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Summary 
 
Micronized drugs, as used in dry powder inhaler formulations, are very cohesive. For that reason larger carrier 
particles, commonly α-lactose-monohydrate, are added to improve the de-agglomeration of the powders during 
inhalation. Different lactose qualities will result in a varying de-agglomeration behavior. Beside the state of 
surface, the particle size and the surface area it is assumed that amorphous structures may have an influence on 
the powder performance. Such amorphous parts in the carrier lactose can be brought in during processing the 
lactose. 
In this study the influence of added ball milled amorphous lactose to powder blends containing budesonide and 
salbutamol sulphate in different concentrations on the de-agglomeration behavior was investigated. The fine 
particle fraction was investigated after storage at 45% and 75% RH. The fine particle fraction was lower when 
storing the powders at 75% RH. It could be observed, that the humidity had a greater influence on the powder 
containing the hydrophilic salbutamol sulphate. For all powders an increase in the fine particle fraction could be 
observed when adding 5% milled amorphous lactose. This effect was also greater for the powder blends 
containing salbutamol sulphate than for the blends with budesonide. A higher concentration of salbutamol 
sulphate leads to a higher fine particle fraction, for both, the powder blend with 5% amorphous lactose and the 
blend without amorphous content. In summary, adding milled amorphous lactose increases the fine particle 
fraction of the powder. The differences are greater for the hydrophilic salbutamol sulphate and also the storage 
conditions seem to be more important for the hydrophilic drug. 
 
 
 
Introduction 
 
Dry powder inhalers are commonly used in the treatment of lung diseases. The drug particles have to be 
micronized to get deep enough into the lungs. A disadvantage of micronized substances is there high 
cohesiveness. Subsequent the drug particles are forming strong agglomerates which cannot be de-agglomerated 
during inhalation. To get a better performance of the inhalation powders it is common to use larger carrier 
particles and produce a binary mixture of carrier particles and the micronized drug. The most commonly used 
carrier is α-Lactose Monohydrate. 
It is known that the characteristics of the lactose play an important role, e.g. particle size, surface roughness, and 
surface area [1]. In this study the focus lies on the influence of the amorphous content. Before using the lactose 
for powder blends it has to be processed. Lactose can be processed differently, e.g. by spray-drying, freeze-
drying, milling or sieving. All these different processes induce the formation of amorphous parts to a different 
extent. Amorphous materials are known to be metastable. They have the tendency to recrystallize with time. The 
critical humidity were amorphous lactose starts to recrystallize spontaneously at room temperature is 45% RH. 
Higher humidities and temperatures accelerate the recrystallization process [2]. 
In this study ball milled amorphous lactose was used to determine the influence of amorphous content in the 
carrier lactose after storage at different conditions. As it was assumed that the characteristics of the drug play 
also an important  role when comparing different storage conditions [3], salbutamol sulphate as a hydrophilic drug 
and budesonide as a hydrophobic drug were used and there de-agglomeration behavior was compared. 



Materials and Methods 
 
α-Lactose-Monohydrate 
α-Lactose-Monohydrate (x10=46.77 µm, x50=88.18 µm, x90=119.81 µm) was received as Inhalac 230 from Meggle 
GmbH, Wasserburg, Germany. To ensure the absence of any amorphous parts in the crystalline material, the 
lactose was stored at 40°C and 75% RH for a minimum  of 72 h. Afterwards it was stored for a minimum of 24 h at 
room conditions. 
 
Amorphous Lactose 
Amorphous lactose was produced by ball milling a sample of 20 g Inhalac 230 with a planetary ball mill (PM 100, 
Retsch GmbH, Haan, Germany) for 15 h. A grinding beaker and three grinding balls (d=30mm) of Zirkonium oxide 
were used at a rotation speed of 400 rpm. Complete lack of crystallinity was verified by X-Ray diffraction. 
The following particle sizes were measured for the lactose after milling: x10=2.33 µm, x50=20.69 µm, x90=74.79 µm 
 
Salbutamol sulphate 
Salbutamol sulphate was used in micronized form (Fa. Lusochimia, Peschiera Borromeo, Italy). 
 
