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Summary 

Background: Independently of the patient, the aerodynamic performance of a dry powder for inhalation depends on 

the formulation and the dry powder inhaler (DPI). In the case of capsule-based DPIs, the capsule also plays a role, 
not only in the packaging of the formulation, but also in the powder aerosolisation and the dispersion of the micronised 
drug from the carrier during inhalation. Therefore, the capsule is an important parameter. However, few studies have 
been conducted on the impact of the kind of capsule on aerodynamic performance. Methods: This study evaluated 

the impact of different capsules (Quali-G
TM

 and Quali-V
®
-I from Qualicaps

®
, and hard gelatin capsules for DPIs, 

Vcaps
®
 and Vcaps

®
Plus from Capsugel

®
) on the delivered doses (DDs) and fine particle doses (FPDs) of formoterol-

based binary and ternary blends using the Axahaler
®
 DPI. Results: Similar trends were observed for the DD, FPD 

and formoterol capsule retention for both dry powder formulations contained in the different capsules. The highest 
DDs and FPDs and the lowest formoterol capsule retention were observed with hypromellose capsules such as Quali-
V-I and Vcaps, without significant differences between these capsules (p ˃ 0.05, one-way ANOVA with Newman-
Keuls post-hoc test) for both dry powders. The ternary blend showed higher and less sensitive FPDs to the kind of 
capsules used than those observed for the binary blend. Conclusion: The choice of the kind of capsule used to 

package the dry powder has an influence on its aerodynamic performance, with the best results obtained from 
hypromellose capsules (Quali-V

®
-I and Vcaps

®
) for the binary and ternary mixtures used in this study.  

Introduction 

Independently of the patient, the aerodynamic performance of a dry powder for inhalation depends on the formulation 
and the dry powder inhaler (DPI). In the case of capsule-based DPIs, the capsule also plays a role, not only in the 
packaging of the formulation, but also in the powder aerosolisation and the dispersion of the micronised drug from the 
carrier during inhalation

 [1]
. Therefore, the capsule is an important parameter. However, few studies have been 

conducted on the impact of the kind of capsule on dry powder aerodynamic performance.  

The aim of this work was to evaluate the impact on the aerodynamic performance of two dry powder formulations for 
inhalation based on formoterol by using different capsules in the Axahaler

®
 capsule-based DPI. The work evaluated 

different capsules used in, though not necessarily marketed for, the inhalation field: Quali-G
TM

 and Quali-V
®
-I from 

Qualicaps
®
 for gelatin and hypromellose (HPMC) capsules, respectively, and hard gelatin capsules for DPIs (HCG), 

Vcaps
®
 and Vcaps

®
Plus from Capsugel

®
 for gelatin, HPMC and second-generation HPMC capsules, respectively. To 

be representative of the kind of dry powder found on the market for low-content drug formulations 
[2]

, two dry powders 
for inhalation were produced using the same micronised formoterol, but with different lactoses for inhalation: milled 
lactose presenting a broad particle size distribution (PSD) to use in a binary mixture, and sieved lactose presenting a 
narrow PSD with the addition of 10% of fine lactose to use in a ternary mixture.  

 

Experimental Methods 

Materials 

Milled lactose carrier with a broad PSD characterised by a d50 of 46 µm and a span of 3.13 (Respitose ML001), 
sieved lactose carrier with a narrow PSD characterised by a d50 of 113 µm and a span of 1.11 (Respitose SV010) 
and fine lactose characterised by a d50 of 3 µm and a d90 of 7 µm (Lactohale LH300) were kindly donated by DFE 
Pharma (Goch, Germany). Micronised formoterol fumarate dihydrate characterised by a d50 of 1.5 µm and by 99.81% 
< 5 µm (formoterol) was purchased from Chemo (Madrid, Spain). Size 3 capsules for inhalation were kindly donated 
by Qualicaps (Quali-G and Quali-V-I for gelatin and HPMC capsules, respectively) and Capsugel (HCG DPI, Vcaps, 
VcapsPlus for gelatin, HPMC, and second-generation HPMC, respectively). Low resistance Axahaler capsule-based 
DPIs were kindly donated by SMB (Brussels, Belgium). Potassium phosphate and HPLC-grade acetonitrile were 
purchased from Merck (Darmstadt, Germany) and HPLC-grade methanol from VWR (Fontenay sous Bois, France). 
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Dry powders 

Dry powder A (binary mixture) was made by blending Respitose ML001 and formoterol (0.05% w/w) in a plastic 

vessel filled at most to 40% of its inner volume. The blending was performed using a laboratory-scale three-
dimensional motion mixer, the Turbula 2C (Bachofen AG, Switzerland), as follows. First, 12 mg of formoterol was set 
in with 12 g of carrier using the so-called sandwich method and all the powder was sieved using a 224 µm sieve. The 
mixture was then blended in the Turbula 2C for 5 minutes. The obtained pre-mix was then set in sandwich with an 
additional quantity of 12 g of carrier and all the powder was sieved using a 224 µm sieve and blended in the Turbula 
2C for 10 minutes. Then, the blend was sieved again through the 224 µm sieve before being blended in the Turbula 
2C for 10 minutes. The mixing speed was set at 46.2 rpm. 

