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Summary 
 
Background: Simvastatin (SV) is an inhibitor of 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase, used 

for lowering cholesterol levels in myocardial infarction prevention. Recently, there has been increasing evidence 
that SV possess anti-inflammatory properties and that these could be useful in decreasing the inflammation 
processes in chronic obstructive pulmonary disease (COPD). However, SV is chemically unstable in the 
presence of water/moisture. Hence, the purpose of this study was to develop a stable pressurized metered dose 
inhaler (pMDI) solution formulation of SV and to investigate its physio-chemical properties and aerosol 
performance.  
 
Methods: Simvastatin solubility was performed visually using different concentrations of ethanol and HFA134a 

propellant to determine the most suitable co-solvent concentration for the formulation of a solution based SV 
pMDI. The short-term stability of the formulation was also evaluated at 4, 25, and 37 °C over a 2-month period 
and in vitro aerosol performance was characterised using an Andersen Cascade Impactor.  
 
Results: SV was miscible in formulations containing 4 to 12 % w/w of ethanol in HFA. The formulation containing 

6 % ethanol was chosen for stability and aerosol performance, since this concentration ensured SV solubility in 
HFA and did not lower the propellant vapour pressure to such a great extent that will affect aerosol performance. 
This formulation was found to be stable at all three temperatures up to two months to-date, and produced a fine 
particle fraction of 31 ± 2.79 %. 
 
Conclusion: This study presents the formulation of a stable solution based pMDI formulation of inhaled 

simvastatin, which has the potential to open up new exciting anti-inflammatory therapeutic opportunities for the 
treatment of COPD. 
 
 
Introduction 

Simvastatin is a drug of the statin family used in the oral treatment of hyperlipidaemia [1]. It exerts its 
pharmacological action through complete inhibition of the HMG-CoA reductase, an essential enzyme for the 
cholesterol biosynthesis [2, 3]. Recent studies have shown that statins have anti-inflammatory properties 
unrelated to their lipid lowering activity, which may be beneficial in decreasing the inflammation processes in 
COPD patients [4]. Rezaie Majd et al., found that hyper cholesterolemic patients treated with simvastatin over 6 
weeks presented a decrease in systemic cytokine levels, including IL-8, IL-6 and monocyte chemoattractant 
protein-1 [5]. Furthermore, Blamoun et al., showed a decrease in the number of exacerbations and intubations 

occurring in a group of 185 COPD patients. More recently, simvastatin has also shown to have a muco-inhibitory 
effect in vitro on Calu-3, a human bronchial epithelial cell line [6]. These are promising findings to support the 
administration of simvastatin for the treatment of COPD by inhalation, since it will ensure local efficacy minimising 
systemic side effects [7, 8]. However, there are several problems associated with formulating simvastatin for 
inhalation with the most critical being that simvastatin is very susceptible to hydrolysis [9]. Hydrolysis of 
simvastatin results in opening of the lactone ring to form simvastatin hydroxy acid (SVA). While this metabolite is 
the active form of the drug, if this process occurs outside the cell, it is unable to pass into the cell and thus has 
limited pharmacological action [9, 10].  

Aim: The aim of the current study was to develop a simvastatin solution formulation as a pressurized metered 

dose inhaler to be used in COPD treatment. The solubility study of simvastatin in propellant was the first step, 
determining the ethanol concentration required to solubilize SV, without compromising its aerosol performance 
due to a decrease in vapor pressure [11]. Subsequently, the formulation was evaluated for its physio-chemical 
properties, aerosol performance in vitro and short-term stability at different temperatures, (4, 25 and 37 °C).  

 

 

 



 
 
 

 

Material and Methods 

Solubility study of Simvastatin: Different pMDI formulations containing ethanol (Ethanol 100 %, Chem–Supply 

Pty Ltd, Besfored St, SA, Australia) concentrations ranging from: 2 to 12 % w/w were produced (Table 1). Ethanol 
was used as co-solvent for simvastatin solubilization in HFA-134a in order to obtain approximately 300 µg dose 
of simvastatin. This dose was selected based on a study by Xu L et al., where nebulisation of 1-20 mg/mL 

simvastatin showed potent anti-inflammatory effect in mice, with only 3 % to 4 % of simvastatin actually delivered 
to the lung tissue [12]. Furthermore, by delivering simvastatin via inhalation, first pass metabolism and large 
protein binding, problems generally associated with oral administration, will be avoided [3, 12]. Consequently, a 
smaller dose (20-100 fold less) is usually accepted as a theoretical inhalation dose.  

50 mg of simvastatin was dissolved in the different concentrations of anhydrous ethanol and accurately 
dispensed using a micropipette into glass or aluminium canisters, then crimped immediately with a 50 µL 
metering valve (Bespak Europe Limited. Norfolk, UK) to avoid ethanol evaporation. A Pamasol Laboratory plant 
02016 (Pamasol Willi Maäden AG, Pfaffikon, Switzerland) was used to pressure-fill the containers with 1,1,1,2-
Tetrafluoroethane (HFA 134a) up to a total weight of 10 g per canister.  Only samples containing 6 % w/w ethanol 
were stored at different temperatures (4, 25 and 37 °C) for further aerosol and long-term stability studies. 

