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Summary 
 
The nasal cavity is ideal for drug delivery for local action and systemic action, due to the relatively large surface area, 
mucosal surface and blood supply. 
 
Following the Montreal Protocol, as aqueous nasal products were available, CFC nasal products were phased out 
immediately despite having approximately 50% of the market.  Since then, the aqueous nasal spray has dominated 
the marketplace, but FDA approvals in 2012 for HFA nasal aerosols (e.g. Zetonna™, QNASL®) provide alternatives 
for the 7.8% of US population aged 18 and over, and potentially the estimated 400 million people worldwide, suffering 
from allergic rhinitis. 
 
Relative benefits of HFA nasal aerosols compared to aqueous nasal sprays are demonstrated via clinical studies 
quantifying initial deposition by gamma scintigraphy of 2 different nasal devices/formulations containing the same 
active ingredient: ciclesonide HFA nasal aerosol (74µg/actuation) and ciclesonide aqueous nasal spray 
(50µg/actuation, Omnaris®) in an open label, single dose, single site, non-randomised study.  Delivery via HFA nasal 
aerosol resulted in deposition of almost the entire delivered dose within the nasal cavity (mean 98.4% vs. 76.4% for 
aqueous), negligible external nasal drip (0.0% vs. 22.7% for aqueous), negligible lung deposition (1.4%) and minimal 
deposition in the nasopharynx (0.2%). 
 
The improved deposition and retention of the HFA nasal aerosol compared to the aqueous nasal spray (from this and 
other published studies), with less dripping down the nose and less drainage down the throat (meaning no aftertaste 
or odour) are advantageous, in line with preferences desired by patients. 
 
Introduction 
 
The nasal cavity is ideal for drug delivery for local action and systemic action, due to the relatively large surface area, 
mucosal surface and blood supply.  Advantages of nasal delivery include increased level of active agent delivered to 
target tissue, minimal unwanted systemic effects, increased bioavailability of some drugs with poor oral bioavailability, 
faster onset of action, and avoidance of the first-pass-effect in the liver. 
 
Following the Montreal Protocol (first adopted in 1987 and subsequently modified)1, and IPACT I and II, replacements 
for CFCs were proposed.2,3,4  For the oral aerosols (pressurised Metered Dose Inhalers), there was a staged phase 
out, with the CFC containing products remaining available while the reformulations with the HFA propellants were 
being developed, as these were deemed essential use exemptions.4,5  For the nasal market, as there were already 
both CFC and aqueous products available, the CFC nasal products were phased out immediately (despite the CFC 
products covering over 50% of the nasal market).  Since then, the aqueous nasal spray has dominated the nasal 
marketplace, however there have been recent approvals by the FDA for the US market for HFA nasal aerosols, 
Zetonna™ and QNASL® (January and March 2012 respectively).6,7  These two FDA approved HFA nasal aerosols 
show there is now a genuine alternative to the aqueous nasal spray for the allergy market, which offers benefits over 
the aqueous nasal spray.  Worldwide, allergic rhinitis affects between 10% and 30 % of the population, representing 
an estimated 400 million people worldwide.8  Roughly 7.8% of people 18 and over in the U.S. have hay fever.9 
 
To understand and demonstrate the relative benefits of HFA nasal aerosols compared to aqueous nasal sprays, an 
in-vivo assessment of the nasal and pulmonary deposition of a single dose of ciclesonide following nasal inhalation of 
HFA nasal aerosol versus aqueous nasal spray has been performed.  The deposition was quantified by gamma 
scintigraphy.  A ciclesonide HFA nasal aerosol (74µg/actuation) was evaluated alongside a ciclesonide aqueous 
nasal spray (50µg/actuation, Omnaris®).  The initial deposition of the dose from each product is compared to 
evaluate the deposition of both products. 
 
