
Measurement of viability of live ex vivo tissue 
(precis ion cut lung s lices , PCLS) after exposure to  

smoke aerosol from cigarettes. 

in vivo data NOEL [mmol/kg bw/d] 1.1 x 10
-3

 to 1.1 x 10
-2

2.2 x 10
-2

 to 2.5 x 10
-2

0.18 to 1.8 0.45 to 1.2

formaldehyde < dimethylamine < acetaldehyde < isobutylene

in vitro data IC10 [ppm] 5.97 150 210 >50000

In v itro / in v ivo correlation experiments using four chemical gases in comparison 
of in vivo no-observed-effect-levels (NOELs) and in vitro IC10 values. 
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Biological monitoring of inhalable substances in vitro – 
development of an improved test method based on the air-liquid-

interface (ALI) cell culture technique 
D. Ritter1, C. Brodbeck2, J. Knebel1 

1Fraunhofer Institute of Toxicology and Experimental Medicine, Hannover, Germany 
2Fraunhofer Institute for Algorithms and Scientific Computing, Sankt Augustin,  Germany 

Actually, the experimental approach to investigate inhalable aerosols  in 
v itro can be difficult because of several important factors:  

– the effect of non-solvable particles can be hard to analyse quantitatively, 

– important setup specific parameters like particle deposition rates are 
missing, 

– the particle doses necessary to induce a biological effect can not be reached 
during the possible exposure time due to low deposition efficiencies, 

– there are no established positive and negative controls for testing inhalable 
aerosols in vitro, 

– the generation of defined control aerosols (particle sizes and concentrations) 
in the routine lab is complex, 

– the exposure setups may not be sufficiently characterised and verified . 

Establishment of a s imple experimental concept including positive and 
negative control aerosols for a fundamental characterisation and verification of 
aerosol exposure setups in vitro.  

– a setup of water soluble substances, 

– generation of dry particle aerosols from nebulisation of salt solutions, 

– simple and reproducible setup of particle size and concentration, 

– quantitative determination of the applied dose by a fluorescence tracer or 
substance specific analysis, 

– characterisation and verification of the exposure procedure by analysis of 
aerosol concentration and applied particle dose, 

– characterisation and verification of the biological test system and toxic effect 
by exposure controls and submerged exposures in parallel, 

– characterisation and verification of the complete experimental design by 
plausability check of the determined data pool. 

Application of the concept with a first set of two model aerosols 
(NaCl, sodium-dodecylsulfate) and A549 human lung alveolar cell line. 

- Simple and efficient aerosol exposure using the 
P.R.I.T.-ALI ExpoCube® 

• application of standard multiwell plates  throughout the whole 
testing procedure („all-in-one-plate“ workflow), 

• thermophores is  for improved particle deposition from aerosols on the 
exposed cells, 

- nebulisation by Aeroneb® Pro System, 

- quantification of exposure dose by measurement of deposited matter 
(fluorescein or Cu(II) assay), aerosol photometer and filter analysis. 

• Results from Deposition and Aerosol analysis resulted in deposition rates 
dependend on particle sizes. 

• Aerosol and submerged exposures confirmed the toxicity ranking: 

CuSO4 > SDS >> lactose > NaCl 

• Dose-response curves dependent on the particle dose were established. 

• Exposure controls confirmed a good retainment of cellular viability. 

• Three particle sizes were generated from each substance. 

substance sol. for nebulization

c [%] [nm] GSD

NaCl / fluorescein 0.1 / 0.1 % 691 1.78

NaCl / fluorescein 2.0 / 0.1 % 1265 1.65

NaCl / fluorescein 10 / 0.1 % 1580 2.25

SDS / fluorescein 0.1 / 0.1 % 389 3.64

SDS / fluorescein 2.0 / 0.1 % 730 2.65

SDS / fluorescein 10 / 0.1 % 1196 1.89

resulting particle size 

all experiments

mean 91.73

s.d. 14.90

n 59

valid experiments 55

non-valid 4

valid [%] 92.73

experiments w/o non-valid

mean 94.46

s.d. 11.07

n 55

substance ED10 ED25 ED50

(aerosol) [µg/cm²] + - [µg/cm²] + - [µg/cm²] + -

NaCl n.d. n.d. n.d.

lactose 21.73 20.38 13.29 55.95 21.10 21.10 n.d.

SDS 5.11 5.56 3.49 11.50 6.78 4.90 25.88 12.63 8.34

CuSO4 1.36 0.74 0.45 3.29 1.68 1.13 13.02 6.12 4.22

substance ED10 ED25 ED50

(solution) [µg/cm²] + - [µg/cm²] + - [µg/cm²] + -

NaCl 1205.50 536.00 412.12 2170.63 553.01 892.05 4532.96 1154.86 1549.67

lactose 945.94 994.69 529.84 9050.80 4639.09 4639.09 n.d.

