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Summary 

Chronic obstructive pulmonary disease (COPD) is a progressive chronic inflammatory disease. In several cases the 
airway inflammation of COPD patients becomes refractory to corticosteroids and the treatment is impaired. Therefore, 
there is a need for alternative therapeutic approaches. Resveratrol, a natural compound with anti-inflammatory and 
antioxidant properties, has the potential to be used as an alternative therapy in the treatment of COPD [1, 2]. 

The morphology and size distribution of raw and spray dried resveratrol were studied using scanning electron 
microscopy (SEM) and laser light diffraction, respectively. Aerosol performance and particle size distribution of spray-
dried resveratrol were investigated using the Andersen cascade impactor (ACI). Calu-3 sub bronchial epithelial cell 
line was used to study cell viability (MTT test). Finally, the antioxidant activity of resveratrol was evaluated by 
measuring DPPH free radicals. 

SEM images displayed a spherical morphology for spray dried resveratrol and suitable size for lung deposition (<5 
µm). This result was confirmed by laser diffraction analysis, that indicated a median volume diameters (dv0.5) of 3.86 ± 
1.04 µm. Aerosol performance and aerodynamic particle size distribution, were studied using ACI. Results showed 
suitable aerosol performances for lung delivery (FPF=39.89 ± 1.06%). The viability assay demonstrated that Calu-3 
cells could tolerate a wide range of resveratrol concentrations (1.25 nM-80 µM). Furthermore, resveratrol showed 
good antioxidant activity from 50 μM to 100 μM, with a scavenging activity of more than 50% of DPPH free radicals.  

The spray dried resveratrol as inhalation powder has demonstrated to be non-toxic on Calu-3 at the investigated 
doses and to have antioxidant properties with good aerosols performance. These properties could be used 
therapeutically for the treatment of COPD and other airway diseases, such as asthma and bronchiectasis. Further 
investigation on resveratrol transport study across Calu-3 cell and its anti-inflammatory activity in vitro are ongoing. 

Introduction 

Chronic obstructive pulmonary disease (COPD) is a progressive chronic inflammatory disease marked by airway 
inflammation caused by the inhalation of noxious particles and gasses, like cigarette smoke. The inflammation caused 
by these agents causes the release of reactive oxygen species [1]. In the literature several studies have shown how 
the oxidative stress is an important cause in the pathogenesis of COPD [3]. For this reason oxidative stress is an 
important pharmaceutical target for the treatment of COPD.  

Resveratrol (trans-3, 5, 4- trihydroxystilbene) is a natural polyphenolic compound, synthesized in a large number of 
plant species that exhibits several beneficial effects, including anti-inflammatory and anti-oxidative action [4, 5].  

The aim of this study was to investigate the potential use of inhaled resveratrol to decrease airway inflammation and 
oxidative stress in COPD [1]. 

Method and Materials 

Resveratrol was purchased from Fagron Italia (Bologna, Italy). Calu-3 cell line (HTB-55) was purchased from the 
American Type Cell Culture Collection (ATTC, Rockville, USA). Dulbecco’s modified Eagle’s medium and L-glutamine 
from Invitrogen (Sydney, Australia). DPPH (1 1-diphenyl-2-picrylhydrazyl), NAME (Nitro -L-arginine methyl estere), α 
Lipoic acid, L- ascorbic acid and non-essential amino acids were from Sigma (Sydney, Australia). Analytical grade 
solvents were purchased from Sigma (Sydney, Australia). 

Spray dried resveratrol 

In order to produce respirable microparticles, resveratrol was dissolved in ethanol-water 50-50% v/v and spray dried 
using a Buchi B-191 Spray Dryer (Buchi, Switzerland) at the following conditions: feed concentration of 20 mg/ml, feed 



rate of 40%, flow of 12 ml/min, aspiration rate 100%, inlet temperature of 100 ºC and measured outlet temperature of 
40 ºC. 

Scanning electron microscopy  

The morphology of raw and spray dried resveratrol was studied using a scanning electron microscope (SEM, JMC, 
6000 JEOL, Japan). Samples were dispersed onto carbon sticky tabs and gold coated (JEOL USA Smart Coater) at 
20 nm thickness. The images were taken at random locations.  

Laser light diffraction 

Size distribution of the raw and spray dried resveratrol was analysed using laser light diffraction (Mastersizer 3000, 
Malvern, United Kingdom). Samples were dispersed using the Scirocco dry dispersion unit with a feed pressure of 
4 bar and feed rate of 75%. Samples were analysed in triplicate, with an obscuration value between 0% and 15% and 
a reference refractive index of 1.762. 

