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Background

* Air pollution is one of the greatest environmental risk to public health, for which ambient particulate
matter (PM) is considered the major contributor.

* The increasing use of the engineered nanomaterials (ENMs) also raised concerns over inadvertent
exposure and the potential for hazardous effects on exposure in humans through the inhalation route.

* There is emerging need to identify specific inhalation hazards by utilising appropriate exposure models.
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Exposure models

Nose-only inhalation Whole-body exposure

* Rodent models

Intranasal
inhalatian

Intratracheal
instillation
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Air-liguid interface (ALIl) exposure

* Better to mimic in vivo inhalation experiments of airborne particles
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Previous In vitro inhalation studies on ENMs
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Aerosol Exposure Air-Liquid-Interface (AE-ALI)
system
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Aerosol Exposure Air-Liquid-Interface (AE-ALI)
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Aerosol Exposure Air-Liquid-Interface (AE-ALI)
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Aerosol Exposure Air-Liquid-Interface (AE-ALI)
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Cell Exposure - CULTEX®

3 wells

3 sizes possible — 6.5 mm, 12 mm and 24
mm Transwell inserts
Heated well

Guided aerosol

Aerosol flow

Charged aerosol
‘particles

Electrostatic precipitation to enhance

deposition

Lung Cells

ST

T Negative electrode
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Estimation on deposition efficiency

All data pooled
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Deposition efficiency is calculated from the aerosol
mass concentration, exposure time and aerosol
flowrate, and deposited mass.

Increase in deposition efficiency with magnitude of
electrostatic precipitator voltage

For the 4 well size/flow conditions investigated not
much difference in deposition efficiency at a given

voltage other than for potentially the largest wells

(24mm/6 well).

Choice of conditions can’t just be based on the
amount of material deposited though —
appropriateness of well size and deposition pattern
must be considered.
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Cytotoxicity assessment

Aerosol Well flow rate
Exposure condition exposure (mL/min)
Duration
i) 65mm__ 12:mm | 24mm
Incubator control (AO) 0 - - -
Air control_1 (A1) 5 5 10 30
Air control_2 (A2) 7 5 10 30
Air control_3 (A3) 10 5 10 30
Air control_4 (A4) >3 5 10 30
- (30 min interval)
Air control_5 (A5) 20 5 10 30
Air control_6 (A6) 30 5 10 30
Positive system
control (PSC) 30 30 30 i
System control (SC) 30 5 then 0.05:5 then 0.05:5 then 0.05
Chemical control (CC) - - - -
Total cell lysis (T) - - - -

Normalised LDH release

Apical W6.5mm M12mm 024 mm

I
I _ 1
war war wal1 A0 war A0 B Il 1l i
PSC SC

A0 Al A2 A3 Al A5 A6 CcC T

Basal

n=3 independent experiments on A549 cells
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Cytotoxicity assessment

Aerosol Well flow rate A549 SAECs
Exposure condition exposure (mL/min) B
Duration 8 8,
Incubator control (AO) 0 - - - Apical
Air control_1 (A1) 5 5 10 30 v v
Air control_2 (A2) 7 5 10 30 @ b
Air control 3 (A3) 10 5 10 30 L v
5+5 g g
Air control_4 (A4) o 5 10 30 = =
(30 min interval) ° 5
Air control 5 (A5) 20 5 10 30 2 2
m M
Air control_6 (A6) 30 5 10 30 £ £
Positive system g 20
control (PSC) 30 30 30 Basal
System control (SC) 30 5 then 0.05:5 then 0.05:5 then 0.05 41
Chemical control (CC) - - - - 6- 6 J
Total cell lysis (T) - - - - g 8.

n=3 independent experiments
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Expression assessment on selected genes
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Deposition pattern by ICP-MS laser ablation
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Deposition pattern by ICP-MS laser ablation

6.5mm Transwell inserts, 5 ml/min

CN Filter
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Aerosol generation and conditioning

-Jt Aerosol characterisation

Cellular exposure

Taken
together

Electrostatic precipitator voltage
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Well flow rate

Different types of pulmonary cells T -
]

— Cytotoxicity analysis

Size of Transwell inserts .
Expression on

selected genes

— Exposure duration -
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]
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translocation through barriers etc) Environmental exposure
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(e,g. more complexed 3D multi-culture; lung-on-a-chip, etc)
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(e.g. aerosols generated from engineered NPs, microplastics/nanoplastics/bioplastics,
woodsmoke, cooking emissions, biodiesel, combustion-derived particles, bioaerosols etc -

/+ gaseous compounds such as NO,, O,, CO, etc)

= Linked with other exposure system to identify systematic effects

Figure. Diagram of validation of AE-ALI system



Conclusions

* Exposure duration had a significant impact on cell cultures.
* Appropriate choice of operating parameters could produce broadly uniform aerosol deposition.
* Detailed characterisation of AE-ALI systems is essential prior to use.
* Limitations (exposure dose, sensitivity of cellular models, complexity to use, etc).
* Applications and further development of this AE-ALI system
- Test substances
- Biological test systems
- Linked with other exposure system?

* The results here and further applications would improve the standardisation of in vitro inhalation toxicity
measurements.
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