
Time: 
“is the ticking of a clock”, 

“cannot be bought”
“is relative”
“is money”

“flies”

So, what is time in (eco) toxicology ?

Dose and Time Responses using in vitro Metabolomics
Prof Dr. Bennard van Ravenzwaay



Time in Toxicology: Haber’s Law

C x t = constant

Haber's Law simply states that the incidence and/or severity of a toxic 
effect depends on the total exposure, i.e. exposure concentration (c) 
and the duration time (t) of exposure (c x t). 



Time in Toxicology: Druckrey-Küpfmüller

d x tn = constant
n > 1

The essence of the Druckrey-Küpfmüller equation dxtn = constant 
(where d = daily dose and t = exposure time-to-effect, with n > 1) for 
chemical carcinogens is that the total dose required to produce the 
same effect decreases with decreasing exposure levels, even though 
the exposure times required to produce the same effect increase with 
decreasing exposure levels. Druckrey and Küpfmüller inferred that if 
both receptor binding and the effect are irreversible, exposure time 
would reinforce the effect.



https://pubmed.ncbi.nlm.nih.gov/16382692/



Time – in in vivo toxicology
Rats Reduction of NOAEL*
• Acute

not determined
• 28-day (subacute)

3x (2-4)
• 90-day (subchronic)

3x (1-4)
• 1 year (chronic)

1x (1-2)
• 2 years (cancer bioassay)

* Guesstimates by van Ravenzwaay  (without guarantee)



Time – in in vivo toxicology

Dogs Reduction of NOAEL*
• Acute

not determined

• 28-day (subacute)
2x (1-4)

• 90-day (subchronic)
1x (1-2)

• 1 year (chronic)

 Take life span into account (a 1 -year study in dogs is < 10% of lifespan, for a rat it is 50%)
* Guesstimates by van Ravenzwaay  (even less guarantee)



Time: Toxicokinetics

Concentration (Cmax) or AUC related toxicity ?

Cmax e.g. receptor mediated effects, enzyme inhibition ect in vitro

AUC e.g cumulative damage, functional demand, “wear & tear”  in vitro ?



Cell seeding density

15000 HepG2 cells/well
Robust metabolic signal

Flexibility + Robustness
From 5 to 9

Passage Number

Multiplexed: ATP +
Membrane integrity

Cytotoxicity Testing

Dose Setting 

5 dose levels : EC1,EC5,EC15, 

EC50, EC85

Metabolomics dose response

Quenching and extraction

Data Analysis 

QA process and statistics
Directly in the 96 well-plate
Minimal perturbations

Quenching and Extraction

Quenching and extraction

Target LC-MS/MS
Good metabolite coverage

Analytical Method

20.11.20238 Ramirez-Hincapie, S.  et al. 2023, Cell biology and toxicology, open access
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SUMMARY

Five concentrations (7,5, 15, 20, 30, 120µM) and four different time points (3, 6, 24 and 48h) were tested.
The metabolomics data was supported with real time imaging data and cytotoxicity/ cell viability
analysis.

Nitrofurantoin study plan

HepG2 cells Substance exposure Metabolic profile Multivariate Analysis results

Ramirez-Hincapie, S.  et al. 2023, Archives of Toxicology, 97, open access
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Nitrofurantoin: 
Dose and Time Response

PCAs of metabolomics time-response effect for each 
tested concentration.
a C1: 7.5 μM, b C2: 15 μM, c C3: 30 μM, 
D C4: 60 μM, C5: 120 μM and 
f metabolic profiles of the five tested concentrations: 
C1–C2, upon 48 h of exposure
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Nitrofurantoin: Dose and Time Response

Ramirez-Hincapie, S.  et al. 2023, Archives of Toxicology, 97, open access

PCA of nitrofurantoin metabolic profiles show time and concentration response effects. 
PCA analysis of the metabolic profiles of HepG2 cells upon nitrofurantoin treatment. 
Bezafibrate was use as a positive control. 
C1:7.5 μM, C2:15 μM, C3:30 μM, C4:60 μM, C5:120 μM
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Increase Decrease
p < 0.01 p < 0.01

0.01 ≤ p < 0.05 0.01 ≤ p < 0.05
0.05 ≤ p < 0.10 0.05 ≤ p < 0.10

Univariate Analysis – Metabolite changes
Time response per dose

H
eatm

ap
ofim

etabolitesfold
changes

Fold changes with
respect to controls

• The total number of altered metabolites and 
magnitudes of fold changes increases in the
later time points



Conclusion: Time Matters in vivo and in vitro

Toxicodynamics how do validate NAMs for quantitative (sub)chronic toxicity ? 

Toxicokineticsmeasure intracellular concentrations over time
IVIVE based on Cmax and AUC
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