
SEM images demonstrate the formulation blend consists of a mixture of tomahawk and irregularly shaped 
particles with increase in fine lactose content.

The addition of fine lactose to coarse lactose can contribute to improving performance as well as 
protecting  API from the press-on forces during blending [4]. The data demonstrate the effect of extrinsic 
fines on the performance of a capsule based formulation of FP and Salmeterol. 

Particle size analysis: INH180 is a milled lactose consisting of high intrinsic fines, whereas INH240 is a 
sieved lactose with low intrinsic fines (Table 1). The addition of extrinsic fines is reflected as an increase 
in the percentage of lactose particles less than 5 and 10 micrometres (µm) within the lactose blends.

Aerodynamic Particle Size Distribution (APSD): 
An increase in percent fine particle fraction (% FPF) was observed with an increase in concentration of 
lactose fines (INH500) in the formulations. Between different formulations, the increase in %FPF was 
higher for the formulations containing INH180 compared to those containing INH240. The higher %FPF 
within INH180 formulations could be attributed to the presence of both intrinsic and extrinsic fines.

Furthermore, the APSD performance of the formulations was compared with that of the Diskus. It was 
observed that for FP, both formulations with INH180 had lower Induction Port (IP) and Preseparator (PS) 
depositions and higher interstage depositions compared to the SD. In comparison, the formulations 
with INH240 blends showed a better interstage match (Figure 3). A similar effect was observed for 
Salmeterol; however, the distribution pattern differed as compared to SD (Figure 4). The %FPF and 
MMAD data (Table 1) indicate that additional factors, such as the particle size of the API, also contribute 
to the APSD performance.

RESULT AND DISCUSSION

Evaluation of the Effect of 
Fines in Powder Blends in 
Combination with a Novel 
Capsule-based Dry Powder 
Inhaler Device.

The study suggests that the performance of a carrier-based formulation can be tuned 
by changing the configuration of the lactose blend. Evaluating various parameters, 
such as the particle size and the percentage of fines in lactose blends, is crucial 
for meeting the performance criteria of a DPI product. Lactose blends with INH240 
showed similar performance, when compared to the reference product; however, 
further development and additional batches would be required to optimize the 
performance of this formulation to match the RLD. Overall, further development 
efforts are needed, including optimization of API properties, refining the lactose 
blend composition, optimizing the manufacturing process, and possibly modifying 
the inhaler device to develop an equivalent generic product.

CONCLUSION
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Dry powder inhalers (DPI) depend critically on the interplay between device and formulation. The influence 
of particle size parameters on the interaction between the active ingredient and excipients is well known, 
and requires fine tuning for each product, to achieve efficient lung deposition with the selected device [1]. 
Process parameters, such as blending time, speed and high or low shear blending, have been studied 
for their impact on performance [2]. It is well known that the addition of fine lactose to coarse lactose 
improves the formulation performance, i.e., Fine Particle Dose (FPD), Fine Particle Fraction (FPF) of a DPI 
formulation [3].

In this study, we demonstrate that the fluticasone propionate/salmeterol formulation originally delivered 
with Diskus device can be re-engineered into a capsule-based formulation. A PowdAir® Plus prototype 
with modified airflow resistance to match that of the Diskus Device was developed and tested with several 
different lactose blends to replicate the performance of the Seretide formulation with the new device.

Device Optimization: The design of the marketed PowdAir® Plus dry powder inhaler (H&T Presspart, 
Spain) was optimized to achieve a resistance similar to that of the Diskus device. The original PowdAir® 
Plus device underwent several modification in the capsule chamber to reduce the resistance from current
1.20 to 0.92 √Pa min L ˉ¹ (Figure 1). A 3D prototype was printed for the study.

Preparation of the formulation: The lactose blends and the formulations were manufactured using a 
Cyclomix (2 L bowl, Hosokawa Micron, Netherlands. Two formulation blends of INH180 with 1% and 
4% of INH500 and three formulation blends of INH240 with 1%, 3% and 5 % were manufactured. The 
formulation was manually filled in HPMC capsules. 

Particle size distribution (PSD) for lactose blends: The PSD was measured in triplicate by using a HELOS 
laser diffractometer (Sympatec GmbH, Germany) connected to a RODOS disperser system.

Microscopy of the formulations: The particle morphology was investigated by using a scanning electron 
microscope (SEM, Phenom Pro X, Phenom-World, Netherlands) at 450x magnification at 10 kV. 

Aerodynamic particle size distribution (APSD) of the formulations: The APSD testing (n=3) was conducted 
using the Next Generation Impactor, (Copley Scientific, UK) at a flow rate corresponding to 4 kPa pressure 
drop across both devices. %FPF is calculated as a percentage of the emitted dose.
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Figure 2. SEM micrographs of lactose blends.

Figure 1. Prototype evolution from original PowdAir® Plus to 3D printed PowdAir® Plus with altered resistance.

Formulation PARTICLE SIZE BY LASER Fluticasone Propionate Salmeterol

x10 [µm] x50 [µm] x90 [µm] [%] < 5 µm [%]< 10 µm FPF (%) MMAD (µm) FPF (%) MMAD (µm)

Seretide Diskus - RLD 8.7 69.6 129 6.8 11.0 20.7 3.2 18.5 3.3

MR Powd Air Plus - INH180 +1 % INH500 4.4 47.5 133 11.4 20.1 36.3 3.3 40.6 2.5

MR Powd Air Plus - INH180 +4 % INH500 3.5 49.4 139 14.5 23.5 40.1 3.3 48.9 2.4

MR Powd Air Plus - INH240 +1 % INH500 11 59.2 95.3 6.6 9.7 26.9 3.2 22.1 2.6

MR PowdAir Plus - INH240 +3 % INH500 5.3 58.2 96.6 9.6 13.5 25.2 3.6 23.1 2.8

MR PowdAir Plus - INH240 +5 % INH500 3.9 57.8 104.2 12.6 17.4 33.6 3.3 34.9 2.5

Table 1. Comparative % FPF and MMAD for Fluticasone Propionate and Salmeterol.

Figure 3.  APSD data of Fluticasone Propionate.

Figure 4.  APSD data of Salmeterol.