In vitro aerosolization performance of spray dried resveratrol  

Aerosol performance and particle size distribution of spray-dried resveratrol were studied using the Andersen 
Cascade Impactor (ACI) at a flow rate of 60 l/min for 4 seconds. A filled capsule containing 5 mg of spray dried 
powder was placed into the sample compartment of an RS01 dry powder inhalation device (Sydney, Australia). The 
fine particle dose (FPD) (drug recovered from stages 3 to filter, ≤3.3 μm), the fine particle fraction (FPF) (FPD/Total 
dose x100) and total mass recovery were calculated. Drug content was quantified using a validated method with 
HPLC (Shimadzu, Sydney, Australia) using a 60-40% v/v methanol-water mobile phase at a flow rate of 0.7 ml/min 
with an injection volume of 100 μl and detection wavelength of 306 nm. Samples and standards were prepared in 50-
50% v/v ethanol-water and diluted with mobile phase (1:1). Retention time of resveratrol was 5.6 min and linearity was 
confirmed between 0.2 and 10 μg/mL (R² = 0.999). Experiments were conducted in triplicate. 

Cytotoxic activity of resveratrol in Calu-3 cell line 

The toxicity of resveratrol was assessed by measuring the viability of Calu-3 cells exposed to increasing drug 
concentrations using Transwells (from a minimum of 1.25 nM to a maximum of 80,000 nM) (final ethanol 
concentration <0.5%) [6]. Calu-3 cells were incubated at 37 °C in humidified 5% CO2 atmosphere. After 72 h CellTiter 
96

®
 Aqueous assay (MTS reagent, Promega, USA) was added to each Transwell and plates incubated for 3 h. 

Absorbance was measured at 490 nm using a plate reader (Wallac 1420 VICTOR
2
, Multilaber Counter, USA). Cell 

viability was calculated with reference to the untreated cells, where average absorbance was normalised to 100% 
viability. The absorbance value was directly proportional to cell viability (%). Data were expressed as % cell viability 
[(average absorbance of treated wells/average absorbance of control wells) x100]. Experiments were performed in 
triplicate. 

Antioxidant activity of resveratrol 

The antioxidant activity of resveratrol was determined by measuring the DPPH (2,2-diphenyl-1-picrylhydrazyl) Radical 
Scavenging Activity according the method described by Basnet et al. [7]. Different concentrations of ethanolic 
resveratrol solution (0.39 μM to 100 µM) were added to a 96-well plate and the same volume of ethanolic DPPH 
solution (60 μM) was added to each well. Samples were left in the dark at room temperature for 30 min. The 
antioxidant activity of resveratrol was determined by measuring the intensity of DPPH radical’s absorbance at 520 nm, 
using a plate reader. Lipoic acid and NAME were used at the same concentrations as resveratrol and served as 
negative controls in this experiment, while ascorbic acid was used as the positive control. 

Results and Discussion 

Scanning electron microscopy images of raw and spray dried resveratrol are shown in Fig.1, A and B, respectively. 
Raw resveratrol presented a columnar shape with a size above 70 μm, not suitable for inhalation delivery; spray dried 
resveratrol had spherical morphology and a suitable size for lung deposition (<5 µm). This was confirmed by laser 
diffraction analysis. Analysis of the data indicated median volume diameters (dv0.5) of 13.17 ± 0.06 µm and 3.86 ± 
1.04 µm (n=3) for raw and spray dried resveratrol, respectively. 



  

Figure 1: Scanning electron micrographs of raw (A) and spray dried resveratrol (B). 

The aerosolisation performance of spray dried resveratrol was investigated using an ACI and data is presented in 
Fig.2. Analysis of the stage deposition data, capsule and device recovery was 105.88 ± 4.73% of the loaded dose. In 
addition, the fine particle dose (FPD) and fine particle fraction (FPF) were 2054.61 ± 191.03 μg and 39.89 ± 1.06%, 
respectively. 

 

Figure 2: Stage to stage aerosol deposition of spray dried resveratrol across ACI stages (n=3, data represents mean ± 
standard deviation). 

The dose response cytotoxicity profile of resveratrol on Calu-3 cells is shown in Fig. 3. The viability assay 
demonstrated that Calu-3 cells could tolerate a wide range of resveratrol concentrations, from 1.25 nM-80 µM. 

 

Figure 3: The effect of resveratrol on Calu-3 cell viability after 72 h drug treatment (n=3, data represent the mean ± standard 
deviation). 
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The antioxidant activity of spray dried resveratrol was determined by measuring the elimination of DPPH radicals by 

resveratrol. Resveratrol activity was compared with lipoic acid, NAME and ascorbic acid. Results are shown in 
Figure 4. Resveratrol showed good antioxidant activity from 50 μM to 100 μM, with a scavenging activity of more the 
50% of DPPH free radicals. 

 

Figure 4: Antioxidant activity of resveratrol. Absorbance directly proportional to DPPH free radicals (%). Data are expressed 
as %of DPPH free radicals (n=4, data represents mean ± standard deviation). 

Conclusions  

In this study spray dried resveratrol was investigated as inhalation powder for the treatment of inflammatory lung 
diseases, such as asthma, bronchiectasis and COPD. The spray dried powder showed suitable aerosol properties for 
inhalation drug delivery. In vitro studies on Calu-3 showed resveratrol to be non-toxic at the concentration range 
studied and to possess antioxidant properties. Further investigations on resveratrol transport across Calu-3 cell and 
anti-inflammatory activity in vitro are ongoing and will be completed in 2015. 
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