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Summary 

Lactose is the typical carrier particle in carrier based powder blends for inhalation. Particle engineered Mannitol A and 
B are tested as potential alternative to the established carrier lactose in dry powder inhaler (DPI) formulations. Particle 
engineered Mannitol is a well-known product for direct compression in blends with low content of active 
pharmaceutical ingredients (API). Particle engineered Mannitol A and B are characterised with respect to their 
physico-chemical properties (particle size distribution, density, crystallinity, hygroscopicity). They are also as carrier 
material in interactive blends for DPIs and are investigated with respect to their suitability for inhalation (homogeneity 
and fine particle dose). It is shown that particle engineered Mannitol is a solid, crystalline and non-hygroscopic powder 
which shows a constant dosing from reservoir-based inhalers. The physical stability is an important factor for storage 
stability. Blends with an API content of 1.5 % exhibit a low relative standard deviation under 3 % and an FPF of 
24.68 % indicating that particle engineered Mannitol could be a good alternative carrier in DPI blends. 

Introduction 

Dry powder inhalation as a method of aerosol inhalation is a well-known application in treatment of asthma and 
chronic obstructive pulmonary disease (COPD)

 [1]
. Established formulation concepts for dry powder inhalation 

comprise soft pellets, engineered powders and carrier based powder blends 
[2]

 with the latter being the most common 
used technology. Today, lactose is the most established and frequently used carrier in these formulations 

[3]
. 

However, there are some alternative sugars which could be used such as mannitol, sorbitol, maltitol and xylitol
 [4]

. This 
project is dealing with particle engineered Mannitol A and B, Both particle engineered Mannitol qualities are produced 
by spray-granulation. As such, they show a unique surface structure which leads to good adsorption of micronised 
active pharmaceutical ingredients (APIs) so that blends with low dose formulation show high content uniformity and 
low segregation tendency which is also important for a good and constant dosability. In dry powder inhalation 
formulations blends with low API content are typical, which leads to the assumption that particle engineered Mannitol 
might be a good alternative to lactose while being less prone to chemical and physical instability. Constant dosing is a 
desirable feature for inhalation powders, but it is also important that the API can be detached from the carrier during 
inhalation. The aim of this work is to characterise particle engineered Mannitol A and B with regard to their suitability 
as carrier in dry powder inhaler (DPI) formulations. Investigation of particle size distribution, density, crystallinity, 
hygroscopicity, dosability, blends and first next generation pharmaceutical impactor (NGI) experiments with the 
Novolizer

®
 are reported. 

Material and methods 

Particle engineered Mannitol A and B were kindly provided by Merck Millipore (part of Merck KGaA, Darmstadt, 
Germany). They were used as carrier particles. Micronised budesonide (Farmabios,S.p.A., Cropello Cairoli, Italia) is 
used as model API in blends and first NGI experiments. 

By using scanning electron microscopy (SEM) particle surface was visualised. Powder was fixed with a carbon sticker 
and coated with gold using a BAL-TEC SCP 050 Sputter Coater (Leica Instruments, Wetzlar, Germany). Samples 
were investigated with a Zeiss Ultra 55 plus (Carl Zeiss NTS GmbH, Oberkochen, Germany) using the SE - 2 detector 
and a working voltage of 2 kV. 

Particle size was measured by laser light diffraction (HELOS, Sympatec GmbH, Clausthal-Zellerfeld, Germany). For 
this purpose mannitol was dispersed in an adjustable air jet by the RODOS system (Sympatec GmbH, Clausthal-
Zellerfeld, Germany). The powder was fed to the dispenser manually with a spatula so that measurement 
automatically started by reaching an optical density of > 0.5 % and ends by an optical density < 0.2 %. The dispersing 
pressure was set to 3.0 bar so that a complete dispersion was ensured. The data was evaluated using the 
Windox 5.4.2.0 software (Sympatec GmbH, Clausthal-Zellerfeld, Germany). Reported data is the average of six 
measurements. 

Density measurements (n=3) were conducted with a helium gas pyknometer (Pycnomatic ATC, Porotec, Hofheim/Ts., 
Germany).  