Dry powder B (ternary mixture) was made by blending Respitose SV010, Lactohale 300 and formoterol (0.05% w/w) 

in a plastic vessel filled at most to 40% of its inner volume. The blending was performed using a Turbula 2C, as 
follows. First, 12 mg of formoterol was set in with 2.4 g of coarse carrier and 2.4 g of fine lactose using the so-called 
sandwich method and all the powder was sieved using a 224 µm sieve. The mixture was then blended in the Turbula 
2C for 10 minutes. The obtained pre-mix was then sieved with 19.2 g of coarse carrier using a 224 µm sieve and 
blended in the Turbula 2C for 15 minutes. Then, the blend was sieved again through the 224 µm sieve before being 
blended in the Turbula 2C for 10 minutes. The mixing speed was set at 46.2 rpm. 

Uniformity of drug content 

Uniformity of drug content of both dry powder blends was assessed using test B for uniformity of content of single-
dose preparations in European Pharmacopeia 8.0 

[3]
. This test consists of determining the individual formoterol 

content of 10 dosage units. Briefly, about 24 ± 1 mg of each blend was weighed accurately (to 0.01 mg precision) in a 
50-mL volumetric flask that was then filled with HPLC dilution phase. The formoterol determination was performed 
using a validated analytical method. 

Packaging and storage 

Amounts of 24 ± 1 mg of each blend were weighed in 50 capsules of each kind. The filled capsules were stored in a 
plastic container for a minimum of three weeks at 20°C and 50% RH, which corresponds to the usual environmental 
conditions used by firms producing dry powders for inhalation. 

Uniformity of Delivered Doses (DDs) 

The uniformity of DDs of both dry powders packaged in the different kinds of capsule was determined using a dosage 
unit sampling apparatus (Copley, Scientific Limited, Nottingham, UK) containing a 47 mm glass fiber filter (PALL 
CORPORATION

®
, USA) on 10 dosage units. A flow rate of 100 L/min for 2.4 seconds was adopted, as recommended 

with this low-resistance device by European Pharmacopeia 8.0. 
[4]

. Then, each DD was recovered from the dosage 
unit sampling apparatus with the dilution phase in a 50-mL volumetric flask, sonicated for 20 min and filtered on a 25 
mm glass microfiber filter (GE Healthcare Life Science, UK). 

Fine particle dose (FPD) and capsule retention 

The aerodynamic behaviour of both dry powders packaged in the different capsules was determined using a Next 
Generation Impactor (NGI, apparatus E) (Copley Scientific Limited, Nottingham, UK) with a pre-separator and 
uncoated plates. A new Axahaler was used for each kind of capsule filled with each blend. A flow rate of 100 L/min for 
2.4 seconds was adopted, as recommended with this low-resistance device by European Pharmacopeia 8.0. 

[4,5]
. 

Three independent tests were performed on the capsules. For each test, 10 capsules used in DPIs were pre-filled with 
24 ± 1 mg of the blend and stored as mentioned in “Packaging and storage”. The quantity of formoterol deposited at 
each level, i.e. capsules, device, induction port, pre-separator, stages 1-7 and micro-orifice collector, was recovered 
using an HPLC dilution phase. The quantity of formoterol deposited was determined using a validated analytical 
method. The FPD was determined using the Copley inhaler testing data analysis software (Copley Scientific Limited, 
Nottingham, UK). 

Analytical method 

The determination of formoterol was performed using a chromatographic system (HP 1200 series, Agilent 
Technologies, Brussels, Belgium) equipped with a binary pump, an auto-sampler and a diode array detector. The 
separations were performed on a LiChrospher 60 RP Select B (125 × 4 mm, 5 µm) column (Merck, Darmstadt, 
Germany) equipped with a pre-column (Merck, Darmstadt, Germany). The mobile phase consisted of acetonitrile and 
phosphate buffer 0.01M, pH 2.7 (25:75 v/v) at 1.0 mL/min. The quantification was performed at 245 nm. The standard 
curve was linear in the 25-1000 ng/mL range. The samples were recovered and diluted with a dilution phase 
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consisting of methanol and milliQ water (25:75 v/v). The volume injected was 200 µL using a 400 µL extension loop 
(Agilent, Brussels, Belgium). The temperature was set at 30°C and the analysis time was 6 min. 

