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Summary 

 
The anticholinergic, tiotropium (Tio) is a long-acting muscarinic agent (LAMA) that has gained acceptance as the 
first line of therapy for many patients with chronic obstructive pulmonary disease (COPD). 
 
In this study, we evaluated the key aerosol parameters of some pressurised metered dose inhaler (pMDI) 
suspension formulations of Tio.  The pMDI formulations contained a particulate excipient intended to aid 
manufacturing processes and to stabilise the Tio suspensions. The objective was to investigate the effects of 
excipient particle size, Tio:excipient blend ratios, and excipient physicochemical properties on the performance of 
suspension systems formulated in HFA 134a and HFA 227 propellants. 
 
Formulations were prepared using commercially available inhalation grades of lactose (with different particle size 
ranges), (Lac, Respitose SV003 and SV010) combined in different ratios (i.e. 1:5, 1:10 and 1:25 w/w, 
Tio:excipient) and with two propellants (HFA 134a and 227).  Initial aerosol characterisation tests indicated that 
the 1:5 (Tio:Lac) ratio was the most effective compared to higher excipient ratios and that the larger particulate 
Lac material (SV010) in HFA 227 improved performance further.  Additional refinement of dose content uniformity 
and aerosol performance was achieved by substituting the excipient L-Leucine (Leu) in place of Lac.  Leu (90 – 
106 µm sieved fraction) in HFA 134a formulations produced consistent emitted dose data through canister life.  
The improved emitted dose performance may be a consequence of more closely matching the density of the 
excipient and the propellant. 
 
In vitro aerosol properties of some novel suspension formulations showed similar characteristics to those of the 
Spiriva 

®
 HandiHaler. 

 
Introduction 
 

COPD is a leading cause of morbidity and mortality. Current management guidelines consider COPD as a 
“preventable and treatable” disease

 [1]
.  However, it is predicted that by the year 2030 COPD will become the third 

leading cause of mortality worldwide 
[2]

. 
 
Tio is an anticholinergic bronchodilator that is widely used as a first-line, once daily maintenance therapy for 
patients with moderate-to-severe COPD 

[3]
.  Clinical trials have shown that Tio improved lung function, reduced 

lung hyperinflation, improved exercise capacity, reduced COPD exacerbations, and improved quality of life 
[4-5]

. 
 
Inhaled Tio is available in two devices / formulations: as Spiriva

®
 HandiHaler

®
 18 µg once daily, a dry powder 

inhaler (DPI) and the Spiriva
®
 Respimat

®
 2.5 µg per-actuation taken as two puffs once daily, soft mist inhaler 

(SMI).  
 
Lac has been used extensively as an excipient in DPI products, the coarse Lac particles are mixed with the 
micronised drug to optimise formulation properties. Dickinson and Warren proposed 

[6]
 a similar formulation 

strategy for suspension pMDIs with promising results. Further research utilising coarse particulate excipients has 
led to the selection of several candidate materials, in particular Leu 

[7-8]
.  The strategy has been investigated with 

various classes of active pharmaceutical ingredient (API) e.g. short-acting β2-adrenergic receptor agonists 
(SABA), inhaled corticosteroids (ICS), long-acting β2-adrenergic agonists (LABA) and a combination of these 
different classes of drugs e.g. LABA:ICS.  In the current study, we have investigated the performance of pMDI 
formulations containing the potent LAMA, Tio, combined with different pharmacologically acceptable particulate 
excipients i.e. Lac and Leu in both HFA 134a and HFA 227. 
 
Judicious selection of the particulate excipient can enhance aspects of pMDI manufacture and aerosol 
performance.  In terms of manufacture, for a potent API such as Tio, preparation and characterisation of an 
ordered mix of drug:excipient prior to dosating into canisters offers advantages over conventional single stage 
suspension filling i.e. avoidance of maintaining pressurised suspension homogeneity, avoidance of product 
sedimentation in filling lines and controlling losses of API due to adsorption to manufacturing equipment.  The 
excipient also serves to stabilise the drug suspension in the canister thereby optimising dose uniformity, fine 
particle fraction (FPF), and fine particle dose (FPD). 
 
The objective of this study was to produce a suspension formulation with key pharmaceutical characteristics i.e. 
emitted dose profile through canister life and particle size distribution similar to marketed Tio products.  



Experimental 

 
Micronised tiotropium bromide monohydrate was obtained from Tecoland Corporation, USA and had a particle 
size range with of 97% less than 6.9 µm and d50 of 2.8 µm. 
 
