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Pharmacokinetics & pharmacodynamics
 Pharmacokinetics is 

what the body does to 
the drug, i.e., how the 
drug is absorbed, 
distributed, metabolized 
& excreted (drug 
disposition)

 Pharmacodynamics is 
what the drug does to the 
body (therapeutic 
effects)
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Pharmacokinetic parameters
 Cmax : Maximal concentration

 Tmax : time of maximal concentration

 AUC : area under the curve
 kel: elimination rate

fitting linear part of terminal phase 
(log)

 t1/2  : half-life (= ln2/kel)
time for concentration to fall to half 

 Vd: volume of distribution 
(= CL/k), dilution space

 CL: clearance (=Dose/AUC, 
=Dose/C(0)extrapolated)



  

Compartment models
 Pharmacokinetics can be 

modeled via simple 
compartment models

 Main processes (ADME)
– Absorption
– Distribution
– Metabolization
– Elimination



  

Example: Glucose Insulin system



  

Physiological-based pharmacokinetics 
models (PBPK)

 Human (animal) physiology in silico

 Tissues are linked by arterial and 
venous blood compartments 
characterized by associated blood flow 
rates, tissue-partition coefficient , and 
permeability

 combines information on the drug with 
knowledge on the physiology and 
biology at organism level

 Time dependent concentrations of 
substances/drugs in organs, blood & 
urine

 High pharmacological relevance since it 
enables the estimation of drug exposure 
not only in plasma but also at the site of 
action



  

PBPK Models


Compartments
 organs

State variables: 
 drug & metabolite amounts

Ordinary Differential equations (ODE) & 
rules 
 Blood flows, Transport, Disposition
 Metabolism, Elimination
 Absorption

Parameters
 Tissue partition coefficients
 Protein binding
 Kinetic parameter (transport & 

elimination)
 Blood flows, organ volumes, …



  

PBPK Applications

In silico drug trials

Individual Dosing



What is the functional status of the liver 
of a patient?

 Diagnostics
 Monitoring disease progression & 

interventions
 Functional capacity 

(transplantation & resection)



Liver biopsy
“gold standard”

 histology not function
 highly invasive
 sampling & interobserver 

variability
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Liver function tests

 static biochemical 
parameters

 AST, ALT, ALP, GGT, ...
 prothrombin, albumin, ...
 no reliable marker to 

quantify liver function (or 
functional reserve)



Dynamical liver function tests

Liver specific clearance of test substance
 Rate of (dis-)appearance as proxy for 

liver function (pharmacokinetics)
● Caffeine, LiMAx, galactose (GEC)
Challenges
 Large interindividual variability
 Dose dependency

Liver biopsy
“gold standard”

 histology not function
 highly invasive
 sampling & interobserver 

variability

Liver function tests

 static biochemical 
parameters

 AST, ALT, ALP, GGT, ...
 prothrombin, albumin, ...
 no reliable marker to 

quantify liver function (or 
functional reserve)



  

Large inter-individual variability



  

Pharmacogenomics



  

Variability in Liver Enzymes



  

Modeling dynamical liver function tests



  



  

Pharmacokinetics database (PK-DB)

 Standardized 
representation of 
pharmacokinetics data

 Meta-information for 
stratification & 
individualization

 https://pk-db.com 

https://pk-db.com/


  

PK-DB - Studies

Jan Grzegorzewski & Matthias König. (2019, May). 
matthiaskoenig/pkdb: PKDB - pharmacokinetics database (Version v0.5.2). 
Zenodo. http://doi.org/10.5281/zenodo.2670026 
Manuscript in preparation

http://doi.org/10.5281/zenodo.2670026


Meta-analysis
 Caffeine clearance
 Stratification into 

subgroups 
depending on 
smoking and/or 
oral contraceptive 
use 

Jan Grzegorzewski & Matthias König. (2019, May). 
matthiaskoenig/pkdb: PKDB
Zenodo. http://doi.org/10.5281/zenodo.2670026 
Manuscript in preparation

http://doi.org/10.5281/zenodo.2670026


  

 Dose-dependent 
half-lifes

 Pooling of data 
allows for more 
robust and 
translatable results

 But: missing 
characteristica, 
individual data & 
timecourses

Jan Grzegorzewski & Matthias König. (2019, May). 
matthiaskoenig/pkdb: PKDB
Zenodo. http://doi.org/10.5281/zenodo.2670026 
Manuscript in preparation

http://doi.org/10.5281/zenodo.2670026


  

Caffeine
Stratified/personalized predictions by 
accounting for lifestyle & medication

 
Cooperation Partners

 Clinical partners; Dr. Hofmann & Prof. Schwab 



  

Physiologically based caffeine model

 Caffeine metabolized by 
CYP1A2 to paraxanthine, 

 Classical liver function test
– Time course of caffeine
– Caffeine/paraxanthine ratio

Challenges
 Large inter-subject variability

– Effects of lifestyle on expression 
(induction smoking)

– Effects of medication (oral contraceptives)
  Dose dependency



  

Model performance (training)



  

Model performance II (training)



Stratification by smoking & contraceptives

contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker



CYP1A2 distributions
contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker



Stratified dose-dependent 
pharmacokinetics (validation)



