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Summary 

The encapsulation of antigens in nanoparticles (NPs) has been investigated extensively as an approach to enhance 
immunogenicity. Most particle-based forms can be modified to contain additional adjuvants to further enhance 
immunogenicity. Recently, chitosan hydrochloride (CHCl) has been described as a water-soluble and a positively 
charged polyelectrolyte, which may overcome the low water solubility of chitosan at neutral pH. The aim of this study 
was to prepare CHCl coated polyglycerol adipate-co-ω-pentadecalactone (PGA-co-PDL) nanoparticles encapsulating 
bovine serum albumin (BSA), a model antigen to produce cationic nanoparticles which further spray dried to form 
nanocomposite microparticles (NCMPs) suitable for antigen delivery via inhalation. Cationic BSA-NPs were prepared 
using a double emulsion solvent evaporation method. The NPs were collected by centrifugation, resuspended in an 
aqueous solution of L-leucine and spray dried to produce NCMPs. Particle size, zeta potential, drug loading, in vitro 
release (PBS, pH 7.4), and aerosolisation performance were characterised. Coating NPs changed zeta potential from 
negative (-17.44±1.2mV) to positive (+14.2±0.72mV) without changing particle size (445±46.8nm and 
480.23±32.24nm). BSA loading for coated and uncoated was 33 and 7µg/mg, respectively. BSA showed a biphasic 
release profile from NCMPs with an initial burst release (19.6±6%) followed by a second continuous sustained release 
phase over 48h (81.9±12%). Aerosol characteristics revealed NCMPs with %FPF of 47.38±12% and MMAD of 
1.7±0.29µm. NCMPs may be a promising carrier for delivery of antigen due to its good loading and ability to reserve 
BSA. Further studies are required to evaluate the effect of NCMPs on cell viability and uptakes. 

Introduction 

Pulmonary vaccine delivery has gained major attention to produce both mucosal and systemic immunity (1). The 
encapsulation of antigens in nanoparticles (NPs) has been investigated extensively as an approach to enhance 
immunogenicity. There are many advantages: encapsulation of antigens in NPs can enhance antigen persistence and 
prevent antigen degradation, NPs size and surface charge can be modified to further enhance immunogenicity and 
antigens presenting cells (APCs): macrophages and dendritic cells have been shown to phagocytose and process 
particles ranging in size from 150 nm to 4.5 µm (1), (2). 

A number of polymers have been studied for pulmonary vaccine delivery. In recent years, poly glycerol adipate-co-ω-
pentadecalactone (PGA-co-PDL) was studied as a drug carrier (3), (4). Twafeek et al proposed that PGA-co-PDL 
microparticles could be considered as an alternative carrier for pulmonary delivery with enhanced aerosol 
performance and toxicity studies showing the safety of PGA-co-PDL microparticles compared to PLGA microparticles 
(5). Also another study showed the possibility of modification of PGA-co-PDL with poly(ethylene glycol) which 
produced PEG-co-(PGAco-PDL). The modified polymer encapsulated α-chymotryps in microparticles by double 
emulsion/spray drying technique with a good yield, encapsulation efficiency and aerosolization performance (6). 
These results revealed that these polyester could exhibit an alternative pulmonary delivery as they provide a 
protective matrix and faster release in a short period of time in comparison with other similar polymers, such as PLGA. 
 
Chitosan hydrochloride (CHCl) has been described as a water-soluble and a positively charged polyelectrolyte, which 
may overcome the low water solubility of chitosan at neutral pH. However, like other cationic polymers, the strong 
positive charge of CHCl contributes to the toxicity of the polymer. The amount of CHCl can be decreased by making 
CHCl-coated PGA-co-PDL NPs, because only a lower amount of CHCl was expected to coat on the surface of a 
particle compared to CHCl NPs (7).  

Objective 

The aim of this study was to prepare CHCl coated PGA-co-PDL NPs encapsulating bovine serum albumin (BSA), a 
model antigen to produce cationic NPs which further spray dried to form nanocomposite microparticles (NCMPs) 
suitable for antigen delivery via inhalation. 

  



Methods: 
 
Nanocomposite microparticles preparation 

CHCl coated PGA-co-PDL nanoparticles were prepared by water-oil-water (w/o/w) double emulsion/solvent 
evaporation method. The protein solution 1 % (internal aqueous phase, IAP) 0.5 ml was emulsified in 2 ml of 
dichloromethane, DCM (organic phase, OP) containing 50 mg of PGA-co-PDL, by sonication using a probe sonicator 
at 45 % amplitude (VC X 500 Vibra-Cell TM, Sonics & Materials, Inc., Newtown, CT, USA, using the 13mm probe) for 
5 seconds over an ice bath. The resulting single emulsion was emulsified into a mixture of 1% CHCl and 1% PVA 
solution (external aqueous phase, EAP) 25 ml using a probe sonicator at 45 % amplitude for 15 seconds to form a 
(w/o/w) double emulsion. The double emulsion was stirred magnetically for 2 h at room temperature to evaporate the 
DCM. The NPs were collected by centrifugation (SIGMA 3-30 K, SIGMA Laborzentrifugen GmbH, Germany) at 

40,000xg for 1 h at 4 ⁰C, and washed with distilled water. Control NPs were prepared in the same way except distilled 

water was used instead of protein solution. 
Nanocomposite microparticles (NCMPs) were prepared by spray drying NPs suspended in aqueous L-leucine 
solutions (1:1.5 w/w) using a mini-spray dryer (Büchi, B-290 Flawil, Switzerland) with a standard two-fluid nozzle (0.7 
mm diameter), feed rate of 10 ml/min, air flow of 535 L/h, aspirator  at  100 %, inlet and outlet temperature of 100 and 
47 ºC, respectively. 
 
