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Rationale

Intranasal corticosteroids such as 
budesonide are widely prescribed in the 
treatment of perennial allergic rhinitis. 
However, evidence suggests that most 
commercially available nasal spray devices 
deposit the majority of the atomized drug in 
the anterior portion of the nose, missing 
most of the nasal mucosa in the inferior and 
middle turbinate regions.

Image from Wikipedia
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Presentation Notes
1: The nasal cavity is an attractive portal of entry for aerosol and spray medications, either for topical delivery to the nasal passageways or for access to the brain via the olfactory bulb, bypassing the blood-brain barrier.
2: However, its complex internal geometry varies widely in detail from one individual to another, especially in the sinus cavities.
3: Nasal models with anatomically accurate internal structures have been developed in recent years to provide realistic information regarding likely deposition of active pharmaceutical ingredients in the process of developing improved delivery systems



Methods

[1]:  Guilmette RA and Gagliano TJ. Construction of a model of human nasal  airways using in 
vivo  morphometric data. Ann. Occ.Hyg. 1994;38(Suppl. 1):69-75. 

We compared the delivery of budesonide via 
a standard pray pump (2 sprays (64μg), 
Rhinocort® Aqua) to that of budesonide 
nebules (Pulmicort Nebuamp, 500μg/2mL) via 
a novel nasal nebulizer (NasoNeb®).

The model was derived from an MRI scan of a 
53-year-old male subject, reported by 
Guilmette RA and Gagliano TJ1. 

The original model geometry has been used 
multiple times in particle deposition 
simulations and experiments for the Lovelace 
Research Institute of Albuquerque, NM.

NasoNeb® Sinus Therapy System Rhinocort® Aqua
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Presentation Notes
Guilmette and Gagliano were one of the first investigators to develop anatomically accurate nasal replicas that could be used to evaluate the likely deposition of nasal-administered sprays and aerosol products.
Their approach avoided the use of cadaver-derived models, where tissue collapse post mortem had been identified as limiting their effectiveness
A suitable citation covering regional deposition of nasally-inhaled sprays is: Calmet H. et al. Nasal sprayed particle deposition in a human nasal cavity under different inhalation conditions. PLoS 1, 2019;14(9):e0221330 (https://doi.org/10.1371/journal.pone.0221330)



Methods - model

The model was segmented horizontally 
into anterior, middle and posterior 
passageways

It was made from sintered nylon (opaque) 
to be chemically compatible with API 
recovery solvents

Anterior Middle Posterior

Model showing the segmentation into three regions of the nasal cavity
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Presentation Notes
The model was made from sintered nylon to allow for quantitative assay of a test active pharmaceutical ingredient (budesonide) without the risk of leachable contaminants




Nasal Segments

Anterior Middle Posterior

NasoNeb® nebulizer
(500µg / 2mL)

Mass (µg) 81 ± 16 173 ± 58 39 ± 29

Rhinocort* nasal spray
(32µg x 2 sprays)

Mass (µg) 50 ± 6 5 ± 5 0 ± 0

NasoNeb® nebulizer
Additional mass

Mass (µg) 31 ± 12 168 ± 53 39 ± 29

Nasal Segments

Anterior Middle Posterior

NasoNeb® nebulizer
(500µg / 2mL)

% 28 ± 4 58 ± 13 15 ± 12

Rhinocort* nasal spray
(32µg x 2 sprays)

% 78 ± 9 7 ± 7 0 ± 0

NasoNeb® nebulizer
Additional mass

% 50 ± 5 51 ± 5 15 ± 12

Results

• More budesonide, in terms of both mass 
and percent, was delivered from the 
nasal nebulizer to the middle (Turbinate) 
region.

• The traditional spray pump delivered 
most of the medication to the anterior 
region with limited delivery to the middle 
and none to the posterior nasopharynx.

Recovery of budesonide from the model

Mass delivery compared (µg)

Mass delivery compared (%)



AnteriorMiddlePosterior

Conclusion
The use of the nebulizer system may offer an alternative 
therapy for clinicians to deliver a greater and potentially 
more effective corticosteroid dose to rhinitis suffers who are 
unable to achieve relief with other spray devices. 

Clinicians should also be aware of the limitations of some 
commercial nasal spray pumps to deliver medication beyond 
the anterior portion of the nose.NasoNeb® Sinus Therapy System

Spray Pump

AnteriorMiddlePosterior
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Sar-Gel was applied to the interior surfaces of the model before a spray containing budesonide was delivered to the nasal vestibule by means of the Nasoneb* nasal nebulizer.
This compound becomes purple when in contact with liquid water, in this case accompanying the suspension of budesonide particles in the nasal spray.
Most of the colour development occurred in the middle section of the model, providing qualitative evidence that the budesonide droplets also deposited at this location.
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