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Background and motivation: To assess health effects of inhaled substances such as drugs, chemicals or nanomaterials from environmental or industrial
pollution, animal models are a central tool in scientific and regulatory research. However, they are not the perfect model for predicting human responses. Also
the ethical concerns pushed forward the development of alternative methods in line with the 3R principles (replace, reduce, refine). In vitro models, simulating
the physiology of the lung, especially the alveoli as the first target for inhaled substances, can serve as helpful alternative model for aerosol exposure studies. In
this project an in vitro alveolar lung model consisting of the most important representatives of lung cell types (epithelial cells, macrophages and endothelial cells)
cultivated at an air-liquid-interface (ALI), was developed and validated for the application in aerosol exposure studies.
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Via Transwell® technology the in vitro alveolar lung model was established by combining
three different cell types. The lung model was cultured at ALI conditions to enable the
exposure of test substances as aerosols. Thus, this co-culture system resembles the 3Dorganization of the alveolar barrier in vivo.
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Cell viability under submerged and ALI conditions

OECD reference nanomaterial NM-300K

Significant differences in cell viability between the two cultivation methods submerged exposure has
stronger effects than ALI exposure.
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Particle size (TEM):
10.9nm ± 1.5nm
Surface charge in
cell culture media:
-11.4mV ± 2.7mV

Cell viability of the in vitro model under
submerged conditions. Cell culture
media or 1% Triton-X-100 applied as
liquids usually have stronger effects on
cells than applied as aerosols.
er
s

m

1,
0

%

Tr

Cell viability of the in vitro model under
ALI conditions. Nebulized cell culture
medium, buffer (PBS) or 1% Triton-X-100.
were compared to the in vitro model not
treated with an aerosol.
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Characterization with reference chemicals
A: cell membrane damage
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Characterization with silver nanoparticles
A: cell membrane damage

B: ROS production

C: DNA damage
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The in vitro alveolar lung model was characterized after aerosol-exposure of reference
chemicals at ALI conditions
A: Cell viability after exposure with Triton-X-100 (1%)
B: Relative quantification of the ROS associated gene CAT. The marker is increased after exposure
with ROS-inducing Menadione (50 µM).
C: Relative quantification of DNA damage associated gene ATM. The marker is unaltered when
treated with the chemical Methylmethanesulfonate (MMS, 500 µM).

Conclusion: The developed alveolar in vitro model was successfully characterized and suits as
model for aerosol exposure studies to assess health effects of inhaled substances such as drugs,
chemicals or nanomaterials from environmental or industrial pollution. Different endpoints (e.g. cell
viability, ROS, DNA damage) have been validated and it was verified that aerosol exposure induces
milder effects than the exposure under under submerged conditions. The developed alveolar in vitro
model is more physiological and presents an alternative model in line with the 3R principle.

The in vitro alveolar lung model was characterized after aerosol-exposure with silver
nanoparticles at ALI conditions
A: Cell viability after exposure with silver nanoparticles (30 µg/mL)
B: Relative quantification of the ROS associated gene CAT. The marker is unaltered after
exposure with aerosolized silver nanoparticle (30 µg/mL).
C: Relative quantification of DNA damage associated gene ATM. The marker is significantly
upregulated after exposure with aerosolized silver nanoparticle (30 µg/mL).
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