Budesonide 
The used budesonide was received in micronized form from Farmabios SpA, Gropello Cairoli, Italy.  
 
 
Production of powder blends 
Powder blends were produced with two different concentrations of salbutamol sulphate (0.4% and 2%). As a 
carrier either Inhalac 230 or a pre-blend of Inhalac 230 with 5% milled amorphous lactose was used. Blending 
was done for 60 min in a turbula blender (Type T2C, Bachofen AG, Switzerland) with sieving (180 µm) after every 
15 min. The pre-blend of amorphous and crystalline lactose was also done in the turbula blender for 30 min with a 
sieving step (180 µm) after 15 min. 
 
Storage conditions 
The powders were stored at 45% and 75% RH for a maximum of 4 weeks. After 24 h, 7 d, 14 d, and 28 d the 
de-agglomeration behavior of each powder was investigated by determining the fine particle fraction with the Next 
Generation Pharmaceutical Impactor (NGI).  
 
Determination of the fine particle fraction (FPF) 
The de-agglomeration behavior was investigated by determining the fine particle fraction (particles <5 µm) with 
the NGI. The measurement took place in a climate room at 21 °C and 20% RH. The 8 stages, the presepara tor 
and the throat were coated with a mixture of Ethanol, Glycerol and Brij 35 (51+34+35). The samples were given 
into the NGI with a model device (fig. 1) at an air flow rate of 80 L/min. Sulbutamol sulphate was washed from the 
stages with double distilled water. For budesonide a mixture of methanol and water (75+25) was used. The fine 
particle fraction was calculated based on the delivered dose. 

 
 
Figure 1: model device 
 
HPLC analysis 
The drug content on each stage of the NGI was analyzed by HPLC using an a RP-18-column and an external 
standard.  
For salbutamol sulphate a wavelength of 224 nm was used. On the basis of the Ph. Eur. 7 the mobile phase was 
out of 85% phosphate buffer pH 3.0 and 15% methanol. A RP-18 column and a flow rate of 1.0 ml/min were used.   
Budesonide was measured at a wavelength of 248 nm. A mobile phase of methanol and water (75+25) at a flow 
rate of 1.0 mL/min was used.  
 
Dynamic Vapor Sorption 
The moisture sorption isotherms were measured with a DVS-HT (Surface Measurement Systems, United 
Kingdom). The sample size varied from 50 mg to 100 mg. 
At first the sample was dried for 20 h at 0% RH. Afterwards the humidity was increased stepwise (3%, 5%, 7.5%, 
10%, 15%, 10%, 30%, 40%). Each step was hold until the last of the 10 samples was in equilibrium or for a 
maximum of 16 h. Measurements were done in triplicate. 
 
 
 
 
 



Results and Discussion 
 
The investigation of the de-
agglomeration behavior for the 
powder blends containing 0.4% 
Budesonide resulted after 24 h 
storage in a FPF of 11.9% at 45% 
RH and 10.3% at 75% RH (fig. 2). 
Within the storage for 4 weeks the 
FPF showed only a slight decrease, 
independent of the chosen storage 
condition. In comparison the powder 
blend with the added 5% of 
amorphous milled material showed 
for the storage at 45% RH a higher 
FPF with 15.3% after the storage for 
24h. At 75% RH the FPF is with 
10.9% on the same level as for the 
powder without amorphous lactose. It 
might be that at higher humidities 
stronger agglomerates out of milled 
lactose and Budesonide are build, 
resulting in a lower FPF. For the 
powder blend with added amorphous 
material the FPF showed no decrease with time.  
 