Formulations were prepared using two commercial grades of α-lactose monohydrate (Respitose SV010 
(d50; 112 µm) and SV003 (d50; 57 µm), both of which were generously provided by DMV-Fonterra (The 

Netherlands).  L-leucine (Sigma-Aldrich, UK) was sieved and a 90–106 µm sieve fraction was prepared for the 

current investigations. 
 
Plain 14 mL aluminium aerosol canisters and actuators (0.25 mm orifice diameter) were generous gifts from 
Presspart Manufacturing Ltd, UK and Presspart Nemo (Spain) respectively.  Metering valves (KEMP KHFA, 25 
µL,) were generously provided by VARI SpA (Italy).  HFA propellant 134a and 227 were generous gifts from 
Mexichem UK Ltd (UK). All analytical reagents were purchased from Fisher Scientific, Loughborough, UK. 
Spiriva

®
 HandiHaler

®
 (Batch number 261798) was sourced locally. 

 
The formulations were prepared by blending the micronised Tio with the excipient to generate an ordered mix 
with the desired ratio (w/w).  The content uniformity of the blends was assessed by sampling the bulk powder and 
determining the content of the API by validated HPLC analysis.  The target relative standard deviation (RSD) was 
≤ 2%.The targeted fine particle dose was 3 µg of Tio (delivered as tiotropium bromide).  Canisters were 
formulated to contain 120 actuations.  Formulations were prepared to investigate the effects of API:excipient 
blend ratio, excipient particle size and density, and propellant properties . 
 
Control formulations consisted of micronised API only suspended in either propellant 134a or 227. Drug 
dispersion was performed by shaking by the canisters by hand. Propellant filling was performed using laboratory 
scale propellant pump (X2008-00) and crimping head (X2002-0043/013), both Pamasol Willi Mäder AG 
(Switzerland). 
 
The assessments of aerodynamic particle size distributions (APSD) were determined using a Next Generation 
Impactor (NGI) at a flow rate of 30 L min

-1
 for the pMDIs.  The flow rate for the HandiHaler 

®
 DPI was 

39 L min
 1
 
[9] 

i.e. flow rate at which a 4 kPa pressure drop was measured across the device.  The stage cut-off 
diameters at 39 L min

-1
 were calculated with reference to the USP <601> 

[10]
.  The FPF (% of emitted dose less 

than 5.0 µm) and FPD (µg, i.e. drug mass less than 5.0 µm) were calculated. 

 
Through canister life emitted dose testing was carried out using a standard dose unit sampling apparatus 
(DUSA).  In order to determine emitted dose at mid and at the end of canister life, the canisters were fired to 
waste using a standardised method to ensure appropriate shaking and suitable intervals between consecutive 
actuations. 
 
Results and Discussion 

 
Preliminary formulations utilised Lac as the excipient in the following ratios, 1:25, 1:10 and 1:5 (Tio:Lac), and 
either HFA 134a or 227 as the propellant (Table 1). 
 
Table 1 NGI aerosol performance data for Tiotropium:Lactose formulations (mean (SD), n=3 ). 

 

Formulations 1:5_134a 1:5_227 1:5_227* 1:10_134a 1:25_134a 

Emitted Dose, ex Actuator (µg) 7.77 (0.47) 6.69 (0.56) 5.98 (0.64) 6.84 (0.18) 7.90 (0.79) 

FPF (% < 5 µm) 35.44 (6.27) 38.11 (1.03) 44.91 (0.66) 25.57 (2.84) 26.24 (2.24) 

MMAD (µm)  3.27 (0.10) 4.49 (0.17) 4.35 (0.16) 2.76 (0.08) 3.26 (0.09) 

GSD  2.41 (0.20) 2.31 (0.09) 1.83 (0.04) 2.46 (0.06) 3.00 (0.08) 

FPD (µg < 5 µm) 2.77 (0.65) 2.54 (0.16) 2.69 (0.27) 1.75 (0.15) 2.07 (0.23) 
*Formulation used Lac SV010 as excipient 
 
Table 1 shows the emitted dose characteristics of the Lac formulations at the beginning of canister life i.e. 
actuation number < 10.  Most of the formulations using HFA 134a (density 1.21 g/mL at 25° C)

 [11]
, the fine 

particle dose was lower than the nominal 3 µg target.  This was especially noted with higher excipient ratios 

leading to lower FPF values.  Previous investigations 
[8]

, suggested that improvements in formulation 
performance could be achieved by more closely matching the density of the excipient to that of the propellant.  
The FPF values of the two formulations prepared in the higher density HFA 227 propellant (density 1.39 g/mL at 
25° C) 

[11]
 tended to be greater than the 134a formulations.  Substituting larger particle size SV010 lactose in the 

HFA 227 also improved the FPF suggesting more efficient separation of API and excipient during aerosol 
generation.  It is noteworthy however that the higher FPFs from the HFA 227 formulations were not associated 
with lower MMAD values.  This is the result of lower induction port deposition with a shift to a greater proportion 
on the proximal stages of the NGI from the HFA 227 formulations. 