SDS 1.70 1.56 1.16 4.52 1.74 1.75 10.20 5.17 2.83

CuSO4 1.04 0.68 0.51 2.98 1.20 0.94 8.20 1.91 1.56

• Soluble substances enable the verification of aerosol control exposure by 
compare of ALI aerosol toxicity rankings to submerged exposures. 

• High deposition efficiencies  of 25 to 30 % were found experimentally for 
particle sizes down to 389 nm using the  P.R.I.T.-ALI ExpoCube® exposure 
conditions. 

  (For comparison: common ALI conditions based on particle diffusion/sedimentation 
mechanisms enable deposition rates in the range of 1 to 2 % for these particle sizes.) 

• Simple and effective concept which can also be applied to dermal 
toxicity . 

• Easy-to-generate positive and negative aerosols for routine testing of 
particulate inhalable compounds  in v itro. 

• Simultaneous  biological and phys ical characterisation/verification of 
the experimental setup and design in one setup. 

www.prit-systems.de www.item.fraunhofer.de 

• Various types of atmosphere are applicable (including gases and aerosols from lab, environmental or other sources). 
• Easy applicability to any test compound at atmospheric pressure. 
• High sensitivity to biological effects of gases and aerosols including environmental relevant concentrations. 
• High relevance for in vivo situation as documented by prevalidated in vitro technology and compare to in vivo data. 
• High routine suitability by use of “all-in-one-plate” in vitro workflow. 
• Applicable to varying biological models including cell lines, primary cells or ex vivo models such as PCLS. 
• Applicable to a large range of biological endpoints including cellular toxicity, genotoxicity or specific pathways and mechanisms. 

A highly  relevant, robust and sensitive in v itro model for characterization of biological effects  of inhalable compounds  

Contact: 
detlef.ritter@item.fraunhofer.de 
jan.knebel@item.fraunhofer.de  

“All-in-one-plate“- in v itro workflow using ALI cultures 
in the optimized test method based on the ExpoCube. 
Repeated exposure experiments can reproducibly be 

conducted. 
 

in vivo data NOEL [mmol/kg bw/d] 1.1 x 10
-3

 to 1.1 x 10
-2

2.2 x 10
-2

 to 2.5 x 10
-2

0.18 to 1.8 0.45 to 1.2

formaldehyde < dimethylamine < acetaldehyde < isobutylene

in vitro data IC10 [ppm] 5.97 150 210 >50000

In v itro / in v ivo correlation experiments using four chemical gases in 
comparison of in vivo no-observed-effect-levels (NOELs) and in vitro IC10 values 

 
 

Online observation of cellular changes  in 
a human lung cell line (A549 cell, left) and 
human primary lung cells  (above). Cells 
were stained using live fluorescence stains 
and observed during exposure using the 
ExpoCube. 
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Studies using positive- and negative control aerosols 
show that particle-dependent effects  can be 
detected specifically  and in a dose-dependent 
manner due to extraordinary  high particle 
deposition rates  by use of thermophoresis. 
(Common deposition rates using standard ALI 
conditions are in the range of 1 to 2 % for particle 
sizes < 1000 nm.) 

 
 

in v itro 
setup 

air-lifted interface 
(ALI) 

 

 
 

in v ivo 
situation  

(lung) 

test atmosphere inhaled atmosphere 

cells, biological test system lung cell structure 

basal membrane culture  membrane 

blood culture media 

Stagnation flow setup for ALI cultures on 
membranes as used in the ExpoCube. 

• The air-lifted interface (ALI) cell culture technique is the state-of-the-
art method for lung related research in vitro. 

• Biological barrier function represent „first site-of-contact“ models for 
airborne mixtures (lung, skin). 

• Prevalidation studies of the basic ALI cell culture technique have 
proven good reproducibility and relavance for detection of 
biological effects of chemical gases. 

• Limiting factors until now include practicability, applicability and 
efficiency in aerosol testing and insight into cellular changes during 
exposure. 

• The development of an improved exposure process with focus on 

– optimized in vitro exposure efficiency both to gases and aerosols 
(respirable fraction < 10 µm and < 1 µm), 

– a small and mobile device for efficient biological in vitro testing of 
various aerosol sources at environmental conditions, 

– non-invasive online observation of biological changes in the in vitro 
model, 

– an optimized workflow and in vitro procedure. 
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P.R.I.T. ExpoCube for in vitro investigations of inhalable substances 
with culture membranes and standard multiwell plate 


