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Summary 
 
Background: Several studies have corroborated that clarithromycin, a macrolide antibiotic, has anti-
inflammatory effects in respiratory diseases. Currently, 250mg of oral clarithromycin is prescribed three 
times a week to reduce inflammation in asthma, bronchiectasis and chronic obstructive pulmonary 
disease. To date, no studies have focused on the local administration of clarithromycin. 
Methods: The formulation and characterisation of a clarithromycin pressurised metered dose inhaler 
(pMDI) solutions was investigated. The solubility of the drug in propellant/co-solvent mixtures was 
measured using an in in situ solubility apparatus. Particle size distribution was investigated using the 
Andersen cascade impactor. Calu-3 sub bronchial epithelial cell line in the air interface culture model 
was used to further study the effectiveness of the formulation in terms of toxicity, barrier integrity and 
inhibitory effects on inflammation and mucus secretion 
Results: Clarithromycin pMDI formulation containing 10% ethanol/HFA was chosen for further aerosol 
deposition studies. Fine particle fraction (FPF), mass median aerodynamic diameter (MMAD) and 
geometric standard deviation (GSD) were 47.15 ± 2.91%, 1.58 ± 0.07% and 1.71 ± 0.03 %, respectively. 
Particle deposition on the surface of Calu-3 using a modified Anderson cascade impactor, where the 
impaction plate was modified to accommodate up to eight Snapwells, showed no significant effect on 
barrier integrity, but resulted in a significant decrease in mucus secretion after 3 days in culture.  
Conclusion: The novel clarithromycin solution pMDI was formulated and had suitable aerosol 
properties for lung delivery. This formulation demonstrated to be non-toxic at the administered doses 
and had in vitro inhibitory effects on mucus secretion of Calu-3. Further investigations on the anti-
inflammatory activity are ongoing. 
 
 
Introduction 
 
A review of the literature shows that, in addition to their conventional antimicrobial effects, macrolides 
have relevant anti-inflammatory and immune-modulatory properties against many chronic lung 
diseases. Low-dose macrolide therapy has dramatically increased survival in patients with infections 
such as panbronchiolitis, cystic fibrosis and asthma (1). A randomized trial of 34 children with 
bronchiectasis has demonstrated that oral administration of clarithromycin reduces accumulation of 
neutrophils, interleukine-8 and mucin (2). Clarithromycin is available in various oral dosage forms 
however, the oral route requires high doses to for local effect and results has incomplete absorption and 
first pass metabolism factors. Furthermore, systemic delivery of such a molecule to treat a local disease 
is not optimal. This research focuses on formulating a new solution-based pressurised metered dose 
inhaler (pMDI) of clarithromycin for direct delivery to the lungs for the reduction of lung inflammation and 
mucus production. 
 
 
Materials and Methods 
 
Prior to formulation, the solubility of clarithromycin in HFA 134a/ethanol mixtures, containing 0, 5, 7, 10 
and 15 % ethanol (w/w) was determined using a solubility apparatus reported previously (3). In brief, the 
secondary casing of he solubility apparatus was loaded with excess clarithromycin before assembly. A 
50-μl metering valve was crimped onto the apparatus, which was subsequently filled with a HFA 
134a/ethanol mixture. The saturated solution was exhausted into a dosage unit sampling apparatus 
(DUSA) and the contents collected for HPLC quantification. The solubility results were interpreted in 
terms of clarithromycin fraction as a function of the ethanol concentration (% w/w). 
 
 
With established solubility data, aluminium and glass pMDI canisters were filled with clarithromycin 
(0.2% w/w), dissolved in 10% w/w ethanol. Each canister was fitted with a 50 µl metering valve, crimped 
and ~8.5 ml of HFA 134a was pressure filled into each canister. Stability of the drug components was 
confirmed visually and canisters were stored for 24h before testing. 