Nasal Delivery 
 
The nasal cavity has a surface area of approximately 180cm2 with richly vascularised nasal mucosa, meaning that 
the nasal cavity is ideal for drug delivery, both for local action and also systemic action.  The use of the nasal cavity 
can avoid the harsh environment of the gastrointestinal tract and may also provide the opportunity for direct delivery 



of molecules from the nose to the brain (as there is a potential for delivery via the olfactory and trigeminal nerves and 
the blood supply). 

 
Figure 1 – The Nasal Cavity (Seidel HM, Ball JW, Dains JE, Benedict W (2003) Mosby's Physical Examination 
Handbook) 
 
Figure 1 is a representation of the nasal cavity, showing within the nasal cavity a number of potential areas for 
deposition.  The turbinates are bulbous/erectile projections in the nasal cavity that increase the surface area, filter 
and heat/humidify the air.  The main target areas of deposition for locally acting drugs are the middle and inferior 
turbinates.  Potential target sites for systemic delivery (e.g. small molecules and peptides, nose to brain), are to the 
superior turbinate and the upper portion of the nasal cavity. 
 
Therapies which are delivered nasally include local topical delivery for relief of inflammation and congestion (e.g. 
saline nasal sprays, decongestants, anti-histamines, cromoglycates, corticosteroids, anticholinergics and antibiotics).  
Systemic nasal therapies include small molecular weight drugs for the treatment of pain (e.g. fentanyl and 
sumatriptan, which have a rapid onset of action) and nasal peptides (e.g. calcitonin, desmopressin, buserelin, 
naferelin and oxytocin, which all have low oral bioavailability). 
 
In-vivo Assessment of the Deposition from HFA Nasal Aerosol and Aqueous Nasal Spray 
 
To understand and demonstrate the relative benefits of HFA nasal aerosols compared to aqueous nasal sprays, an 
in-vivo assessment of the nasal and pulmonary deposition of a single dose of ciclesonide following nasal inhalation of 
HFA nasal aerosol versus aqueous nasal spray has been performed.  The deposition was quantified by gamma 
scintigraphy.  A ciclesonide HFA nasal aerosol (74µg/actuation) was evaluated alongside a ciclesonide aqueous 
nasal spray (50µg/actuation, Omnaris®).  Both products contain the same active ingredient but are different devices 
and formulations – the HFA nasal aerosol is a solution containing ciclesonide in propellant HFA-134a and ethanol; 
the aqueous nasal pump spray is a suspension containing ciclesonide in purified water, microcrystalline cellulose, 
carboxymethylcellulose sodium, hypromellose, potassium sorbate, edentate sodium and hydrochloric acid to adjust 
the pH to 4.5. 
 
The products were labelled with 99mTc sodium pertechnetate.  The radionuclide was in a saline solution, suitable for 
direct addition to the aqueous product, but required manipulation for the HFA product in line with published 
methods10.  In brief, the radionuclide was extracted in 3-pentanone, transferred into an empty canister, evaporated to 
dryness, then the nasal aerosol formulation contents were transferred at cold (-60°C) temperatures before crimping a 
valve to the canister.  The radiolabelled products were agitated to ensure mixing.  Prior to the in-vivo study, the 
radiolabelling technique was validated in-vitro via assessment of the delivered dose for both products. 
 
The study was open-label, single-dose, single-site, non-randomized study in 10 healthy subjects (blinding was not 
possible due to the different devices and formulations).  Each subject received a fixed treatment sequence (adopted 
for simplicity due to different product handling), which consisted of a single dose (one 50µL actuation per nostril) of 
ciclesonide HFA nasal aerosol (total 148µg ex-actuator, containing ≤5MBq 99mTc per 2 actuations), followed by a 
single dose (two 70µL actuations per nostril) of ciclesonide aqueous nasal spray (total 200µg ex-actuator, containing 
≤5MBq 99mTc per 4 actuations), which were separated by a washout period of at least 72 hours.  Subjects were 
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trained on dosing technique for each device with the relevant placebo prior to each dosing.  Both devices were 
administered with gentle nasal inhalation while dosing.  Initial deposition of radioactivity was quantified by 
scintigraphy (% of delivered dose) in the nasal cavity, nasopharynx, lungs, swallowed, and on nasal wipes. 
 
