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Summary 

Background: The use of polymer based nanoparticles (NPs), poly(glycerol adipate-co-ω-pentadecalactone) and 

chitosan for inhalation by spray drying process were evaluated  for formulation parameters, mannitol sugar and 
leucine amino acid as excipient, concentration, and ratio of NPs to excipient.. The aim of this study was to design 
and formulate [PGA-co-PDL] and naturally occurring cationic chitosan nanoparticles within microparticle carriers 
(NCMPs) for pulmonary delivery. Methods : PGA-co-PDL, NPs were prepared via an oil in water (o/w) single 

emulsion solvent evaporation method using DOTAP (%w/v) to produce cationic NPs. Chitosan solution was 
prepared at concentration of 0.2% in 1% acetic acid buffer (pH:6). 5 formulations (F1-F5) were used  to optimise 
different parameters such as sugar (mannitol) and amino acid (leucine) excipient, concentration and ratio of NPs 
to excipient, atomized air flow, aspirator capacity, feed rate, inlet/outlet temperature to formulate and achieve 
particles of desired yield, size and shape with low moisture content to target lung cancer cells. Results: Optimum 

PGA-co-PDL and chitosan NCMPs resulted in recovered nanoparticle size < 500 nm. Spray drying resulted in 
NCMPs over 65% yield. Optimum formulation theoretical dynamic diameter dae  was 0.63±0.01 and 0.82±0.02  
µm and formulations containing higher percentage mannitol showed lower moisture content 2.02±0.03 and 
0.57±0.006 for PGA-co-PDL and chitosan NCMPs respectively. The tapped density of PGA-co-PDL and Chitosan 
NCMPs were relatively similar (0.14±0.01 and 0.35±0.03 g cm-

3 
). Conclusion: The results indicated optimum 

spray drying of NCMPs containing mixture of leucine and mannitol (25:75% w/w) with PGA-co-PDL and chitosan 
NPs, which can be applied for dry powder inhalation.  

  

Background  

Polymer based NPs are considered attractive candidates for macromolecules as pulmonary delivery. They 
provide several advantages such as biocompatibility, sustained release, mucoadhesion and low toxicity. 
Furthermore, polymeric NPs can be combined with various drugs that lead to improved solubility of drugs and 
achieve uniform distribution 

[1]
.A number of polymers have been studied for pulmonary macromolecules delivery 

including polyesters such as poly (glycerol adipate-co- ω-pentadecalactone) [PGA-co-PDL] as a pulmonary 
carrier 

[2]
. Alfagihi  et al., 2015 showed that PGA-co-PDL NPs could be incorporated into nanocomposite 

microcarriers  (NCMPs) using amino acids excipient with enhanced aerosol performance and high yield 
[3]

. 
Another study showed the the possibility of modification of PGA-co-PDL with cationic surfactant 
didodecyldimethylammonium bromide (DMAB) and surface adsorbed bovine serum albumin by double emulsion-
spray drying with reasonable yield, good encapsulation efficacy and aerosolization performance 

[4]
.These 

polymeric NPs seem to be good alternative candidate for delivering small nucleic acids to the lung. It has been 
reported in a previous study, chitosan-based NPs were co spray-dried with lactose, mannitol, maltodextrin with or 
without leucine. Adding leucine and mannitol to the formulation produced a spherical shape of NCMPs with rough 
surface. Moreover, leucine improved the process yield due to its antiadherent properties and caused decreased 
particle size 

[5]
. 

Aim 

To design, formulate and compare dry powders of PGA-co-PDL and chitosan NPs within microparticle carrier 
(NCMPs) for pulmonary delivery.  

Methods  

Production of NPs  

PGA-co-PDL, NPs were prepared via an oil in water (o/w) single emulsion solvent evaporation method using 
DOTAP (%w/v) to produce cationic NPs. Chitosan solution was prepared at concentration of 0.2% in 1% acetic 
acid buffer (PH:6). The TPP was dissolved in distilled water at concentration of 0.84 mg/ml, added dropwise to 
5ml polymer solution, and left stirring for 1 hour (250 rpm) 

[6]
. Both NPs were collected by centrifugation twice at 

78,000 x g, 40 min and 4°C.  
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Nanocomposite microparticles preparation 

