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Summary 

Dry powder inhalation formulations include an excipient and an active pharmaceutical ingredient (API) which are 
present in different proportions and must be homogeneously blended. There are mainly two kinds of mixers 
available in the market to perform this operation: low-shear and high-shear mixers. The predominant mechanisms 
of both types of equipment are different and may impact the final mixture in terms of: (i) quality of mixing, (ii) 
aerodynamic performance and (iii) formulation stability. This work intends to compare the first two attributes 
stated above when using both types of blenders. For this purpose, six blends were produced in Turbula® (low-
shear) and in Diosna® (high-shear) units and were evaluated for blend homogeneity and aerodynamic 
performance. 

The obtained results show that even though the blend uniformity was very similar for both processes, the quality 
of mixing given by the mixing index (MI) is higher for blends processed in the high-shear unit. Additionally, 
increasing mixing time and velocity did not have an impact on the quality of mixing, within the ranges explored in 
this work. Regarding aerodynamic performance, a decrease of the emitted dose (ED) and the fine particle dose 
(FPD) was observed for high-shear blends. Additional mixing steps on the high-shear blends proved to have an 
impact on the aerodynamic performance, since the optimum mixing time appears to have been achieved in the 
first additional step, after which a re-segregation may have occurred, with a detrimental impact on the in-vitro 
deposition profile. When moving from low-shear into high-shear blending, the observations drawn from this work 
should, therefore, be taken into consideration. 

Introduction 

Dry powder formulations for inhalation usually contain very cohesive active principle ingredients (APIs) due to the 
small particle size required for pulmonary delivery. In order to promote particle deagglomeration and enhance 
dispersion, the APIs are frequently blended with free-flowing particles (excipient), which work as a carrier. The 
blending process begins with the two components completely segregated. This means that if samples are 
collected from the container, almost all of them will be composed of one single component. As blending proceeds, 
samples will increasingly contain more of the two components until, on average, the composition of each single 
sample will be the same as the proportion of the two components in the bulk blend. Ideally, the cohesive drug 
particles should distribute throughout the bulk excipient in order to obtain a homogeneous formulation 

[1]
. 

However, given that inhalation active ingredients are usually very potent, they are present in much smaller 
percentages when compared to the excipient in the formulation; for this reason, a geometric addition of the 
components in several steps is typically performed, in order to obtain a more uniform mixing. 

When blending solids, three mechanisms may occur: convection, diffusion and shear 
[2]

; and for most of the 
applications, one or more of these mechanisms will rule the process. In the pharmaceutical industry, blenders are 
usually classified as low-shear or high-shear. Shear is a strain produced by pressure in the structure of a 
substance, when its layers are laterally shifted in relation to each other 

[3]
. In a high-shear mixer, this strain is 

promoted by the blades which are placed inside the mixing bowl. For example, in a Diosna® mixer, a successful 
blending is achieved by the shear stress imposed by the main blades and the lateral chopper. On the other hand, 
the main mixing mechanisms which take place in a low-shear mixer are diffusion and convection. An example of a 
low shear blender is the Turbula® which uses translation, inversion and rotation, as per the Schatz geometric 
theory 

[2]
, to promote an efficient mixing. 

Typically, low-shear equipment allows working with smaller quantities, which is ideal for early stage formulation 
development. However, when moving to large scale development and production, a high-shear mixer is 
recommended, since low-shear mixing tends to be less efficient when larger quantities of powder are involved, 
especially when the amount of API is very reduced. Care needs to be taken when scaling-up from a low-shear 
into a high-shear blender, since the different mechanisms that rule each type of equipment may lead to different 
outcomes in regards to: 

 Blend homogeneity: assessment of the quality of mixing, quantifiable via the mixing index; 

 Aerodynamic performance: in-vitro assessment of the expected lung deposition, via cascade impaction; 

 Formulation stability: assessed in terms of both blend homogeneity and aerodynamic performance, over 
time. 

