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Presentation Aim
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The Central Tenant in Toxicology

 The dose makes the poison
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But What is the Dose?
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But What is the Dose?
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 Absorption
 Distribution
 Biotransformation
 Elimination

 Damage acrual (toxic mechanism)
 Damage recovery (biochemical and 

physiological compensation 
process)

Jager et al. (2011) Env. Sci. Techn. 45:2529 

General Unified threshold model of survival (GUTS)

Toxicokinetics Toxicodynamics

Internal 
concentration

Damage

Threshold
distribution

Hazard
rate

External Concentration
(over time)

Survival
(over time)

Stochastic death models 
(GUTS – SD)

Killing rate (kk) variable, threshold (z) fixed)

Individual tolerance models
(GUTS – IT)

Killing rate (kk) ➔ ∞, threshold (z) fixed)

General Unified threshold model of survival (GUTS)
(mixture of SD and IT)

Killing rate (Kk) varibale, threshold (z) distributed, speed of damange
recovery (kr) variable



Chemical Risk Assessment
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 Exposure assessment

 Hazard identification

 Hazard characterisation 
(dose-response)

 Risk characterisation

4 steps



Exposure Assessment
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Exposure = ∫ concentration × exposure factors dt

What are the sources?

How is agent transported 
through the environment?

What is the exposure scenario?

What is the media concentration

Which population is exposed?

Lifetime average daily dose



Hazard Characterisation
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Chemical 
Characterization

Literature Review

Structure-Activity 
Assessment

(Sub)Acute
Toxicity Test

Subchronic Toxicity Toxicokinetics

Chronic Toxicity Reproductive/
Teratology Oncogenicity…



A Change in Paradigm
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In Vitro Toxicity Assays
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High throughput

Little waste

Human tissue

(Ethically) sound science

Mechanistic approach
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Repeat Dose In Vitro Representative for In Vivo?

Wilmes et al. (2013) J Proteomics 79, 180-194 (Predict-IV)
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Going Back in Time
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Maybe Not that Far Back?
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Time Matters Workshop, Utrecht, 2015

 Since then, NAMs in 
risk assessment have 
really taken off…

 Understanding how to 
incorporate the effects 
of time on 
toxicological risk is 
critical 



 Explore the need and approaches to study the influence of time in 
toxicity in NAM-based (human) risk assessment. 

 Discuss how to integrate the influence of exposure time window, 
duration, frequency and damage accrual rate in developing and 
interpreting NAM data for risk assessment, incl. 

● in vitro assays and molecular biomarkers of toxicity

● quantitative adverse outcome pathways (qAOP) 

● quantitative in vitro to in vivo extrapolation (QIVIVE). 

16

ECETOC Workshop Aim



How do we relate an early molecular effect in 
vitro to a latent toxic effect in vivo?
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External 
dose

Interaction 
with target

Effect on 
tissue

Effect on 
organism(s)

Toxicodynamics

Adverse Outcome Pathway

Toxic Concentration in Cells ≠ Toxic Applied Dose
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Toxicodynamics

Adverse Outcome Pathway

Interaction 
with target 
molecule

Cellular 
dysfunc-
tion/injury

Insufficient 
repair/ 
adaptation

Organ 
toxicity

Adverse 
effect on 
organism

Adverse Outcome Pathways (AOP) Help

MIE KE AO
Receptor interaction  altered signalling  altered physiology  impaired development 

An adverse outcome 
pathway (AOP) is structured 
representation of biological events 
leading to adverse effects and is 
considered relevant to risk 
assessment.

in vitro assays  clinical data

KE KE

https://en.wikipedia.org/wiki/Adverse_effect
https://en.wikipedia.org/wiki/Risk_assessment
https://en.wikipedia.org/wiki/Risk_assessment
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Response-Response Modelling
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 Lipophilic antiarrhythmic drug with numerous unwanted 
side effects, including hepatic and neurotoxicity (±3% 
of patients).

 .

Liver steatosis by amiodarone

Setup in vitro test 
battery with 
HepaRG for liver 
steatosis qAOP
development.

LXR 
activation

Gene 
expression
activation
(SREBP…)

Fatty acid 
synthesis/ 

influx
Triglyceride 

accumulation Fatty cells



Concentration and time-dependent △gene expression

Kasteel et al., manuscript in preparation.



