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Summary 

Background. Ciprofloxacin (CFX) is a fluroquinolone antibiotic used as a first line treatment against infections 
caused by pseudomonas aeruginosa and streptococcus pneumonia, which are commonly, acquired by cystic 
fibrosis (CF) patients. However, no inhalation formulation is currently available for ciprofloxacin. A major problem 

with orally administered CP is the poor penetration through the thick mucus typically exists in CF.   Silver has 
been shown to exert mucolytic activity hence a combination with CFX would be a potential approach to improve 
drug deposition.  The aim of this study is to develop novel hybrid nanoparticles of CFX and silver coated with 
layers of silica.  Coating with silica is essential to ensure uniform distribution of silver nanoaprticles as well as to 
prevent possible aggregation. The final particles are able to exert mucolytic activity as well as enhanced 
antibacterial activity.  The matrix is formed of chitosan, which is a cationic polysaccharide able to further improve 
mucus adhesion.   
Methods. Silica coated silver nanoparticles were prepared using Stöber method based on hydrolysis of tetraethyl 
orthosilicate (TEOS) and analysed by photo correlation spectroscopy and transmission electron microscopy. The 
optimum ratio of chitosan and sodium triphosphate was used to encapsulate CFX.  Particle deposition was 
assessed in vitro using twin stage impinge using Rotahaler device and based on peak flow of 50L/min.  
Results. Successful coating with silica was achieved using dimethylamine as a catalyst.  Size measurements 
showed that the size of the silica coated silver nanoparticles ranged between 100-200nm. Entrapment efficiency 
% showed consistent results with approximate value of approximately 40% CFX.  In vitro deposition results 
showed significant deposition in stage 2 using twin stage impinger (TSI) (~70%).  
Conclusions. Hybrid nanoparticles of silica coated-silver embedded in chitosan matrix and encapsulating 
ciprofloxacin were successfully prepared. The particles were significantly deposited into the second stage of TSI 
with some oropharyngeal deposition.  
  

  

Introduction 

CF is a multisystem genetic disorder 
caused by a mutation in cystic fibrosis 
transmembrane conductance regulator 
(CFTR) gene located on chromosome 7. 
The functioning protein, an ion channel, 
produced by this gene regulates sodium 
and chloride levels in cells as well as the 
volume of the airway surface liquid (ASL). 
The mutated gene leads to a 
malfunctioning protein causing 
hypersecretion of thick and sticky mucus 
which is difficult to clear. Due to the 
impaired mucosal defences, recurrent 
infections caused by Psuedomonas 
aeruginosa leading to chronic pulmonary 
symptoms and deteriorating lung function 
in CF patients.  Various antimicrobial 
agents are used to treat respiratory 
infections and the which is most commonly 
used is oral ciprofloxacin.  
Ciprofloxacin (CFX; 1-cyclopropyl-6-fluoro-
1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinolone carboxylic acid) is a broad spectrum second generation 
fluroquinolone antibiotic used effectively against wide range of infections including P. aeruginosa and 
Streptococcus pneumonia 

[1]
. The current delivery methods available for CFX are oral and intravenous infusion 

and no inhaled formulation is currently available.  It is also worth mentioning that prolonged administration of 
current CFX doses/formulations could lead to severe gastrointestinal disturbances and arthropathy, therefore it is 
not recommended in young children. Pulmonary drug delivery in particular is seen as a non-invasive system for 
many different agents as the lungs provide a thin, yet extremely efficient absorptive mucosal membrane with a 
good blood supply 

[2]
.  It is however challenging to deliver the drug to a highly viscous environment typically found 

in CF patients.  
In order to overcome such limitations, the study of metal nanoparticles (NPs), functional core-shell colloidal NPs 
in particular, have gained extensive attention for their distinctive physicochemical properties showing potential for 
mucosal delivery 

[3]
.  It is a well-known fact that silver (Ag) ions have strong antimicrobial properties and is still 

being used to treat wound infections 
[4]

. Recently, it has been shown that Ag has mucolytic properties thinning 
mucus and with limited toxicity (based on suggested concentrations) in mammalian cells hence it can be attractive 
ingredient to be used antimicrobial preparations 

[5]
.  

