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INTRODUCTION METHODS

With extensive development and expansion of nanotechnology, the increasing use of engineered

nanomaterials has raised concerns about the potential for harmful effects on exposure in humans,

especially through the inhalation route. To date, the majority of experimental modelling to identify

specific inhalation hazards of nanomaterials have used rodent models, which do not fully capture

potential human relevant toxicity effects, or submerged in vitro models, which do not fully reflect

initial cell-particle interactions following deposition in the lung. However, recent advances in in vitro

modelling have seen systems developed which combine ‘inhalation-like’ nano-sized aerosol

deposition with relevant human cell and tissue cultures. Whilst offering potential benefits in terms of

more realistic hazard identification, such systems can be complex to operate and sensitive to details

of set-up and operating parameters and as such detailed characterization of these systems is

important to ensure robust and repeatable results.

We have established an air-liquid-interface aerosol-exposure (ALI-AE) system. Characterisation of

the effects of variations in several system exposure parameters, including air flow and exposure

duration, in the absence of nanoparticles, were performed using human lung alveolar and airway

epithelial cells. The effect of system parameters on nanoparticle deposition patterns were also

explored using Laser Ablation Inductively Coupled Mass Spectrometry (LA-ICP-MS) and a model

CeO2 aerosol.

Laser ablation Inductively Coupled Mass Spectrometry (LA-ICP-MS)

A laser spot size of 100 µm was used to scan across the surface of the culture inserts whilst

monitoring 56Fe, 58Ni, 63Cu and 140Ce. The raw data was processed using iolite imaging software to

produce elemental distributions as heat maps based on the intensity of the signals measured for

each isotope.

Cell culture

Human alveolar epithelial cells (A549 cells) and primary human small airway epithelial cell cultures

were maintained at an air liquid interface on 6.5mm diameter tissue culture inserts. Cultures were

maintained at 37°C in a 5% CO2 humidified atmosphere with basolateral media exchange every 2-

3 days. Cultures and blanks were exposed to nano-sized cerium oxide aerosols1 or air only using a

Cultex® RFS exposure module with an EDD (Electrical Deposition Device)2 to enhance the particle

deposition efficiency. A schematic of the aerosol exposure – air liquid interface (AE-ALI) set up is

shown in Figure 1. Details of several exposure parameters are summarised in Table 2. After

exposure, ALI cultures were returned to fresh culture media under normal culture conditions for a

further 24 hours, after which, samples were processed for toxicity assessment.

LDH assay

Levels of lactate dehydrogenase in these media samples were assessed using a kit from Roche

Diagnostics (Mannheim, Germany) as per manufacturer’s instructions.

RESULTS

⚫ Cytotoxicity at different exposure conditions

CONCLUSIONS

Nanoparticle deposition patterns vary significantly with

system parameters and Laser Ablation Inductively Coupled

Mass Spectrometry (LA-ICP-MS) is an excellent technique

to explore this. System parameters, including exposure

duration, have a significant effect on cell cultures, the extent

of which varies with culture type.

Detailed characterisation of ALI-AE systems is important to

facilitate hazard identification of nanomaterial exposure in

human relevant culture models.
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Figure 1. (A) ALI-AE System schematic showing the measurements and analysis carried out. (B) ALI-AE System. (C) ALI-AE deposition device.

Exposure conditions: Cell temperature: 37ºC; Delivered gas CO2 content: 5%; Delivered gas O2 content: 20%; Delivered gas relative

humidity: >80%; CeO2 primary particle diameter: ~10 nm; Aerosol count median diameter: 85 nm.

⚫ ALI-AE (Air-Liquid-Interface Aerosol-Exposure) System ⚫ System exposure parameters

⚫ Deposition of nano-sized cerium dioxide aerosols 

Figure 2. Deposition of CeO2 nanoparticles on well membranes as imaged by ICP-MS laser ablation. (A) 6.5mm wells, 10-

minute exposure duration; (B) 12 mm wells, 30-minute exposure duration. For each set, the left-hand 3D images use Cu (A) or

Ce (B) for the heatmap (X-Y axis) and Ce on the Z axis, and the right-hand images show Ce concentration.

Figure 3. Exposure of different airway epithelium to air using an AE-ALI deposition device. Apical wash and

basolateral media was assessed for levels of LDH from A549 cells (A, three and two individual biological

repeats for conditions 1-9 and A&B, respectively) and small airway cells (B) .
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Table 1. (A) System exposure parameters for exposure to nano-sized cerium oxide

aerosols without cells. (B) System exposure parameters for 3D cell model exposures to

air. All carried out with an electrostatic precipitator voltage of -100V.

CONDITION EXPERIMENT

CELL TYPE WELL FLOW DURATION

A549 

(biological 

repeats)
SAECs ml/min mins

1 AIR CONTROL_5ml/min Y(3) Y 5 5

2 AIR CONTROL_5ml/min Y(3) Y 5 10

3 AIR CONTROL_5ml/min Y(3) Y 5 20

4 AIR CONTROL_5ml/min Y(3) Y 5 30

5 POSITIVE SYSTEM CONTROL Y(3) Y 30 30

6 SYSTEM CONTROL Y(3) Y
5 then 0.05 

ml/min
30

7 INCUBATOR CONTROL Y(3) Y - -

8
POSITIVE CHEMICAL 

CONTROL
Y(3) Y - -

9 Total cell lysis Y(3) Y - -

A AIR CONTROL_5ml/min Y(2) Y 5 7

B AIR CONTROL_5ml/min Y(2) Y 5 5 + 5 (30 min interval)

A

B

CONDITION EXPERIMENT INSERTS
WELL FLOW DURATION VOLTAGE

ml/min mins V

1 CeO2NPs 6.5 mm Transwell inserts 5 10 0 to -500

2 CeO2NPs
12 mm CN Filter 

Membranes/Transwell inserts
5 30 -100/-200/-300

3 CeO2NPs 12 mm CN Filter Membranes 10 30 -100/-200

A


