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Summary 

 
Backgrounds: The development of high dose inhalers is becoming obvious with the emerging use of inhalation 
route for the delivery of antibiotics and vaccines. The purpose of this study was to evaluate the mechanical dry 
coating process to develop drug alone formulation of high dose delivery capacity. Methods: Fine inhalable grade 
lactose was dry coated with 1% magnesium stearate (w/w), and the powder was dispersed from two devices, the 
Rotahaler® (RH) and Monodose Inhaler® (MI) at three flow rates of 60Lmin

-1
 with dose loads of 10, 25 and 

40mg. The primary particle size distributions, tapped density and work of cohesion were determined by laser 
diffraction method, tapped density apparatus and inverse gas chromatography,  respectively. Results: Fine 
particle dose (FPD, amount of drug that can reach in lower respiratory tract) displayed a marked increase after 
mechanofusion. The maximum FPD of 14mg was obtained when 40mg dose was dispersed from Monodose 
Inhaler at 60L/min. No significant difference was observed between the untreated and mechanofused powder 
(P>0.05). After mechanofusion, the poured and tapped densities as well as the packing fraction increased while 
the work of cohesion decreased. Conclusions: Although further studies are required, these preliminary findings 

indicate that mechanical dry coating with magnesium stearate is promising in developing dry powder inhalers for 
high dose delivery efficiency.  
 
 
Introduction  

 
The idea of pulmonary delivery has been drawing particular attention in the field of inhaled antibiotics

1
. Many 

antibiotics require a high dose to achieve its minimum inhibitory concentration (MIC), and a large number of oral 
antibiotics are facing the growing problem of emerging resistance. Tobramycin, which has been used in patients 
with cystic fibrosis and non-cystic fibrosis bronchiectasis, has been shown to demonstrate a slight increase in 
resistant strains of P. aeruginosa, or an increase of at least four-fold in minimum inhibitory concentrations.

2
 Due 

to the growing number of resistance incidents arising and the need to reach high therapeutic levels without 
incurring unwanted systemic effects, inhaled antibiotics have been studied to assess its viability as a delivery 
form. To effectively deposit inhaled drugs to the lungs, the size of the powder particles should be approximately 1 
– 5 µm. These tiny particles are highly cohesive and form agglomerates that are difficult to break and redisperse 
to primary particles of inhalable range. The de-agglomeration is controlled by the tensile strength of powders 
which is related to particle size, packing fraction and work of cohesion of powders according to the equation (i):  
 

 
                                                                                                                                                     Eq (i) 
 
 

where σ is the tensile strength of the agglomerate, Φ is the packing fraction (volume of particles/volume of 
aggregate), W is the work of adhesion/cohesion and d is the particle diameter.
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Since there is little scope to change particle size within the inhalable range, the development of low cohesive 
powder matrices could be one of the potential ways of developing high dose inhalers. A method which has been 
recently gaining popularity is the use of intensive mechanical dry-coating due to its proficiency at creating a more 
uniform coating compared to conventional blending.

4
 Using the lubricant properties of magnesium stearate 

(MgSt), it is possible to alter the surface properties of the host particles and to reduce interparticulate interactions 
and thus improve powder flow and reduce agglomeration. It was hypothesised that mechanofusion of drug with 
MgSt would result in significant increase in fine particle dose and can be a potential way of developing high dose 
inhalers. 
 
The purpose of this study was to investigate whether the process of mechanofusion with magnesium stearate 
can be used for developing high dose inhalers such as antibiotics. As a first step, inhalable size lactose such as 
Lactohale 300 was mechanofused with 1% magnesium stearate. The mechanofused powder dispersed from two 
different devices, Rotahaler® (RH) and Monodose Inhaler® (MI) using three dose loads (10, 25 and 40mg). Both 
RI and MI are passive DPIs (that is, they are reliant on the patient’s own inspiratory effort to function) and are 
used as single unit dose systems. These devices are favourable in emitting greater amounts of drug into the body 
since the loss of drug through device retention after activation in single unit dose systems is not substantially high 
compared to multiple dose systems.

5
 A maximum of 40mg dose was chosen for this study to avoid densely 

compressing powder samples packed in a size no.3 gelatine capsules that are used in both RH and MI.  
 



 
 

Materials and methods  

 
Materials: The materials used were lactose monohydrate, Lactohale® 300 (LH300, Friesland Food Domo, 

Zwolle, The Netherlands) and magnesium stearate NF (MgSt, Mallinckrodt Chemicals, Phillipsburg, USA). 
 