Data analysis 

Statistical comparisons were made using a one-way analysis of variance (ANOVA), having checked the 
homoscedasticity of variances. When homoscedasticity of variances was not encountered, a non-parametric Kruskal 
Wallis test was performed. When these multi-group tests were significant, post-hoc tests (Newman Keuls or Dunn’s 
procedure) were used to avoid multiple comparison effects when comparing the group pairs of interest for parametric 
or non-parametric tests, respectively. 

Results and Discussion 

The formoterol-based blends complied with the test for uniformity of content of single-dose preparations (Test B) in 
European Pharmacopeia 8.0. This was tested on 10 dosage units, as no more than one individual content was 
outside the limits of 85% and 115% of the average content, and none was outside the limits of 75% and 125% of the 

average content. The formoterol contents were 12.0  0.1 µg (CV% of 1.2%) and 11.6  0.3 µg (CV% of 2.8%) per 24 
mg of the dry powders A and B, respectively. The blends were considered homogeneous because the CV% of the 
drug content was below 5% 

[2]
. 

DDs (i.e. the formoterol dose emitted from the capsule and the device), FPDs (i.e. the formoterol dose presenting an 
aerodynamic diameter ≤ 5 µm and able theoretically to deposit into the lungs) and formoterol capsule retention (i.e. 
formoterol dose recovered in the capsule after the dose delivery) were evaluated for dry powders A and B packaged 
in different kinds of capsules (Quali-G and HCG for gelatin capsules; Quali-V-I and Vcaps for HPMC capsules; and 
VcapsPlus for second-generation HPMC), as shown in Figure 1. 

Similar trends were observed for the DD, FPD and formoterol capsule retention for both dry powders packaged in the 
different capsules. The highest DD and FPD and the lowest formoterol capsule retention were observed with HPMC 
capsules such as Quali-V-I and Vcaps without significant differences between the HPMC capsules (p ˃ 0.05, one-way 
ANOVA with Newman-Keuls post-hoc test) for both dry powders.  

More specifically for dry powder A, significantly higher FPDs (p < 0.01, one-way ANOVA with Newman-Keuls post-hoc 
test) and lower capsule retentions (p < 0.001, one-way ANOVA with Newman-Keuls post-hoc test) were observed for 
HPMC capsules (Quali-V-I, Vcaps) in comparison with gelatin capsules (Quali-G

 
and HCG DPI) and second-

generation HPMC (VcapsPlus).  

Dry powder B, made with a ternary mixture based on sieved lactose and fine lactose, showed higher FPDs than those 
observed for dry powder A, made with a binary mixture based on milled lactose (4.15 ± 0.1 µg to 5.15 ± 0.33 µg vs 2.6 
± 0.1 µg to 3.71 ± 0.2 µg, respectively) and was also less sensitive to the kind of capsule used (less significant 
differences between the different kind of capsules than observed for dry powder A). However, the formoterol capsule 
retention was higher with the dry powder B than with dry powder A (1.1 ± 0.2% to 4.3 ± 1.2% vs 0.0 ± 0.0% to 2.0 
±.5%, respectively). This higher capsule retention did not impact the FPDs or the DDs which were slightly higher than 
those from dry powder A (8.8 ± 0.6 µg to 9.5 ± 0.5 µg vs 8.4 ± 0.2 µg to 8.98 ± 0.5 µg, respectively).  
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Figure 1 - (A) Uniformity of delivered doses (µg), (B) Fine particle doses (µg) or (C) formoterol retention (%) in 
the capsule for dry powders A (binary mixture) and B (ternary mixture), packaged in different capsules: hard gelatin 
capsules for DPI (HGC), Quali-G

TM
 (QG), Vcaps

®
 (VC), Vcaps

®
Plus (VC+) or Quali-V

®
-I (QV I). The tests were 

performed using the Axahaler
®
 capsule-based DPI at 100 L/min for 2.4 sec.  

Conclusion 

Similar trends were observed for the DD, the FPD and formoterol capsule retention for both dry powder formulations 
packaged in the different capsules. The best results were obtained with HPMC (Quali-V-I and Vcaps) for the binary 
and ternary mixtures used in this study. Therefore, the choice of the kind of capsule used to package the dry powder 
formulations has an influence on the DDs and FPDs. Further investigations are needed to better understand the 
differences between the different capsules.  
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