Crystallinity measurements were performed by X-ray powder diffraction (XRPD, Stoe&Cie GmbH, Darmstadt, 
Germany). Amorphous materials show diffuse halo and crystalline materials show distinct peaks. 
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In order to measure hygroscopicity dynamic vapor sorption (DVS) was used (DVS1, Surface Measurement Systems 
Ltd., London, United Kingdom). Measurements executed at isothermal conditions (25 °C). In one run relative humidity 
starts by 0 % and rise up to 90 % relative humidity in 10 % steps. Afterwards it declines in 10 % steps to 0 % relative 
humidity and then it starts again. Hence, one run consists of two circles. 

Uniformity of dosing was tested with two commercial reservoir inhaler devices (Novolizer
®
 and Easyhaler

®
). The 

device was actuated and powder discharge was performed with the NGI (next Generation Pharmaceutical Impactor, 
Copley Scientific, Nottingham, UK) at a flow rate resulting in 4 kPa pressure drop according to Ph. Eur. (78.3 L/min for 
Novolizer

®
 and 45.0 L/min for Easyhaler

®
) followed by gravimetric analysis of the inhaler after every shot (Analytical 

balance AB54-S/FACT, Mettler Toledo, Greifensee, Switzerland). Ten individual shots at the beginning, in the middle 
and at the end were weighed. 

Interactive mixtures were prepared with a Turbula
®
 blender (Type T2C, Willy A. Bachhofen AG Maschinenfabrik, 

Basel, Schweiz) at 42 rpm. Both particle engineered Mannitol qualities were used as carrier and 1.5 % budesonide 
was added as model API. Before blending a sieving step was introduced to eliminate agglomerates. Particle 
engineered Mannitol A was sieved with a 500 µm sieve, particle engineered Mannitol B with a 710 µm sieve and 
budesonide with a 180 µm sieve. By a double sandwich-weighing-method components were weighed in a stainless 
steel vessel. Mixing time amounts to 3 x 5 min. After every 5 minutes of blending the interactive mixture was sieved 
with a 500 µm sieve (particle engineered Mannitol A) or 710 µm sieve (particle engineered Mannitol B) to eliminate 
agglomerates. In order to test homogeneity ten samples (8-12 mg) of each powder mixture were taken and 
budesonide content were analysed by reversed phase high performance liquid chromatography (RP-HPLC). Blends 
were judged to be homogeneous at a relative standard deviation of less than 3 %. 

Impaction analysis was performed with the NGI (apparatus E, European Pharmacopoeia 8.2
[5]

) and the commercially 
available inhaler device Novolizer

®
. To avoid bouncing of particles the cups were coated with a stage coating (Brij 35, 

Ethanol, Glycerol). Flow rate was adjusted to ensure 4 kPa pressure drop over the device as stated before. 
Application of ten shots was conducted and samples were then collected with 75 % methanol-water-mixture. 5 mL 
from that dissolution were used for each cup, 10 mL for mouthpiece, 15 mL for throat and 20 mL for the preseparator. 
Budesonide content was identified by RP-HPLC. Data were evaluated with the Copley Inhaler Testing Data Analysis 
Software (Copley Scientific, Nottingham. United Kingdom). Fine particle fraction (FPF, fraction of budesonide with an 
aerodynamic diameter of < 5 µm) is calculated from the particle size distribution. Reported data is average of three 
runs. 

Results and discussion 

Particle engineered Mannitol qualities exhibit a wide particle size distribution (span value particle engineered Mannitol 
A, unsieved 3.32 ± 0.12 (SD) and sieved 1.62 ± 0.06 (SD); span value particle engineered Mannitol B, unsieved 2.89 
± 0.14 (SD) and sieved 1.80 ± 0.05 (SD)) with a slightly bimodal distribution as shown in Figure 1. The mean size was 
69.25 µm ± 1.89 µm for particle engineered Mannitol A and 103.60 µm ± 3.17 µm for B. To exclude large 
agglomerates from the product, a sieving step (200 µm for particle engineered Mannitol B and 125 µm for particle 
engineered Mannitol A) was introduced which vanished the bimodal aspect of the distribution. This may have a 
positive effect on dosing, homogeneity of powder blends and impaction experiments. A particle size above 50 µm is 
an adequate size for carrier particles 

[6]
 and both particle engineered Mannitol qualities fulfil that. After sieving, the 

mean size was almost unchanged with 55.49 µm ± 1.76 µm (SD) for particle engineered Mannitol A and 
87.25 µm ± 2.37 µm for particle engineered Mannitol B. 

