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guished by good powder flow and dosing properties. A 
carrier-based formulation consists of a coarse lactose 
carrier and a micronized drug that is adhered to the car-
rier surface (Figure 1a). It is possible to optimize such a 
formulation by using additional fine excipient, for 
example, magnesium stearate or micronized lactose 
fines, and blend it with the coarse lactose carrier in a 
pre-blending step (Figure 1b). Using lactose fines 
might be favorable because it is the same material as the 
carrier. It also has an established safety and stability pro-
file, a manufacturing process with tight controls over 
purity and physical properties, and it is readily available 
and inexpensive.3 
Lactose fines facilitate the detachment of the drug from 
the carrier and there are several hypotheses for the 
mechanisms involved. One established hypothesis is 
that the fines occupy areas of the surface that are more 
adhesive (active sites), leaving only weaker binding sites 
available for the drug particles to attach.4, 5 Further-
more, the fines may form agglomerates, multiplets or 
multi-layers with drug particles, which are supposed to 

Abstract
This study aimed to investigate the influence of lactose fines 
in ternary powder mixtures for inhalation by using differ-
ent inhaler devices. For this purpose, mixtures with and 
without commercially available lactose fines and the 
hydrophobic model drug budesonide were prepared with a 
high shear blender. The aerodynamic behavior was tested 
with a Next Generation Impactor and three devices 
(Novolizer®, Cyclohaler® and Rack). These inhalers were 
chosen because of their different dispersion mechanisms. 
The addition of extrinsic lactose fines showed a significant 
improvement in the dispersion behavior for all tested 
devices. We hypothesize that aerodynamic behaviors of the 
lactose blends were impacted by the presence of lactose fines. 
Due to the saturation of active sites and a reduction of 
press-on forces during blending, the drug adhesion forces 
were lowered. In addition, the formation of agglomerates 
and a change in fluidization behavior were further factors 
that contributed to the increase in fine particle fraction. 
The Rack, which is a special device based on weak disper-
sion mechanisms, benefited most from these effects.

Introduction
A dry powder inhaler formulation should deliver the 
highest possible fine particle fraction (FPF) to the lung. 
For this purpose, micronized and thus highly cohesive 
API particles must be dispersed to have an aerodynamic 
diameter smaller than 5 μm.1 There are two ways to 
optimize the respirable fraction: The first is to make 
changes in the inhaler device, such as applying a bypass 
flow or altering device dimensions and device resis-
tance, to increase the separation forces2 while the sec-
ond is to improve the formulation.
Typically, dry powder inhaler formulations are  
carrier-based formulations. In contrast to engineered 
particle formulations or soft pellets, they are compara-
tively simple, inexpensive to produce and are distin-
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Germany) was used as a carrier and the proportion of 
fines was set to 7.5 wt% according to earlier studies.13 

Micronized budesonide (Farmabios, Gropello Cairoli, 
Italy) was used as a model drug and the 1.5 wt% con-
tent corresponded to typical market products such as 
Novopulmon® 200 µg Novolizer® (Meda Pharma 
GmbH & Co. KG, Bad Homburg, Germany). 
Lactose fines were added in a pre-mixing step in order 
to be able to saturate the active sites before the active 
pharmaceutical ingredient (API ) was added. Immedi-
ately after manufacturing at 500 rpm and 1 minute per 
blending step, the homogeneity of the blends was 
tested by high performance liquid chromatography 
(HPLC). The requirements for homogeneity of blends 
were set to a relative standard deviation (RSD) of less 
than 3% and a recovery of > 95%. Afterwards, the for-
mulations were stored in open plastic bottles for two 
weeks at 45% relative humidity and room temperature 
to remove electrostatic charge effects induced by the 
blending process.
The aerodynamic behavior of the interactive mixtures 
was tested with a Next Generation Impactor (NGI; 
Copley Scientific, Nottingham, UK) according to Ph. 
Eur. with three devices: the Novolizer (Meda Pharma 
GmbH & Co. KG, Bad Homburg, Germany) which is a 
reservoir-based, multi-dose device; the capsule-based 
Cyclohaler® (PB Pharma GmbH, Meerbusch, Ger-
many); and the Rack, which is a special feeding device 
without a defined dispersion mechanism developed at 
Kiel University (Figure 2).14 The FPF is defined as the 
fraction of emitted particles that have a size less than the 
upper limit of respirable size (here < 5 µm). The FPF was 

be aerosolized more easily than single drug particles.6, 7 
In addition, the fluidization hypothesis suggests that 
fines increase the tensile strength of a bulk powder, 
which increases the minimum energy required for flu-
idization during inhalation.8 Fines coarser than the 
drug particles can also act as a buffer between colliding 
carrier particles and protect drug particles from 
press-on forces during blending.9 Grasmeijer, et al. fur-
ther suggested that all of these above-mentioned mech-
anisms act simultaneously.10

