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Summary 
 
Background: Currently applied nebulisation techniques for the administration of antibiotics to patients are time 
consuming and expensive and therefore, inappropriate for antibiotic therapies against infectious diseases like 
tuberculosis in developing countries. Dry powder inhalers may be an interesting alternative as they can be simple, 
cheap and thus, disposable which is an advantage for pulmonary antibiotic delivery. To become successful, it 
requires that the use of excipients is minimised and that simple production techniques are applied. 
Methods: For high dose drug formulations without excipients it is required to adapt the design of the dry powder 
inhaler to the specific properties of the drug, which for aminoglycosides are troublesome in relation to dispersion 
and inhaler retention. We modified the Twincer

TM
 for delivery of tobramycin as model compound for 

aminoglycosides and investigated dispersion efficiency of a spray dried product with laser diffraction technique 
and the inhaler retention by gravimetrical analysis. 
Results: In the re-designed Twincer

TM
, the fine particle fraction smaller than 5 µm was 75% at 2 kPa and more 

than 80% at 4 and 6 kPa. The inhaler retention decreased to less than 15% at all three pressure drops. 
Conclusion: The Twincer

TM
 dry powder inhaler can be optimised for spray-dried tobramycin base by re-designing 

the classifiers and changing the flow breakdown. This new concept is called ‘Cyclops’ and has a single classifier 
with more air inlet channels compared to the two parallel classifiers of the basic Twincer

TM
. 

 
Introduction 
 
There is a growing interest in the pulmonary route for the administration of antibiotic drugs. Inhaled antimicrobial 
therapy may particularly be relevant to diseases like cystic fibrosis (CF), tuberculosis (TB), non-CF bronchiectasis 
(non-CFB) and pneumonia [1-4]. However, up to date the experience with pulmonary delivery of antibiotics is  
almost completely confined to CF. CF therapy is mostly a lifetime lasting therapy and most of the recent 
developments in drug delivery to CF patients aim to increase the efficacy of administration, minimise the risks of 
bacterial resistance building and prevent patient re-infection. The administration of inhaled antibiotic drugs is 
currently nearly exclusively with wet aerosols. 
 
Aerosolised antibiotic therapies by nebulisation have made substantial contributions to disease management and 
life expectancies in CF [5]. Yet, the technique has many drawbacks, like long nebulisation times, poor lung 
deposition efficacy, the need for regular cleaning and disinfection of the equipment, which all have a negative 
effect on patient adherence to the therapy. New developments like the so-called soft mist inhalers like the eFlow 
(PARI), MicroAir (Omron), Aeroneb and I-neb (Philips Respironics) deliver the drug dose much faster and more 
effectively compared to classic jet and ultrasonic nebulisers, particularly when they are used in combination with 
adaptive aerosol delivery [6]. However, these developments are not suitable for large scale anti-TB campaigns in 
third world countries, since they are expensive, re-usable, and do not eliminate the need for cold chain storage of 
the drug solutions or the reconstitution of powdered medication. A more promising development for this 
application may be small, disposable dry powder inhalers (DPIs) [7]. One of the major challenges in the 
development of DPIs for antibiotics is to make them effective, safe and yet to keep them simple and cheap which 
is a prerequisite for being disposable. This includes the antibiotic powders which should be produced with simple 
production techniques and preferably without excipients to minimise the number of inhalations per dose. 
 
Results from a previous study with the basic Twincer

TM
 concept showed that tobramycin is a good model 

compound for aminoglycosides. The study also showed that tobramycin base is more suitable for dry powder 
inhalation than tobramycin sulphate. In addition, it was found that further improvement can be obtained with spray 
drying of tobramycin (no excipients). Spray dried tobramycin base  has a better dispersion performance and lower 
retention at 4 kPa  than micronised base and therefore, it was decided to continue inhaler development with spray 
dried powder [8]. 
 
The aim of this study is to test spray dried tobramycin in different versions of a single classifier inhaler being part 
of the Twincer

TM
 family, in order to improve the dispersion efficiency and reduce the inhaler retention. The powder 

to be tested is produced using simple (one-step) spray drying without the addition of any excipients. One of the 
additional objectives of this study is to establish a high inhaler resistance in order to minimise mouth and throat 
deposition and thus, increase peripheral lung deposition. 
 



Materials and methods 
 
Materials 
Tobramycin base was purchased from BUFA (IJselstein, the Netherlands). Pharmatose 80M (starting material for 
the preparation of a special size fraction of sweeper crystals) was supplied by DFE Pharma International (Goch, 
Germany). 
 
Inhaler 
The machined modular inhaler concept used for this study, named Cyclops, consists of 3 plate-like parts, a blister 
as dose compartment and a simple closure mechanism (Figure 1). Both manufacturing and assembling of the 
parts is extremely simple and cheap. The Cyclops is the first step towards development of a series of inhalers that 
look the same from the outside, but have different classifiers (or other dispersion principles) inside which are 
tailored to the physicochemical properties of the drug to be dispersed. Various parts of the Cyclops can be 
exchanged to study the effect of design modifications on its dispersion (and retention) performance. In contrast 
with the basic Twincer

TM
, the Cyclops has only one classifier to obtain a higher flow rate through the dispersion 

principle at the same pressure drop across the inhaler. 
 

