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Introduction 

The current standard method for aerosol performance testing within the pharmaceutical industry is the Next 
Generation Impactor (NGI)

(1, 2)
. During product development, there has been an increasing demand for higher 

throughput in analytical development and it has been observed that inhalation product performance testing with the 
NGI is a bottleneck in achieving rapid results. An alternative for the NGI is the Fast Screening Impactor (FSI), which 
shortens by about half the time the aerosol analysis by reducing amount of data generated; however, it is still time 
consuming and laborious. Another alternative for the two previous methods is the single aerosol mass spectrometry 
(SPAMS), which was initially developed for environmental and pollution studies

(3)
 and is capable of detection of 

micrometer-sized target particles of low concentration
(4)

. A new application for this technique is the analysis of dry 
powder formulations in pharmaceutical development.  

For the present studies DPIs containing indacaterol maleate as the active pharmaceutical ingredient (API) with the 
excipient lactose in different dosage strength were chosen, in order to evaluate potential comparability between the 
two impaction methods (FSI, NGI) and SPAMS technique which can be further use as a fast screening method. The 
FPM and aerodynamic particle size distribution (APSD) profiles of different dosage strengths of API were compared 
with use of these three methods. By using of a simple mathematical calculation it was demonstrated that the SPAMS 
3.0 could produce FPM data that can be consistently related to the results of independent NGI or FSI analyses. It was 
also shown that SPAMS results show internal consistency (good repeatability and reproducibility 5% RSD) and can be 
obtained in a shorter time of analysis (1-2 hours instead of 12-24 hours in case of impactors) compared to other 
techniques. 

 

Experimental methods 

Materials: 

Commercially available dry powder inhalers (DPIs) containing lactose with one active pharmaceutical ingredient (API), 
indacaterol maleate, in different dosage strengths from 75 to 300 mcg (Onbrez

® 
Breezhaler

®
 in Europe or Arcapta

™
 

Neohaler
™

 in the United States, produced by Novartis Pharma AG) were used in this characterization study. 

All experiments with DPIs (FSI, NGI and SPAMS) were conducted with air flow 90 L/min and a total air volume of 4 L. 
All actuations for FSI and NGI were performed inside climate-controlled cabinets at 23ºC / 55% RH. Before the DPI 
measurements, the SPAMS particle sizing was calibrated with a standard of an aqueous solution of polystyrene 
particle with known aerodynamic diameter and provided a wide linear sizing range from 0.1 to 8 µm

(5)
. 

 

SPAMS Description: 

The SPAMS allows the determination of aerodynamic particle size distribution (APSD) profiles of DPIs as well as 
chemical composition of each individual aerosol particle by measuring its mass spectrum. SPAMS 3.0 is built of three 
main components: 1) an aerosol introduction interface, which includes three adjustable pump systems, 2) a light 
scattering region, with top-hat profile laser beam for particle detection and size determination after which desorption 
ionization laser is fired and 3) a time-of-flight mass spectrometer for single particle composition analysis. Aerosol 
particles are drawn into the SPAMS through a nozzle and skimmer then an aerodynamic focus lenses stack where the 
air stream pushes particles into a collimated beam through the scattering laser field and then directs them to time-of-
flight mass spectrometer, where individual particles after desorption and ionization are analyzed, both positive and 
negative ions simultaneously. Thus, information of both size and chemical composition of each individual aerosol 
particle can be acquired. In this manner, the aerodynamic diameter and chemical composition of individual dry powder 
aerosol particles can be measured in real-time. 

Sampling of DPIs by SPAMS was performed by actuating into USP induction port attached to a pre-separator on the 
top of a 4 liter sampling chamber (to provide continuous analysis), at 90 L/min for 2.7 seconds. This chamber was 
directly attached to the SPAMS inlet. A SPAMS acquires approximately 70-80 individually sized particles per second 
and sampling was carried out for 5 minutes per actuation (one capsule). 

  



 

FSI Description: 

The FSI consists primarily of two stages: a coarse particle pre-separator that is similar to the pre-separator of the NGI, 

but is equipped with a 5 µm size cut-off plate that is inserted at the bottom of the pre-separator, and a fine particle 

collection filter stage. Capsules are actuated at 90 L/min for 2.7 sec (total volume of 4L). Particles are collected on a 

glass fiber filter and extracted in a suitable solvent.  Analysis of the extracts from the coarse and fine particle fractions 

of the FSI are performed with HPLC UV detection. Based on results from initial work, the bottom plate of the pre-

separator was coated with surfactant in order to reduce particle bounce that is created from the additional 5 µm cut-off 

plate. Coating the bottom of the pre-separator is not necessary for the NGI. 

 

Results 

To compare results between the SPAMS and the NGI and FSI, a simple mathematical calculation is made to 

determine the mass of each indacaterol maleate particle sized by SPAMS based on particle volume calculated using 

the aerodynamic diameter (da) and unit density. The individually sized particles were assembled into an APSD 

histogram Frequency vs. size bins (FIG. 1) for SPAMS results, mimicking the NGI stage cut-off diameters. For 

comparison with FSI only the fine particle fraction ≤ 5 µm was considered (FIG. 2). A comparison the fine particle 

mass FPM obtained with the FSI and the NGI for the tested DPI products is shown in FIG. 2. Based on previous 

experience with the NGI FPM and FSI FPM, a maximum difference of 10% relative between the two techniques is 

considered acceptable, thus FPM from SPAMS may be compared to both NGI and FSI. There is a good agreement 

not only with the FPM between FSI and NGI. For SPAMS, the result is a linear relationship over the dosage range 

investigated (FIG. 3). The calculated fine particle mass (FPM) from SPAMS can be plotted against NGI FPM or FSI 

FPM data for the same dosage strengths and found to have a linear relationship, meaning SPAMS and NGI or FSI 

can be directly compared as all of them have a linear dependence on dosage strength.  

Conclusion 

The FSI has been shown to give equivalent performance to the NGI with regard to FPM, and is a suitable replacement 

when a full particle size distribution is not required, but it still a time consuming and laborious method. An alternative 

technique, SPAMS demonstrated rapid analysis of dry powder formulation containing indacaterol maleate as API. It 
was possible to distinguish different dosage strengths by using SPAMS and to prove that a linear correlation with the 

dosage strength exists. Also, it was possible to transform SPAMS data to allow for direct comparison with NGI and 

FSI FPM data. Finally, it was shown that the SPAMS can generate consistent and repeatable results from single DPI 

actuations. 
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FIG. 1.  Aerodynamic particle size distribution profiles for different dosage strengths of indacaterol maleate 
obtained by SPAMS 3.0. 

 

FIG. 2. Comparison of FPM of FSI and NGI for three dosage strengths of indacaterol maleate. 
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FIG. 3. Correlation between estimated FPM (sum of 4 individual capsules) obtained by SPAMS 3.0 and 
different dosage strengths in dry powder formulation of indacaterol maleate. 
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