Micronized lactose is available on the market with a par-
ticle size in which 90% of the particles are smaller than 
10 µm and have highly cohesive properties.11 With 
these attributes, the lactose fines can lead to an improve-
ment of fine particle fractions in ternary mixtures. 
This study examined the extent to which micronized 
lactose fines are capable of improving the dispersion 
behavior of dry powder inhaler formulations. 
Inhaler design and the acting dispersion forces can have 
a significant influence on the results of a study and their 
relevance is often neglected.12 Therefore, in order to 
increase the robustness of the study, various test inhalers 
based on different dispersion mechanisms were used.

Material and methods
Two adhesive mixtures, with and without the addition 
of micronized lactose fines (Inhalac® 500, Meggle 
Excipients and Technology, Wasserburg, Germany), 
were prepared with a Picomix® high shear blender 
(Hosokawa Alpine, Augsburg, Germany). InhaLac® 
230 (Meggle Excipients and Technology, Wasserburg, 
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with the drug and the saturation of active sites. This 
assumption was confirmed by shear cell measurements 
(Figure 4). The micronized lactose has a high cohesion 
similar to the drug while the carrier shows very low 
cohesion, which is typical for free-flowing powders. 
Nevertheless, the lactose fines are coarser than the drug 
particles and therefore able to reduce the press-on forces 
that were applied to the API particles during the mixing 
process. This could result in weaker binding forces and 
the particles can be detached from the carrier surface 
more easily during inhalation.9

Blend homogeneity and recovery
Both produced blends showed good homogeneity and 
API recovery (RSD < 1.5% and recovery > 96.6%). 
This is due to the efficient mixing principle of the Pico-
mix high shear blender. The so-called Cyclomix® prin-
ciple (named for the Cyclomix high shear impact mixer, 
Hosokawa Alpine, Augsburg, Germany) is based on 
movement of the material not only horizontally, but 
vertically, leading to high shear forces acting on the 
powder. Consequently, even very cohesive materials 
can be distributed over the carrier surfaces homoge-
neously. On the other hand, high energy input of the 
blender could also create blends with detrimental aero-
dynamic performance.15 Due to the fact that both mix-
tures corresponded to the previously defined limits, 
they could be used for the impaction experiments. 

Aerodynamic behavior
The Novolizer is characterized by a dispersing mecha-
nism that typically leads to a high respirable fraction. 
The inhaler was developed and studied extensively by 
de Boer, et al.16 A cyclone with impaction walls leads to 
a deagglomeration of the powder, mainly due to iner-
tial, shear and friction forces. Inertial forces, in particu-
lar, are strong dispersion forces that are proportional to 
the density and the third power of the drug particle 
diameter.17 Consequently, the highest FPF for both 

calculated from impaction results utilizing CITDAS 3.0 
software (Copley Scientific, Nottingham, UK).
Laser light diffraction was performed to analyze the 
particle size distribution (PSD). Samples were dis-
persed with 3 bar using a Sympatec Helos laser diffrac-
tometer with the Rodos dry dispersion system (Sym-
patec GmbH, Clausthal-Zellerfeld, Germany) and a 
suitable lens. The powder was fed into the dispersing 
system by using a spatula. Data acquisition and calcula-
tion were performed with Windox software 5.4.2.0. 
(Sympatec GmbH, Clausthal-Zellerfeld, Germany) 
using the Fraunhofer theory. Every sample was evalu-
ated based on volume and in triplicate.
Cohesion measurements of the mixture components 
were performed with the 1 ml shear cell module and the 
Freeman FT4 Powder Rheometer (Freeman Technol-
ogy, Tewkesbury, UK). An automated shear program 
that runs a sequence of tests at decreasing levels of nor-
mal stresses was used. By plotting a series of yield points 
for a range of reducing normal stresses, conclusions 
about the cohesion of the powder can be drawn. 
Particle morphology and surface structure was visual-
ized by scanning electron microscopy (SEM). The 
powder was fixed on a carbon sticker and coated with 
gold using a BAL-Tec SCP 050 Sputter Coater (Leica 
Instuments, Wetzlar, Germany). Samples were then 
visualized with a Zeiss Ultra 55 plus (Carl Zeiss NTS 
GmbH, Germany) using the SE-2 detector and a work-
ing voltage of 2 kV.

