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Toxicology: traditional in vivo approach 

• Skin/Eye irritation 

• Skin sensitisation 

• Acute toxicity 

• Repeated Dose Toxicity 

• Reproductive Toxicity 

• Genotoxicity 

• Carcinogenicity 



Age 0 -100 years 
Mostly 3 months, 
max 2 years 

Different ethnics, 
both gender 

Mostly twins, 
one gender 

Diverse food, 
environment 

Standardized 
chow and cage 

2-200 kg 
20-500 g 

Disease history, 
Comorbidities, 
Multiple treatments 

Healthy, 
Artificial diseases, 
Mono-treatments 

We are not 70kg rats !!! 



GLP, standardized protocols, some validated, high doses, 
substance effects in healthy animals: 

RELIABILITY OF ANIMAL TESTS 



 



Report del  
National Research 

Council of the National 
Academies 

Published on 2007 
 

(Google: "Toxicity Testing in the 21st Century") 
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(Courtesy of Mel Andersen) 

A New Paradigm: Activation of Toxicity Pathways 
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ADVERSE OUTCOME PATHWAY 





AOP wiki – search for «cancer» 



Type of Cells for Toxicity studies 

• Cell Lines 
– Origine tumorale 

• Primary cells 
– Biopsy 
– Volunteers (plasma, urine, etc.) 

• Stem Cells 
– Adult Stem Cells  
– Embryo stem cells 
– Cord Blood Stem Cells 
– Embryos (animal origin) 

 
 



Cell density ca. 0.1% of tissue, 
Dilution of all secreted factors 

Cell to cell contact about 2%,  
49% plastic, 49% medium  

No flow 
No steady ingredients, 

• Ca. 25% of cell lines misidentified 
• 15-25% mycoplasma infected 
• Genetic instability  
• Culture artifacts  

Traditional culture:  
pan-fried eggs “sunny side up” 



 

 

 

performance 
confidence 

in vivo relevance 

validation 
predictive 



• Human-induced pluripotent stem cell 
technology 

• Human organ-on-a chip 

• Ex-vivo  biopsy or post-mortem human tissue 

• Bio-banks and advanced mathematical 
modelling 

• Advanced clinical studies 

Application of the adverse outcome 
pathway concept 



Induced pluripotent stem cells (iPSC) 



https://hpscreg.eu/ 

iPSC Availability 





• Increased cell survival 
• Increased differentiation 
• Increased cell – cell 

interaction 
• Reproducing better the 

complexity of the organ 
• Endpoints need 

optimization 
 

• More complex – lower 
reproducibility 
 
 
 
 

Why 3D cell cultures? 

Alépée et al., ALTEX  
2014, 31, 441-477.  





Goal is to replicate human ORGAN-LEVEL functions in vitro, 
 
Composed of 2 or more tissues that exhibit unique functions 

when they are interfaced 
Perfused by blood flowing through endothelium-lined vessels 
Controlled by chemical and molecular factors produced by 

constituent cells or delivered through the vasculature 
Regulated by mechanical forces (e.g., due to motion, breathing, 

peristalsis) and blood flow 
 Structured to secrete or transport factors in specific directions 
 Infiltrated with immune cells during inflammatory responses 
Physiologically coupled to other organs via factors transmitted in 

blood flowing through linking vessels 
 
Courtesy of Wyss Institute 

ORGANOTYPIC CULTURES 



Ruge et al., 2013 de Souza Carvalho et al., 2014 









TissUse - 2-Organ-Chip (TissUse 2-OC).mp4


Bioprinter 

 Living cells + Hydrogel 
 Matrix for the scaffols 
 Multilayers 





Cell Culture 
(one cell type, 
few parameters) 

Structure / Activity- 
Relationships 
(Correlations) 

Early Alternatives 
Organo-typic 
Cell Culture 
(Coculture, Organ function,  
often Perfusion) 

Today 

Automated Cell  
Culture (high-

throughput Screening) 

Systems Toxicology 
(“Virtual Patient”) 

Human-on-chip 
(Multi-Organ Models 
With Microfluidics) 

Future 

Toxicity Mechanisms 
(“Adverse Outcome Pathways”,  
“Human Toxome”) 

Modeling 
(Receptor binding, 
Virtual Organs, Kinetics) 

Cell Culture  
+ Omics or Image 
Analysis (high-content) 

Integrated 
Test Strategies 
(combined tests) 



• www.altex.ch 

• http://altweb.jhsph.edu 

• http://academy.altertox.be/ 

• www.estiv.org 

In case you want to know more 



No balloon and no 
aeroplane will ever be 
practically successful 
(1902) 

Heavier-than-air flying 
machines are impossible 
(1895) 

William Thomson, known as Lord Kelvin (1824-1907),  
President of the Royal Society and inventor of the absolute temperature scale 
 



Thank you for the attention!!! 


