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Summary 
Background: The Orbital dry powder inhaler (DPI) is a novel dry powder inhaler designed to deliver high-doses of 
drugs to the respiratory tract in a single dosing unit via multiple inhalation maneuvers.  
Methods and Results: The Orbital DPI was tested in its prototype configuration with the full payload contained in a 
single dosing unit (the ‘puck’) and compared to a conventional RS01 (Plastiape S.p.A.) capsule device where the 
payload was divided over 10 capsules used sequentially. Two formulations were evaluated: 200 mg spray-dried 
ciprofloxacin and 200 mg spray-dried mannitol. The systems were evaluated for their physico-chemical properties and 
aerosolisation. The particulate systems had different morphology, thermal response, moisture sorption and stability; 
however, they had similar aerodynamic sizes making them suitable for comparison with both devices. The 
aerosolisation performance from the Orbital DPI and RS01 was dependent upon the formulation type; however, the 
fine particle fraction (FPF) produced by the Orbital DPI was higher than the RS01.  The FPF for ciprofloxacin and 
mannitol were 67.1±1.8 % and 47.1 ±2.2 %, respectively.  
Conclusions: The Orbital DPI provides a means of delivering high doses of dry powder to the respiratory tract 
through multiple breath maneuvers from a single reservoir of powder. This approach allows the delivery of a wide 
range of high-pay load formulations (>100 mg) for the treatment of a variety of lung disorders with much reduced 
handling by the patient.  
 
Introduction 
Dry powder inhalers, nebulisers and pressurised metered dose inhalers, have been developed over the past 30 years 
for the treatment of various respiratory diseases [1, 2]. The majority of these devices have been optimised to deliver 
very small quantities of drug (<400 ug), for the treatment of a variety of lung diseases. While these devices are suited 
to deliver low dose molecules, such as β2-agonists and corticosteroids, they lack the capacity to deliver higher dose 
medicaments such as antibiotics [3], phospholipids [4, 5] or mucolytics [6, 7]. 
 
One of the rate limiting steps for high dose inhalation therapy is the device itself. Examples where devices have been 
designed specifically for higher doses include the pressurized aerosol dry-powder delivery (PADD) active device, 
developed by Britannia Pharma, for the delivery of 250 mg surfactant therapy [4]. In the passive DPI devices field, 
there is still nothing commercially available to meet these dose requirements; although devices such as the Twincer® 
may be capable of reaching the low end (ca. 50 mg) of these dose regimes [8]. Here, the authors present a new 
approach to delivering high dose inhalation medicines via a passive (breath-actuated), pre-metered multi-inhalation 
dry powder inhaler (Orbital® DPI). 
 
This new device allows the administration of high drug doses, up to 400 mg, with multiple inhalation maneuvers. The 
Orbital DPI device is a single use, disposable unit containing a ‘puck’ that holds the drug powder. After actuation, by 
pushing the puck into the de-agglomeration chamber, the patient inhales per a normal DPI device and the drug 
powder is forced, centrifugally, out through one (or multiple) orifices in the puck, into the de-agglomeration chamber, 
where the rotating puck classifies the powder into an inhalable size before it is delivered into the respiratory tract. A 
key innovative step in the Orbital DPI design is the puck orifice that acts as the rate-limiting step for powder release. 
Thus, it becomes possible for the patient to inhale a fixed dose over a series of inhalation maneuvers, rather than 
receiving a single 400mg bolus. To assess the Orbital DPI performance, two drug particulate systems were 
engineered and studied: spray dried mannitol and ciprofloxacin. This specific mass was chosen since it would be 
equivalent to the high doses of mannitol (ca. 200-400 mg), as used in the Bronchitol product currently on the market 
for cystic fibrosis that uses a modified RS01 and ten capsules to deliver its 400mg dose.  
 