 
 
 

 
In vitro Impaction Measurements 
Aerosol performance and particle size distribution of the formulation was studied using a ‘non viable’ 
Andersen Cascade Impactor (ACI). The particles were aerosolised at 28.3 l.min

-1
 for 4 seconds, 10 

times per study. The fine particle dose (FPD) (drug recovered from stages 3 to filter, ≤ 4.46μm), the 

fine particle fraction (FPF) (FPD/Total dose × 100) and the mass median aerodynamic diameter (MMAD) 
were calculated. Samples were assayed in triplicate by high performance liquid chromatography (HPLC) 
and statistically analysed. 
 
Drug content was quantified using a Shimadzu HPLC (Shimadzu, Sydney, Australia). The mobile phase 
was 50-50 % v/v Acetonitrile - 0.05 M phosphate buffer. The flow rate was 1 ml/min with an injection 
volume of 100 µl. The detection wavelength was 207 nm. Samples and standards were prepared in 80-
20% v/v methanol-water. The retention time of clarithromycin was 5.45 min and linearity was confirmed 

between 5 and 200 g/mL (R² = 0.999). 
 
Calu-3 cell culture 
Calu-3 cells were obtained from American Type Cell Culture Collection (ATCC, Rockville, USA) and 
were cultured according to the ATCC recommendations. Cells were seeded onto Costar

®
 12mm 

Snapwell™ Inserts (Tokyo, Japan) with 0.4µm pores (1.12 cm
2 
cell growth area) at a density of 3.3x10

6 

cells/well. The cells were maintained for 14 days under the air-interface configuration (AIC) at 37°C. 
 
Cell viability assay after exposure to clarithromycin  
The toxicity of clarithromycin was assessed by measuring the viability of Calu-3 cells following three 
days exposure to increasing drug concentrations (from 0.61 nM to 80,000 nM), as previously described 
(4). Briefly, 5x10

4 
cells were seeded per well in a volume of 100 μL into a 96 well plate. After 24h, 100 

μL of increasing concentrations of clarithromycin were added to each well. After 72 hours the cells were 
analysed for viability. 20 μL of CellTiter 96

®
 Aqueous assay (MTS reagent) (Promega, USA) was added 

to each well and the plates incubated for three hours. Absorbance was then measured at 492 nm using 
a Wallac 1420 VICTOR™ (Perkin Elmer) (Massachusetts, USA). The absorbance value was directly 
proportional to cell viability (%). The half maximal inhibitory concentration (IC50) values were defined as 
the drug concentration that produces a decrease of 50% in cell viability compared to the untreated 
control.  
 
In vitro deposition of clarithromycin on Calu-3 epithelial cell line  
Stage 4 of the ACI was modified to allow the accommodation of eight Snapwells

®
 containing Calu-3 cell 

14 days post seeding (Figure 1). The flow rate was set at 28.3 l.min
-1. 

The pMDI was fired a set number 
of times to allow deposition of 0.51 to 1.10 µg of clarithromycin onto each Snapwell. The Snapwells 

were then removed, placed onto a plate containing fresh 
medium and incubated at 37°C. 
 
 
 
 
 
 
Figure 1: The modified Anderson Cascade Impactor (ACI). 
Aerosol sized microparticles will be deposited on the airway 
epithelial cells cultured on Snapwell inserts. 

 

Transepithelial electrical resistance of cell layers 
Transepithelial electrical resistance (TEER) was used to assess cell barrier integrity of the Calu-3 
monolayers after deposition of the Clarithromycin formulation. A EVOM Voltohmmeter (World Precision 
Instruments, Sarasota, FL, USA) was used for measurement and TEER was calculated by subtracting 
the resistance of blank inserts (containing buffer), corrected for the surface area of the Snapwell 
polyester cell support. 
 
