Introduction and Objectives

» The human respiratory tract, from the head airways (nasal, oral, and nasopharyngeal cavities) over the > In vitro aerosol exposures should therefore aim at simulating aerosol doses, not only with respect to the applied
conducting airways (trachea, bronchi, bronchioles), down to the respiratory regions (respiratory bronchioles and aerosol mass but also with respect to the applied particle size distribution.

alveolar sacs), is structurally and functionally heterogeneous (1). : : . " .
) Y Y 5 (1) » The Vitrocell® Powder Chamber was developed for the size-selective deposition of dry powders on in vitro test

» The deposition efficiency of inhaled particles varies strongly between the different regions of the respiratory systems in order to simulate the regionally different deposition efficiency of various particle sizes.

tract, whereby particle size is a key determinant (2). . . N .
yP Y (2) » In the presented work, a dry powder consisting of trehalose and containing nicotine was used in cell-free

» The biological response to particle deposition in the respiratory tract is a function of the combined action of exposures for testing the system’s ability to uniformly and reliably deliver dry powders in a particle size-specific
deposited particle mass, surface, and number (2). manner.

System Description and System Testing
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Figure 1: Overview of the Vitrocell® Powder Chamber and the system’s working principle.

Experimental procedures Results and Discussion
Online monitoring of powder mass deposition by QCMs  Nicotine quantification in exposed PBS samples SEM analyses of particle number deposition and
Test Powder The QCMs clearly showed the expected differences in the In line with the QCM mass deposition data, nicotine  particle size distribution

kinetics of mass deposition and in the absolute total quantification showed a clear effect of the exposure  SEM quantitatively revealed a clear effect of the

- The test substance was a dry powder consisting of trehalose and nicotine _ _ _ _ _ _
deposited masses, but also showed significant differences mode toward the powder mass delivery. Differences in  exposure modes on the deposited particle size
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Three exposure modes were defined for test exposures:
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Table 1: system parameters used during dry powder exposures ?
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Powder deposition in the exposure chambers was determined in terms of total T e mode A mode B mode C e o 5w s om = w = s s
powder mass, nicotine mass, and particle number and size distribution Figure 3: Nicotine deposition in the exposure chambers. A) resolved Feret Dizmerer fum]
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QCMs were placed into the exposure chambers. Powder mass figure shows one representative repetition for each tested exposure mode. bars in A) indicate standard deviations, error bars in B) indicate the distribution measured in the SE micrographs.
. lowest and the highest measured values.
deposition was monitored in real time during the exposures.
> Quantification of nicotine deposition in the exposure chambers: » The Vitrocell® Powder Chamber allows for particle size-selective in vitro exposures to dry powders.
500 pL of phosphate-buffered saline (PBS), pipetted into empty cell » Based on the quantification of nicotine delivery to the exposure chambers, application of 20 mg dry powder at the system inlet
culture inserts, was exposed in the exposure chambers. Nicotine resulted in deposition of up to 80 pg/cm? in the exposure chambers (depending on the exposure mode).
concentrations in the exposed samples were determined by high-
performance liquid chromatography (HPLC) with diode array » For dry powders with particle sizes ranging from 2 — >50 um, the resolution with which different particle sizes could be efficiently
detection.

separated was in the range of 15 — 20 um.

»Number and size distribution of the deposited particles: L . . . . .. .
» For powders of significantly smaller particle sizes (e.g., nanoparticles), additional testing is required.
Scanning electron (SE) microscopy (SEM) carbon discs were placed in

the exposure chambers. Once roughly 500 ng of powder were » Large inter-repetition variations in powder mass deposition were observed (up to >100%). These are suspected to be mainly
deposited per cm? (estimated based on QCM measurements), caused by variations in the aerosolization efficiency and therefore powder-related.

particles were counted, and their Feret diameters were determined.

Image processing was performed manually, using the image processing > Relatively large variations in the mass deposition across different exposure chambers (intra-repetition variations) were observed.
software Image. These are considered mainly the result of system properties, which are currently addressed by adaptations in system design.
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