 
Figure 1: Presentation of the Cyclops disposable dry powder inhaler for high drug doses. 

 
Methods 
For the preparation of spray dried tobramycin in the desired (aerodynamic) size distribution for inhalation a Bϋchi 
Mini spray dryer B-290 was used. Tobramycin was dissolved in demineralised water in a concentration of 50 
mg/mL. Different batches were produced which all had the same properties and dispersion and retention 
performance. 
Scanning electron microscopy was used for morphologic examination of the obtained powder with a JEOL JSM 
6301-F microscope (JEOL, Japan). Water content of the powder was determined by Karl Fischer water titration 
(831 KF Coulometer, Metrohm, Germany). Dynamic vapour sorption measurements were performed using a 
DVS-1000 (Surface measurements Systems, London, UK). 
The particle size distributions (PSDs) were determined with a HELOS BR laser diffraction apparatus (Sympatec, 
Clausthal-Zellerfeld, Germany). The powders were dispersed into the laser beam using a RODOS dispersing 
system at 3 bar (Sympatec). For measurement of the PSDs of the aerosols from the Cyclops (operated at 2, 4 or 
6 kPa during 3 s), the inhaler was connected to a home constructed inhaler adapter (similar to INHALER 2000, 
Sympatec). To each dose 10 or 30 mg of coarse lactose was added as sweeper crystals. 
The principle design variables of the Cyclops investigated included the number of air inlets for the classifier , the 
classifier dimensions, the diameter of the classifier discharge orifice diameter, the amount of bypass flow and the 
amount of sweeper crystals added to the spray dried powder dose [9]. These variables enabled to control the 
inhaler resistance, to optimize the dispersion efficiency and to minimise the inhaler retention. 
 
  



Results and discussion 
 
Characterisation of the spray dried tobramycin powder 
The spray dried tobramycin particles produced were spherically shaped and the primary PSD from RODOS 
dispersion (3 bar) was within the desired size range for inhalation with an average X50 of 1.89 µm (X10 = 0.74 
µm, X90 = 4.22 µm). The powders obtained had an average water content of 6% and showed significant water 
sorption already at low relative humidity (mass increase 10% after exposure to 30% relative humidity (RH). For 
this reason, the powders were handled in a climate box  under nitrogen atmosphere (RH < 5%). 
 
Inhaler resistance 
The resistance of the Cyclops is 0.048 kPa

0.5
 · min · LN 

-1
. This is comparable to the resistance of the Handihaler

®
 

(Boehringer Ingelheim) and corresponds with a flow rate of 42 L/min at 4 kPa. A high inhaler resistance is 
considered advantageous as it minimises mouth and throat deposition and thus, increases peripheral lung 
deposition. 
 
Dispersion of tobramycin in the Cyclops  
All Cyclops configurations investigated showed an excellent dispersion efficiency for a 30 mg dose of spray dried 
tobramycin with 10 or 30 mg of sweeper crystals at 4 kPa pressure drop. Figure 1 shows that even at 2 kPa the 
fraction smaller than 5 µm is around 75%;  the dispersion efficiency at 6 kPa is only marginally better than that at 
4 kPa pressure drop.  
 

 
 

Figure 2: Cumulative volume per cent as function of the particle diameter representing the dispersion efficiency of 
the optimised Cyclops for spray dried tobramycin of a 30 mg tobramycin dose at 2, 4 and 6 kPa pressure drop. 

Inhaler retention of tobramycin in the Cyclops 
Increasing the dose from 10 to 30 mg significantly increased the inhaler retention in the first Cyclops prototype [8]. 
Therefore, the design challenge was to decrease the inhaler retention without decreasing the dispersion 
efficiency. Design changes tested were: widening of the air inlets to the classifier, removing a 90 degree bend in 
the powder channel to the classifier, decreasing the depth of the classifier and increasing the width of the 
discharge orifice (both to increase the velocity). Additionally,  the amount of sweeper crystals was increased from 
10 to 30 mg. Figure 3 shows the effects of increasing the width of the discharge orifice and the amount of 
sweeper crystals on the inhaler retention. By widening the discharge orifice the inhaler retention decreased from 
over 50% per cent to less than 15%. 
 



 
Figure 3: Inhaler retention (as per cent of the weighed dose) for a 30 mg dose at 2, 4 and 6 kPa pressure drop, for 
different Cyclops configurations. 

Conclusions 
 
Our study has shown that by adapting the inhaler design to the physicochemical properties of the drug, it is 
possible to effectively disperse high doses of ‘difficult to handle’ antibiotics like aminoglycosides without co-
processing the drug with excipients and without using complex particle engineering techniques. The lactose 
sweeper crystals used can be of a commercial brand and the crystals can simply be added to the spray dried drug 
in the dose compartment with an extra filling step. It has also been shown that the inhaler can be simple and 
cheap, and thus, disposable. Furthermore, a controlled high inhaler resistance can minimise mouth and throat 
deposition and thus, increase peripheral lung deposition. 
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