…and tryglyceride accumulation

No detectable accumulation before 72h exposure

Response-response relationship 
for amiodarone using traditional 
nominal concentrations at 24h 
exposure



Different concentration-time profiles for tetracycline
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Consequences for response-response modelling

No detectable accumulation before 72h exposure

Response-response relationship 
using traditional nominal 

concentrations at 24h exposure

Max. accumulation at 48h exposure

amiodarone

tetracycline

?



Role of in vitro distribution kinetics in AOP development



• Using a compartmental model, concentrations in plastic, 
medium and cells were simulated. 

• It takes 6h for 60% of amiodarone to accumulate in HepaRG
whereas 2% of dose of tetracycline is instantaneously 
associated with cells.

Role of in vitro distribution kinetics in AOP development



Use concentration-effect relationships based on cell-associated concentrations 
at exposure time point leading to lowest effect concentrations.

Role of in vitro distribution kinetics in AOP development



Standard: readout @24h nominal exposure      Suggested: readout @Tmax Ccell exposure

Role of in vitro distribution kinetics in AOP development



 hiPSCs-derived 3D model 
BrainSpheres

 Acute (48 h) vs. repeat (7 days) 
exposure to similar concentrations 
of amiodarone 

Amiodarone Toxicity in BrainSpheres

Nunes et al. (in press) Frontiers in Pharmacol.

0 2 4 6 8
0

2

4

6

8

10

Proliferation and Stem Cell

Fo
ld

 ch
an

ge
 to

 N
PC

NES SOX2 Ki67 NANOG

Weeks of differentiation
0 2 4 6 8

0

20

40

60

80

100

0

200

400

600

800

1000

Neuronal

Fo
ld

 ch
an

ge
 to

 N
PC

SYPTH

GRIN1 ACHE

MAP2

Weeks of differentiation
0 2 4 6 8

0

10

20

30

40

50

60

0

100

200

300

400

500

600

700

Astrocytes and Oligodendrocytes

.

Fo
ld

 c
ha

ng
e 

to
 N

PC

S100BVimentin

MBP Olig2
GFAP

Weeks of differentiation



 Neurotoxicity assessed using 
transcriptomics and 
immunohistochemistry for cell 
type-specific markers.

 Time and concentration-
dependent gene expression 
changes observed.

 Lipid metabolism genes 
induced at lowest exposure 
times and concentrations, 
followed by differentiation and 
neuronal function genes.
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Gene Expression Changes in BrainSpheres



 Amiodarone accumulation in cells 
after repeat dosing explains 
increased toxicity with repeat 
dose.

 30%+ amiodarone in cells after 
6h exposure

 Refreshing medium does not 
remove chemical from cells and 
plastic, leading to accumulation 
with repeat dosing.
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Role of In Vitro Kinetics in Amiodarone Toxicity



 In vitro kinetic modelling 
simulates cell-associated 
concentrations over time in 
BrainSpheres to assess 
appropriate dose metric for 
POD in QIVIVE. 

 Modelling indicates lower 
EC in BrainSpheres than 
HepaRG and rat brain 
aggregates (Kramer et al., 
2015, Toxicol. In Vitro 30, 217).
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Role of In Vitro Kinetics in Amiodarone Toxicity

• cells
• plastic
• medium



From Internal to External Dose
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External 
dose

Interaction 
with target

Effect on 
tissue

Effect on 
organism(s)

Toxicodynamics

Adverse Outcome Pathway

oral dose Cplasma Ctissue BED

Internal 
dose

Target 
dose

Toxicokinetics

oral dose



def. The estimation of chemical exposures producing target tissue 
exposures in the species of interest equivalent to those associated with 
effects in in vitro toxicity tests.
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Quantitative In Vitro-In Vivo Extrapolation (QIVIVE)



Physiologically Based Kinetic (PBK) Models

Series of mass balance differential equations 
simulating transport of chemical between tissues.

dAbrain/dt = 
Qbrain (l/h)*Carterial blood (mg/l) 

- Qbrain (l/h)Cvenous blood in brain(mg/l))
Abrain =∫0

t 𝑑𝑑Abrain
Cbrain = Abrain/Vbrain

Cvenous blood in brain = Cbrain/Pbrain:blood

Input parameters
External/internal exposures

Organism properties
Chemical properties

Absorption (Papp)
Distribution (Pt, fu, Papp)
Metabolism (Vmax, Km, CLint)
Excretion (Pba, Km, Vmax)



38Louisse et al. (2010) Tox. Sci. 118, 470

Quantitative In Vitro to In Vivo Extrapolation



This is the last slide!

Thank you for 
your attention!

Questions?
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