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 Key Message 

   Introduction 
Orbital™ is a unit dose dry powder inhaler (DPI) capable of delivering high payloads to the 
lungs. These large payloads are delivered over several inhalations by the patient, from a single 
reservoir of powder, held in a pre-filled ‘puck’. Orbital™ has the potential for broad applications 
across the inhaled drug delivery market. It can be developed for either single or multiple drug 
combinations and can hold a range of fill weights from 50 mg to 400 mg, overcoming the need 
to prime or insert multiple capsules in conventional devices, such as RS01 [1].  

Several studies have been published on the performance of Orbital™, particularly on the man-
agement of CF [2,3]. 

In the last few years, biological active ingredients have been increasingly employed for thera-
peutic treatment due to their high efficiency, precision and safety. Most biological drugs are cur-
rently administered intravenously, and comprise peptides and proteins. The delivery of formula-
tions to the lungs consist of a promising alternative with an enormous potential to treat and 
manage se-veral diseases. However, there are also challenges associated to physiological and 
immunological barriers that affect the potency of this class of active ingredients when inhaled 
[4].  

The aim of this study was to realistically evaluate the in vitro performance of Orbital
™

 de-
vice loaded with a SD powder comprising a biomolecule, lysozyme. This study showed 
an example of application of Orbital

™ 
for the delivery of biological entities to the respira-

tory tract. 

Results and Discussion 

Material and Methods 

Conclusion 
This study focused on the assessment of the performance of Orbital

™
 as potential device platform for the delivery of high 

payload of biomolecules. A realistic evaluation of the aerodynamic performance of Orbital
™

 and RS01 was carried out.  

A lysozyme dry powder was successfully manufactured and the lysozyme was still active after spray dried process.  

Even though Orbital
™

 device showed a lower emitted fraction, it was more efficient in delivering a higher dose to the 

lungs with a FPF of 68.57% in comparison to the 52.21% reported by RS01.  

Predicted regional deposition showed high deposition to the deep lung (AI region) with lower ET fraction compared to 

RS01, demonstrating the higher de-agglomeration efficiency of Orbital
™

.  

Versatile device to deliver high doses to the deep lungs. 
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The spray drying feed solution was prepared dissolving 500 mg of mannitol, 1 g of lyso-
zyme and 2.62 g of L-leucine in 1 L of ultrapure water under stirring at room tempera-
ture. The feed solution was spray dried using a Büchi B-290 Mini Spray Dryer. 

The realist performance of Orbital
™

 as potential device platform for the de-
livery of high payload of biomolecules was assessed. A dry powder with 
active lysozyme was manufactured. Although Orbital

™
 showed a lower 

emitted fraction, it was more efficient in delivering a higher dose the deep 
lungs (alveolar interstitial region) compared to RS01.    

The yield of the spray drying process was 48.03% and the residual moisture content of the lysozyme spray dried powder was 2.6 ± 0.3% w/w obtained by TGA. The powder formulation 
was evaluated by Spectrophotometry against a Lysozyme reference standard and the activity of the lysozyme showed to be comparable after spray drying process.  

Emitted amount decreased with the three consecutive actuations (around 63 mg of the 125 mg (50.4%) loaded were emitted for the first actuation, 25 mg (20%) for the second breath and 
12 mg (9.6%) for the third breath).  

Figure 2. Lysozyme percentage distribution collected by rAPSD 
for Orbital

™
 versus RS01 (n=3) 

Figure 3. Cumulative percentage of powder emitted by 
weight in ten inhalation acts by Orbital

™
 (n=3)  

Puck ET (%) BB (%) bb (%) AI (%) 

Orbital
™

* 25.10 (3.59) 7.29 (0.30) 3.69 (0.08) 
47.28 

(2.29) 

RS01 40.18 6.60 3.18 37.55 

Device 
DD  

(mg) 

FPM  

(µg) 

FPF  

(% DD) 

MMAD 
(µm) 

GSD 

Orbital
™

* 
11.35 

(2.13) 

7.75  

(1.12) 

68.57  

(2.97) 

1.29  

(0.21) 

4.27  

(1.04) 

RS01 
2.23  

(0.12) 

1.16  

(0.07) 

52.21  

(0.58) 

1.28  

(0.12) 

5.62  

(0.32) 

A large fraction of the total dose was delivered during both the first and second breaths with a smaller, but still significant amount being delivered in the third breath. This suggests 
that the delivered dose is approaching a plateau (Figure 3), but this cannot be reached until five inhalation acts (~ 90% of the loaded mass emitted). By the third breath, the total 
mass of lysozyme delivered to the deep lung exceeds that delivered by the RS01 by 6.5×. 

The percentage of dose deposited in the extra thoracic region for Or-
bital

™
 device is much lower than the RS01 (Table 2). The distribution 

of the lung dose across all three breaths (and for the RS01) showed 
the expected pattern of AI > BB > bb, with the Orbital

™
 achieving 

nearly 50% AI dose on the second and third breaths. In terms of de-
posited mass, there was a decreasing trend with successive breaths. 

Table 1. rAPSD parameters for Orbital
™

 and RS01 (n=3) 

Table 2. Predicted regional deposition for RS01 and Orbital™ 

Orbital
™

 device reported a higher FPF than RS01, 68.57% versus 52.21% (Table 1). Orbital
™

 allowed to 
load a higher payload which reached the deep lungs more efficiently with less retention in the anatomical 
throat (Figure 2), although the amount of lysozyme delivered in percentage was lower than for RS01 (38% 
for Orbital

®
 versus 74% for RS01). 

*calculated as average of the performance of three consecutive breaths 

*calculated on the sum of the performance of three consecutive breaths 

Regional deposition achieved over the selected breathing profile and the three succe-
ssive breaths were predicted using the Weibel A lung model [5], the rAPSD data and the 
percentage of lysozyme deposited in groupings of lung generations were reported. 

Realistic aerodynamic particle size distribution (rAPSD) was measured using a coated 
medium-size anatomical throat, a Next Generation Impactor (NGI) and a breathing si-
mulator (Copley Scientific, UK) and testing three consecutive “breaths” from a healthy 
vo-lunteer (Figure 2). Lysozyme activity was measured with UV-Vis spectrophotometry.  

Orbital
™

 was tested and compared with a RS01 capsule 3 device. The puck employed 
for Orbital

™
 presented a single hole (2 mm diameter) and was filled with 125 mg of lyso-

zyme spray dried powder under low Relative Humidity (RH), 30%. Moreover, capsules 
were filled with 12.5 mg of the same formulation at and loaded in RS01.  

Figure 1. Scheme of the methodology followed for this study 


