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Content 

PBK modeling for beginners: Modelling Toxicokinetics & Toxicodynamics 

 

1. Introduction to Physiologically Based Kinetic (PBK) modelling 

2. Steps to build a PBK model 

3. Examples of model Scripts 

4. Example of human bioaccumulation model in KNIME workflow 

 

5. Introduction to the Virtual Cell Based model 

6. Show the KNIME workflow for the VCB model 

 

Questions? Always 
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TOXICOKINETIC 
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Toxicokinetics (TK) is essentially the study of "how a 
substance gets into the body and what happens to it in the 
body". Four processes are involved in toxicokinetics:  
 
 
Absorption: is the process of a substance entering the body. 

Distribution: is the dispersion of substances throughout the 
fluids and tissues of the body. 

Metabolism: is the irreversible transformation of substances 
and its daughter metabolism. 

Excretion: is the elimination of substances from the body. 
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TOXICODYNAMICS 
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Toxicodynamics (TD): The actions and interactions of an 
exogenous compound within an organism, including the 
compound's affects on processes at the organ, cellular, and 
molecular levels 
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In order to use in vitro and in vivo kinetic & 

dynamic data and reduce uncertainties 

related to interspecies, intraspecies, high 

to low dose, route to route, and exposure 

scenarios 

PBK models can be used 
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PBK models, in general, are developed to: 

1. Integrate diverse sets of kinetics data on a particular chemical; 

 

2. Investigate the kinetics basis of toxicity of a chemical that 

appears complex at the administered dose; 

 

3. Predict tissue dosimetry for situations other than what has been 

or could be tested experimentally  
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PBK/D : physiologically based kinetic/dynamic 
 
PBTK/D : physiologically based 
toxicokinetic/toxicodynamic 
 
PBBK/D : physiologically based 
biokinetic/biodynamic 
 
PBPK/D : physiologically based 
pharmacokinetic/pharmacodynamic 
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DEFINITION OF PBK model 
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Under the SEURAT 1 – Project 

- within the COSMOS cluster - 

we are developing 

mathematical models: 

  

A physiologically based kinetic (PBK) model is represented 
as a set of mathematical equations that together describe  
the absorption, distribution, metabolism and excretion of a 
compound of interest within an organism. 
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Steps to build a PBK model 

As Reported in Rietjens et al (2011)  

 

1. definition of the conceptual model, 

2. translation into a mathematical model,  

3. defining parameter values,  

4. solving the equations,  

5. evaluation of model performance, and  

6. making predictions. 
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1. definition of the conceptual model 
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12 11 June 2014 Paini et al., 2012 

1. Definition of the conceptual model, 
examples 
 

Tonnelier et al., 2012 
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2. Translation into a mathematical model  
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Absorption (is the process of a substance entering the body) 
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2. Translation into a mathematical model  
 

14 11 June 2014 

Distribution (is the dispersion of substances throughout 
the fluids and tissues of the body) 

-------------------------------------------------

Ctis

Cvtis

Cellular Matrix

Blood

Qtis CvtisQtis Ca

Pt



Disclaimer: The contents of this presentation are the views of the author and do not necessarily represent an official position of the European Commission 

2. Translation into a mathematical model  
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Metabolism: (is the irreversible biotransformation of substances and its 
daughter metabolism in the biota) 

This process can occur in three different ways, as: 

 

First order:   

  

Second order:   

or Saturable:    

Kf = first order metabolism constant (h-1);  
Ccf = is the concentration of the cofactor in tissue, tis;  
Vtis = is the volume in of the tissue; 
 Ks = is the second order metabolism constant (L/mg/h);  
Vmax = is the maximum velocity of enzymatic reaction (mg/h); 
 and Km is the Michaelis – Menten affinity constant (mg/L) 
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2. Translation into a mathematical model  
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Urinary excretion is modelled as function of the rates of filtration, reabsorption, and 

secretion.  

This amount of chemical filtered (dF/dt) equals the glomerular filtration rate (GFR) 

and the blood concentration of unbound chemical (Cu): 

dF/dt = GFR * Cu 

The rate of change in the concentration of chemicals or its metabolite in the urine 

(dU/dt) equals the following:  

dU/dt = Uo * Cu 

where Uo is the urinary output (mL/min) and Cu is the chemical concentration in 
urine (mg/mL). 

