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Pharmacokinetics (PK) & Pharmacodynamics (PD)
Introduction
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Pharmacokinetics is the field in 
which the fate of substances 
applied to the human
body is studied.

Pharmacodynamics is the field in 
which the effect of the drug on the 
organism is studied.
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focus of the talk

Pharmacokinetics is the field in 
which the fate of substances 
applied to the human
body is studied.

Pharmacodynamics is the field in 
which the effect of the drug on the 
organism is studied.



Pharmacokinetic Parameter
Introduction
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CL clearance (=Dose/AUC, =Dose/C(0)extrapolated)

C
max

 maximum concentration  

T
max

   time of maximum concentration  

AUC area under the curve  

k
el

 

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

t
half

  

elimination rate, fitting linear part of  
terminal phase (log) 

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

C
max

T
max

  

AUC 



ADME
Introduction
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Absorption Distribution Metabolism Excretion

are the pharmacokinetic processes. 



Intestine, Liver & Kidneys
Introduction

4

  

  

The role of the three central organs which are involved in the ADME 
process and a schematic representation of their “functional units”.
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focus of the talk

The role of the three central organs which are involved in the ADME 
process and a schematic representation of their “functional units”.



Liver Function & Health Diagnostics
Introduction
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Liver biopsy

http://ksumsc.com/download_center/Archive/2nd/439/2-Gastrointesti
nal%20block/Teamwork/Histology/6-Liver%20and%20spleen.pdf

● Histology (not function)

● Highly invasive

● Sampling & interobserver 

variability



Liver elastography

Liver Function & Health Diagnostics

Liver biopsy

Introduction
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http://ksumsc.com/download_center/Archive/2nd/439/2-Gastrointesti
nal%20block/Teamwork/Histology/6-Liver%20and%20spleen.pdf https://www.mdpi.com/2075-4418/10/9/653

● Histology (not function)

● Highly invasive

● Sampling & interobserver 

variability

● Liver stiffness and fatty 

changes in your liver

● Simple and non-invasive



Liver elastography

Liver Function & Health Diagnostics

Liver biopsy

Introduction
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http://ksumsc.com/download_center/Archive/2nd/439/2-Gastrointesti
nal%20block/Teamwork/Histology/6-Liver%20and%20spleen.pdf https://www.mdpi.com/2075-4418/10/9/653 https://medivancehealth.co.uk/abnormal-liver-tests

Static liver function 
testing

● Histology (not function)

● Highly invasive

● Sampling & interobserver 

variability

● Static biochemical 

parameters

● Albumin, AST, ALT, … 

● Not reliable marker to 

quantify liver function

● Liver stiffness and fatty 

changes in your liver

● Simple and non-invasive



Liver elastography

Liver Function & Health Diagnostics

● Histology (not function)

● Highly invasive

● Sampling & interobserver 

variability

Liver biopsy

● Static biochemical 

parameters

● Albumin, AST, ALT, … 

● Not reliable marker to 

quantify liver function

Dynamic liver function 
testing

focus of the talk

● Rate of disappearance is 

proxy for liver function

● Caffeine, ICG, galactose, ... 

● High inter-individual 

variability

● Liver stiffness and fatty 

changes in your liver

● Simple and non-invasive

Introduction
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http://ksumsc.com/download_center/Archive/2nd/439/2-Gastrointesti
nal%20block/Teamwork/Histology/6-Liver%20and%20spleen.pdf https://www.mdpi.com/2075-4418/10/9/653 https://medivancehealth.co.uk/abnormal-liver-tests

Static liver function 
testing



Cytochromes P450 (CYPs)
Introduction
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● CYPs located in the liver metabolize 70-80 percent of prescribed drugs

● Highly involved in drug-drug interactions
Enzymes involved in the metabolism of most drugs 