The through life emitted dose characteristics of the preliminary Lac formulations were assessed and is shown in 
Figure 1.  The formulations were prepared using plain aluminium 14 mL canisters and standard “easy fill” valves. 
The Lac formulations demonstrated an inconsistent profile, based on previous experiences this was possibly due 
to the sedimentation rate of the Lac in the propellant system. However, it is strongly believed with further 
modification to the excipient and device components that the Lac formulations would demonstrate more 
consistency.  
 
Figure 1 Content uniformity through life performance of Tiotropium:Lactose formulations (mean, n=3). 
 

 
*Formulation used Lac SV010 as excipient 
 
Table 2 NGI aerosol performance data for Tiotropium only formulations (mean (SD), n=3). 
 

Formulations 134a 227 

Emitted Dose, ex Actuator (µg) 9.13 (2.28) 4.96 (2.34) 

FPF (% < 5 µm) 31.35 (6.21) 36.94 (3.74) 

MMAD (µm) 4.29 (0.31) 4.43 (0.47) 

GSD 1.88 (0.04) 2.00 (0.12) 

FPD (µg < 5 µm) 2.89 (1.00) 1.80 (0.79) 
 

Table 2 shows the aerosol properties of control Tio formulations (no excipient) in HFA 134a and 227.  The 
formulations contained the same amounts of Tio as the canisters containing the particulate excipients  The FPD 
of 134a formulation was very close to the target value of 3 µg, however the high emitted dose, suggests poor 
dispersion of the micronised drug within the formulation.  The FPD for the HFA 227 formulation was lower than 
the target value but the emitted dose is indicative of better dispersion in this propellant and reduced 
sedimentation rate.  In both cases the FPF tended to be lower than the 1:5 excipient systems in comparable 
propellants. 
 
Following the initial screening experiments using Lac, the performance of pMDIs formulated with sieved Leu at a 
ratio of 1:5 (Tio:Leu) and formulated in each propellant was evaluated.  Table 3 shows that the FPF values for 
both formulations matched or exceeded the best results from the initial screening experiments.  The MMAD and 
FPD values were also comparable with, or were superior to, the screening experiment results.  The FPF values, 
were similar to, or slightly higher than those from the Handihaler, but the FPD was lower. 
 
Table 3 NGI Aerosol performance data for Tiotropium:Leucine formulations (mean (SD), n=3 ). 

 

Formulations 1:5_134a 1:5_227 HandiHaler* 

Emitted Dose, ex Device* (µg) 5.65 (0.04) 4.76 (0.31) 7.45 (0.39) 

FPF (% < 5 µm) 43.84 (3.49) 45.57 (1.05) 41.33 (3.31) 

MMAD (µm) 2.22 (0.19) 3.79 (0.21) 3.65 (0.18) 

GSD 2.20 (0.25) 1.82 (0.06) 1.81 (0.04) 

FPD (µg < 5 µm) 2.48 (0.20) 2.17 (0.14) 3.09 (0.39) 
* .ex-actuator / ex-mouthpiece. 
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The through life emitted dose characteristics of the 1:5 Tio:Leu in HFA 134a, was assessed and is shown in 
Figure 2.  The formulations were prepared using plain aluminium 14 mL canisters and standard “easy fill” valves.  
For comparison the performance of the Tio only control is shown.  The addition of the excipient demonstrated a 
consistent delivery, with the targeted metered dose of 5 µg/actuation maintained (± 25 %) through canister life.  
This consistency was not seen with the tiotropium only, with more variability being demonstrated at all stages of 
canister life and content uniformity lying beyond ± 25% of the target emitted dose value.  This is indicative of poor 
suspension properties and the general reduction in the emitted dose through life with the Tio only formulation is 
consistent with this hypothesis. 
 
Figure 2 Content uniformity through life performance of HFA 134a Tiotropium:Leucine and Tiotropium 
only formulations (mean ±SD, n=3). 
 

 
Conclusion 
 

The results demonstrate that the strategy of including pharmaceutically acceptable particulate excipients using 
carefully selected ratios of API:excipient can be employed to produce efficient pMDI suspension formulations of 
Tio.  Further optimisation and accelerated stability tests are on-going.  
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