For the powder blend with 0.4% 
SBS the determination of the de-
agglomeration behavior showed 
after 24 h a FPF of 17.5% for the 
storage at 45% RH (fig. 3). The 
FPF decreased slightly within 
14 d. With the higher humidity of 
75% RH the FPF was lowered in 
comparison to the storage at 
45% RH. After 24 h the FPF was 
9.5%. There was observed a 
decrease in the FPF down to 
4.1% after 7d. After that with 
longer storage no alteration in 
the FPF could be seen. The 
observed lower FPF with 
increasing humidity might be due 
to capillary forces which increase 
the adhesiveness between the 
particles resulting in a poorer de-
agglomeration efficiency. This 
effect could be more obvious for 

the powder blends containing SBS than for the blends with Budesonide due to the fact, that SBS is a hydrophilic 
drug. Capillary forces at higher humidities might have a bigger influence on the FPF as for a hydrophobic drug like 
budesonide. 
When adding 5% of the milled amorphous lactose to the carrier the FPF increased in comparison to the FPF of 
the powder blend without added milled material. For the storage at 45% RH after 24 h a FPF of 26.2% resulted. 
The FPF decreased a little down to 23.7% within 7 d, than no change in the following two weeks could be 
observed. Also for this powder blend the FPF was lower when storing it at 75% RH. After 24 h the FPF was 
15.5% and it decreased after 28 d down to 7.3%. The change in the FPF was the highest after 7 d were it 
decreased down to 9.1%. An explanation for the better de-agglomeration behavior of the powder when adding 
milled amorphous lactose might be the adding of a ternary compound. As premixtures out of milled lactose and 
Inhalac 230 were done, the milled lactose might be located on the surface of the bigger crystalline carrier 
particles. The so-called high-energy sites are satured, so that the afterwards added drug particles are weaker 
bounded to the carrier surface. This may lead to a better de-agglomeration behavior of the drug in the presence of 
the milled lactose.  
 
With the higher amount of 2% salbutamol sulfate the observed trend was the same as for the powder blends 
containing 0.4% SBS, but the FPF was quite higher. After 24 h storage at 45% RH the FPF was 29.9% for the 
powder without added amorphous material (fig. 4). It decreased over 28 d of storage down to 24.3%. At 75% RH 
the FPF decreased from 15.9 % after 24 h to 8.3% after 28 d. 

Fig.2: Influence of storage conditions on powder blends containing 0.4% Budesonide 
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Fig. 3: Influence of storage conditions on powder blends containing 0.4% SBS 
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The trend is the same for the 
powder blend with 2% SBS and 
5% amorphous lactose but again 
on a higher level with 43.4% 
FPF after 24 h storage at 45% 
RH and 28.2% at 75% RH. The 
FPF for the powder blends with 
2% SBS is higher than for the 
powder blends with 0.4%, due to 
the fact, that at lower drug 
concentrations the drug particles 
are bounded stronger to the 
carrier surface. At low drug 
concentrations the drug is 
preferentially located on cavities 
on the carrier surface or high-
energy-sites. With increasing 
drug concentration there are 
more particles which are lying 
loose on the carrier surface, 
resulting in a better de-
agglomeration and a higher FPF. 

 

 

The analysis of the moisture sorption in the DVS showed the highest absorption of water for the pre-blend with 
5% milled amorphous lactose (fig. 5). For the three blends containing amorphous lactose and drug (0.4% SBS, 
2% SBS and 0.4% Budesonide) the water sorption was a little lower. This might be due to the added micronized 
drugs, which adsorb only little water, as it can be seen in the curves for pure SBS and budesonide. The 
hydrophilic SBS showed a little higher adsorption than the hydrophobic budesonide. The lowest adsorption of 
water could be observed for the three powder blends out of drug and crystalline carrier without any amorphous 
content. The water adsorption for these samples is influenced by the crystalline lactose, which did adsorb only a 
very low amount of water. 
 
Conclusion 
Amorphous milled lactose has an influence on the de-agglomeration behavior of powders for inhalation. In this 
study an increase in the FPF could be observed, when adding amorphous lactose. This effect was greater for 
powder blends containing SBS than for the powder blends with budesonide. It has to be investigated further, if the 
increased FPF is due to the amorphous nature of the milled lactose or e.g. its particle size or surface structure. 
Related to the storage conditions it could be observed, that the FPF decreased with increasing humidity. For the 
blends containing SBS a decrease over time could be observed, which was more distinct at 75% RH. 
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Fig. 4: Influence of storage conditions on powder blends containing 2% SBS 
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Fig. 5: moisture sorption isotherms of the different powders 


