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Validation data for this method are shown in Table 2. Validation was performed on both high and low strength actives. RSD
values are higher than those typically observed for a laser diffraction method for an API [17], however this is likely due to the
inherent product variability (See Figure 1) – measurements are being made of volatile droplets with a wide range of
velocities contributing to differing amounts of evaporation per droplet. Increased variability is therefore expected. However,
one important factor to limit variability is humidity level [3].

The aerodynamic particle size distribution (APSD) is a critical quality attribute (CQA) of orally inhaled and nasal drug
products (OINDPs). Cascade impactor methodology [1] is typically used to determine this during development and
registered product testing. Laser diffraction (LD) analysis of the ex-actuator plume has previously been proposed as an
alternative [2] for geometric particle size distribution (PSD) determination.
This is considered appropriate as the measured ex-actuator PSD would be influenced by the active pharmaceutical
ingredient (API) within the formulation in three ways. One, the dry API particles would be present in the actuation plume
after atomisation. Two, droplet formation during atomization may be influenced by the particle size of the API [14]. Lastly, the
API concentration will influence the number of particles within each droplet and hence the measured PSD [2, 3].
This publication will focus on the specific considerations for method development/validation of this methodology [4-10],
using a quality by design (QbD) approach [11, 12]. These data have the potential to correlate with APSD data [13, 14], as
many variables are common to both techniques [15], despite the difference in the principle of measurement (geometric
versus aerodynamic).

Table 2. Method validation data.
Figure 1. Fishbone diagram of sources of variability for laser diffraction data.

6

25
20

Active
Placebo

A

5

d(v, 0.5) - µm

Measurements were made with a Sympatec™ instrument, consisting of a Helos (Helium-Neon Laser Optical System)/BF™
laser diffraction sensor with the Inhaler™ dry dispersion accessory (See instrument settings in Table 1). The pMDI unit is
manually actuated into the Inhaler accessory, allowing the actuation plume to pass through the laser (He/Ne @ 633nm)
where light is scattered and then focussed by a chosen lens onto a detector array. The detector consists of 31 concentric
ring elements. The innermost element is referred to as R1 and the outermost element as R31. Scattered light registered on
elements R1-R6 is discounted due to beam steer [16]. The signals from all the other detector elements are combined and a
PSD is inferred from the scattering pattern based on the chosen optical model, after subtraction of background levels.

The median particle size for the placebo is decreased with increased distance. This is likely due to the increased evaporation of co-solvent, rather
than an indication of multiple scattering. This signal observed for the placebo
. led to the refractive index of the co-solvent being chosen for the method.
Although the OC decreased with increased firing distance due to reduced beam steer, the active PSD remains reasonably consistent [<10% shift in
d(v, 0.5)] and is considered to be real. A slight increase in active median particle size is consistent with reduced interference from the co-solvent and
therefore the long cylinder is considered to be the most accurate.
Optical Concentration (%)
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Table 3. PSD data for a range of temperatures (n=6 at each condition) – high strength active.
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Figure 2. A: Optical concentration. B: d(v, 0.5) data for high strength active and placebo for various cylinder lengths.
The selection of sampling criteria (trigger conditions) is critical [3] and they can also interact with the method of shaking and firing, particularly for a
suspension pMDI. Design experiments are crucial for method optimization and for proving method robustness. Parameters, which are selected via a
suitable risk assessment, are evaluated over an appropriate design space, as shown in Figure 3.
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There are multiple variables which can influence laser diffraction data, as shown in Figure 1. Aside from the product related
factors, risk assessments of the other variables are required. While some parameters have no impact if they are suitably
controlled (e.g., cleaning), other more critical parameters require experimentation to determine their effects (e.g., trigger
conditions). The Inhaler accessory was chosen since the droplets are entrained in an air flow which dilutes the sample and
reduces potential artefacts such as velocity bias and geometric effects [15].
The length of cylinder used for the Inhaler accessory must be optimized. This dictates the distance between the point of
actuation and the laser beam. The optical concentration (OC) must be sufficient for sensitivity purposes but not too high to
cause multiple scattering. Data are shown in Figure 2A and 2B. The similarity in OC for the active and placebo shows that
the majority of light did not reach the central detector due to the propellant shifting the laser beam (beam steer).
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Figure 3. PSD data for sample preparation DoE – low strength active.

A QbD approach to development of laser diffraction (LD) methodology to determine the PSD ex-actuator from a pressurized
metered dose inhaler (pMDI) is presented. Robust and repeatable data were obtained, however this is inherently more
variable than methodology for the PSD determination of the API. The LD methodology can be used to understand trends in
cascade impaction data – the industry standard, but more time consuming, methodology for APSD determination.
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