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Hazard assessment

20th Century paradigm

Apical endpoints
No Adverse Effect Level
Animal to human extrapolation

No Adverse Effect 
Level / 100

21st Century Toxicology

Intermediate endpoints
Mechanistic connectors
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Toxicological models

Inter species
extrapolation 

Animal 
models

In vitro to in vivo
extrapolation 

Human in vitro 
models 
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Animal models and gut toxicity

Inter species
extrapolation 

•

•

•

Main assumptions
Gut processes covered by animal studies

• No specific considerations regarding interspecies 
physiological differences

• Focus on fate and ADME
• No specific attention on effects on microbiome

Main limitations
Extrapolation of toxicokinetic properties

• First step is already the internalization “Absorption” in ADME
• Focus on quantitative estimation of percentage of 

absorption
Focus on dose à gavage administration or animal feed not 
resembling human food

• Limited consideration of gut local effects
• Lack of information on effects on the microbiome 
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Paradigm evolution

Integrative approaches for setting THE Guidance Value

• In vitro
• Read-across

To support/challenge 
the guidance value

Existing information New information Integration 

• Are all NAM effects covered by in vivo observations?
• Are population groups with expected high susceptibility?
• Are interactions of specific concern?
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Mechanistic understanding in gut toxicology

Mechanistic understanding 

• High doses
• Suspension by gavage

• Apical adverse effects

Systemic circulation
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In vitro models and gut toxicology

In vitro to in vivo
extrapolation 

Main assumptions
• Using human cells ensures human physiological relevance

• In vitro conditions may be very different from those physiological
• Focus on the intestinal epithelia 
• Independent assessments for effects on microbiome

• Use of AOP for extrapolating intermediate effects into adverse 
outcomes

• QIVIVE focused on Toxicokinetic considerations

Main limitations
• Different levels of complexity, but even the most complex are 

oversimplifications
• Mostly with short timeframes
• Only the most complex may integrate microbiome
• Provide mechanistic or quantitative information, but rarely both

• (Relative) “absorption” for ADME
• Mechanism of uptake (diffusion, paracellular, transporters, 

endocytosis, …
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Partnership for the Assessment of Risks from Chemicals
https://www.eu-parc.eu/

https://www.eu-parc.eu/
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Focus on systemic effects and  toxicokinetic processes

Absorption                     Metabolism                       Elimination
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Evolution versus revolution
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How?
Paradigm
evolution

Using alternative methods for setting THE Guidance Value

Paradigm
revolution

Developing new paradigms for safety assessments based on 
mechanistic understanding

Assess 
SAFETY

… like for 
genotoxicity
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Revolution of the risk assessment paradigm

microbiota

•Dissolution
•Degradation
•Transformation
•Effects

Epithelia 

•Uptake
•Local effects
•Transfer to blood

Systemic 
distribution

•Partitioning
•Metabolisms
•Elimination

Effects

•Cell
•Tissue
•Organ
•Body
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Adverse Outcome Pathways

• Constructing an AOP and using the AOP for risk assessment require different approaches 
• We need a more pragmatic approach, and more important:

AOP-based approaches should be connected to health impacts
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Developing an AOP – Focus on relationships -  Chemically agnostic
Adverse Outcome Pathway               

Toxicology-based risk assessments 
MIE Cell Tissue Organ Organisms

Hoffman et al., 2022. ALTEX

AOP 505 https://aopwiki.org/aops/505

Reactive Oxygen Species (ROS) formation leads to 
cancer via inflammation pathway

https://aopwiki.org/aops/505
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Using AOPs for risk assessment – From observations to predictions
Adverse Outcome Pathway               

Toxicology-based risk assessments 

MIE Cell Tissue Organ Organisms

Hoffman et al., 2022. ALTEX

Effect

Progression

CompensationRecovery
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Needs: Proper coverage for local and systemic effects…
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… and challenges for complex pathways!
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Adversity:
Quantitative 

estimation of the 
likelihood

for and 
intermediate effect 
to progress towards 

consequences 
affecting 

measurable health 
indicators 

Drivers

AOP-
based 

Adversity 
Indicators

Health 
Impact 

Initial effects Secondary 
consequences

Other 
Stressors
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Conclusions
• We should:

• Consider the assumptions, limitations, and uncertainties for both 
animal and NAM-based approaches

• We have
• Significant advances for NAM-based toxicokinetics
• A relevant number of tools with different levels of complexity, 

covering different mechanisms
• We need

• Systems for qualifying their use for regulatory assessments
• A new paradigm for Next Generation Risk Assessment, 

addressing initial effects (microbiome and gut cells) and the 
identification of associated consequences 
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Thank you!!!
Contact details: Jose Tarazona

email: jtarazona@isciii.es
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