  

Fig 1: Schematic showing processes involved in nanoparticles 
formation 
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However, silver NPs may aggregate so coating with a silica shell is essential before designing methods to deliver 
them. CFX is sparingly soluble in water, so when the drug is delivered via the airways there is an increased 
chance that the mucociliary mechanism will clear the drug, hence, the presence of silica can also serve to aid 
dissolution of CFX.  Nanoparticles encapsulating CFX and silver will be promising solution to deliver the drug to 
the lungs to retain sufficient drug concentration above the minimum inhibitory concentration (MIC) entailing less 
frequent dosing and therefore to achieve a decline in fluctuation of drug concentration. Broad range of materials 
from natural to synthetic have been used with a particular interest in polysaccharides such as chitosan (CS), a 
linear cationic polymer mainly degraded by lysozyme in the lungs 

[6]
.  Its cationic nature dictates its mucoadhesive 

properties as a result of electrostatic forces between the cationic amino groups of chitosan and small anionic 
molecules such as phosphates 

[7]
. This will provide a capacity allowing the entrapment of CFX, which will ensure 

effective delivery, and maintaining the drug at the target tissue.  The aims of this study were to prepare hybrid 
nanoparticles of silica coated silver nanoparticles embedded into matrix of chitosan doped with ciprofloxacin.  
Secondly, to fully characterise the prepared nanoparticles and determine deposition efficiency using twin stage 
impinger, TSI.  
 
Experimental  

Materials  

Tetraethyl orthosilicate (TEOS; ≥99.0%, GC, Aldrich), silver (Ag; nanopowder, <100 nm particle size, contains 
PVP as dispersant, 99.5% trace metals basis, Aldrich), chitosan (CS; low molecular weight, Aldrich), sodium 
triphosphate (TPP; parum p.a., ≥98.0%, Sigma-Aldrich), ciprofloxacin (CFX; ≥98.0%, HPLC, Fluka), anhydrous 
lactose (Fluka), dimethylamine solution (DMA; 40 wt. % in H2O, Aldrich) and acetic acid (ReagentPlus®, ≥99%, 
Sigma-Aldrich) from Sigma-Aldrich, St Louis, USA. Ethanol absolute (EtOH) from VWR International, 
Leicestershire, UK.  
 Methods 

Preparation of silica coated Ag and measurements of particle size using photo correlation spectroscopy 
(PCS) 

Various amounts (75 mL of EtOH, 20 mL distilled water (H2O) and 20 mg Ag) were mixed to followed by addition 
of 1 mL DMA combined with ultra sonication. Then to each of the flasks, 0.25, 0.5, 0.75 and 1 mL TEOS were 
added gradually whilst on vigorous stirring using mechanical stirrer. This created four solutions containing 
different amounts of TEOS whilst still having the same amount of Ag in each of them, the amount of Ag was also 
varied to allow comparison. The solutions were stirred for 2 hours, 2 mL, 1 mL and 0.5 mL of prepared solutions 
were drawn and were diluted by a factor of 10, 20 and 40 times respectively to be tested for particle sizing and 
their count rate by PCS (ZetaPlus, Brookhaven Instruments Corporation) at 0, 1, 3 and 5 hours post dilution 
undergoing 10 measurements.  
 Determining the optimum ratio of CS:TPP  
Prior to optimising the NPs, the loading efficiency of CS nanoparticles with CFX had to be determined and as 
indicated by a previous study 

[8]
. CS:TPP of variable ratios ranging from 0.6 to 12.0 were tested using 0.3% w/v 

CS in 0.2% v/v acetic acid, 0.8% w/v CFX in 0.2% v/v acetic acid and 2% w/v TPP in water (note that all solutions 
were freshly made before mixing). The controlled variable was the amount of CFX and the independent variables 
were the amounts of CS and TPP used.  
 Determining drug encapsulation efficiency (% EE) of the CFX encapsulated silver NPs 
To the 16 solutions of silica coated Ag nanoparticle solutions prepared, 400 μL of acetic acid, 30 mL CS (=90 mg) 
and 15 mL CFX (=120 mg) were added followed by gradual addition of 9 mL TPP (=180 mg) with continuous 
stirring. The absorbance for each formula was measured spectroscopically at 271 nm (λmax of CFX).  
 Transmission electron microscopy (TEM) 
Selected samples were run under TEM to determine the size of the nanoparticles using Philips Tecnai T20 
microscope operating at 200 kV equipped with an EDS (energy dispersive spectrum) detector.  
 In vitro equivalence testing using twin stage glass impinger (TSI) 

Selected samples were centrifuged (Allegra™ X-12 Centrifuge, Beckman Coulter) for 15 minutes at 13000 rpm 
and all the supernatant was removed. Each of the samples were left in a mini vacuum desiccator (0% RH) for 3 
days to ensure samples were thoroughly dried. The mixtures were then individually milled with lactose (MixerMill 
MM 200, Retsch) for 5 minutes. The rationale was to generate uniform formulations so that impact observed could 
then be attributed to the presence of the hybrid nanoparticles not to the carrier lactose particles. Three gelatine 
capsules containing 40 mg of each of the powder were filled for in vitro testing using TSI.  The best samples were 
selected based on entrapment efficiency and rate of dissolution.  About 7 mL and 30 mL of 0.2% v/v acetic acid 
were introduced in stages 1 and 2 respectively. Particle deposition was assessed in vitro using twin stage impinge 

using Rotahaler device and based on peak flow of 
50L/min. The capsule under test was placed in the 
DPI followed by attachment to the mouthpiece and 
the fractions of deposition were measured by 
collecting the powders of mouthpiece and upper 
chamber (stage 1) and lower chamber (stage 2). The 
concentration was measured at 271nm and the % 
CFX deposition in each stage was calculated 
accordingly.   
 
