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respiratory system in basic and 
applied research
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* Evident toxicity has been reached if one or more animals display any one of the listed signs: tremors, hypoactivity, irregular respiration or bodyweight loss (>10% prestudy value). 

Bronchoalveolar lavage (BALF)
lung histopathology
Clinical pathology (haematology, chemistry)
Body weight, food consumption
Gross pathology/necropsy
Optional investigations, such as toxicokinetics, and/or 
systemic toxicity evaluations (e.g., immune, hepatic, 
neurologic and/or cardiovascular effects evaluations)

Evident
signs of toxicity*

Mortality

Mortality LC50

GHS category

BMC/LOAEC/NOAEC

Toxicological inhalation studies



1. Nasal Anatomy: Rats have more complex nasal turbinates compared to humans, affecting airflow 
dynamics and particle filtration (Schreider J and Raabe O, 1981).

2. Airway Structure: Rats have a monopodial branching system, while humans have a symmetric 
branching pattern (Parent P, 2015). This affects particle deposition patterns, with humans experiencing 
deposition mainly at airway bifurcation points, which cannot be replicated in rat models (Hofmann W 
et al., 2018).

3.Breathing Mode: Rats are obligate nose breathers, while humans are oronasal breathers. This 
strongly influences how inhaled particles and gases deposit in the respiratory tract (Schlesinger R, 
1985).

4.Airway Dimensions: Rat airways have smaller diameters than human airways, potentially leading to 
airway obstruction at high doses of insoluble aerosols, even when the compound is non-toxic to 
humans (Hofmann W et al., 2018).

5.Metabolic Variations: Cytochrome P450 activity in the nasal mucosa and lower respiratory tract is 
less efficient in humans compared to rats. Conversely, phase II enzymes are more active in humans than 
in rats (Pauluhn J, 2003).

Differences between rat and human respiratory tracts
Nasal cross section

Branching pattern

Nasal cross section

Branching pattern

Stucki et al., 2024



https://www.palmbeachstate.edu/slc/Documents/AandPch21LecturePearson.pdf
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https://www.palmbeachstate.edu/slc/Documents/AandPch21LecturePearson.pdf

Confocal image of tissue stained for Type II
marker Pro-surfactant protein C (red) and
nuclei (dapi, blue)

Confocal image of tissue stained for Type I
cells (water channel protein Aquaporin 5,
green), Type II cells (ABCA3, red), and nuclei
(dapi, blue).
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A.L.I. models



MatTek’s EpiAirway is advancing in vitro 

respiratory research worldwide. Allowing 

for physiological exposures to pathogens, 

chemicals or therapeutics, EpiAirway’s

human-relevant biological responses are 

changing the way scientists research 

respiratory diseases and drug 

development.

DRUG DELIVERY

INFLAMMATION AND FIBROSIS

INHALATION TOXICOLOGY

EpiAirway

TOBACCO AND VAPE STUDIES VIRAL/BACTERIAL INFECTION

30+ DONORS

AVAILABLE

COPD

ASTHMA

SMOKER

ADULT

CHILD

PATIENT 

HISTORIES

DISEASE MODELING 

(ASTHMA, COPD)



Normal human bronchiole
(cross sectionH&E stained)

Ciliated cells

Goblet cells

Stromal 
fibroblasts

Basal cells

EpiAirway FT 
(full thickness)

EpiAirway



3D structure consists of organized Keratin 5+ basal cells, mucus producing goblet cells, functional tight junctions and beating

cilia. EpiAirwayFT incorporates human fibroblasts in an extracellular stromal matrix ideal for inflammation and fibrosis

research.

EpiAirway

Muc5AC is a large gel-
forming glycoprotein. In 
the respiratory tract it 
protects against infection 
by binding to inhaled 
pathogens that are 
subsequently removed by 
mucociliary clearance



Inhalation toxicology

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5994905/pdf/aivt.2018.0004.pdf

OECD Test Guideline 403/436: 
Acute Inhalation Toxicity Test: Rat LD50 test

4 hour exposure (whole 
body or head/nose only) 

14 day wait 

Assess lethality & any signs 
of toxicity 

Repeat with additional 
concentrations as 

necessary



-Tested 59 chemicals with a range of inhalation toxicities 

-Determined IC75 (dose at which tissues are 75% viable) 

-Correlated in vitro data to in vivo rat LD50 data (GHS category) 
to develop a prediction model

Compared to GHS Rat Data 

Sensitivity 8/8 = 100% 

Specificity 22/51 = 43%

Overall Accuracy 30/59 = 51%

Highly toxic (GHS Category 1-2); moderately toxic (GHS 
Categorie 3); mildly toxic (GHS Categories 4–5) and nontoxic or 
nonhazardous.



