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Abstract 

Therapeutic dose quantities of an inhalation drug were filled directly 
into capsules.  The actual fill weight of each capsule is known 
enabling very precise and accurate dosing of inhalation product as 
either pure drug, or blended drug.  This technology allows 
automated preparation of individual dose units of inhalation powders 
rapidly and to a level of precision and accuracy difficult or 
impossible to achieve by traditional means. 

Introduction 

Accuracy of doses is a key attribute of a safe and effective drug.  
Regulators have long recognised the importance of accurate dosing, 
and over the last twenty years, since the publishing of the MCA’s 
1983 Orange Guide, the regulatory requirements for accuracy and 
precision in manufacture and testing of product have progressively 
increased.  For inhalation products this represents a particular 
challenge, as inhalation products are typically low dose, from as little 
as 6µg per actuation, and use micronised drug which has particular 
handling difficulties. 
An innovative technology has been developed in our laboratories 
that is able to accurately fill inhalation dosage units with precise 
quantities of micronised drug or drug blend.  This technology can be 
used for preparation of clinical trial batches. 
A number of successful trials have been carried out investigating the 
potential for use of this system for inhalation powders, for pure drug, 
for low density formulations, and for conventional lactose based 
formulations.  This paper describes the trial for a generic drug 
substance and a lactose blend of the drug. 

Method

Design of the delivery system: The Xcelodose® technology provides 
accurate filling of pure drug in dry powder form directly into capsules 
and other small containment systems, at speeds and accuracies 
previously thought to be impossible.  The core component is a 
gravimetric system with programmable levels of precision. The 
system (Figure 1) uses a microbalance to provide assurance of filled 
dose weights.  A predictive control algorithm is used that reduces fill 
cycle times to previously unobtainable levels.  The predictive 
algorithm also enables the system to allow for material 
characteristics, and even compensates for variability in the flow 
characteristic of the material in real time.  The system has been 
evaluated using a wide range of typical pharmaceutical materials 
and drug substance.1

The software used in conjunction with Xcelodose® has been 
designed for compliance with 21 CFR Part 11, and is being used to 
manufacture inhalation product for clinical trials, and oral dosage 
product for clinical trials.

Figure 1. The Xcelodose® 600 

The data described below were generated on the fully automated 
Xcelodose® 600 and on the semi automated Xcelodose 120.  The 
Xcelodose® 600 is designed for automatic filling of up to 600 
capsules per hour (dependant on powder characteristics and 
powder size).  The Xcelodose® 120 is flexible, in that can be 
customised to allow filling of other small containment systems. 

Results and discussion

A test blend was manufactured to represent a standard formulation 
of a generic inhalation blend.  The lactose selected was 325M 
lactose, with a mean particle size of 70µm, and the blend contained 
2 %w/w micronised salbutamol sulphate with a mean particle size 
of 2µm.  The results are discussed below: Figures 2 and 3 illustrate 
the data obtained using the pure micronised salbutamol sulphate.  
Ten capsules were filled with 1mg of micronised salbutamol 
sulphate. All of the capsule fill weights were within the control limits, 
with a mean of 1.04mg and an RSD of 2.6%.  The dose uniformity 
of the capsules was determined by HPLC assay with the mean of 
the ten individual assays beings 100.7% and the RSD 3.55%. 

Figure 2. Xcelodose® 600 dispensed 1mg micronised 
salbutamol sulphate into capsules 
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Figure 3. Xcelodose® 600 dispensed micronised salbutamol 
sulphate, dose uniformity by HPLC assay 
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For the blend of the micronised salbutamol sulphate with lactose, 
230 capsules were filled with 10mg blend (dispensed drug content 
200µg).  The 230 capsules were filled from the contents of a single 
fill of the Xcelodose® dispensing head (the dispensing head was 
run from full to empty during the filling run of the capsules), as this 
represents the worst-case situation for segregation.   
Figures 4 and 5 illustrate the data obtained using the salbutamol / 
lactose blend. 
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Figure 4. Xcelodose® 600 dispensed 10mg salbutamol 
sulphate/lactose blend into capsules 
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Figure 5. Xcelodose 600® dispensed 10mg salbutamol 
sulphate/lactose blend, dose uniformity by HPLC assay 
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All of the fill weights were within the control limits, with a mean of 
10.11mg and an RSD of 1.46%.  The dose uniformity of the capsules 
was determined by HPLC assay, every 30th capsule throughout the 
230 capsule fill run was assayed.  The RSD obtained was 2.60%. 

The emitted dose uniformity requirements provided by the FDA’s 
Guidance for Industry Metered Dose Inhalers (MDI) and Dry Powder 
Inhalers (DPI)2 demand tight control over the sample mean and 
individual data points outside set limits.

These limits are based on sample testing and allow only a small 
number of outliers.  Failure to meet these limits leads to batch 
rejection.
For a pre-metered dose DPI to achieve acceptable emitted dose, the 
fill weight must first be well controlled. The use of Xcelodose®, 
where each individual dose unit is checked, eliminates outliers 
caused by erroneous fill, since any dose unit filled outside the set 
control limit is automatically rejected during process control. 
For those inhalation products that are delivered as pure drug, there is 
a realistic opportunity of using the Xcelodose® weight capture as a 
means to direct parametric release of the inhalation units post 
production.

Conclusions 

Conventionally, it is not possible to fill pure drug into capsules 
or device cassettes at weights of less than about 20mg.  At 
these low weights, careful drug powder preparation is required 
to ensure consistent powder flow behaviour.  Several 
companies have resorted to hand weighing inhalation products 
for clinical trials, often filling as many as 10,000 capsules.  
Manual weighing in such quantities is tedious, labour intensive, 
and the quality of work may be compromised by the dexterity 
required and the repetitive nature of the task.  The Xcelodose® 
technology allows the user to fill pure drug product or blends at 
very low dose weights (0.1mg upwards), recording each fill 
weight and ensuring all doses are within the prescribed limits 
for dose uniformity.  
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