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Aerosol exposure devices 

for in vitro toxicity testing at the air/liquid interface

Gases
Complex Mixtures
Airborne Particles (Nano Particles)

source: cysticfibrosisnewstoday.comsource: environment.scotland.gov.uk
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Mission: use of turnkey in vitro exposure systems incl. online dosimetry tools
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Cell Types of Respiratory Tract
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Source: Encyclopaedia of Occupational Health and Safety , Chapter 10 - Respiratory System

Costar®  Thincert®  Falcon®

Examples of cell culture inserts
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Human Cell Culture Models
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Costar®  Thincert®  Falcon®

Examples of cell culture inserts
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Human Cell Culture Models
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Costar®  Thincert®  Falcon®

Examples of cell culture inserts

AlveoliX Emulate

Cooperation VITROCELL
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Disadvantages Submerged Exposure
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Submerged Exposure
Low sensitivity due to contact

with media

> Undefined Dose

Different sedimentation times

Upward diffusion

Buoyant behaviour
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Advantages of Air/Liquid Exposure

Low Sensitivity

Undefined Dose

Low Sensitivity

Undefined Dose

High Sensitivity

Defined Dose

Physiologically Relevant
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How to test airborne substances in vitro at the air/liquid interface?
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Liquid Aerosols Dry Powders

Gases & Complex Mixtures

Exposure
Technologies

Gases

Powders

Environmental Atmospheres

Vehicle Emissions

Cigarette Smoke & e-Cig Vapors

Nanomaterials 

Medical Liquid Aerosols 
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• Provide the Test Substance
 Aerosol generation (Lab)

 Direct sampling (Environment)

Steps for ALI Exposure
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Substance Characterisation

• Define Exposure Principle & Device
> Continuous Flow 

> Single Droplet Sedimentation

> Dry Powder

• Establish Dose / Response Range

• Dosimetry Tools
 Gas phase

 Particle phase
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• Provide the Test Substance
 Aerosol generation (Lab)

 Direct sampling (Environment)

Critical System Elements for ALI Exposure
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Substance Characterisation

• Define Exposure Principle & Device
> Continuous Flow 

> Single Droplet Sedimentation

> Dry Powder

• Establish Dose / Response Range

• Dosimetry Tools
 Gas phase

 Particle phase
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Providing the Test Substance > in the Lab

11

Liquid Aerosols Dry Powders

Gases & Complex Mixtures

Test 

Substance Gas Cylinder Smoking Robot Automotive Engine

Aerosol Generator Cloud Aerosol Generation Bulk Powder Aerosol Generation Small Quantity Powder Chamber
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Providing the Test Substance > Sampling directly from Environment
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Liquid Aerosols Dry Powders

Gases & Complex Mixtures

Test 

Substance

Mobile Test Lab

Automated

Exposure Station

> Suitable for long-term 

exposures (24 h)
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• Provide the Test Substance
 Aerosol generation (Lab)

 Direct sampling (Environment)

Critical System Elements for ALI Exposure
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Substance Characterisation

• Define Exposure Principle & Device
> Continuous Flow 

> Single Droplet Sedimentation

> Dry Powder

• Establish Dose / Response Range

• Dosimetry Tools
 Gas phase

 Particle phase
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Air/Liquid Interface

High Sensitivity

Defined Dose
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• Aerosol maintains reactivity of original compounds
• Physiologically relevant
• Possibility to integrate online dosimetry tools

Exposure Principle 1: Continuous Flow
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Continuous Flow Device - VITROCELL® 12/6 CF 
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VITROCELL® 12/6 CF exposure module rack for 12- and 24- well sized inserts
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Continuous Flow Device - VITROCELL® 6/4 and 6/3

VITROCELL® 6/4 CF and 6/3 CF exposure modules for 6-, 12- and 24- well sized inserts
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• Working by electrical field

• Approx. 6….8-fold increase of deposition

Optional Standalone Deposition Enhancement

Number size distribution of fluorescein sodium in the ALI aerosol measured by 

SMPS (mean of 29), dmodal = 65 nm, sg = 2.0
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Data courtesy of KIT, Karlsruhe, Germany
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Automated Exposure Stations
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• Automated process control

• System is entirely heated (37°C)

• Integrated humidification of aerosol and clean air (85% r.H.)

• Aerosol flow control by mass flow controllers

• Online dose measurement (QCM)
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Exposure Principle 2: 

Cloud Single Droplet Sedimentation 
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• Exposure systems for small quantities of liquid aerosols (200 µl)

• High droplet output rate – Cloud dynamics with high deposition efficiency

• Easy-to-use and clinically relevant
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Exposure Principle 2: 

Cloud Single Droplet Sedimentation 
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Exposure Principle 2: 

Cloud Single Droplet Sedimentation 
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• Exposure systems for small quantities of liquid aerosols (200 µl)

• High droplet output rate – Cloud dynamics with high deposition efficiency

• Easy-to-use and clinically relevant

Versions for 6-, 12- and 24-well sized inserts

0

5

10

15

6-well 12-well 24-well

Well-to-well variability between inserts

Range 3 and 10% (1σ)
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Exposure Principle 3:

Small Quantities of Dry Powder / Powder Chamber
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Controller

Particle release

Sedimentation tubes

Exposure tray
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Powder Chamber Process
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Pre-Process: Powder Loading – usual mass of 20 mg per exposure

Exposure Tray
 Heated to 37 °C pre- and HEPA-filtered outlet

Sedimentation Tubes
 Variable length (regular: 200 mm)
 Optional heating for Thermophoresis, 

to decrease sedimentation time

Cell culture (ALI-insert)

Step 1: Filling Time Step 2: Sedimentation TimeStep 3: ExposureStep 4: Process Done
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Substances / Preferred Exposure Principles

24

Continuous Flow

Exposure Principle / Module Type

Gases

Powders

Environmental Atmospheres

Vehicle Emissions

Cigarette Smoke & e-Cig Vapors

Particles & Nanomaterials 

Medical Liquid Aerosols 

Substances

Continuous Flow

Continuous Flow

Continuous Flow

Cloud

Powder Chamber

Continuous Flow

Cloud

Powder Chamber

Continuous Flow
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• Provide the Test Substance
 Aerosol generation (Lab)

 Direct sampling (Environment)

Critical System Elements for ALI Exposure
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Substance Characterisation

• Define Exposure Principle & Device
> Continuous Flow 

> Single Droplet Sedimentation

> Dry Powder

• Establish Dose / Response Range

• Dosimetry Tools
 Gas phase

 Particle phase
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Dose/Response Relations
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Liquid Aerosols Dry Powders

Gases & Complex Mixtures

Dilution
Technologies

• Time-based exposure at same concentration

Dilution Air

Dilution Air

Concentration in Liquid

Dilution Air

Concentration Mix of Substance / Carrier Material

• High to low exposure concentration levels
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• Provide the Test Substance
 Aerosol generation (Lab)

 Direct sampling (Environment)

Critical System Elements for ALI Exposure
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Substance Characterisation

• Define Exposure Principle & Device
> Continuous Flow 

> Single Droplet Sedimentation

> Dry Powder

• Establish Dose / Response Range

• Dosimetry Tools
 Gas phase

 Particle phase
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System Element: Online Dosimetry Tools
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Online dosimetry hotspots
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Dose Monitoring with Microbalance Technology
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VITROCELL® Publications
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Please visit our website vitrocell.com and the „Publications“ chapter with over 170 documents



VITROCELL® in vitro Exposure Technology © 2018 VITROCELL® Systems GmbH

Thank you for your attention !
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