Prediction Model ED-75

GHS CLASSIFICATION

Cat.1&2 ≤ 5 mg/tissue

Cat.3&4
5 to 15 

mg/tissue
Cat.5&NC ≥ 15 mg/tissue

Prediction Model ED-25

GHS CLASSIFICATION

Cat.1&2 ≤ 5 mg/tissue
Cat.3&4 5 to 20 mg/tissue

Cat.5&NC ≥ 15 mg/tissue

Direct 
Application 

GHS hazard classification 
MTT TEER

MatTek IVLSL MatTek IVLSL

Sensitivity (%) 63,5 63,8 65,9 64,1
Specificity (%) 76,1 76,1 76,7 76,6
Accuracy (%) 69,8 70 71,3 70,3

Vapor Cap

GHS hazard classification 
MTT TEER

MatTek IVLSL MatTek IVLSL

Sensitivity (%) 70,8 71,9 64,4 67,1
Specificity (%) 83,2 83,2 78,5 80,1
Accuracy (%) 77 77,5 71,5 73,6

Direct Application
Diluted in oil or water

0.5, 2, 10, 20, 100 mg/tissue

Vapor Cap
Neat or diluted in oil

0.5, 2, 10, 20 mg/tissue

Exposure 4h
Covered with Vapor Cap

Wash with PBS

Post-Exposure 20h

Measure TEERMTT Assay PerformancesPerformances

Effective doses (ED) which 
reduced tissue viability by 25% 

(ED-25) or by 75% (ED-75) 

P16-46
Development and Validation of in vitro Human Inhalation Toxicity Tests for Volatile Liquids, Mists, and Sprays (#718)
M. Spacir1, S. Valasikova1, Y. Kaluzhny2, J. Markus1, C. Pellevoisin2, G. R. Jackson2, P. Kearney2, M. Klausner2, A. Armento2

1 MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia
2 MatTek Life Sciences, Ashland, Massachusetts, United States of America

2 laboratories
53 chemicals

EpiAirway



Bridging the gap.
MatTek’s lab-grown airway tissue models of rats and non-
human primates provide translatability, further reduce the 
use of  live animal experiments, and encourage the 
adoption of NAMs in testing pipelines.

Lab-Grown Rhesus 
Monkey Airway Tissue



Test articles, chloroacetaldehyde, vinyl acetate, and toluene, were 
identified as respiratory irritant in the 3 species

The effective dose concentration that reduces tissue viability by 50% 
(ED-50) for vinyl acetate (VA) and chloroacetaldehyde (CA) were both <2 
mg/tissue and the ED-50 for propylene glycol (PG) was >20 mg/tissue for 
all species. 
However, the ED-50 values for toluene (T) showed differences between 
the species: human >20 mg, primate 16.2±1.7 mg, and rat 13.8±0.1mg.

Based on the MTT viability and TEER values, the test chemicals were 
rank ordered from high to minimal toxicity: CA > VA > T > PG and the 
vehicle controls (water and corn oil). 
TEER values from standardized QC tests averaged 1094 ± 325 (n=141 
lots) in the US vs. 913 ± 238 (n=64 lots) in Europe. TEER values were not 
statistically different (p < 0.001).

Conclusions: Although more chemicals need to be tested, the 
multispecies 3D airway tissue models will be vital translational tools to 
predict airway inhalation toxicity and to bridge the in vitro-in vivo 
knowledge gap to reliably predict human responses, while providing a 
worldwide alternative approach to animal experimentation.

The animal cell-derived 3D tissues exhibited similar characteristics to human tissues including: well polarized epithelia with physiological TEER values of >300 Ώ/cm2,, cilia 
formation on the apical surfaces, and mucin production mimicking the airway microenvironment. 



INHALATION TOXICOLOGY

Charles River Laboratories, in Collaboration With MatTek
Corporation, Awarded Grant from the Foundation for 
Chemistry Research and Initiatives to Advance Research 
Alternatives
June 11, 2024 at 8:00 AM EDT 

Project is to develop an in vitro integrated approach using 
3D models as alternative to inhalation toxicology studies

1. TG 403 – Acute toxicity (LC50)

2. TG 436 – new Acute Toxicicty (fewer animals)

3. TG 412 – 28-day inhalation guideline

4. TG 413 – 90-day inhalation guideline

5. TG 433 – fixed concentration procedure

$1.3 million grant from the Foundation for Chemistry Research & Initiatives (FCRI)



New Approach Methodology for Inhalation Tox

• Select 10 chemicals and 5 aerosols 

With historical in vivo and in vitro data

• Experimental in vitro method:

• 3D EpiAirway model 

➔ Study translational species differences with same exposure using:

• Human EpiAirway

• Rat EpiAirway

➔ Study Acute/chronic exposure

• Acute exposure: EpiAirway 4 exposure test

• Chronic exposure: EpiAirway 14-day scenario

➔ Compare exposure by applying test chemicals:

• by direct application with a pipette

• with aerosol application using our VitrocellTM equipment. 