 Figure 1: Particle size distribution of particle engineered Mannitol A and B plus sieve fraction of particle engineered Mannitol A 
(sieved with a 125 µm sieve) and particle engineered Mannitol B (sieved with a 200 µm sieve). 

SEM pictures of the materials show solid particles with a large, irregular and rough surface including some cavities 
and indentations (Figure 2A). In the API-carrier blend, the micronised API can be found in these indentations and 
distributed on the surface (Figure 2B). Average density of particle engineered Mannitol A and B was measured to be 
1.49 g/cm

3
 (n=3) which is comparable to lactose (InhaLac

®
 70, Meggle, Wasserburg, Germany). 
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Figure 2 – A: Particle engineered Mannitol A and B particle B: Particle engineered Mannitol A and B blended with 1.5 % budesonide 

When subjected to moisture particle engineered Mannitol absorbs some water (1.37 % ± 0.23 % (SD) for particle 
engineered Mannitol A at 90% rH (relative humidity), 1.65 % ± 0.20 % (SD) for particle engineered Mannitol B at 90% 
rH). Pronounced absorption of water vapour does not start before 80 % rH (Figure 3). This low amount of water 
indicates a very slightly hygroscopic and totally crystalline material with high physical stability and consequently, 
particle engineered Mannitol qualities fulfil an important point of storage stability. Crystallinity of the material was 
confirmed by XRPD (Figure 4). 

 

 

 

 

 

Figure 3: DVS measurement of particle engineered Mannitol B, 
mass in % is depicted in grey 

Figure 4: X-Ray measurement of particle engineered Mannitol 
A and B 

 
The pure carrier materials can be dosed from the reservoir of the Novolizer

®
 and the Easyhaler

®
 reservoir in a 

constant manner and do not show any trend over the dosing period. A more uniform particle size distribution as 
achieved via the sieving step is beneficial for most combinations and result in a reduction of relative standard 
deviation (RSD, Table 1). 

Table 1: mean delivered mass (MDM, mg) and average relative standard deviation (RSD, %) of the uniformity of dose from all 
30 shots per test of particle engineered Mannitol A and B 

 NOVOLIZER
®
 EASYHALER

®
 

MDM (mg) RSD (%) MDM (mg) RSD (%) 

MANNITOL A unsieved 10.52 ± 1.46 13.81 ± 3.27 7.02 ± 0.97 13.77 ± 1.58 
sieved (125 µm sieve) 11.32 ± 1.16 10.21 ± 4.02 7.28 ± 0.94 12.95 ± 2.47 

MANNITOL B unsieved 9.42 ± 1.24 13.14 ± 1.03 5.57 ± 0.72 12.98 ± 2.33 
sieved (200 µm sieve) 9.64 ± 2.31 11.99 ± 3.38 6.34 ± 1.07 16.86 ± 1.87 

 

Systematic evaluation of blending parameters for particle engineered Mannitol A and B results in the use of 3 x 5 min 
blending time to achieve homogeneous and reproducible blends. Blends with sieved particle engineered Mannitol A 
have a lower relative standard deviation (0.02 % SD) than A unsieved (0.79 % SD) so that including a sieving step 
leads to an even better homogeneity and reproducibility. All blends show a relative standard deviation of less than 
3 %. 
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Figure 5: NGI stage deposition profile of particle engineered Mannitol A blend with 1.5 % budesonide 

Aerodynamic assessment of the blend containing particle engineered Mannitol A plus 1.5 % budesonide shows an 
FPF of 24.68 % ± 0.82 % with an excellent reproducibility in between the runs. This indicates that particle engineered 
Mannitol as carrier material is competitive to lactose while having advantages in stability. 

Conclusion 

Physico-chemical characterisation of particle engineered Mannitol A and B exhibits that they are suitable carriers for 
dry powder inhaler formulations. Particle engineered Mannitol qualities are crystalline, non-hygroscopic and solid 
materials with a sufficiently large particle size to make them usable as carrier particles in DPI formulations. 
Homogeneous blends with a low API content are producible and result in adequate FPFs when dispersed from a 
reservoir-based inhaler. Further studies will evaluate aerodynamic properties of blends comprising particle engineered 
Mannitol qualities in more detail and will also include sieved material as benefits in dosing and aerodynamic behaviour 
can be expected. 
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