The objective of this work is to provide insight on the impact of low and high-shear blending on the blend 
homogeneity and aerodynamic performance of DPI formulations. Formulations stability is outside the scope of this 
work. 
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Materials and methods  

 Low-shear blending  

Six blends with Lactohale SV003 as coarse carrier and Lactohale LH300 (4 and 16%) or Respitose ML006 (4%) 
as fine carriers were prepared in a low-shear blender, as presented in Table 1. Each blend comprised a total 
amount of 200 g of two lactose grades, sieved through a 450 µm sieve and placed in a 1 L container. The lactose 
mixtures were initially blended in a Turbula® T2F for 15 minutes at 46 rpm. This step was followed by a four-step 
sequential addition of the API (that represented 1% w/w of the total blend). For each of the four steps, the mixture 
was blended for 20 minutes at 96 rpm. Two different APIs were used: fluticasone propionate (FP) and 
mometasone furoate (MF). The blends were left resting for at least 24 hours and afterwards evaluated for blend 
uniformity.  

 High-shear blending  

Six blends with Lactohale SV003 as coarse carrier and Lactohale LH300 (4 and 16%) or Respitose ML006 (4%) 
as fine carriers were prepared in a high-shear blender, as presented in Table 1. Each blend comprised a total 
amount of 150 g of two lactose grades, sieved through a 450 µm sieve and placed in a 0.5 L bowl. The lactose 
mixtures were initially blended in a Diosna® P1-6, followed by a two-step sequential addition of the API (that 
represented 1% w/w of the total blend). For all of the three steps the mixture was blended for 3 minutes at 450 
rpm in the main blade and 500 rpm in the chopper. The same two APIs were used (FP and MF). Four of the 
blends were left resting for at least 24 hours and afterwards evaluated for blend uniformity. The two blends with 
16% of LH300 were immediately sampled for blend uniformity (H3a and H6a) after which the mixture was 
subjected to two additional blending steps (3 minutes each) with increasing velocities in the main blade of 650 
(H3b and H6b) and 850 rpm (H3c and H6c). The blends were sampled for blend uniformity immediately after each 
of the additional steps. 

 Aerodynamic performance  

Capsules were hand filled with a target label claim of 125 µg of API with acceptance limits of +/- 5% of the target 
fill weight. The aerodynamic performance was assessed by Next Generation Impactor (NGI) (n=3 replicates) 
using an XCaps inhaler that yielded 39 L/min for a pressure drop of 4 kPa. FPD is considered to be the mass of 
drug particles with aerodynamic diameter below 5 µm. 

Table 1 – Composition and blending process of the evaluated formulations. 

Blend API 
Fine lactose  

(grade) 
Fine lactose  

(%) 
Blending process 

L1 

FP 

ML006 4 

Low-shear 

L2 LH300 4 

L3 LH300 16 

L4 

MF 

ML006 4 

L5 LH300 4 

L6 LH300 16 

H1 

FP 

ML006 4 

High-shear 

H2 LH300 4 

H3a/b/c LH300 16 

H4 

MF 

ML006 4 

H5 LH300 4 

H6a/b/c LH300 16 

Results and discussion 

The mixing index (MI) provides a measurement for the quality of the mixture obtained. Unlike the blend uniformity, 
which takes into account not only the standard deviation between samples but also the proximity to the API target 
percentage (that is, to the target assay), the mixing index only considers the standard deviation of the samples, 
according to the following equation: 

     
 

  
 

where δ is the standard deviation of the collected samples for the blend uniformity and δ0 is the standard deviation 

of the totally segregated mixture, given by           , where X is the target percentage of API. The results 

obtained for blend uniformity and MI are presented in Table 2. 
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Table 2 – Blend uniformity results, mixing index and quality of mixture. 