➔ Study a dosimetry model to extrapolate the in vivo outcomes from 

the in vitro data.



Airway epithelium, the first defense barrier of the respiratory system, 

facilitates mucociliary clearance against inflammatory stimuli, such as pathogens and 

particulates inhaled into the airway and lung. Inhaled particulate matter 2.5 (PM2.5) 

can penetrate the alveolar region of the lung, and it can develop and 

exacerbate respiratory diseases. Although the pathophysiological effects of PM2.5 in 

the respiratory system are well known, its impact on mucociliary clearance of airway 

epithelium has yet to be clearly defined.

https://www.sciencedirect.com/science/article/pii/S014765132400
1659?via%3Dihub

Diesel exhaust particle exposure exacerbates ciliary and 
epithelial barrier dysfunction in the multiciliated bronchial 
epithelium models

E.Park et al.

Ecotoxicology and Environmental Safety 
Volume 273, 15 March 2024, 116090

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mucociliary-clearance
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/particulate-matter
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/respiratory-tract-disease


To investigate how DEPs (diesel exhaust particles) affect the airway defense machinery, the change of the gene expressions in EpiAirwayFT apically exposed to DEPs for 24 or 72 h was 
accessed using RNA-sequencing analysis. As shown in Fig. 1, long-term exposure (72 h) to DEPs induced more dramatic gene expression changes than 24 h exposure compared to that in the 
control (Fig. 1A and B). The distribution of the DEGs (increased more than 2-fold or decreased less than 0.5-fold compared to that of the control) upon DEP exposure significantly differed 
between the two time points (Fig. 1C). GO and KEGG pathway analysis indicated that the DEGs at 72 h were significantly enriched in ciliary and microtubule function (p<0.001) (Fig. 1D and 
E). We evaluated the pathway activity altered by DEP exposure using all genes involved in each pathway for a more general measure of biological function. Fig. 1F shows that inflammatory-
related pathways were upregulated, whereas metabolic-related pathways were downregulated following 72 h exposure to DEPs compared to those in the control. 
→ These data suggest that the effect of DEPs against airway defense machinery may be associated with the regulation of ciliary function.

3.1. Expressional profile of genes, pathway activity, and functional enrichment

https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0005
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0005
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0005
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gene-ontology
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0005
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/biological-functions
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0005


The results indicated that the DEP treatment decreased the number of cilia, whereas increasing the mucus secretion of the apical surface of the epithelium. However, the thickness of 
epithelium was not significantly changed by DEP treatment (Fig. 2B). 
Additional immunofluorescence staining using antibodies against acetylated α-tubulin and MUC5AC also indicated that DEPs decreased the area of ciliated cells (acetylated α-tubulin-
positive cells), but increased the area of mucus-producing goblet cells (MUC5AC-positive cells) (Fig. 2C–F).

3.3. DEP exposure affects ciliated to goblet cell ratio in fully differentiated NHBE cells

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mucus-secretion
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0010
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/mucin-5ac
https://www.sciencedirect.com/science/article/pii/S0147651324001659?via%3Dihub#fig0010


Schematic depicting the adverse outcome

pathway (AOP) for pulmonary fibrosis.

https://pubs.acs.org/doi/10.1021/acsnano.9b06860?fig=fig5&ref=pdf



Figure 2. Characterization of EpiAlveolar model response.



FIG 4 SARS-CoV-2-derived cholesterol-conjugated peptides block SARS-CoV-2-mNeonGreen viral spread in human airway epithelial cells (HAE). (A) 
HAE cells were infected with SARS-CoV-2 (2,000 PFU/well for a multiplicity of infection of ∼0.02) for 90 min before adding SARS-CoV-2 peptide. Fluid 
was collected from the apical or basolateral surfaces daily for 7 days (as shown in the schematic in panel A). (B) Spread of fluorescent virus is shown at 
the indicated days with or without peptide treatment. (C) Viral genome copies in apical or basolateral fluids were determined by RT-qPCR at the 
indicated time points (days postinfection [DPI]). (D) Infectious viruses released were quantified by titration from the apical or basolateral spaces. The 
median values are represented by horizontal bars, and the detection limits are indicated by the dotted lines. RT-qPCR and viral titration were 
performed on supernatant fluids sequentially collected from the same HAE wells the pictures were taken. Data were from three separate wells for 
infection treated and two separate wells for infection untreated.

https://pmc.ncbi.nlm.nih.gov/articles/PMC7587434/

https://pmc.ncbi.nlm.nih.gov/articles/PMC7587434/
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