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Replacement. 

Methods which permit a given 
purpose to be achieved without 
conducting experiments or other 
scientific procedures on animals

In chemico

In vitro 

In silico

Integrated 

Modulo 2 2



What is in chemico?

KEYWORDS: chemicals, proteins, peptides

• Chemical reactivity

• Reagents

• Direct peptide reactivity Assay

•



What is in silico?

• Numbers

• Data

• Computers

• Equations

KEYWORD: QUANTITATIVE



What is in vitro?

KEYWORDS: in the lab, not whole organisms

• Organelles (eg mitochondria)

• Cells 

• Tissues & organoids

• Whole organs

• From animals or humans



Replacement

• Most progress in regulatory science and testing

• EPA (US environmental protection agency) has approved several Non 
Animal tests

• FDA recently passed legislation (FDA modernization act Dec 2022)



Regulatory testing

• OECD guidelines on how to conduct tests on chemicals

• Reach (EC) No 1907/2006 = Registration, Evaluation, Authorisation
and Restriction of Chemicals

• EMA, FDA (pharmacological products and ATMP)

• Cosmetics 



• Most progress in regulatory 
science and testing

• EPA (US environmental 
protection agency) has 
approved several Non 
Animal tests

• FDA recently passed 
legislation (FDA 
modernization act Dec 
2022)







In chemico testing: skin senstisation





Mechanistic overview supporting endpoint development



Skin sensitization Adverse Outcome Pathway 
(AOP)



Direct Peptide Reactivity Assay (DPRA) (OECD TG 442C)
Key event 1



Direct Peptide Reactivity Assay (DPRA) (OECD TG 
442C)
Key event 1



In vitro – skin, OECD tiered testing strategy



KeratinoSensTMAssay, (OECD TG442D)
Key event 2

Addresses keratinocyte responses by activation of antioxidant/electrophile 
response element dependent pathway (Keap1-Nrf2-ARE) 
• The repressor protein Keap1 reacts with electrophiles, allowing 
dissociation of the transcription factor Nrf2 to translocate to the nucleus 
and induce the antioxidant response element (ARE) 
• Reporter construct with a copy of the ARE-element of the human AKRIC2 
gene upstream of a luciferase gene



Human Cell Line Activation Test (h-CLAT) (OECD TG 442E), Key event 3



Can we go further with in vitro?



Organs on plates, organs on chips, organoids



Organoids and 3D cultures



ORGANOIDS

o Physiological cell density (5.14*1014

cells/m3)

o Often no vascular network

o Many different protocols

An organoid is a three-dimensional cellular 
structure that closely resembles and functions 

similarly to a specific organ in the body. Organoids 
are typically generated from stem cells or tissue 
samples and are cultured in vitro (in a laboratory 

setting). They can mimic the architecture, cell 
types, and physiological functions of the organ 

they represent, making them valuable models for 
studying organ development, disease mechanisms, 
and drug testing. Organoids have been created for 

various organs, including the brain, liver, kidney, 
intestine, and many others.



APPLICATIONS



CLASSIFICATION

Marsee et al., Cell. 2021



EPITHELIAL ORGANOIDS

Cells arising from a single 

germ layer. Under specific 

and controlled culture 

conditions (physical, 

enzymatic or chemical 

and/or by chemical 

dissociation), organoids can 

fragment into single cells or 

groups of cells with the 

ability to re-organize and 

expand, in turn forming 

other organoids .

Useful for developmental 

studies
(SELF-RENEWAL). Marsee et al., Cell. 2021



Multi-tissue organoids are established through the 
co-culture of cells derived from at least two germ 
layers. Unlike epithelial organoids, current protocols 
do not support the self-renewal of multi-tissue 
organoids, which would require the coordinated 
expansion of parenchymal and supporting cell 
types. Instead, cells interact to attain a stable level 
of maturity and function An advantage of multi-
tissue organoids is their tissue-like, hetero-cellular 
composition. Multi-tissue organoid systems are 
well placed for studying the heterotypic cell-cell 
interactions of multiple cell types normally present 
in the native tissue. Importantly, these cultures 
show intra-organ self-organization between 
epithelial and supporting cell types, similar to that 
of the native tissue

MULTI-TISSUE 
ORGANOIDS  



MULTI-ORGAN ORGANOIDS 
(ASSEMBLOIDS)

Heterogeneous cellular composition 

Useful for studying the interactions 

between cells of different phenotypes, 

which coexist in an organ in vivo

Marsee et al., Cell. 2021

They are more complex to 

generate, but the cells 

themselves are capable of 

organizing themselves to 

replicate even inter-organ 

connections over time.



ORGANOIDS CAN BE GENERATED FROM IPSC

Marsee et al., Cell. 2021



NEED FOR A 
STANDARD 
FRAMEWORK 

Marsee et al., Cell. 2021



OPEN QUESTIONS

o STANDARDISATION

o VASCULARISATION & NUTRIENT 
SUPPLY

o ESTABLISH AND QUANTIFY 
VALIDITY AND PHYSIOLOGICAL 
RELEVANCE



In silico and in vitro

Cost- and time-

effective

Resource- and 

time-consuming

IN SILICO IN VITRO

High throughput

Inherent numerical

approximation

Generally low 

throughput

Prone to 

experimental errors
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Why in silico?

▪ Support hypothesis testing

▪ Elucidate complex

pathophysiological mechanisms

TO MAKE UNDERSTANDING EASIER



Why in silico?

▪ From samples to whole populations

▪ In vitro-to-in vivo translation

TO EXTRAPOLATE RESULTS & MAKE PREDICTIONS



VARIABILITY vs STANDARDISATION



VARIABILITY AND SCALABILITY

P(m)

m

P(m)

m

Botte … Ahluwalia  PNAS, 2021



Why in silico?

TO DESIGN EXPERIMENTS

▪ Optimizing experimental conditions

▪ Minimizing the number of tests needed



Approaches empowering 3Rs

REPLICATING THE BIOPHYSICS OF THE SYSTEM

ScalingStructural mechanics

PBPK Transport

▪ Pharmacokinetics

▪ Chemical, drug, 

nanoparticle distribution

▪ Mass

▪ Energy

▪ Momentum

▪ Mechano-transduction

▪ Cell motility

▪ Ligand-receptor 

mechanisms

▪ Size-related

metabolism

▪ Bioinspired

design
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Approaches empowering 3Rs

DECISION-MAKING BASED ON A PRIORI KNOWLEDGE

Genetic/Evolutionary
algorithms

Machine learning

QSAR AOP
▪ Structure-effect

extrapolation

▪ Toxicity assessment

▪ Drug design

▪ Prediction of 

causality pathways

▪ Risk assessment

▪ Data-based

▪ Classification

▪ Clustering

▪ Global design 

optimization

▪ Iterative methods



Limitations

➢ In silico methods yet to be fully exploited

➢ Need to bridge the gap between computational modelling and

experimental testing

Integrated approaches require more overlap, more interaction,

and a mutual understanding of methods, constraints and

limitations

BRIDGE



Discovered 
in dogs, 
1889

First used in 
humans 1922

Industrial 
production 
in cows      
1923

Synthetic 
human 
insulin in 
recombinant 
bacteria 
1978

The progress towards ‘human based’ is part 
of the process of scientific advancement



Grazie per l’attenzione
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