Nanocomposite microparticles characterization 

Particle size and zeta potential 
The NPs were sized using a Malvern NanoZS (Malvern Instruments Ltd., Worcestershire, UK). Briefly, 100μl of the 
suspension was diluted to 5 ml using double distilled water and the measurements recorded at 25ºC (n=3).   
Zeta potential was measured using a Malvern NanoZS (Malvern Instruments Ltd., Worcestershire, UK). Briefly 100µl 
of the suspension was added to 5 ml of distilled water and the measurement was carried out at 25ºC (n=3).   
Encapsulation efficiency and drug loading 
The amount of BSA loaded in the NPs was determined by measuring the amount of BSA remaining in the supernatant 
and wash after centrifugation using a QuantiPro bicinchoninic acid (BCA) protein assay kit (Sigma-aldrich) (n=3). BSA 
concentration was determined by UV spectroscopy at 562 nm (Genesys 5 spectrophotometer, Thermo Fisher 
Scientific Inc, Waltham, MA).  
Particle morphology 
Spray dried NCMPs were mounted on gold coated aluminium stubs (EmiTech K 550X Gold Sputter Coater, 25mA for 
3 min), and visualised by scanning electron microscopy (SEM) (FEI – Inspect S Low VAV Scanning Electron 
Microscope). 
 
In-vitro release study 

Ten mg of spray dried NCMPs were dispersed in 1.2 ml of phosphate buffer saline (PBS) (pH 7.4) at 37 °C and 
placed into 2 ml microtubes and rotated on a sample mixer (HulaMixer, Invitrogen Dynal AS, Life Technologies).  At 
predetermined time intervals up to 48 h, the samples were centrifuged (13,000 rpm for 30 min) and 0.5 ml of the 
supernatant removed and replaced with fresh buffer, the NPs were re-dispersed and re-incubated. The supernatant 
was analysed by QuantiPro BCA protein assay as mentioned above (n=3). 
 
Aerosolisation study (Next Generation Impactor) 

Fifteen mg of spray dried NCMPs were manually loaded into hydroxypropyl methylcellulose capsules (size 3), and 
aerosolised via a cyclohaler into a Next Generation Impactor (NGI), coated with 1% tween 80: acetone solution, at a 
flow rate of 60 L/min for 4s (the pressure drop in the inhaler 4 KPa) to determine aerodynamic particle size. The 
samples were collected by washing with DCM/0.15 M NaCl mixture (2:1) to dissolve the polymer and the 
encapsulated BSA, BSA was determined by QuantiPro BCA protein assay as mentioned above (n=3). The FPF (%) 
was determined as the fraction of emitted dose deposited in the NGI with aerodynamic diameters less than 4.6 μm, 
and the MMAD was calculated from log-probability analysis. 
 
Results and Discussion: 

The w/o/w double emulsion solvent evaporation process produced particles in the nanometer size range with a narrow 
particle size distribution (PDI) (Table 1). The BSA loading for CHCl coated and uncoated PGA-co-PDL nanoparticles 
were 7.2±1.3 and 33.1±3 µg/mg respectively. The change in BSA loading observed attributed to increased amount of 
solid. The surface charge of CHCl coated PGA-co-PDL nanoparticles changed to +14.2±0.7mV. 
 
 
 
 
 
 
 
 



 
Table 1- The particle size, zeta potential, and drug loading (DL) for CHCl-PGA-co-PDL and PGA-co-PDL nanocomposite 
microparticles (n=3). 

 

Formulation Particle size (nm) 
Zeta Potential 

(mV) 
DL 

(µg/mg) 
Polydispersity (PDI) 

PGA-co-PDL 
 

445±46.8 -17.4±1.2 
 

33.1±3 
0.145 

 
CHCl-PGA-co-PDL 
 

480.2±32.2 +14.2±0.7 7.2±1.3 0.280 

 

SEM analysis (Figure 1) indicated that NCMPs were irregular and corrugated with a porous surface. The geometrical 
particle size of the produced nanocomposite microparticles as observed by SEM was approximately 2-4 µm. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 - SEM images of spray dried CHCl-PGA-co-PDL nanocomposite microparticles. (The scale bar represents 1µm). 

 
BSA showed biphasic release profile (Figure 2) with a first initial burst release followed by a second continuous 
sustained release phase over 48h. The initial burst release of BSA from NCMPs was 19.6±6% which after 4 h 
increased rapidly to 49.7±2%, which then slowed to 57.96±3.03% after 20 h then increased to 74.52±10% after 24 h 
followed by slow release to 81.9±12% after 48 h. The noticed change in release profile at time after the burst release 
can be due to the distribution of BSA inside NPs matrix or a change in matrix degradation rate due to changed surface 
porosity.  
 

 
Figure 2 - In-vitro release profiles for CHCl-PGA-co-PDL nanocomposite microparticles in phosphate buffer saline, pH 7.4 
(n=3). 

 



Aerodynamic particle characteristics revealed that the studied formulation yielded NCMPs capable of delivering BSA 
with %FPF of 47.3±12% and a MMAD of 1.7±0.29 µm, indicating deposition in the bronchial-alveolar region. As 
NCMPs penetrate to the bronchial-alveolar region it is anticipated that the L-leucine component will dissolve, releasing 
CHCl-PGA-co-PDL NPs for cells uptake. 
 
Conclusion: 

The water-oil-water double emulsion solvent evaporation technique was able to manufacture CHCl-PGA-co-PDL NPs 
with suitable BSA loading (7µg/mg) and sustained release over 48h. The use of L-leucine during spray drying 
produced NCMPs with FPF (47%) and MMAD of 1.7±0.29 µm allowing for high efficient delivery of protein to the 
lungs. 
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