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Summary 

The aerodynamic assessment of the fine particles of inhalation powders is labour-intensive. Therefore, two automated 
methods for two inhalation products were successfully developed and validated. For maximal flexibility, automated 
and already existing manual methods should be interchangeable. To assure interchangeability, we aimed to 
demonstrate their comparability. Together with Novi Systems Ltd,

1
 a system for automated determination of the 

aerodynamic particle size distribution (APSD) was developed (Novi Ictus) and customised to handle the Genuair
®
 

inhaler, a multi-dose, breath-actuated dry powder inhaler (DPI) developed by Almirall S.A.
2
 The products used in the 

study were inhalation powders with active pharmaceutical ingredient (API) combinations (LABA/ICS; LAMA/LABA). 
For the automated methods, minimal preparation work was necessary. Once the Novi Ictus analysis was complete, 
the sample solutions were directly transferred to HPLC analysis. The manual methods included the usual equipment 
preparation, dosing the inhalers, disassembly and extraction of the impactor, as well as cleaning and reassembly. 
Validated HPLC methods were used for the automated and respective manual methods. The absolute differences 
between the mean total doses and the differences of the mean FPD of both methods fulfilled the predefined 
acceptance criteria. RSDs of the FPD and of the total dose seemed to be slightly higher for the automated method but 
all values met the acceptance criteria. Even though all ratios of the mean total doses and the mean FPD indicated a 
bias towards higher results for the automated methods, the ratios also fulfilled the acceptance criteria. Hence, this 
study successfully demonstrated the comparability of the manual and automated methods.  

Introduction 

The aerodynamic assessment of fine particles is important to evaluate the characteristics of inhalation powders during 
development, as well as to ensure the quality of clinical trial material and marketed products. Although key test 
parameters and equipment are standardized by pharmacopoeias, the process is mostly performed manually and is 
time consuming. Together with Novi Systems Ltd,

1
 a system for automated determination of the APSD was 

developed. The basis of this was Novi Ictus, which is an automated system used to determine the APSD of APIs in 
inhaled products. This system was customised to handle the Genuair

®
 inhaler, a multi-dose, breath-actuated DPI 

developed by Almirall S.A.
2
 The Novi Ictus was used to develop and validate two automated methods for the 

aerodynamic assessment of fine particles of two developmental inhalation products. For these products manual 
methods were also developed and validated. For maximum flexibility during development and for quality control, 
automated and manual methods should both be interchangeable (e.g. downtime of automated system), therefore the 
comparability of these methods needs to be demonstrated. Here we present the results of this comparative study. 

Methods and Materials 

General: 

The products used for method comparison were two inhalation powders developed by Almirall S.A.. Product 1 was a 
combination product with a LABA and an ICS. Product 2 was a combination product with a LAMA and a LABA. Both 
inhalation powders were used with the Genuair

®
 inhaler (Figure 1), which delivers 30 or 60 doses from a non-

removable cartridge. The inhaler has a visual and acoustic feedback to confirm that patients have taken their 
medication correctly, a dose indicator and a lock-out system to prevent the use of an empty inhaler.

2
 It has a low to 

medium inspiratory resistance and demonstrates low variability in its aerodynamic characteristics.
3
 

The manual method (method M) and the automated method (method A) were carried out on the principles of the 
aerodynamic assessment of fine particles according to the current Ph. Eur.

4
 and USP

5
 using a modified Andersen 

cascade impactor (ACI), 60 L/min-configuration, including pre-separator, stage -1, -0, and stages 1 to 7 (filter stage) at 
4 kPa with an inhalation volume of 4 L. Both methods were validated according to the current ICH guidelines.

6
 Five 

doses were charged into the ACI for both methods. Table 1 displays the testing scheme that was followed each day. 
For each product the testing was performed over 3 days on a total of 6 inhalers, resulting in 12 ACI analyses (6 ACI 
per method) per product. Sample solutions from automated and manual impactor testing were analysed with HPLC 
methods validated according to the current ICH guidelines.

6
 



 

Day Inhaler Dosage Destination 

1 

1 

1-10 Waste 

11-15 
ACI, method A 

16-20 
ACI, method B 

2 

1-10 
Waste 

11-15 
ACI, method B 

16-20 
ACI, method A 

 

Figure 1: Genuair® inhaler Table 1: Testing scheme for 1 day and 1 product 

 

Automated method (method A): 

After creation of a sequence, the Novi Ictus was loaded with inhalers, solvents and HPLC-vials; the system was then 
ready for an analytical run. The Novi Ictus used a central robotic arm to move the DPI and the ACI around various 
stations with defined functions, e.g. analytical balance, coating station, wash station (Figure 2).  

