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Summary 

This study aims to investigate the effect of carrier characteristics and dosator capsule filling operation on the in vitro 
deposition of mixtures containing salbutamol sulphate (SS) and lactose and mannitol as model carrier materials. The 
carrier surfaces of lactose and mannitol were modified via wet decantation. The impact of the decantation process on 
the properties of carriers was investigated by laser diffraction, density and powder flow measurements, N2 
physisorption, small and wide angle X-ray scattering (SWAXS) and scanning electron microscopy (SEM). Differences 
in carrier type and untreated and decanted materials were identified and the SAXS measurements proved to be a 
promising technology confirming the successful removal of fines. Adhesive carrier API mixtures with carrier-to-API 
ratio of 99:1 wt% were prepared, mixture homogeneity was tested and subsequently the mixtures were filled into 
capsules at different process settings. Finally, the influence of the decantation process on the in vitro performance of 
the adhesive mixtures was tested with a next generation impactor. For lactose, the decantation decreased the fine 
particle fraction (FPF) of SS, whereas the FPF of mannitol as a carrier was only affected by the capsule filling 
process.  

In summary, the DPI formulation based on untreated lactose, especially by capsule filling using a dosing chamber to 
powder layer (compression) ratio of 1:2, proved to be superior in terms of the dosing accuracy (RSD < 0.8%) and the 
in vitro aerodynamic performance (FPF of 12%).  

 

Introduction 

In order to use API (active pharmaceutical ingredient) particles intended to target the tiny airways of the deep lung in 
dry powder inhalers (DPIs), the range of an aerodynamic diameter of 1 µm to 5 µm is highly preferred. Particles in this 
size regimen are typically cohesive and possess poor flow properties 

[1]
, leading to difficulties concerning 

volumetrically dosing. To overcome this flowability problem, it is a general practice to formulate carrier-based 
formulations wherein the API particles are attached to the surface of a larger carrier particle (50 µm – 200 µm). 
Individual doses of carrier based formulations need to be filled into capsules where the dose range for DPI capsules is 
low, i.e., in the range of a few milligrams. Most of the existing low-dose applications for filling capsules are based on 
the direct filling principle with gravimetric techniques. However, in this study we used an indirect filling principle based 
on one of the most common volumetric techniques in standard doses, the dosator nozzle principle. Essentially, this is 
a standard-dose capsule filling machine (Labby MG2, Itlay) with the following special low-dose equipment 
adaptations: (1) smaller nozzles, (2) a cleaning unit to remove excess powder from the dosator and (3) special blades 
to keep a stable and uniform powder bed during production. Further no piston compaction is performed 

[2]
. Especially, 

in DPI filling the dosator principle plays an important role, as the doses need a controlled degree of compaction, to 
ensure that the DPI can reliably turn the plug back into a powder for efficient dose delivery.  

The present study investigates two carriers of different type (lactose and mannitol) (1) as received and (2) after 
engineering (wet decantation) and blended with spray dried Salbutamol sulphate (SS). After ensuring mixing 
homogeneity, the adhesive blends were filled into capsules for a single-dose DPI (Aerolizer®) with different process 
settings. The aerodynamic assessment of fine particles was carried out using Apparatus E (Next Generation Impactor 
(NGI), Copley Scientific, Nottingham, United Kingdom). In the present study the effect of (1) different types of carrier, 
(2) engineering of the carrier substances and (3) processing of the adhesive mixtures on the performance of the DPI 
was investigated using a low-dose dosator capsule filling machine. 
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Materials and Methods 

The carrier substances were sieved α-lactose monohydrate excipient (Lactohale 100) supplied by DFE Pharma 
(Goch, Germany) and crystalline β-mannitol (Pearlitol 160C) from Roquette (Freres, Lestrem, France). The carrier 
materials were used as received. Salbutamol sulphate (SS) in USP25 quality was purchased from Selectchemie 
(Zurich, Switzerland) and used as model API after spray drying. Absolute ethanol was obtained from Sigma Aldrich 
(Munich, Germany). 

Both carriers were extensively characterized (e.g. particle size, particle shape, flow properties, surface topography) to 
compare the different particulate properties. The impact of decantation process on the properties of carriers was 
investigated by laser diffraction, density and powder flow measurements, N2 physisorption, small and wide angle X-
ray scattering (SWAXS) and scanning electron microscopy (SEM). Differences in carrier type and untreated and 
decanted materials were clearly identified using the SAXS measurements. 