Blend Average (API%) SD RSD% MI Quality of mixture* 

Low-shear mixing 

L1 1.01 0.03 2.57 0.91 G 

L2 0.95 0.04 3.84 0.88 F 

L3 0.97 0.01 1.22 0.96 VG 

L4 0.80 0.02 2.12 0.94 G 

L5 0.98 0.03 2.66 0.91 G 

L6 0.90 0.05 5.54 0.83 F 

Average 0.93 
  

0.91   
  RSD% 8.06 5.05 

High-shear mixing 

H1 0.92 0.02 2.30 0.93 G 

H2 0.92 0.01 1.59 0.95 VG 

H3a 0.93 0.01 0.87 0.97 E 

H4 0.85 0.02 2.85 0.92 G 

H5 0.90 0.01 1.23 0.96 VG 

H6a 0.91 0.01 0.86 0.97 E 

Average 0.90 
  

0.95   
  RSD% 2.93 2.42 

Additional mixing steps 

H3a 0.93 0.01 0.87 0.97 E 

H3b 0.94 0.02 1.78 0.94 G 

H3c 0.95 0.01 0.97 0.97 E 

H6a 0.91 0.01 0.86 0.97 E 

H6b 0.93 0.01 0.74 0.98 E 

H6c 0.93 0.01 1.45 0.96 VG 

* F – Fair; G – Good; VG – Very good; E – Excellent 

In terms of blend uniformity, no significant differences are observed between blends processed by low and high-
shear mixing, with both technologies enabling an efficient mixing process. The MI allows to categorize the final 
blends in terms of quality of mixing, which can be classified as unsatisfactory (MI≤0.80), fair (0.80<MI≤0.90), good 
(0.90<MI≤0.94), very good (0.94<MI≤0.96) or excellent (MI>0.96) 

[4]
. When comparing the MI of the two blending 

processes, it can be observed that high-shear mixing provides higher quality of mixture, with all formulations 
classified between good and excellent. On the other hand, low-shear mixing provided fair results for two of the 
formulations and very good for only one. This can be explained by the fact that all three mechanisms (convection, 
diffusion and shear) work together more efficiently in a high-shear mixer as a result of the intrinsic mechanical 
design - main blades and chopper in the case of typical high-shear mixers as opposed to the rotary motion in the 
case of low-shear units.  

In terms of aerodynamic performance, and as depicted in Figure 1, both the ED and the FPD generally decrease 
when moving from a low-shear mixer into a high-shear unit. The main contributor to this behavior is, most likely, 
the fact that blends produced by high-shear mixing comprise API particles which are more strongly attached to 
the carrier particles. Therefore, they would require more energy during device actuation in order to achieve the 
same aerodynamic performance obtained with low-shear blends. 

For blends H3 and H6, increasing velocities were used in additional blending steps. The results are also 
presented in Table 2 and they indicate that additional mixing time and higher velocities do not have a significant 
impact on blend uniformity or mixture quality. However, the same does not apply to the aerodynamic performance 
results; as shown in Figure 2A, for both APIs, the ED increased when the first additional mixing step was added to 
the process. However, when the second additional step was performed, the ED starts to decrease although it is 
still higher than its initial value. This may be due to the occurrence of re-segregation of the mixture after optimum 
mixing, as depicted in Figure 2B [1]. Results indicate that blends H3b and H6b were close to optimum mixing. As 
for the FPD, no significant differences were found across the additional steps of blending. 
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Figure 1 – ED and FPD results for different formulations: (A) blends L1 and H1; (B) blends L2 and H2; (C) L3 and H3a; 
(D) L4 and H4; (E) L5 and H5; (F) L6 and H6a.  

   

Figure 2 – (A) ED results for additional mixing steps in high-shear mixing; (B) Idealized profile for a blending process 
(adapted from [1]). 

Conclusions 

Regarding blend uniformity, we found no significant differences between blends processed by low and high-shear 
mixing, with both technologies enabling an efficient mixing process. However, in terms of MI, a high-shear 
blending process proved to be more efficient than a low-shear one. In high-shear mixing, additional time and 
velocities of mixing did not have a significant impact on either blend uniformity or quality of mixing. In what 
regards aerodynamic performance, both ED and FPD are higher for blends processed in a low-shear mixer. 
However, in high-shear mixing, when adding sequential mixing steps, ED is initially improved but, afterwards, as 
more steps are carried out, re-segregation appears to take place with a detrimental impact. In general, all results 
indicate a stronger attachment between API and carrier particles when a high-shear blending process is selected. 
Therefore, special attention must be paid when scaling-up from a low-shear to a high-shear blending process 
since differences in quality of mixture and aerodynamic performance are expected to occur.  
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