were determined with Next 
Generation Pharmaceutical Impactor (NGI) using the Unihaler, a novel capsule-based inhaler. The samples were 
analysed for ovalbumin content by BCA assay and fine particle fraction (FPF) as well as MMAD were calculated. FPF 
was about 50% of the loaded dose and mass median aerodynamic diameter (MMAD) was 3.1 µm. Furthermore the 
emitted dose was investigated with a dose unit sampling apparatus for DPIs according to USP Apparatus B and was 
found to be 75% for the tested formulation utilising the Unihaler. The investigations of the spray dried powder 
produced by double emulsion technique showed that the powder is suitable for an administration via the respiratory 
tract. Moreover, the Unihaler can disperse the powder very well, but emitted dose may be capable of further 
optimisation.   
 
Introduction 
Vaccination is very important for preventing diseases. Vaccines stimulate the body’s own immune system to protect 
the person against subsequent infection or disease [1]. As subunit vaccines offer an increased safety profile due to 
their non-infectiousness, such purified protein antigens are often used. Unfortunately, biomolecules often show low 
stability which leads to difficulties during formulation and administration. Moreover, they may be sensitive to 
temperature, pH shift and desiccation. Therefore, vaccination via the respiratory tract offers a promising 
administration method. On the one hand it avoids the harsh environment of the gastrointestinal tract, and on the other 
hand most pathogens enter the human body via this pathway. This route can facilitate the direct interaction with the 
mucosal immune system resulting in a favourable local and systemic immune response [2]. There are some 
requirements which have to be fulfilled for antigen uptake: First, the antigen shall be in a particulate form [3], because 
this is the preferred form for the uptake compared to a soluble antigen, which mainly is drained to the lymph node 
without local processing. Second, particles have to be in the nanometre size range for uptake via the respiratory tract 
[4], especially via dendritic cells.  
A dry powder offers the advantages of a higher storage stability as well as suitability for dry powder inhalation without 
further preparation steps. For deposition in the respiratory tract, particles need to be in the respirable size, hence in a 
size range between 0.5 and 5 µm [5]; larger particles impact in the upper airways and smaller ones are exhaled. 
Hence the formulation should be a dry powder which can stabilise and protect the antigen during storage and 
administration and deliver the antigen to the respiratory tract. Afterwards particles should be taken up by antigen-
presenting cells (APCs) such as dendritic cells and should then release the antigen.   
The aim of this work was to produce a particulate carrier system for the antigen which is suitable for dry powder 
administration via the respiratory tract. Nanoparticles were produced by double emulsion technique [6]. In the process 
the antigen, ovalbumin as model antigen, was encapsulated in the particles. The following spray drying process led to 
a dry powder which was analysed for particle size, aerodynamic behaviour and emitted dose.  
 
Materials and Methods 
Particulate formulation 
The nanoparticles were produced by double emulsion technique. For this, 2.5% (m/V) Polylactid-co-glycolic acid 
(PLGA, Resomer 503H, Evonik, Darmstadt, Germany) was dissolved in ethyl acetate (Merck, Darmstadt, Germany) 
and used as the organic phase. This organic phase was homogenised for two minutes at 20500 rpm by Ultra-Turrax 
(IKA, Staufen, Germany) with a first hydrophilic phase containing 4% (m/V) ovalbumin (Sigma-Aldrich, St- Louis, MO, 
USA) in phosphate buffered solution pH 7.4 resulting in an W/O emulsion. Afterwards a second hydrophilic phase 
containing 5% (m/V) PVA (Mowiol 4-88, Hoechst, Frankfurt, Germany) dissolved in ultrapure water was added and 
homogenised for two minutes. The produced W/O/W-emulsion was transferred into a stabilising solution with 1% PVA 
in water and stirred with a magnetic stirrer (IKA, Staufen, Germany) at 400 rpm in order to harden the produced 
particles and to evaporate the ethyl acetate. Afterwards the dispersion was washed in order to remove free 
ovalbumin. For this, the dispersion was centrifuged at 14000 rpm (Centrifuge 5430 R, Eppendorf, Hamburg, 
Germany) leading to a clear supernatant. The supernatant with free ovalbumin was removed and replaced by a fresh 
1% (m/V) PVA solution.      
 
Spray-drying 
The dispersion was spray dried using the Mini-Büchi B-290 (Büchi, Flawil, Switzerland) equipped with a two-fluid 
nozzle and a high-performance cyclone. No further matrix excipients were added prior to spray drying. Drying was 
performed at an inlet temperature of 100°C and an o utlet temperature of about 42°C.  
 



Particle size of nanoparticles in dispersion 
The dispersion was characterised by dynamic light scattering (Zetasizer, Malvern Instruments, Worcestershire, UK) 
before spray drying to determine the particle diameter and polydispersity index (PDI). For this, every sample was 
assayed in triplicate. The measurements were made at 25°C and started after an equilibration time of 1 20 seconds. 
The general purpose mode was chosen for analysis.  
In addition, redispersibility of the dry powder was tested. For this, the spray-dried powder was dispersed in water and 
measured with the Zetasizer in order to determine changes in nanoparticle size or polydispersity index.  
 
Particle size of the dry powder 
After spray drying, the dry powder was characterised by laser diffraction using dry dispersion at 3 bar (Helos with 
Rodos module and lens R3, Sympatec GmbH, Clausthal-Zellerfeld, Germany) in order to determine the particle size 
distribution. For particle size distribution upon dispersion with the Unihaler, the INHALER module was used. 
 