Gamma scintigraphy imaging was performed immediately after dosing (between 1 and 4 minutes).  The initial 
deposition pattern as a percentage of the delivered dose is summarised in Table 1 and representative gamma 
scintigraphy images of the initial nasal cavity deposition are provided in Figure 2.  MRI scans taken prior to the dosing 
visits provide lateral outlines of the nasal cavity and the scintigraphic images were overlaid (anatomical markers were 
used to permit precise superimposition of images).  Scintigraphy data were corrected for background radiation, 
radioactive decay and tissue attenuation of gamma rays. 
 
Table 1 - Summary Statistics for Initial Deposition Pattern as a Percentage of Delivered Dose: HFA Nasal Aerosol 
and Omnaris® Aqueous Nasal Spray (n=10) 
 Nasal Cavity Nasopharynx Lungs Swalloweda Nasal Wipesb 
 HFA AQ HFA AQ HFA AQ HFA AQ HFA AQ 
Mean 98.4 76.4 0.2 0.3 1.4 0.6 0.0 0.0 0.0 22.7 
SD 1.1 22.9 0.1 0.3 1.0 0.5 0.0 0.0 0.1 23.2 
Min 97.0 27.0 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.8 
Max 99.7 99.1 0.5 0.7 2.9 1.2 0.1 0.0 0.2 72.9 
HFA – HFA nasal aerosol   a – Sum of radioactivity within oesophagus plus stomach 
AQ – Omnaris® aqueous nasal spray b – Sum of radioactivity deposited on tissues, gloves and apron 

 
A  HFA nasal aerosol    B  Omnaris® aqueous nasal spray 

Figure 2 – Representative Gamma Scintigraphy Image of the Initial Nasal Deposition of the Spray from the HFA 
Nasal Aerosol and Omnaris® Aqueous Nasal Spray 
 
Nasal delivery via the HFA nasal aerosol resulted in deposition of almost the entire delivered dose (mean ± SD) 
consistently within the nasal cavity (98.4 ± 1.1%), negligible deposition in the lungs (1.4 ± 1.0%) and minimal 
deposition in the nasopharynx (0.2 ± 0.1%), whereas the aqueous nasal spray resulted in majority deposition within 
the nasal cavity, but with higher variability (76.4 ± 22.9%) and the remainder mainly exiting the nose via dripping 
externally (22.7 ± 23.2%).  The HFA nasal aerosol gives deposition mainly in the outer and into the middle regions of 
the nose and across the horizontal middle and lower regions.  The aqueous nasal spray is spread across the outer 
and middle regions of the nose and across the horizontal middle and lower regions.  This means that both are 
delivering to the inferior and middle turbinates for localised effect on the nasal symptoms (evidence of clinical 
effectiveness is contained in the prescribing information11,12). 
 
These data are comparable with other gamma scintigraphy data published comparing ciclesonide HFA nasal aerosol 
and mometasone furoate aqueous nasal spray, in which a similar study was performed in 14 patients with 
symptomatic perennial allergic rhinitis (results summarised in Table 2).13 
 



Table 2 – Deposition as a Percentage of Delivered Dose: Ciclesonide HFA Nasal Aerosol and Mometasone Furoate 
Aqueous Nasal Spray (n=14)13 
 Nasal Cavity Post-nasal Drip (swallowed) External Nasal Drip (nasal run out) 
 CIC-HFA MFNS CIC-HFA MFNS CIC-HFA MFNS 
Mean at 2 minutes 99.48 86.28 0.49 12.15 0.03 1.58 
Mean at 10 minutes 80.81 54.09 1.60 13.74 17.59 32.19 
CIC-HFA – ciclesonide HFA nasal aerosol   MFNS – mometasone furoate aqueous nasal spray 
 
The results of both these studies demonstrate the improved initial deposition and retention of the HFA nasal aerosol 
compared to the aqueous nasal spray, with less dripping down the nose and less drainage down the throat10 
(meaning no aftertaste or odour).  These advantages are in line with those which were desired by patients in a patient 
preference survey for a dry spray (specifically no dripping after application either down the throat or nostrils, 
minimal/no aftertaste, ‘dry’ spray).8  The HFA nasal aerosol also offers less inter-subject variability compared to the 
aqueous nasal spray, refer to Table 1. 
 