Stratified pharmacokinetic parameters

model
predictions

clinical
data



Individualized predictions

contraceptives (cs)
contraceptives-smoker (cs-smoker)
control
smoker

 Improved predictions of 
pharmacokinetic parameters 
by account for individual 
lifestyle factors (smoking)

 Results directly transfer to all 
drugs metabolized via 
CYP1A2

Clearance

AUC

mean lifestyleanthropometric



CYP1A2 & caffeine pharmacokinetics
 CYP1A2 expression altered by 

many lifestyle factors
 Strong effect: Smoking

 Altered function test results

CYP1A2 induction  ▲ 
● Clearance ▲
● kel ▲
● T1/2 ▼
● Tmax ▼
● px(17X)/caf(137X) ▲

CYP1A2 ▲ 

CYP1A2 ▲ 



  

Modelling Tools, Software, Workflows & 
Standardization



  

Version control
GitHub is a code hosting platform for 
version control and collaboration. It lets 
you and others work together on projects 
from anywhere.

Version control
 Diffs & Branches

Collaborative editing
 Pull requests

Continuous integration 
 unit tests
 Commit hooks

Releases & snapshots (citable code)

Issue tracker

Work anywhere & offline



  

Standardization
 Reproducible & exchangeable model encoding 

(SBML)

 Annotations to modelling, biological and 
medical ontologies (SBML core) 

 Hierarchical models/multi-scale models 
(SBML comp) 

 Automatic unit validation

 Distributions in models & uncertainty in data 
and parameters (SBML distrib)

 Mass- & charge balance (SBML fbc)

 Use wide range of tools (visualization, 
parameter fitting, simulation, ...)

Simulation experiment description markup language (SED-ML) level 1 version 3 (L1V3).
Bergmann FT., Cooper J, König M, Ion Moraru I., Nickerson D., Le Novère N., Olivier BG., Sahle S, 
Smith L., and Waltemath D, J Integr Bioinform 2018, 3

Harmonizing semantic annotations for computational models in biology
Neal, König, Nickerson, Mısırlı, Kalbasi, Dräger, …, Waltemath
Brief Bioinform. 2018 Nov 21. doi: 10.1093/bib/bby087

The Systems Biology Markup Language (SBML): Language Specification 
for Level 3 Version 2 Core
M. Hucka, F. Bergmann, C. Chaouiya, A. Dräger, S. Hoops, S. Keating, M. 
König, N Le Novere, C. Myers, B. Olivier, S. Sahle, J. Schaff, R. Sheriff, L. 
Smith, D. Waltemath, D. Wilkinson, F. Zhang, J Integr Bioinform. 2019 
[accepted] 



Simulation & Analysis
 roadrunner: high performance 

SBML simulator
– Compile to machine code, 

cluster-ready
 tellurium: python based modeling 

environment for SBML models
libRoadRunner: a high performance SBML simulation and analysis library.
Somogyi, Bouteiller, Glazier, König, Medley, Swat, Sauro.
Bioinformatics. 2015

Tellurium Notebooks - An Environment for Dynamical Model Development, 
Reproducibility, and Reuse
Medley K, Choi K, König M; Smith L, Gu S, Joseph Hellerstein, Sealfon S., Sauro HM.
PLoS, Comp. Bio. 2018

Tellurium: An Extensible Python-based Modeling
Environment for Systems and Synthetic Biology
K Choi, JK Medley, M König, K Stocking, L Smith, S Gua, HM Sauro
Biosystems. 2018 Jul 24. pii: S0303-2647(18)30125-4.



Visualization



Model building, quality checks & visualization
 sbmlutils – model 

building, annotation, 
reports 

 memote - integrated 
testing for models and 
model checks

 Cy3SBML – model 
visualization (data 
integration) 

matthiaskoenig/sbmlutils: sbmlutils-v0.3.3 
(Version v0.3.3)
M. König. (2019, April 29). Zenodo. 
http://doi.org/10.5281/zenodo.2653495

Memote: A community-driven effort towards a 
standardized genome-scale metabolic model 
test suite
C Lieven, M Beber, B Olivier, F Bergmann, M 
Ataman, P Babaei, J Bartell, L Blank, S 
Chauhan, K Correia, C Diener, A Dräger, B ..., M 
König, S Klamt, E Klipp, ..., J Wodke, J Xavier, Q 
Yuan, M Zakhartsev, C Zhang
bioRxiv 350991; doi: 10.1101/350991 Nature 
Biotechnology [in revision] 

matthiaskoenig/cy3sbml: cy3sbml-v0.2.7 
(Version v0.2.7)
M. König, N. Rodriguez, A. Dräger (2017, 
November 12). Zenodo. 
http://doi.org/10.5281/zenodo.1045487 

http://doi.org/10.5281/zenodo.2653495
http://doi.org/10.5281/zenodo.1045487


  

Summary & outlook



  

Tutorial
1. Install libroadrunner as python library
pip install libroadrunner
or
conda install libroadrunner

2. Download & extract tutorial Data
http://bit.ly/pkpd-tutorial-data

3. Open tutorial notebook (jupyter or jupyter lab)

pkpd-tutorial.ipynb

http://bit.ly/pkpd-tutorial-data
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Transplantation Surgery
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Dr Margarete Fischer-Bosch Institute of Clinical Pharmacology, 
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Prof. Holzhütter (LiSyM)
Charité Berlin, Computational Systems Biochemistry
Daniel Lill & Prof. Timmer (LiSyM)
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