                                                     Table 1: Simvastatin pMDI formulation matrix              

Drug (% w/w) Ethanol (% w/w) HFA (% w/w) 

0.5 2 97.5 

0.5 3 96.5 

0.5 4 95.5 

0.5 6 93.5 

0.5 8 91.5 

0.5 10 89.5 

0.5 12 87.5 

 
Stability study of simvastatin: Ten consecutive actuations of the simvastatin (6 % w/w ethanol) pMDI 

formulations were collected in a Dosage Unit Sampling Apparatus (DUSA) at a calibrated flow rate of 28 L/min, 
using a 0.33 mm actuator. Drug was then recovered and samples analysed by High Performance Liquid 
Chromatography (HPLC) on the same day using a validated method that quantified both the simvastatin and 
hydroxyl acid metabolite. 

Quantification of simvastatin using High Performance Liquid Chromatography: A Shimadzu HPLC was 

used to determine simvastatin concentration. The mobile phase consist of 65:35 % v/v acetonitrile and 0.025 M 
sodium dihydrogen phosphate, with pH adjusted to 4.5 using phosphoric acid. Analyses of SV were performed 
using a reverse phase C-18 column (Phenomenex ODS hypersclone) 250 X 4.6, 5 µm at a flow rate of 1.5 
mL/min, with the UV detector set to 238 nm using 100 μL injection volume.  The linearity of the standard curve 
was observed between 0.05 and 50 µg/mL, with retention time approximately 12 min and 5 min respectively. 

In vitro aerosol performance: The simvastatin aerosol performance was characterized in vitro using an 

Andersen Cascade Impactor (ACI) at a calibrated flow rate of 28 L/min and samples assayed using HPLC. The 
fine particle dose (FPD, which is the mass (mg) of drug with aerodynamic diameter lower than 5 μm), mass 
median aerodynamic diameter (MMAD), geometric standard diameter (GSD) and fine particle fraction (FPF, % of 
drug mass having an aerodynamic diameter lower than 5 μm over to the total quantity of drug collected in the 
device) were calculated. Samples were tested in triplicate.  

Results and Discussion  

The solubility of the simvastatin pMDI formulations was assessed visually (Figure 1). Only formulation with a co-
solvent concentration of 4 % w/w and above showed complete miscibility at room temperature. 

 
 

 

 

 

 

Figure 1: Solubility of simvastatin with different concentrations of ethanol as co-solvent in HFA134a formulation. 



 
 
 

 

Previous studies have shown that increasing ethanol concentration lead to larger droplet sizes and subsequently 
decreases the fine particle fraction, reducing aerosol performances [11].  Since 4 % w/w ethanol represented the 
solubility limit for SV, only the simvastatin formulation containing 6 % w/w of ethanol was chosen for the stability 
and aerosol investigation. 

The chemical stability of the 6 % w/w ethanol SV solution pMDI formulation performed by DUSA up to 2 months 
of storage at 4, 25 and 37 °C is shown in Figure 2. No significant degradation was observed for simvastatin under 
the time scale studied for the formulation stored at 4, 25 and 37 °C, with an average dose of 2756 ± 212 μg per 
10 shots (target dose = 2978 μg ± 47.9 μg).   The amount of SV per determination fell within the specifications 
outlined in the British pharmacopoeia for uniformity of delivered dose (British Pharmacopoeia 2010), with SV 
mass falling within 25 % of their nominal value over the 60 days of the investigation. Further stability tests are 
ongoing to assess performance up to 12 months. SVA was not found to change, with an average dose of 68.57 ± 
96.61 μg over the course of the 60 days investigation. 
 

 
 
Figure 2: Stability of SV 6 % w/w ethanol pMDI solution formulation at 4, 25 and 37 °C over 2 months (n = 3, 

mean ± SD).  
 
In vitro aerosol performance by ACI of the simvastatin formulation at day zero is shown in Figure 3. The FPD and 
FPF were 97.75 ± 8.6 μg and 31 ± 2.8 %, respectively.  Approximately 18 ± 3 % of simvastatin were captured in 
the actuator and 46 ± 4.4 % in the throat, possibly due to the high concentration of ethanol present in the 
formulation that consequently resulted in larger droplet size. Previous studies have found throat and stage 
deposition increase with increased amount of ethanol, which leads to decreased respirable fraction. [11, 13, 14].      

 

Figure 3: ACI aerosol deposition data of pMDI simvastatin solution formulation (n = 3, mean ± SD)   

 



 
 
 

 

Conclusions 

In this study the authors have presented the formulation of a stable anti-inflammatory pMDI formulation of 
simvastatin. This formulation demonstrated to be stable up to 2 months at different temperatures and had an in 
vitro aerosol performance suitable for delivering to the lung. This present work has the potential to open up more 
opportunities for the use of simvastatin as a new anti-inflammatory therapeutic that could be helpful as a novel 
treatment option for COPD. An in vivo study using animal model is underway. Furthermore, a novel dry powder 
formulation of simvastatin is being manufactured, offering the option of higher delivered dose and improved 
chemical stability. 
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