The data demonstrating the improved deposition, retention and reduced inter-subject variability highlight the 
advantages of the HFA nasal aerosol over the aqueous nasal spray.  Reflecting on the potential advantages of HFA 
nasal aerosols (compared to aqueous nasal sprays) from the data provided: 
• longer application to nasal and sinus tissues, less drainage down the back of the throat - these benefits are 

demonstrated in this study at initial and also in the referenced study at initial and after 10 minutes.13 
• lower dose of medication; this is achieved by improved deposition and retention of the delivered dose within the 

nasal cavity as demonstrated for ciclesonide by the daily dose of Zetonna™ which is 74µg11, whereas the daily 
dose for Omnaris® is 200µg12.  Assessments of systemic exposure indicate that exposure following 
administration of Zetonna™ 74µg is at least as high as with Omnaris® 200µg. 

 
Conclusion 
 
The deposition in the nasal cavity from the HFA nasal aerosol compared to the aqueous nasal spray highlights both 
the improved delivery of the drug for allergic rhinitis by Zetonna ™ HFA nasal aerosols (almost the entire delivered 
dose is deposited in the nasal cavity) and also the opportunity to deliver other drugs and therapies to the nasal cavity 
using a HFA nasal aerosol for either local or systemic delivery. 
 
Acknowledgement – Gamma scintigraphy study undertaken at Quotient Bioresearch Ltd, Nottingham, UK. 
 
References 
 
1 Handbook for the Montreal Protocol on Substances that Deplete the Ozone Layer, Ninth edition (2012) 
2 Leach C, The CFC to HFA Transition and Its Impact on Pulmonary Drug Development (2005) Respiratory 
Care 50(9) pp1201-1206 
3 Alexander DJ. Safety of propellants. (1995) Journal of Aerosol Medicine 8 (Suppl. 1):S41–S47 
4 McDonald KJ, Martin GP Transition to CFC-free metered dose inhalers – into the new millennium (2000) 
International Journal of Pharmaceutics 201 pp89-107 
5 D'Souza, S. The Montreal protocol and essential use exemptions (1995) Journal of Aerosol Medicine 8 
(Suppl. 1), pp. S-13-S-17 
6 FDA approves Zetonna, January 20, 2012, online press release, Drugs.com 
7 FDA approves QNASL, March 26, 2012, online press release, Drugs.com 
8 Righton L, Harrison L, Moving towards patient preferred nasal drug delivery systems (2013) ONdrugDelivery 
Magazine 41 pp4-8 (www.ondelivery.com) 
9 Allergy Statistics Retrieved June 18, 2013, from American Academy of Allergy Asthma & Immunology. 
Available at: http://www.aaaai.org/about-the-aaaai/newsroom/allergy-statistics.aspx 
10 Newman, SP et al Improvement of drug delivery with a breath actuated pressurised aerosol for patients with 
poor inhaler technique (1991) Thorax, 46, pp712-716 
11 Zetonna Prescribing Information Retrieved June 20 2013 http://www.zetonna.com/downloads/ZETONNA-
Prescribing-Information.pdf 
12 Omnaris Prescribing Information Retrieved June 26 2013 http://www.omnaris.com/OMNARIS-Prescribing-
Information.pdf 
13 Karafilidis, J. Wang, B., A scintigraphic study evaluating the nasal deposition and retention of ciclesonide 
hydrofluoroalkane nasal aerosol and mometasone furoate aqueous nasal spray in patients with perennial allergic 
rhinitis (2012) Journal of Allergy and Clinical Immunology, 129(2S) Abstracts AB187 

http://www.scopus.com/record/display.url?eid=2-s2.0-0029125731&origin=reflist
http://www.ondelivery.com/

	Summary