Aerodynamic characterisation 
The spray dried powder was filled in HPMC capsules (size 3), each containing 
20 mg. The capsules were put in the Unihaler, a novel capsule-based dry 
powder inhaler (Figure 1) [7], and analysed by Next Generation 
Pharmaceutical Impactor (NGI, Copley Scientific, Nottingham, UK) at a flow 
rate of 59 L/min (4 kPa pressure drop). One capsule was used per run. The 
measurements were performed in conditioned environment at 21°C and 45% 
rH. The stages were coated with a mixture of propylene glycol and isopropanol 
50:50. The deposited powder was dissolved in 0.1 M NaOH. After 
neutralisation with 0.1 M HCl the samples were analysed for ovalbumin 
content with Micro BCA Protein Assay Kit (Thermo Scientific, Rockford, IL, 
USA). As reference 20 mg of powder were dissolved and analysed with BCA. 
All samples were analysed four times. The fine particle fraction and mass 
median aerodynamic diameter of the delivered dose were calculated by using 
Copley Inhaler testing data analysis software (Citdas, Version 3.10, 
Nottingham, UK).  
 
Emitted dose from Unihaler 
The emitted dose of the powder was tested using the Unihaler. The test was 
performed with dosage unit sampling apparatus for DPIs according to USP 
Apparatus B (Copley Scientific, Nottingham, UK). 20 mg of dry powder were 
filled in capsules (size 3 HPMC capsules) and tested at a flow rate of 59 L/min. 
The emitted dose was determined by collecting all powder from tube and filter 
and determining OVA amount.  
    
Results and Discussion 
The double emulsion technique was suitable to produce particles of 250 nm with a polydispersity index of 0.07 
(Figure 2). Moreover this technique has the advantage of encapsulating the ovalbumin in the particles in contrast to 
solvent change precipitation techniques. Hence the protein was better protected during further production steps and 
administration compared to adsorbed antigen on the particle surface.  The spray drying process led to a dry powder 
with particles in the micrometre range (x50 = 2.3 µm). Due to the use of PVA it was feasible to dry the dispersion 
without further additives. Another advantage of using PVA as stabiliser was the possibility of easy redispersion of the 
spray dried microparticles to nanoparticles in water and without having negative effects on the particle size (Figure 2).  
 
 

 

Figure 2: Comparison of nanoparticle dispersion (solid line) and redispersed nanoparticle (dashed line) size distribution measured 
with Zetasizer, mean of 270 nm 

 
 
 
 

Figure 1: The Unihaler, a novel capsule 
based dry powder inhaler 



Figure 3 depicts the particle size distribution of the spray dried microparticulate powder upon dry dispersion at 3 bar 
and upon dispersion from the Unihaler device measured with laser diffraction. The particles had a mean particle size 
of 2.3 µm (3 bar dispersion) and mean size upon inhaler dispersion was only slightly altered (3.1 µm). Hence the 
powder showed very good de-agglomeration properties and was suitable for administration via the respiratory tract.  
 

 
Figure 3:  Particle size distribution of the dry powder upon dry dispersion at 3 bar (n=7) and inhaler dispersion (n=10) measured with 
HELOS laser diffraction lens R3 (error bars show min-max) 

 
The results of the aerodynamic characterisation with the NGI are shown in Figure 4 and 5. Figure 4 shows the 
distribution of OVA throughout the stages of the NGI as well as throat and preseparator and the remaining amount in 
the capsule. Only a small amount of ovalbumin remained in the capsule. Hence the turbulent flow in the inhaler 
during inhalation generated a sufficient delivery of the drug from the capsule. Figure 5 shows the resulting fine 
particle fraction (FPF, particles < 5 µm) which was with 49% in a very good range and the calculated mass median 
aerodynamic diameter (MMAD) of 3.1 µm. The determination of the emitted dose resulted in a mean ovalbumin dose 
of 380 µg per inhalation which is corresponding to 75% of the loaded dose. As the capsule residue was only about 
5%, a major proportion was depositing in the inhaler resulting in a comparably low emitted dose, although dispersion 
properties of the powder are good. This might be due to the prototype material, but needs to be controlled. 
 
These results demonstrate the favourable aerodynamic properties of the formulation as well as the suitability of the 
Unihaler to de-agglomerate the powder in a good manner.   
 

 
Figure 4: Deposition of ovalbumin from PLGA nano- in microparticulate dry powder formulation using the Unihaler at 59 L/min (n=7); 
error bars show min-max) 
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Figure 5: Fine particle fraction and mass median aerodynamic diameter of PLGA nano- in microparticulate dry powder formulation 
upon dispersion with the Unihaler as calculated from NGI data (n=7; error bars show min-max) 

 
Conclusion 
The double emulsion technique offers a good possibility to produce nanoparticles with a narrow size distribution. After 
spray drying the powder has excellent aerodynamic properties without the addition of a carrier and a suitable size for 
administration to the respiratory tract. As particle size upon dry dispersion and particle size upon inhaler dispersion 
hardly differ, showing that dispersion is not an issue, formulation optimisation is focused on the production of smaller 
particles to obtain a higher FPF. Furthermore, emitted dose must be optimised. Further work will also include protein 
release studies as well as characterisation of the powder with other DPIs.  
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