Spray dried salbutamol sulphate (Selectchemie, Zurich, Switzerland) was chosen as model API and prepared on a 
Nano Spray Dryer B-90 (Buechi Labortechnik AG, Flawil, Switzerland). The spray drying conditions were chosen 
according to our previous work (Littringer et al 2013).  

Drug-carrier interactive mixing was performed in a tumble blender TC2 (Willy A. Bachofen Maschinenfabrik, Muttenz, 
Switzerland) using the sandwich method. The mixing time was 60 min at 60 rpm. Subsequent capsule filling was 
performed with different process setting on a dosator nozzle capsule filling machine (Labby, MG2, Bologna, Italy) with 
a target fill weight of 20mg. To evaluate the performance of the different mixtures, in vitro lung deposition experiments 
were carried out with a next generation impactor (NGI, Copley Scientific, Nottingham, United Kingdom) and the fine 
particle fraction (FPF) was calculated based on the specification of the European pharmacopoeia. The inhalation 
device used for these experiments was the Aerolizer®/Cyclohaler®, a capsule inhaler.  

 

Results and Discussion  

Table 1 shows the particle size distribution of the inhalation carriers. SS has an appropriate particle size for deep lung 
penetration after spray drying. For lactose, the X10 is increasing whereas the X50 is surprisingly exactly the same than 
before decantation. The X90 remains more or less the same after decantation. The span of the particle size distribution 
slightly decreased after decantation. In the case of mannitol an overall increase in particle size and as well a decrease 
in span could be observed. Generally, when comparing LH100 and P160C, the X90 of mannitol is higher than for 
lactose, whereas the X10 is significantly smaller. This indicates one major difference between the two carrier systems. 

Table 1: Particle size distributions of API and carrier powders (n = 3 ± SD) 

 X10 [µm] X50 [µm] X90 [µm] Span [X90-X10/X50] 

Spray dried SS 0.51± 0.018 3.04±0.124 5.81±0.28 1.74 

LH 100 64.06±1.32 138.37±1.5 225.67±1.4 1.17 

LH100_dec 68.83±0.45 138.37±0.37 219.32±3.2 1.09 

P160C 10.93±0.24 81.45±0.49 237.59±1.63 2.78 

P160C_dec 14.55±0.18 89.72±1.23 240.49±3.08 2.52 

 

Table 2 shows the different process settings during capsule filling, the fill weight and the corresponding weight 
variability (%RSD) of capsules filled with the four mixtures. All of them were easy to handle during the entire process.  

Comparing the mixtures of untreated and decanted lactose no large changes of fill weight and weight variability were 
observed. Furthermore, the higher compression ratio of 1:4 did not lead to a significantly higher fill weights due to the 
low compressibility of LH100. In both cases the fill weight increased by less than 1 mg.  

For mannitol a different behavior was observed. Compared to lactose, layer creation and adjustment of the machine 
parameters took significantly longer. Furthermore, the powder layer was more uneven and the surface appeared to 
crack easily. All these factors can be related to the smaller particle size, and therefore, higher cohesivity, as well as 
higher inter-particulate forces, leading to an overall higher weight variability than for lactose. Using decanted mannitol 
causes a significant decrease in fill weight and increase in weight variability compared to untreated mannitol. This can 
be explained due to more significant reduction of fines compared to lactose: When the dosator dips into the powder 
bed and collects coarse particles with less fine content small inter-particulate holes are not filled by smaller particles 
and (2) bigger particles are less compressible. Moreover, the higher fill weight of untreated mannitol blend compared 
to the decanted one, can be explained with the highest cohesivity, lowest FFC and highest inter-particle friction 
resulting in higher compressibility. As can be seen from Table 2 as well, the capsule fill weight of mannitol is much 
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more affected by the depth of powder layer than the fill weight of lactose. In experiments with deeper powder layers, 
much heavier capsules were produced, due to higher compression of the powder inside the dosing cylinder.  

Table 2: Low dose capsule filling of adhesive mixtures at a filling speed of 2500 cph 

Dosator 
diameter 
[mm] 

Dosing 
chamber 
length 
[mm] 

Powder 
layer 
height 
[mm] 

Compression 
ratio 

Fill weight 
[mg] (%RSD) 
LH100+ API 

Fill weight [mg] 
(% RSD) 
LH100_dec + 
API 

Fill weight [mg] 
(% RSD) 
P160C + API 

Fill weight [mg] 
(% RSD) 
P160C_dec + 
API 

3.4 2.5 5 1:2 23.8 (0.8%) 23.5 (1.3%) 20.8 (2.0%) 17.1 (4.2%) 

3.4 2.5 10 1:4 24.5 (2.2%) 24.3 (1.2%) 28.8 (1.6%) 25.9 (3.1%) 

 

SEM images of untreated and decanted carrier particles were taken to evaluate the efficiency of the decantation 
process. In Figure 1, lactose carrier particles before (left) and after (right) decantation are shown, indicating that by 
decantation a reduction of fines on the surface of lactose particles was achieved. Furthermore, it was observed that 
the surface of the lactose appeared relatively smoother after decantation.  