Materials and Methods: Ciprofloxacin hydrochloride was obtained from MP Biomedicals (Sydney, Australia). 
Mannitol (Pearlitol® 160C) was obtained from Roquette (Lestrem, France). The RS01® and DPI® dry powder 
inhalation devices were supplied by Pharmaxis Ltd, (Sydney, Australia). Both formulations were prepared by spray 
drying solutions using a Büchi, B290 spray dryer (Flawil, Switzerland) in an open-loop configuration. The inhalation 
particle systems were characterized in terms of physico-chemical properties (SEM, DSC, DVS, TGA, particle size 
using laser diffraction and XRPD) and were evaluated in vitro for aerosol performance using a Multi Stage Liquid 
Impinger (MSLI). Samples were analyzed using a validated HPLC method. 
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For the RS01, 10 x Size 3 hydroxypropyl methylcellulose capsules were loaded with 20 ± 0.5 mg of powder. Single 
capsules were inserted into the device and this was fitted to the MSLI induction port using an adaptor, primed and 
tested at a flow rate of 60 L/min for 4s, set using a calibrated mass flow controller. The RS01 device was then 
removed, capsule stored for HPLC analysis and a second capsule inserted before repeating this procedure. This was 
repeated 10 consecutive times to achieve a total dose of 200 mg. 
 
For the Orbital DPI device, 200 mg ± 2 mg of powder was weighed into the puck which was then sealed and placed 
into the Orbital’s aerosolisation chamber. The device was weighed and then tested in the MSLI at 60 L/min for 4s. 
After testing, the Orbital DPI was re-weighed and the delivered mass calculated from the weight difference. The 
Orbital DPI was then re-tested in the MSLI and the process repeated for a maximum of 20 times or until the weight 
difference between the 2 recorded values was 2 mg or less (i.e. 1%). At the end of the testing protocol, the Orbital DPI 
was disassembled and the puck and body components washed separately for HPLC analysis; along with the MSLI 
stages and induction port as described previously.  
 
Data were analysed using one-way analysis of variance (ANOVA) followed by the Tukeys post hoc test. Differences 
were considered statistically significant at a level of p<0.05. 
 
Construction and operation of the Orbital DPI device 
 
The prototype Orbital DPI device (Figure 1) consists of three parts that can be stacked and assembled together. The 
drug is contained in a transparent, sealed plastic cylindrical cup, the ‘puck’, with a hole located on the side to allow 
powder emission. The ratio of the diameter of the discharge hole to that of the dosing ‘puck’ can be varied to control 
the residence time for the powder in the puck, and the efficiency by which particles are retained. In this study, the 
aerosol efficiency of the standard prototype configuration, with one hole (1.01 mm diameter) was evaluated. The puck 
has a dose capacity ranging from 100 up to 400 mg, depending on the density of the powder. The design is also 
scalable to cater for smaller or larger payloads. The puck is placed in the centre compartment of the device. Upon 

inhalation, air is drawn in through the three 
tangential air channels positioned around the 
diameter of the device where the puck is located. 
The large flow of circulatory air through the powder 
compartment causes the puck to rotate, resulting in 
particle emission, subsequent puck-particle-wall 
collisions, and powder aerosolisation. Resistance 
of the Orbital DPI-without puck = 0.039 kPa1/2/Lmin-

1. 
 
In comparison, the RS01 is a single-dose 
commercial passive device used for the delivery of 
many proprietary inhalation formulations. It uses 
size 3-hydroxypropyl methylcellulose (HPMC) or 
gelatin capsules as a dose delivery system. The 
capsule is placed in the appropriate loading 
chamber located at the base of the device and 
capsule pierced using one metal pin located on 
either side of the chamber. Upon patient inhalation, 
the powder is then drawn from the capsule through 

the device at a steady flow rate via a tangential flow rate. The RS01 is 
advantageous because of its compact size and simplicity of use. Depending on powder density, the size 3 capsules 
can usually hold a maximum amount of ~ 30mg dry powder per capsule. Resistance RS01 = 0.018-0.023 kPa1/2/Lmin-

1. 
 
Results and Discussion 
 
Physico-chemical analysis of both formulations demonstrates the systems had different morphology, thermal 
response, moisture sorption and stability; however, they had similar aerodynamic sizes distributions, with the 
ciprofloxacin and mannitol powders presenting median diameters of 2.7±0.1 µm and 3.4±0.2 µm, respectively, 
suitable for inhalation drug delivery. 
 
The in vitro aerosol performance of both formulations after aerosolisation of 200mg from both the Orbital DPI and 
RS01 are shown in Figure 2. Significant differences were observed when comparing the in vitro aerosol profiles of 
spray-dried ciprofloxacin micro-particles from the Orbital DPI vs. RS01. Mass balance was above 95% for both 

Figure 1: DPI Orbital device 
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devices and device retention in both devices were similar (3.0 ± 0.6% and 3.2 ± 1.1%, Orbital DPI and RS01, 
respectively). 
 