5 formulations (F1-F5) were used  to optimise different parameters such as sugar (mannitol) and amino acid 
(leucine) excipient, concentration and ratio of NPs to excipient, atomized air flow, aspirator capacity, feed rate, 
inlet/outlet temperature to formulate and achieve particles of desired yield, size and shape with low moisture 
content. Both obtained polymeric NPs were incorporated into NCMPs using L-leucine and mannitol solution at 
polymer to carrier ratio of 1:1.5 (w/w) with different concentrations, L-leucine: mannitol F1 (100:0 %), F2 (75:25 
%), F3 (50:50 %), F4 (25:75 %), F5 (:100 %). The prepared solutions were spray dried using a Büchi B-290 mini-
spray drier (Büchi, B-290 Flawil, Switzerland). Characterisation The resultant NCMPs were characterised for 

particle size using a Zetasizer® NS (Malvern Instruments, UK), morphology (Scanning Electron Microscope), % 
yield was quantified as a percentage mass of expected total powder yield (n=3), water content 
(Thermogravimetric analysis, TGA Q50 UK), tapping density, theoretical aerodynamic diameter (dae) and carr’s 
index.  

Results and discussion  

The identified optimum parameters (Table 1) applied for both PGA-co-PDL and chitosan NCMPs resulted in 

optimum formulation “F4” with particle size < 500 nm PGA-co-PDL NCMPs (409±10.05 nm), chitosan NCMPs 
(380.2±30.3 nm), (Table 2). Spray-drying resulted in NCMPs over 65% yield except chitosan NCMPs F5 which 

had 7.15±4.1. All formulations that incorporated higher percentage mannitol showed lower moisture content.  

Optimum parameters  Level  Unit  

Feed Rate  0.5  ml/min 

Atomized air flow  480  L/h 

Aspirator capacity  70  % 

Inlet  70  C° 

Outlet temperature  47  C° 

                            Table 1: Optimum Processing parameters used in the spray drying of F1-F5   

Formulation (F) Particle size (nm) % Yield  Tapped 
density  

Water content (%)   

PGA-co-PDL  

F1 958.3±21 56±11.3 (-) 5.1±0.37 

F2 1810.66±18 79.2±10.1 0.17±0.01 4.91±0.20 

F3 3252.06±26 95.6±2.8 0.13±0.20 3.8±0.9 

F4 409.7±10.05 86.05±15.01 0.14±0.01 2.02±0.03 

F5 2174.6±13 84±2.2 0.20±0.05 3.77±0.11 

Chitosan  

F1 853.7±21 63.46±5.2 0.10±0.01 14.8±19.8 

F2 1120±27 65.47±8.5 0.16±0.01 0.34±0.08 

F3 1346±15 59.55±2.8 0.31±0.04 0.42±0.22 

F4 380.2±30.3 69.68±3.10 0.35±0.03 0.57±0.006 

F5 (-) 7.15±4.1 (-) (-) 

Table 2: PGA-co-PDL and chitosan particle size (nm), % Yield, tapped density and water content (n=3). F1 

(PGA-co-PDL), F5 (Chitosan) (-) did not produce.  

The optimum formulation had geometric particle size less than 2µm. The tapped density of PGA-co-PDL NCMPs 
(0.132±0.03 -0.20±0.01 g cm-

3 
), were relatively similar chitosan NCMPs ( 0.10±0.01– 0.35±0.03) (Table 2). SEM 

analysis (Figure 1) indicated that NCMPs were spherical in shape with no particles fusion.  
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Figure 1: SEM images of F4 NCMPs optimum formulation prepared using chitosan (A) and PGA-co-PDL 

(B) in the same spray-drying conditions. 

Geometric particle size and tapped density was used to calculate the theoretical dynamic diameter (dae). Optimum 
formulation (F4) dae  was 0.63±0.01 and 0.82±0.02  µm for PGA-co-PDL and chitosan NCMPs respectively (Table 
2) .  

Conclusion  

The results indicated that method has been optimised for the spray drying of NCMPs containing mixture of leucine 
and mannitol in PGA-co-PDL and chitosan. The nanoparticle size has been recovered after spray drying and 
geometric particle size suitable for targeting the respiratory bronchiole. Moreover, the optimum formulation had 
high yield, and low moisture content. Further studies will investigate aerosolisation performance, cellular toxicity 
therapeutic agents for treatment of respiratory diseases, uptake and macromolecules loading efficacy.  
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