Intensive mechanical dry coating: Lactose powder was processed with magnesium stearate using the AMS-

Mini mechanofusion processor with the Nobilta process module (Hosokawa Micron Corporation, Osaka, Japan) 
mechanofusion system. Around 10g of LH300 was combined with 1% (w/w) of magnesium stearate and poured 
into a sealed process cell. The mechanofusion process was carried out by gradually ramping up the rotor speed 
to 5,000 rpm over a period of 1 minute, it was then maintained at that speed for 15 minutes. Cold tap water was 
run through the incorporated water jacket to regulate vessel temperature and prevent it from heating up during 
the process. 
 
Dispersion of Powders: The powders (10±1mg, 25±1mg and 40±1mg) of either LH300 or Mechanofused LH300 

were filled into gelatine no.3 capsules (Capsugel, NSW, Australia) and aerosolised horizontally through an 
inhalation cell of the Spraytec® laser diffraction system (Malvern Instruments, Worchestershire, UK) at 60Lmin
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for a period of 5 seconds using the RH and MI. Rapid real time measurements were carried out using a 300mm 
lens (suitable for measuring particles between the size range 0.1µm to 900µm). Data were acquired using a 
manual trigger at 100 measurements per second for durations of 5 seconds. Six individual replicates were 
performed for each dose load. The acquired data provided average scatter data with concentration (in volume 
frequency) plotted against weighted average diameter of particles less than a specific size. The laser diffraction 
windows were cleaned between runs and between changeover of powders until light energy was below 10 on 
detector number 1. Fine particle dose (FPD) was calculated as the mass of particles with volume diameters of 
less than 5.41µm). 
 
Primary particle size distributions: Primary particle size distributions of LH300 and mechanofused LH300 were 

measured by dry cell laser diffraction (Mastersizer® S, Malvern Instruments, Worchestershire, UK) using the 300 
RF lens. The analysis used a reference refractive index of lactose (1.533). The d10, d50,and d90 (the diameter at 
10%, 50% and 90% undersize, respectively) and span (the difference between d90 and d10, divided by the volume 
mean diameter) were calculated from five replicates of each sample. 
 
Bulk properties measurement: The poured density (ρp) was measured by pouring powder slowly into a 10mL 
calibrated measuring cylinder. The tapped density (ρt) was measured after 1250 taps using an automatic tapper 
(AUTOTAP™, Quantrachrome Instruments, Boynton Beach, FL). The tapper operated with a tapping (drop) 
height of 3.18mm at a tapping rate of 260 taps per minute. Four replicates were carried out for each powder 
sample and the results were averaged. The packing fraction (Pf), expressed as the ratio between the tap density 
(ρt) and true density (ρtrue), was calculated using equation (ii): 
 
 

Pf = 
  

     
 …………………………………………                                                                               ……….Eq (ii) 

 
 
Work of cohesion distributions: Surface energy distributions were determined using finite dilution experiments 

using inverse gas chromatography (IGC, Surface Measurement Systems Ltd, London, UK).
6
 GC grade hexane, 

heptane, octane, nonane and decane (all from Sigma-Aldrich GmbH, Steinheim, Germany) were used as probes 
to determine non-polar surface energy and two polar probes (i.e., dichloromethane and ethyl acetate) were used 
to calculate polar surface energies. The work of cohesion (W) was calculated from these polar and non-polar 
surface energies  
 
Results and discussion: 
 
Aerosolization properties: The FPD of the mechanofused powder was significantly higher than untreated 

LH300 (P<0.05) regardless of device and dose load (Fig 1). For example, the FPD increased from 1.4±0.4mg to 
5.1±1.6mg for the 25mg dose dispersed from RH. The FPD also increased with increasing drug load and the 
highest FPD of 14mg was achieved with a dose load of 40mg using the MI. The results indicated that the MI was 
able to disperse the powders more effectively than the RH. The RH and MI utilise different mechanisms of 
operation which can affect its capacity to disperse powders. The RH has a lower half can be twisted, breaking the 
slotted dry powder capsule into two sections. The inspiratory air flow causes the capsule to rattle inside the 
chamber and empty its contents which passes through the grid mesh into the mouth. The MI uses a different 
mechanism and punctures the capsule at each end. The capsule is held in a circular chamber and the air flow 
causes the capsule to spin and empty the powder through the punctured holes by centrifugal force. 