The higher FPF for the Orbital DPI, when compared to the RS01, suggests that the Orbital DPI was more efficient at 
de-agglomerating the spray-dried ciprofloxacin. This was reflected in a significant decrease in the MMAD, from 3.3 µm 
(±0.11) for the RS01 to 3.0 µm (±0.03) for the Orbital DPI.  
 

The in vitro MSLI stage deposition data for 200 mg spray-
dried mannitol micro-particle aerosolisation from the Orbital 
DPI and RS01 are shown in Figure 2B. In general the FPF 
from both the Orbital DPI and RS01 was less than for the 
ciprofloxacin micro-particles, however the Orbital DPI 
produced significantly higher FPF values (47.1 ± 2.2) than 
for the RS01 (43.8 ± 0.7%). This was also reflected in the 
MMAD values for mannitol where the Orbital DPI presented 
a MMAD of 4.2 ± 0.2 compared to the 5.1 ± 0.3 µ for the 
RS01. As with the ciprofloxacin formulation, no significant 
difference in GSD was observed between the two devices 
(2.0 ± 0.0 and 2.2 ± 0.4 for the Orbital DPI and RS01, 
respectively). The higher GSD in the mannitol micro-particle 
system when compared to the ciprofloxacin is most likely 
attributed to the wider spread in intrinsic particle size data for 
spray dried mannitol as presented in Figure 2A. Device 
retention for mannitol in the two devices was 3.5 ± 0.3 and 
4.2 ± 0.5% for the Orbital DPI and RS01, respectively. 
 
 
Multiple inhalation manoeuvres with the Orbital DPI: Delivery 
efficiency  
 
The Orbital DPI operates by containing a fixed dose in the 
puck, which is administered via manageable sequential 
breaths until the puck is empty. The emptying rate as a 
function of shot number for both formulations at 200 mg is 
presented in Figure 3. From analysis of the ciprofloxacin 
emptying rate it can be seen that ~50% of the dose (100mg) 
is released in 5 consecutive inhalations, with 100% released 
over a total of 12 inhalations. 

Interestingly, analysis of the emptying rate for the 
ciprofloxacin micro-particles indicates puck emptying to be 
linear. Regression analysis of normalised mass data 
indicated an R2 of 0.98 with emptying coefficient of 8.65% 

mass/shot. In comparison the emptying profile for the mannitol micro-particles followed an exponential form with R2
 

values of 0.97. Such observations suggest that the emptying kinetics is dependent upon the powder type. The 
amorphous ciprofloxacin system tends to be more 
cohesive than the mannitol, as reflected by the high 
stage-1 deposition data, when using the RS01. 
Subsequently, the puck hole becomes the rate-limiting 
step for aerosolising this powder, with a finite amount of 
powder being aliquot into the main chamber per puck 
rotation. Over a 4 second period this approximates to 8% 
of the loaded mass per shot, when studying a 200 mg 
formulation. In comparison, the mannitol system is 
predominately crystalline and has lower cohesion. Thus 
the ability for powder to exit through the puck orifice 
becomes dependent on the remaining mass in the puck 
at each rotation.  
 

Conclusions: In this study a novel passive and 
efficient device that can deliver high doses of inhalation 
medicine to the lung without repeat actuation, priming 

Figure 2: In-vitro aerosol deposition profile across 
the devices and MSLI stages of the spray-dried (A) 
ciprofloxacin and (B) mannitol. 

Figure 3: Puck empting rate as a function of 
experimental MSLI inhalation number for 200 mg 
loaded mass of the spray-dried ciprofloxacin and 
mannitol. 
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or capsule loading, the Orbital DPI, was presented. The Orbital DPI device can deliver 100-400 mg of powder, with 
equivalent or higher efficiency than 10 capsules from a commercially available RS01 device. Furthermore, it was 
shown that the device is capable of delivering both amorphous, crystalline and co-spray dried powder systems. 
Ultimately, this approach will lead to improved ease of use, better patient compliance and open up the possibilities for 
delivering a wide range of high dose medicaments that are currently not available for inhalation. 
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