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Nasal drug delivery - opportunities

|
« Attractive for local and systemic delivery of drugs

» Easily accessible

* Non-invasive administration
» Essentially painless

» Good absorption

* Rapid onset of action

* No gastro-intestinal degradation/hepatic first-pass
metabolism

 Local treatment (e.g. a-sympathomimetics, corticosteroids) _

« Systemic treatment :q:*::;
(e.g. desmopressin, calcitonin, fentanyl, sumatriptan, i
naloxone) ey 3

 Vaccination (0|

 Nose-to-brain?
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Nasal products

Nasal drops Local effect

Nasal sprays Systemic absorption
solution CNS targeting
suspension

Nasal powders

created with biorender.com
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Characterisation of nasal products

Scherlie, R., 2020. Nasal formulations for drug administration and characterisation of nasal preparations in drug delivery. Therapeutic Delivery, https://doi.org/10.4155/tde-2019-0086

European Pharmacopoeia
- Nasal drops

- Liquid nasal sprays

- Nasal powders

- Semi-solid products

- Nasal washes
- Nasal sticks

Solid formulations
- Pure drug
- Powder blends
- Agglomerated powder
- Engineered particles
- Particle size
? - Dispersibility

Liquid formulations
- Solution
- Suspension

- Solvent
Y - Osmolarity
- pH
- Viscosity
- Microbial stability
- Bioavailability

Effect of medication
- Local
- Systemic, incl.
— central nervous system
— immune system

Characterization options

- Particle deposition - Manufacture
~ - Dissolution rate - Blending
- Permeability - Particle size
- Residency time - Flow properties

- Immune response - Surface area

- Thermal analysis

I - Emitted dose - Stability
- Plume geometry - Toxicity
- Particle size
Deposition

- Nasal adapter

— nasal vs post-nasal fraction

- Nasal cast model

— deposition within nasal cavity

- In vivo imaging studies

— realistic image of regional
nasal deposition
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(Compendial) characterisation of nasal products

* Nasal preparations (Ph.Eur. 11.0/0676)
— Uniformity of delivered dose
— Number of deliveries
— Leak rate
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Delivered dose collection

APlin ug

59 60

37 58

34 35 36
Number of spray shot taken from the container

11 12 13

E65° 1 E65° 2 H65° 3 Bupright
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(Compendial) characterisation of nasal products

 FDA Guidance for Industry: Nasal Spray and Inhalation Solution, Suspension,
and Spray Drug Products — Chemistry, Manufacturing, and Controls
Documentation (2002), e.qg.:

— pH, osmolarity, viscosity

— Pump delivery, pump spray weight

— Spray performance (content uniformity, plume geometry, spray pattern)
— Droplet size distribution incl. percentage <10 um

 EMA guideline on the pharmaceutical quality of inhalation and nasal products
(2006), e.g.:

— vast majority of the particles / droplets shall be larger than 10 microns
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Nasal product specific tests

* Plume geometry

« Spray angle and
pattern

* Deposition in a cast
model

Bousquet et al. , 2015 Expert Opinion on Pharmacotherapy 16, 1-16
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Regional nasal deposition - casts

Olfactory region

Turb

Vestibule (Nostril)

Schematic of the regions
represented by the AINI

AINI, Copley

Regions of interest (ROI)
[1] vestibule

[2] Nasal valve

[3] Nasal floor

[4] Turbinates

[5] Olfactory region
Rhino-pharynx

Lung

Williams & Suman 2022. Pharmaceutics, 1353 Calmet et al. 2019. PLoS ONE 14, e0221330

A2(steady)
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... pulmonary deposition?
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Neosorb P100T  Sorbidex Maltidex SweetPearl Pearlitol 200 SD Pearlitol 160C MP

2% 5%10% 2% 5%10% 2% 5%10% 2% 5%10% 2% 5%10% 2% 5%10%

Trows, S., Scherlie3, R., 2016. Carrier-based dry powder formulation for
nasal delivery of vaccines utilizing BSA as model drug Powder

— Technology 292, 223-231
created with biorender.com



‘\) Kiel University

Department of Pharmaceutics and Biopharmaceutics

Impactor measurements in nasal testing

« For the quantification of mass fraction below 10 um

* Prerequisites/expectations

Simple cut between larger 10 um and smaller 10 pm required
No assessment of fine particle dose < 5 um
No need for numerous particle size classes below 10 um

Nasal adapter with air bypass (no vacuum/sucking from device)

Inlet port allowing vertical and tilted spraying (as per patient
Information for use)

Precise capture of dose (mostly liquid, > 100 pl)
Suitable for different products, types of products
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Experimental setups

1 L glass
FSI INGI NGI expansion metal inlet
chamber

- :

Split Ring
Filter
Filter Si

upport
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Mass fraction < 10 pm
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Figure 2 - Comparison of impactors. Fraction and recovery Figure 3 - Comparison of different inlets. FraCﬁO"_and
reported as percentage of determined emitted dose. Inlet: glass recovery reported as percentage of determined
expansion chamber, one spray shot per assessment. emitted dose. Fast screening impactor, one spray
(n=3, error bars=SD) shot per assessment.

(n=3, error bars=SD)

N.Baltz, R Scherlie3, Drug Delivery to the Lungs, Volume 33, 2022 - Assessment of mass fraction less than 10 micron in nasal products -
method considerations
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Kiel Nasal Inlet

Drawings by H.Wachtel, Bl

A

40 16,50 i 1 i 1

N.Baltz, R Scherliel3, Drug Delivery to the Lungs, Volume 33, 2022 - Assessment of Nasal Products — Proposing a New Inlet



Department of Pharmaceutics and Biopharmaceutics

Jv) Kiel University

The Tech4Nose concept

Toolbox

Models

Decision tree

Numerical

Compound/ Development /
formulation ’ optimisation
information strategy

MSCA DN application of CAU, KCL, UPR, UBR, ULB, BSC, LUN, NAN
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Own perspective/open questions for the audience

« Current quality methods fail to account for actual use of a nasal
product

 New models needed for QbD-driven development of new nasal
products

 Validation across models needed

« How can nasal dose collection be standardised?
 What is the link between regional deposition and effect?
* |s a (standardised) nasal cast model useful?

« What can particle sizing tell us about effect/side effect?
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