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I n t r o d u c t I o n
Lower respiratory tract infections (LRTIs) are any infection within the lungs causes by several microorganisms.
However, some environmental substances can also cause irritation or inflammation in the airways or lungs which
can lead to an infection. LRTI was ranked as the sixth leading cause of death for all the ages and the leading cause
of death among children younger than 5 years thus made the total recorded death of 2.38 million in 2016.
Antibiotics are the first line treatment for LRTIs. However, the treatment for LRTIs causes enormous economic
burden including direct and indirect financial losses, and the estimated financial burden includes more than 109
million US dollars each year worldwide only for the antibiotic treatment. This study aims to develop biodegradable
polymer encapsulated antibiotic nanoparticles that will treat the LRTIs in a very low dose to minimise the cost
burden associated with LRTIs thus making improvements to public health. (b)
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A b s t r a c t
Lower respiratory tract infections (LRTIs) are one of the leading causes of deaths all over the world while currently
available treatment draws attention to the innovation of novel treatment. Pulmonary delivery of drugs has been
recognised as one of the most efficient routes of drug delivery to the targeted area. This study aims to develop
nanoparticles of biodegradable polymer poly(2-ethyl-2-oxazoline) coated ciprofloxacin for pulmonary delivery
from dry powder inhaler (DPI) formulations for the treatment of LRTI. Ciprofloxacin encapsulated poly(2-ethyl-2-
oxazoline) nanoparticles were prepared in a straightforward coassembly reaction. Characterization of the
prepared nanoparticles was done by Scanning Electron Microscopy (SEM), Dynamic Light Scattering (DLS), Fourier-
transform infrared (FTIR) spectroscopy, Differential Scanning Calorimetry (DSC) and Thermogravimetric analysis
(TGA). Drug loading and entrapment efficiency were determined by UV-Vis spectrophotometer analysis. DLS and
Zetasizer determined the nanoparticle size ranging from 199.8nm to 352.9nm. Surface negative charge as
measured by zeta potential tends to decrease with increase concentrations of ciprofloxacin. The SEM observation
showed that all the nanoparticles were spherical with smooth surface. According to DSC, TGA and ATR-FTIR
spectroscopy, ciprofloxacin crystallinity is lost when encapsulated in the nanoparticles, indicating it is uniformly
dispersed as a solid state. Drug loading and entrapment efficacy were in between 20.94-67.59% and 21.40-74.16%,
respectively. The findings showed that the prepared nanoparticles were suitable for DPI formulations. It is
expected to have a promising prospect for pulmonary drug delivery of ciprofloxacin loaded polymer nanoparticles
for the management of LRTI with a controlled release profile.
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M e t h o d s & P r o d u c e r s
Ciprofloxacin (CF) encapsulated poly(2-ethyl-2-oxazoline) (PEtOx) nanoparticles (NPs) were prepared in a
straightforward coassembly reaction. Characterization of the prepared nanoparticles was done by Scanning
Electron Microscopy (SEM), Dynamic Light Scattering (DLS), Fourier-transform infrared (FTIR) spectroscopy,
Differential Scanning Calorimetry (DSC) and Thermogravimetric analysis (TGA). Drug loading and entrapment
efficiency were determined by UV-Vis spectrophotometer analysis.

R e s u l t s
Our objective was to develop polymer encapsulated drug nanoparticles which would be suitable for lung
delivery. The coassembly method of nanoparticles preparation was suitable to prepare DPI formulations
with uniformly distributed drug particles within the nanoparticles. We saw in SEM observation that all the
nanoparticles were spherical with smooth surface. DLS and Zetasizer determined the nanoparticle size
ranging from 199.8nm to 352.9nm. Surface negative charge as measured by zeta potential tends to
decrease with increase concentrations of ciprofloxacin. According to DSC and TGA analysis, CF crystallinity
is lost when encapsulated in the nanoparticles, indicating it is uniformly dispersed as a solid state. ATR-
FTIR analysis showed the presence of drug within the prepared nanoparticles. Drug loading and
entrapment efficacy were in between 20.94-67.59% and 21.40-74.16%, respectively.
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Figure 1 SEM images (a) blank NPs (b) drug loaded NPs

Figure 3 Comparison of FTIR spectrum between 
raw CF and CF-loaded NPs

Figure 2 Comparative particle size distribution between 
PEtOx NPs and various concentrated CF-loaded PEtOx NPs
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Figure 4 DSC (exothermic up) during heat, cool, heat runs (a) raw CF (b) CF-
loaded polymer NPs

Figure 5 TGA analysis to determine thermal stability of the NPs (a) raw CF (b) 
CF-loaded polymer NPs
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Figure 6 Beer-Lamber’s calibration curve of CF 
in 0.1N HCl (n=3)

C o n c l u s I o n
An effective and feasible way to prepare CF loaded PEtOx nanoparticles for
lung delivery has been established by straightforward coassembly reaction.
The morphology observations (SEM) showed that all the particles were
spherical and the surface roughness of the particles increased with
increased drug loading. The individual particle size and size distribution of
blank PEtOx and CF-loaded PEtOx formulations was found in nano range
by Dynamic Light Scattering (DLS) measurement, thus, showed an increase
diameter with increased CF content. The findings proved that the prepared
nanoparticles were in the respirable range (<5µm). The CF loading
depended on the drug/polymer ratio i.e., the higher the ration between CF
to PEtOx, the higher the drug loading. Negative surface charge of
PEtOx/CF-loaded PEtOx nanoparticles was reduced with increased
concentration of CF. FTIR and DSC indicated that the CF altered to an
amorphous from entrapped in the PEtOx nanoparticles. The outcomes of
the work demonstrated the CF-loaded PEtOx nanoparticles are suitable to
be exploited for DPI formulation for lung delivery, which needs to be
confirmed and verified in further investigations. Future directions for this
work needs to be confirmed by in vitro drug release studies that could be
determined indirectly by the way of a dialysis membrane technique, the in
vitro evaluation of aerosolization of the formulations could be done by
using a twin-stage-impringer (TSI) apparatus. In addition, the long term
stability of CF-loaded PEtOx nanoparticles needs to be done to determine
the stability of the prepared nanoparticles in controlled conditions for a
specific time period. We conclude that our work has developed potential
pathways for managing LRTIs using DPI formulations.
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