  

Figure 1: SEM images (width 228.7 µm) of LH100 (left) and LH100_dec (right) carrier material 

Figure 2 shows adhesive mixtures of untreated (left) and decanted lactose (right) with SS. It is evident that more API 
particles adhere to the surface of untreated lactose. This can possibly be due to the higher fraction of fines, and thus, 
are more rugged surface of the undecanted lactose, allowing more double and triple attachments of API to the carrier. 
In contrast, the binding affinity of API particles onto the smooth surfaces of decanted lactose particles appeared to be 
lower (Figure 2 right). 

  

Figure 2: SEM images (width 228.7 µm) of LH100 (left) and LH100_dec (right) and API 

For mannitol carrier particles the visible effect of the decantation process is less pronounced compared to the case of 
lactose particles (SEM images not shown). SEM images of adhesive mixtures with untreated mannitol show hardly 
any API on the surface of the carrier particles although the mixing homogeneity indicated that the API is distributed 
well on the carrier. It seems that the surface topography has changed for the mixture with decanted mannitol and 
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appears somehow apparently “coated”. This can probably be explained by the fusion of API particles with the carrier 
surface (SEM images not shown). 
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The aerodynamic behavior of the different adhesive mixtures was estimated with the Next Generation Impactor (NGI) 
making it possible to study the in vitro deposition profile of the lung (Table 3). For all NGI experiments of adhesive 
mixtures with untreated and decanted lactose, three capsules were used. In the case of mannitol mixtures, the 
amount of SS recovered in the different NGI stages from 3 capsules was too low to be quantified. Therefore, six 
capsules were used for the mannitol mixtures. Consequently, as a percentage value the FPF suits best for comparing 
the performance of the different carrier types among each other. 

Table 3: Aerodynamic characteristics of the adhesive mixtures of spray dried salbutamol sulfate and lactose 
and mannitol carriers before and after decantation (ED = emitted dose; FPD = fine particle dose; RD = 
recovered dose and FPF = fine particle fraction; mean ± SD, n = 3). 

  ED [µg] FPD [µg] FPF [%] 

LH100 (1:2) + API 467.33 ±16.46     54.04 ±0.22 11.58 ±0.36 

LH100 (1:4) + API 521.42 ±12.22 43.82 ±0.53 8.46 ±0.05 

        

LH100_dec (1:2) + API 523.72 ±3.12 21.57 ±0.75 4.12 ±0.36 

LH100_dec (1:4) + API 558.12 ±16.16 19.99 ±0.95 3.56 ±0.05 

        

P160C (1:2) +API 1090.02 ±12.39 49.48 ±13.58 4.54 ±1.3 

P160C (1:4) + API 1949.05 ±15.33 92.75 ±3.68 4.8 ±0.23 

        

P160C_dec (1:2) + API 759.49 ±94.05 57.87 ±2.75 5.33 ±1.3 

P160C_dec (1:4) + API 1621.70 ±129.15 40.94 ±9.72 2.52 ±0.85 

 

For lactose, the decantation decreased the fine particle fraction (FPF) of SS, whereas the FPF of mannitol as a carrier 
was only affected by the capsule filling process. An interesting surface interaction between untreated mannitol 
blended with API was observed in SEM images. Overall, the flow behaviour was altered by carrier modification 
whereas surface properties remained largely unchanged. In summary, the DPI formulation based on untreated 
lactose, especially with capsule filling process using a dosing chamber to layer ratio (compression ratio) of 1:2, proved 
to be superior in terms of the dosing accuracy (RSD < 0.8%) as well as the performance (FPF 12%).  

Conclusion and Outlook 

The obtained data are highly useful, to improve the understanding of the relationship between carrier morphology and 
carrier type, drug detachment and capsule filling efficiency and will help to generate DPI formulations with the 
desirable performance. The observed surface phenomenon when mixing spray dried salbutamol sulphate and 
mannitol is investigated further in “Carrier-based Dry Powder Inhalation Part II: Impact of carrier material and API 
processing on the inter-particulate surface interactions in adhesive mixtures for inhalation”. 
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