Excretion: is the elimination of substances from the body 
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Parameters needed for the model: 
 
1. Physiological parameters (cardiac output, tissue blood flow 
rate, tissue volumes) 
 
2. Physicochemical parameters (partition coefficients) 
 
3. Kinetic and Biochemical parameters (describing metabolic 
processes, rates of absorption, biotransformation) - Metabolism 
in a realistic biological environment  
 
4. Data on fate of chemical (accumulation, binding, side 
metabolism, subsequent reactions) 
 
5. Effect of vehicle  
 

3. Defining parameter values  
 

These Parameters are obtained via literature, experimentally 
(in vitro or in vivo), using other in silico tools QSARs 
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 R: http://www.r-project.org/ 

 Berkeley Madonna: http://www.berkeleymadonna.com/ 

 MatLab: http://www.mathworks.com/ 

  

  

 

4. Solving the equations  
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For the examples presented today we implemented the PBK and VCB Models as an open source 

platform using Knime, MySQL and R programs (which are all freely available).  

Knime (http://www.knime.org/);  

MySQL (http://www.mysql.com/products/);  

R (http://www.r-project.org/).  

http://www.r-project.org/
http://www.r-project.org/
http://www.r-project.org/
http://www.berkeleymadonna.com/
http://www.mathworks.com/
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5. Evaluation of model performance 
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Model evaluation is done by comparing the model predictions against experimental in 

vivo data (if possible).  

 

A sensitivity analysis is important to perform and provides a quantitative evaluation of 
how the input parameters of the model influence the model output. 
 
One input parameter is changed (1 or 5 %) the other parameters are kept at initial value. 
 
Example input parameter is changed (1%) and this generates a sensitivity coeff. of 0.8 = 
0.8% change in the input parameter. 
 
> 0.1 in absolute value = parameter that influences the model output. 
 
6. Making predictions 
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Hydroquinone – oral to dermal extrapolation 
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Example & Exercises 
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Example of human bioaccumulation 
model in KNIME workflow 
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KNIME is a user-friendly graphical 
workbench for analysis process 
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3. Bioaccumulation 
Steady-state blood concentration of the 

chemical in the systemic circulation! 

The ratio Dose/Time mimics a constant 

flow and may be seen as the result of a 

constant exposure scenario! 

 

1. Background Information- Aim 
 
To develop a predictive tool for human 
bioaccumulation risk assessment that 
incorporates not only the chemical 
properties of the compounds, but also 
metabolism. 

4. Results 
Simulations results 

94 compounds selected for 

simulation 

  

Highest 10 reported!!!  

2. PBTK model 
A generic model!  

Hepatic metabolic clearnace, 

protein binding and renal 

excretion! 
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Human Bioaccumulation model 
We implement the developed PBK model by Tonnelier et al., (2012) 
as an open source in KNIME. 



Disclaimer: The contents of this presentation are the views of the author and do not necessarily represent an official position of the European Commission 

In silico tools 
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Under the SEURAT 1 – Project - within the COSMOS cluster - we are 

developing mathematical models: 

  

  Virtual Cell Based (VCB).   
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Background 
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In vitro experiments 
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Virtual Cell Based model 
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A fate model A cell 
partitioning 
model 

A cell growth model A toxic effect model 

The VCB model consists of ordinary differential equations representing:  

NEC & Kt 



Disclaimer: The contents of this presentation are the views of the author and do not necessarily represent an official position of the European Commission 

29 

FATE OF CHEMICALS IN CELL-BASED ASSAYS 

In vitro experiments 
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Methodology [2] 

Cell Partitioning Model 
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Cell internal concentration: 
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Methodology [3] 

Growth model 
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Methodology [4] 

Toxicity model 
NEC: No effect concentration 
Kt: killing rate 
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What type of data you need 

  In vitro concentration profiles (with cells selected) – cell 

viability and mmp 

 

 In vitro cell dynamics and cell characterization (cell cycle) 

 

 In vitro partition coefficients 

 

 Information on Chemical: Cas #, Mw, LogKow, H, Mv, water 

and air degradation 

 

 

Can be used to predict 

  Single and repeat in vitro exposure 

 

 Real concentration of the parent compound 

 

 Limitation 

  Does not predict full metabolism 
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Poster 
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KNIME is a user-friendly graphical 
workbench for analysis process 
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Cell-Based Integrated Model 
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Cell-Based Integrated Model 
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Cell-Based Integrated Model 
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HepG2 
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Cell-Based Integrated Model 
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Cell-Based Assays Integrated Model 
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Cell-Based Assay Integrated Model 
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Model Script 
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IVIVE model 
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Currently we are developing a KNIME workflow to link the PBK model 
(simulating organ internal concentration to the concentration inside the cell) 
to link to the VCB model NEC and kt (cell viability). 
This allows prediction of the chemical concentration starting from a known 
exposure dose which could be linked to a toxicity endpoint, such as cell 
viability; or  to perform In Vitro to In Vivo Extrapolation, starting from an 
experimental concentration we obtain the dose. 
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If you have Questions, Comments and/or Suggestions please email 

to Alicia.Paini@ec.europa.eu 
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