 
 
 
 

Fig. 2: TEM images of silica coated silver nanoparticles. Both 
samples contain 2 mg Ag however, they contain (a) 5.82 μmol 
and (b) 92.44 μmol TEOS.  
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Table 1: Average % EE of 
ciprofloxacin in each formulation  

 

Results and discussion 
 
Characterization of silica coated nanoparticles particles  

A factorial design of 32 formulations was selected based on the independent variables used: Ag at 2, 5 and 7.5 
mg, and TEOS at 5.83, 34.75 and 92.44 μmol, giving a total of 9 preparations. Average particle size distribution 
for these selected formulations were determined which showed a particle size range 100-200nm 
The size of the NPs at time 0 hours increased with higher amounts of Ag and TEOS however, broader variation 
was seen with the particles containing lower amount of TEOS (5.82 µmol). It was interesting to see that the 
particles which contained 2 mg Ag and 92.44 μmol TEOS were of similar size to the ones that contained 7.5 mg 
Ag and 5.83 μmol TEOS (175.2 nm ± 8.1 and 167.7 nm ± 12.1 respectively).  
 
Dissolution rate of silica particles 

Dissolution rate was measured for particles using the count rate 
(intensity of light is proportional to the size of particles) obtained 
from PCS because it was seen as a controlling factor in the 
release of Ag and dissolution of CFX. It was seen that the 
majority of the particles completely dissolved when dispersed in 
water after 5 hours.  
It would have been safe to suggest that as the particle size 
increases the dissolution rate will be slower. However, by 
comparing the % dissolution (Fig. 3) with the particle sizes, the 
results are more distinct in that it was not necessarily the lower 
TEOS concentration that produced higher % dissolution. This is 
due to the fact that dissolution rate is influenced by particle 
aggregation whereby the surface area of the aggregated 
particles have substantially decreased.  
  
Entrapment efficiency % (EE%) of prepared chitosan 
nanoparticles 

CS:TPP ratios of 0.5, 1 and 2 were taken a step further by calculating the % 
EE of CFX upon taking absorbance readings of supernatant for each sample 
using UV spectroscopy at 271 nm (Table 1). By correlating the values to the 
calibration curve for CFX at 271 nm, it was possible to calculate the amount 
of drug left in the supernatant and therefore the amount of encapsulated 
drug.  As shown in Table 1 (letter A-C indicate increased Ag content), EE% 
was consistent among prepared samples with samples containing 2mg 
showing highest %EE. Overall, the preparation method was optimised 
accordingly and best formulation was then selected to carryon in-vitro 

deposition experiments.  
 
Measurement of deposition efficiency using TSI 

As shown in Fig 4, significant fraction of the delivered particles was 
deposited in stage 2 (approximately 70%).   These results suggest potential 
application of these particles to deliver the drug to the lungs versus 
compaction in oropharyngeal region or being swallowed.  It is however 
acknowledged that there was some deposition of the particles in stage 1.  

Future work would be to optimise milling processing to 
ensure optimum aerodynamic properties.  
 
 
Conclusions 

Using the modified Stöber method based on using DMA 
rather than ammonia as the catalyst was successfully 
used to form Ag core silica coated nanoparticles. Optimum 
ratio of chitosan was determined to form physically stable 
particles composed of chitosan as the matrix and contain 
silica coated silver nanoparticles.  The matrix was doped 
with CFX to prepare particles with dual antibacterial 
activity.  Many evidences support that having Ag as part of 
the nanoparticle enhances the antimicrobial activity which 
CFX also does, and that the use of the ionic gel formation 
of CS and TPP maximised EE%. Also the fact that the 
ASL pH in CF patients is lower therefore if CFX can be 
formulated with enough drug encapsulated in the NPs then the lower pH will enhance the solubility of CFX 
allowing amplified antimicrobial activity.  Successful deposition in TSI demonstrates potential application of these 
particles.    
 
 
  

Formu
la 

code 
% EE ± sd 

A1 41.9 ± 0.4 
A2 42.5 ± 1.5 
A3 40.6 ± 0.4 
A4 21.9 ± 8.2 
B1 38.0 ± 4.5 
B2 37.1 ± 1.1 
B3 30.4 ± 0.6 
B4 29.0 ± 1.9 
C1 41.6 ± 0.4 
C2 39.9 ± 0.9 
C3 40.5 ± 0.5 
C4 39.1 ± 8.2 

Fig. 3: Effect of varied TEOS amount on the % dissolution 
of particles containing 7.5 mg of silver coated by silica post 
dilution.  

Fig.4: CFX % deposition at each stage of TSI 
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