Results and discussion
Particle size distribution and cohesion measurements
InhaLac 500 is indeed a very fine material, which is 
only slightly coarser than the model drug budesonide 
(Figure 3). With an x90 of 7.49 ± 0.27 µm and an x50 

of 
2.55 ± 0.06 µm, a high cohesiveness should result, 
which is necessary for the formation of co-agglomerates 
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Figure 4

Cohesion of the materials, mean values with  
standard deviation, n = 3
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Particle size distribution of the materials,  
mean values, n = 3
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Furthermore, it was noticeable that the largest percent 
increase in FPF could be observed for the Rack. The 
weaker the dispersion forces of the device, the greater 
the benefit of the lactose fines. Due to the very poor 
dispersion of the powder without fines, the nominal 
increase of the FPF caused by the positive effect of the 
fines is particularly high.
In this study, a fixed amount of 7.5 %wt lactose fines 
was used. However, other materials may respond differ-
ently to the addition of fines. To assess the optimum 
fines concentration for a given blend, powder rheology 
methods can be employed.18

Conclusion
Overall, the addition of InhaLac 500 as a ternary com-
ponent for dry powder inhaler formulations showed 
significant improvement in the dispersion behavior of 
all tested devices. Due to the saturation of active sites, 
which was visible with SEM imaging and a reduction of 
press-on forces during blending, the drug adhesion 
forces were lowered. A device based on weak dispersion 
mechanisms, such as the Rack, benefits most from 
these effects. In addition, the formation of agglomer-
ates and thus a change in fluidization behavior upon the 
addition of fines were further factors that contributed 
to the increase in FPF. 
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Figure 6

Visualization of a representative interactive mixture 
before dispersion (a) and after dispersion (b)  

with the Novolizer

a) b) Active site

Figure 5

Fine particle fraction of the two formulations  
(without fines = dark gray and with fines = light gray) 

tested with three different devices, mean values  
with standard deviation, n = 3
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blends was achieved with the Novolizer (Figure 5). A 
lower FPF was observed for the Cyclohaler. During the 
inhalation process, the capsule rotates and therefore 
shear, friction, drag and lift forces react on the powder. 
These forces are, per definition, lower than inertial 
forces (shear and friction ~ carrier diameter3; drag and 
lift ~ drug particle diameter).17 The Rack showed the 
lowest FPF. Due to the special construction of the Rack, 
a laminar air stream was created during inhalation, 
which was not further swirled. The powder was only 
dispersed by drag and lift forces, which are the lowest of 
the mentioned forces. 
By adding lactose fines, the FPF was significantly 
increased for all tested devices. SEM images showed 
high loading of the carrier surface with co-agglomerates 
of drug particles and fines (Figure 6). Most particles 
were attached to the rougher parts of the carrier whereas 
the smoother parts showed less loading. After disper-
sion, it was more evident that particles were deposited 
preferentially in the surface depressions of the carrier, 
supporting the active sites theory (Figures 1 and 6). 
The formation of co-agglomerates with drug particles is 
another very important aspect of the results. Due to 
their higher masses and increased size in contrast to the 
individual API particles, greater separation forces will 
react on the agglomerates of drug and fines. If agglom-
erates were small enough, they also contributed to the 
respirable fraction. In addition, it is conceivable that 
the overall increased proportion of fine particles on the 
carrier surface influenced the cohesiveness of the pow-
der and consequently the fluidization behavior during 
inhalation. The increase in minimum fluidization 
velocity and aerodynamic forces required to aerate the 
powder may provide the source of energy for the 
increase in fine particle re-suspension.8
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