An Inexpensive Open-Source In Vitro Exposure System for Uniform Sedimentation
of Liquid Aerosols Generated by New and Emerging Tobacco Products
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Multi-well in vitro aerosol exposure systems are necessary for investigating
the physiological and biological effects of new and emerging tobacco
products (NETPs).
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Reported particle sizes of NETP emissions
suggest these methods may not produce
adequate deposition for toxicity testing.

•

Commercially available exposure systems
can be prohibitively expensive

Cloud Settling Enhances NETP Aerosol Deposition
A.

Most commercially available exposure systems rely on impaction or
electrostatic manipulation of diluted aerosol to achieve particle deposition at
cell culture surfaces.
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Project Goal
Develop an effective and inexpensive multi-well exposure system for
in vitro toxicity testing of NETP aerosols on airway epithelial cells

Figure 3. JUUL particles effectively deposit onto Transwell cell culture inserts by cloud settling. A

JUUL e-cigarette was puffed into the NETP Aerosol Settling Chamber (40, 5-second puffs; 2L/min flow rate; 5 minute settling
time) and the cloud from each puff was allowed to settle onto Transwell cell culture inserts. A) Fiberglass filter disks were preweighed and placed into each of the 24 6mm Transwells prior to each experiment (N=3). JUUL aerosols were allowed to settle B)
with the mixing fan off or C) with the mixing fan on for the duration of each puff. Filters were immediately weighed after the last
puff and deposition mass recorded. Data presented as average deposition on the 4 Transwells within each column.

Current Approaches for In Vitro Aerosol Exposures

Comparing Cloud Settling to Stagnation Flow

Airway Epithelial Cells
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Figure 1. The NETP Aerosol Settling Chamber. A) Illustration of the NETP Aerosol Settling Chamber configured for

use with a JUUL e-cigarette. A low-profile acrylic box houses a single Transwell multi-well plate containing Transwell cell culture
inserts. A 2cm, 3d-printed, adapter with a medical-grade silicone interface forms an air-tight seal around the JUUL mouthpiece
and connects the device to the exposure box. B) The system is driven by a microcontroller-based automation system which
controls the actuation of a vacuum line solenoid. Actuation allows a “puff” of aerosol to enter the exposure chamber. A small
brushless fan positioned at the aerosol inlet is activated during each puff to ensure a homogeneous distribution of aerosol.
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High Aerosol Concentration Produces Cloud Settling
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using the same puffing protocol described above in Figure 3 and A) average particle deposition by the VC 10 system was
compared to B) the average deposition achieved with the NETP Aerosol Settling Chamber.
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Figure 4. Cloud settling in the NETP Aerosol Settling Chamber provides greater particle deposition
than stagnation flow in the Vitrocell VC 10 system. JUUL aerosol was produced with the Vitrocell VC 10 system
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Comparing Exposure Systems

Figure 2. JUUL aerosol particles move faster as a cloud than they do as individual particles . A) JUUL

e-cigarette aerosol settling was recorded over 5 minutes and B) plotted to determine the average settling rate. C) The JUUL
aerosol cloud settling rate was faster than the predicted settling rate of individual JUUL aerosol particles (mass median
aerodynamic diameter [MMAD] of 0.53µm; measured by cascade impaction) demonstrating cloud settling effect.
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•

We have developed and validated an
inexpensive aerosol exposure system suitable
for dose/response studies on airway cells.

•

This system can be housed within a standard
cell culture incubator allowing for repeated
exposures under physiologic conditions.

•

We plan to introduce this as an open-source
system by providing plans, parts list, 3D print
files, templates, and software code.