Flu-Na uptake experiments 
Fluorescein sodium (Flu-Na), (MW 0.367 kDa) was used to assess barrier integrity and paracellular 
transport after drug deposition. Briefly, 215 µl of a 2.5 mg/ml flu-Na solution was added to the apical 
chamber. The cells were incubated at 37°C. Twelve samples of 100 μl were taken from the basal 
compartment of each well over 4 hours, with each volume being replaced with equal amount of fresh 



 
 
 

buffer. The fluorescence of flu-Na was measured in black 96-well plates using a fluorescence plate 
reader (POLARstar Optima; BMG Labtech, Offenburg, Germany), using excitation and emission 
wavelengths of 485 and 520 nm, respectively. 
 
Mucus inhibition studies 
Alcian blue stain binds to mucus glycoproteins and allows the visualisation of mucus production on the 
surface of Calu-3 cells when cultured in the AIC configuration (5).Prior to drug deposition, the surface of 
the Calu-3 cells were washed with phosphate buffered saline (PBS) purchased from Gibco, Invitrogen 
(Sydney, Australia). At one, three and five days after drug deposition samples were washed with PBS 
and fixed with 4% paraformaldehyde (PFA) (Sigma-Aldrich, Sydney, Australia). After 20 minutes, PFA 
was removed and the cells washed twice with PBS. The PBS was removed and replaced with 100 µL of 
alcian blue in the apical chamber. After 15 minutes, the inserts were washed with PBS and left to dry. 
Filters were mounted onto a glass slide with mounting medium and sealed. Samples were stored in the 
fridge at 4°C prior to imaging. 
Images of each sample were taken using a CX41 Olympus B 301 microscope (Olympus Optical Co., ltd, 
Japan). The mean intensity of the blue colour was used to quantify mucus production in both the control 
and the clarithromycin treated monolayers, at each time point. 
 
 
Results and discussion 
The solubility test revealed that clarithromycin had very poor solubility in HFA 134a (60 µg/g). The 
presence of ethanol as co-solvent in the formulation increased drug solubility. Formulation containing 
10% ethanol/HFA, corresponding to a solubility of 3.18 ± 0.43 mg/g (n=3) was chosen to be taken 
forward. Aerosol deposition in the ACI gave an FPF value of 47.15 ± 2.91%, MMAD of 1.58 ± 0.07 and 
GSD of 1.71 ± 0.03, suitable for lung deposition. 
 
The cytotoxicity profile of clarithromycin on the Calu-3 cells was established. Calu-3 cells were exposed 
to a range of clarithromycin concentrations over 72h treatment period. Cell viability was calculated with 
reference to the untreated cells, where average absorbance was normalised to 100% viability. The IC50 

value was determined at around 40000 ng/mM. 
 
TEER and permeability to flu-Na was measured 24 hours after deposition of clarithromycin. A decrease 
in TEER value was observed P < 0.05), however the Papp values did not show any significant 
difference (P > 0.05) 24 hours after 0.5 and 1.1 µg drug deposition (Figure 2). 
 
 

 
Figure 2: Apparent permeability (A) and TEER values (B) (n=3, mean ± SD) of the untreated cells, 
treated with 0.51 µg and 1.10 µg. 
 
 
 
Alcian blue staining results revealed a significant difference in the amount of mucus produced 5 days 
after drug deposition, with the inhibitory effect of clarithromycin being concentration dependent. Figure 3 
shows the images of the untreated cells and treated cells with two different doses against control.  
 
 



 
 
 

 
Figure 3: Difference in mucus production at day 19 in culture (five days after drug deposition) between 
the untreated cells and the cells treated with 0.5 and 1.1 µg of clarithromycin. 
 
 
Conclusions 
In this study a new clarithromycin based pressurised metered dose inhaler for the local treatment of 
inflammation diseases within the lung was developed. The formulation presented suitable properties in 
term of particle size distribution and aerosol deposition to be delivered to the lung. In vitro studies on 
Calu-3 in the air interface model also showed clarithromycin to be no toxic at the concentration range 
studied and have mucus inhibitory properties. Further investigation on clarithromycin anti-inflammatory 
activity in vitro is ongoing. 
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