 
 

 
Figure 1. Fine particle dose (<5.41µm) of LH300 (Lactohale®300) and mechanofused LH300 aerosolised 
from (A) Rotahaler and (B) Monodose Inhaler® at 60Lmin
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 measured using laser diffraction 

 
 
Primary particle size of the powders: Laser diffraction analysis determined no significant changes in the 

primary particle size distributions of untreated LH300 and mechanofused LH300. Both the peak and the d10, d50, 
and d90 values display no marked difference. These results were expected and are in accordance with findings 
from previous studies

7
. A recent study had reported that the coating layer of mechanofused MgSt is less than 

10nm
 8

 which suggests that any change in densities was not due to particle size alteration from the 
mechanofusion process, but due to the lubricant properties of MgSt. The slightly higher d50 of untreated LH300 
was most likely due to the process of mechanofusion breaking up agglomerates. As no prior mixing or milling 
processes performed on the untreated LH300, any large agglomerates remained unbroken in the powder sample. 
Since there was a little change in particle size, it is less likely to be the cause of increased de-agglomeration after 
mechanofusion of lactose with MgSt. 
 
Table 1. Primary particle size parameters of untreated Lactohale® (LH300) and mechanofused LH300 
(Standard deviations are in parenthesis, n=5) 
 

 Particle size parameters 
 

d10 (µm) d50 (µm) d90 (µm) Span 

Untreated LH300 1.60 (0.03) 3.94 (0.15) 8.29 (0.48) 1.70 (0.06) 
 

Mechanofused-
LH300 

1.35 (0.06) 3.35 (0.08) 7.25 (0.14) 1.76 (0.05) 
 

 
 
Bulk properties: Compared to untreated LH300, there was a 50% and 56% increase in poured and tapped 

densities, respectively, after mechanofusion of LH300 with MgSt (Table 2). There was also a 14% increase in 
packing fraction after mechanofusion of LH300. 
 
Table 2. Bulk properties of untreated Lactohale® (LH300) and mechanofused LH300 (Standard deviations 
are in parenthesis, n=4) 
 

 Pour density (g/mL) Tap density (g/mL) True density (g/mL) Packing fraction (%) 

LH300 
 

0.26 (0.01) 0.39 (0.01) 1.53 25.8 (0.00) 

MgSt-LH300 
 

0.39 (0.01) 0.61 (0.01) 1.52 40.2 (0.01) 

 

The packing fraction is an indication of consolidation in the powders. This can be both good and bad for dry 
powders. With a higher packing fraction, it means that more powder can be packed into the dosage form without 
an increase in volume. For dry powder inhalers such as RH and MI, which uses size no.3 gelatine capsules, this 
means that a higher dose of drug can be packed without requiring a larger capsule size. However, a high packing 
fraction is only favourable if the powders are still able to disperse well instead of consolidating into a dense, 
cohesive mass. From the results shown in Figure 1, it is clear that the powders are able to disperse well despite 
the increase in packing fraction when compared to the untreated LH300 samples. This is most probably due to 
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the process of mechanofusion which has been shown to increase packing fraction as well as decrease work of 
cohesion. 

4
  

 

 
 
Figure 2. The work of cohesion distributions of of untreated Lactohale® (LH300) and mechanofused 
LH300 determined by inverse gas chromatography using finite dilution 

 
Work of cohesion: After mechanofusion of LH300 with MgSt, the work of cohesion decreased at all surface 

coverage up to around 5% that could be determined in this study. While the packing fraction was increased, the 
powder intrinsic cohesion was decreased to a greater extent favouring de-agglomeration of the powder. 
 
Conclusion  

 
The mechanical dry coating can be a prospective method to formulate high dose dry powders. After 
mechanofusion of lactose, higher densities and packing fraction increases. This is advantageous in developing 
antibiotics requiring high doses since a greater amount of powder can be packed into the same size capsules. 
While a higher packing fraction could suggest higher cohesive forces between the particles, the work of cohesion 
decreases due to thin magnesium coating leading to a powder which have increased dispersion efficiency. With 
the growing interest in developing high dose dry powder inhalers, this study can provide some insight into the 
benefits of using mechanical dry coating as a method of improving the dry powder dose form. Further studies are 
underway involving additional drugs, devices, greater dose loads and flow rates to understand the reasons 
behind this behaviour so that high dose inhalers become a reality.  
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