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Summary 
 

The Food and Drug Administration (FDA) addresses testing for foreign particles in inhalational drug 
products. A Quality by Design (QbD) approach based on IPAC-RS (International Pharmaceutical 
Aerosol Consortium on Regulation and Science) recommendations was used to gain a good 
understanding of particulate contamination over our entire inhaler production process. The number 
of foreign particles in several drug substance batches before and after a change in manufacturing  
was enumerated by light obscuration. This was done in order to monitor potential influences on 
foreign particulate quality and for being in a position to take measures before receiving critical 
findings in the drug product. Therefore, drug substance was weighed into specially cleaned 
laboratory bottles and dissolved in a water/acetonitrile solvent. The results revealed that the drug 
substance contained approximately four times as many foreign particles after the change in 
production when compared to those before the change. Based on these results, we decided to 
implement an additional filtration step to the production process of the drug substance. As a result, 
the amount of foreign particles in the drug substance batches dropped to their previous levels. This 
proactive QbD approach provided us with an effective tool to not only prevent a negative impact 
from foreign particles on the drug product quality, but to also ensure patient safety. 
 
 
Introduction 
 

In recent years, a focus on pharmaceutical quality has turned more and more towards the 
prevention of foreign particle contaminants. For inhalational drug products, the Food and Drug 
Administration (FDA) Draft Guidance for Industry “Metered Dose Inhalers (MDI) and Dry Powder 
Inhaler (DPI) Drug Products” (1998) addresses testing for foreign particles in regards to their “type, 
origin, and profile”. In the past, most manufacturers have followed a reactive strategy of identifying 
and eliminating or minimizing contamination sources after foreign particles are discovered in the 
drug product. IPAC-RS (International Pharmaceutical Aerosol Consortium on Regulation and 
Science) recommendations provide a proactive alternative to this “wait and see” approach. For this 
Quality by Design (QbD) approach, it is essential to gain a good understanding of particulate 
contamination over the entire production process (refer to Figure 1) before an incidence occurs. 
Identifying  potential sources early in the manufacturing process can not only reduce the amount of 
time required to identify and eliminate these contaminants, but can minimize potential production 
delays that could occur before the drug product release. This empowers manufacturers to not only 
control but also to proactively design product quality in order to maximize patient safety. 
 
Here, we present a study in which we used this QbD approach to reduce the number of foreign 
particles in the drug substance of inhalation products. 
 

 
Figure 1: Overview of potential sources of foreign particles in the manufacturing of a dry powder 

inhaler product or during patient use. This study focuses on the drug substance, a 
potential contributor of foreign particles to the drug product. 

 
 



 

Strategy 
 

The number of foreign particles in several drug substance batches was enumerated by light 
obscuration. The results before and after a change in the equipment for manufacturing the drug 
substance were compared to decide if additional adaptations were necessary in order to assure 
drug product quality.  
 
 
Material and Methods 
 

Before measurement, laboratory glass bottles were cleaned by rinsing with filtered water until the 
particulate contamination was below an internally-defined limit. Afterwards, drug substance was 
weighed into bottles and dissolved in a water/acetonitrile solvent by shaking. After degassing in an 
ultrasonic bath, the foreign particle concentration of the solution was determined by light 
obscuration using a HIAC Liquid Particle Counting System Model No. 9703 (5 mL sample volume, 4 
runs, with the first run discarded). Six investigations plus one blank were performed for each batch. 
Both, the preparation steps and subsequent measurements were carried out in a laminar air flow 
cabinet. 
 
The amount of foreign particles in several drug substance batches was investigated regarding 
foreign particles. This was done before and after a change in the manufacturing process in order to 
monitor potential influences on foreign particulate quality and for being in a position to take 
measures before receiving critical findings in the drug product.  
 
 
Results and Discussion 
 

Figure 2 shows the number of foreign particles normalised to the average number of particles 
before the manufacturing change. Most particles had diameters below 10 µm. The results revealed 
that the drug substance contained approximately four times as many foreign particles after the 
change in production when compared to it before the change. Its proportion on the amount of 
foreign particles of the drug product was still low (maximum value observed in a specific test batch 
was 20%) and the drug product results were within its normal variation. However, based on these 
results, we decided to implement an additional filtration step to the production process of the drug 
substance. As a result of the implementation of this further cleaning step, the amount of foreign 
particles in the drug substance batches dropped to their previous levels.  
 

 
Figure 2: Foreign particle results for drug substance batches produced before and after 

manufacturing change as well as after an additional filtration. Bars show mean values 
of six investigations and error bars show the standard deviation. 

 



 

Conclusions 
 

Based on IPAC-RS recommendations, we applied a QbD strategy to control and reduce the 
number of foreign particles in the drug substance used in the manufacture of an inhalational 
product. After several drug substance batches showed an increase of foreign particles after a 
change in the manufacturing process, we introduced an additional cleaning step that reduced the 
number of foreign particles to their prior levels. This proactive QbD approach provided us with an 
effective tool to not only prevent a negative impact from foreign particles on the drug product 
quality, but to also ensure patient safety. 
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