 
Figure 2: The Novi Ictus 

First the ACI (fitted with a USP induction port) was coated and assembled. The DPI was then collected from the 
storage rack, weighed and actuated into the ACI by the robot arm and then reweighed. The ACI was disassembled 
and each component was transferred to the wash station where the drug was recovered and an internal standard was 
added. Finally, a sample was taken from the wash station and transferred into a HPLC vial which could be collected 
for HPLC analysis. The ACI was then washed, dried, and reassembled ready to test the next inhaler. The workflow of 
the system is shown schematically in Figure 3 . 
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Figure 3: Schematic drawing of the automated workflow 

 



Manual method (method M): 

The single steps for the manual method are shown in Figure 4. Unlike the automated method, no internal standard 
was used.  
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Figure 4: Schematic drawing of the manual workflow 

 

HPLC method: 

For Product 1 the HPLC method used a pentafluorophenyl column running a linear gradient for chromatographic 
separation (DAD wavelength = 259 nm). Product 2 was analysed with an HPLC method that used an endcapped C18 
column running a linear gradient for chromatographic separation. The DAD wavelength was 214 nm with a switch to 
238 nm. 

 

Data evaluation and acceptance criteria: 

The mean, standard deviation (SD), relative standard deviation (RSD) and confidence interval (CI, P=90%) of the total 
dose (TD) and the fine particle dose <5 μm (FPD) in percent of the nominal dose (%ND) of the respective API from 
the 6 impactor analyses of the respective test series were calculated. Furthermore, the ratio of single and mean 
values from both methods were calculated. The predefined acceptance criteria are shown in Table 2. 

Parameter Acceptance 
criteria 

Parameter Acceptance 
criteria 

Absolute difference mean total doses (A and M) ≤15% Absolute difference mean FPD (A and M) ≤15% 

RSD total dose (n=6) ≤10% RSD FPD (n=6) ≤15% 

Mean total dose ratio of methods (A/M) 0.90 -1.10 Mean FPD ratio of methods (A/M) 0.85 – 1.15 

Table 2: Acceptance criteria for the comparative study 

 

Results and Discussion 

The results of the study are summarised in Table 3. For both products the absolute differences between the mean 
total doses of both methods (A and M) ranged from 4.3% to 8.8%. The differences in mean FPD ranged from 1.7% to 
2.7%. These results fulfilled the acceptance criteria, thus indicating comparability. RSDs ranged from 2.6% to 6.7% for 
the FPD and from 2.6% to 6.1% for the total dose for both products. Even though method M seemed to have a slightly 
higher variability, all values were within the acceptance criteria. The ratios ranged from 1.05 to 1.10 and from 1.04 to 
1.08 for the mean total doses and the mean FPD, respectively. Although the acceptance criteria were met, all ratios 
were above unity, which could indicate a bias towards higher results for method A; however, the study was not 
designed to evaluate the statistical relevance. Figure 5 illustrates these results along with the fine particle fraction 
(FPF) information.  

  Product 1 Product 2 

  LABA ICS LAMA LABA 

 Inhaler Method 
M 

Method 
A 

Ratio 
(A/M) 

Method 
M 

Method 
A 

Ratio 
(A/M) 

Method 
M 

Method 
A 

Ratio 
(A/M) 

Method 
M 

Method 
A 

Ratio 
(A/M) 

FPD 
(%ND) 

Mean 47.73 49.92 1.05 39.57 41.28 1.04 39.58 42.28 1.07 27.47 29.72 1.08 

SD 1.4 2.1 0.06 1.0 1.7 0.06 1.2 1.4 0.06 1.1 2.0 0.09 

RSD 2.9 4.2 5.45 2.6 4.2 6.20 3.0 3.3 5.22 4.2 6.6 8.09 

CI 0.9 1.4 0.04 0.7 1.2 0.04 0.8 0.9 0.04 0.8 1.3 0.06 



TD 
(%ND) 

Mean 89.8 97.0 1.08 90.0 94.3 1.05 91.1 99.7 1.09 91.3 100.1 1.10 

SD 3.2 5.9 0.03 3.3 5.5 0.04 2.3 3.5 0.04 3.8 4.6 0.08 

RSD 3.6 6.1 2.97 3.7 5.8 4.06 2.6 3.5 4.00 4.2 4.6 7.34 

CI 2.1 3.9 0.02 2.2 3.7 0.03 1.6 2.3 0.03 2.6 3.1 0.05 

Table 3: Summary of results 

 

Figure 5: Total dose, FPD, and FPF of Product 1 and Product 2 for both methods 

Conclusion 

For time consuming standard analyses like stability testing or batch release testing, automated methods could provide 
relief for the laboratory. However, during development, some nonstandard experiments could be conducted more 
efficiently if done manually. Interchangeability of both automated and manual testing, therefore, is key for maximum 
flexibility during development and quality control. Two automated methods for the aerodynamic assessment of fine 
particles of inhalation powders were developed and validated. Here we successfully demonstrated the comparability 
of manual and automated methods for two developmental inhalation products.  
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