Williams, J. A. (2004). DRUG-DRUG INTERACTIONS FOR UDP-GLUCURONOSYLTRANSFERASE SUBSTRATES: A PHARMACOKINETIC 
EXPLANATION FOR TYPICALLY OBSERVED LOW EXPOSURE (AUCI/AUC) RATIOS. Drug Metabolism and Disposition, 32(11), 
1201–1208. doi:10.1124/dmd.104.000794 

Glucuronosyltransferase (UGT)

Cytochromes P450 (CYPs)

Esterase

● High interindividual variation

● Important in personalized drug dosing



Phenotyping of CYPs
Introduction
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CYPs CYP1A2 CYP3A4 CYP2C19 CYP2D6 CYP2E1

Test substance caffeine midazolam omeprazol dextromethorphan chlorzoxazone

Metabolic ratio caffeine / 
paraxanthine

1-hydroxymidazolam / 
midazolam

omeprazol / 
5-hydroxyomeprazole

dextromethorphan / 
dextrorphan

6-hydroxychlorzoxazone / 
chlorzoxazone



Introduction
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Basic pharmacokinetics model

● 2  substances (A, B)  

● 3 compartments (tablet, central, urine) 

● Transport and reaction kinetics - irreversible mass-action

Rate of absorption 

Rate of metabolism (A → B) 

Rate of excretion of A

Rate of excretion of B

Model System of ordinary differential equations
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Basic pharmacokinetics model

● 2  substances (A, B)  

● 3 compartments (tablet, central, urine) 

● Transport and reaction kinetics - irreversible mass-action

Rate of absorption 

Rate of metabolism (A → B) 

Rate of excretion of A

Rate of excretion of B

Model System of ordinary differential equations

Simulation
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Physiologically Based Pharmacokinetics (PBPK) Modeling



Part 2 

Results and Publications

  



Results

10

Standardized data Reusable models

Establish reusable workflows for physiological based pharmacokinetic (PBPK) modeling of liver 

function tests and CYP phenotyping. 

Main goal

Challenges

Data integration

Big Picture



Results
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● A standardized format for PK data as reported in literature.    

Objectives

Standardized Data

● Establish a large high-quality PK dataset on liver function testing and CYP 
phenotyping.  



Grzegorzewski J, Brandhorst J, Green K, Eleftheriadou D, Duport Y, 
Barthorscht F, Köller A, Ke DYJ, De Angelis S, König M. 
PK-DB: pharmacokinetics database for individualized and stratified 
computational modeling. 
Nucleic Acids Res. 2021 Jan 8;49(D1):D1358-D1364. doi: 
10.1093/nar/gkaa990. PMID: 33151297; PMCID: PMC7779054.

Result
s
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Results

12

Funded By

Curators

Publication

2.1 PK-DB: A Pharmacokinetics Database for Individualized 
and Stratified Computational Modeling (https://pk-db.com/)

https://doi.org/10.1093/nar/gkaa990
https://pk-db.com/


R V Patwardhan, P V Desmond, R F Johnson, S Schenker,  The Journal of laboratory and clinical medicine, 1980-05-30

Curated as: https:/.pk-db.com/data/PKDB00057          

Typical PK Publication Results

13

https://develop.pk-db.com/#/studies/PKDB00057


GroupsIndividuals

Intervention

OutputsTime courses Scatters

R V Patwardhan, P V Desmond, R F Johnson, S Schenker,  The Journal of laboratory and clinical medicine, 1980-05-30

Curated as: https:/.pk-db.com/data/PKDB00057          Live demonstration

Results

13
Typical PK Publication 

https://develop.pk-db.com/#/studies/PKDB00057
https://alpha.pk-db.com/


First open database for 
pharmacokinetic data

integrates meta information for 
individualization & stratification ( 
e.g. smoking status, body weight, 
medication)

automatic normalization of data 
(e.g. unit conversion, calculation of 
pharmacokinetic parameters from time 
courses)

validation rules to ensure high 
quality data and comparability

simple interactive and 
collaborative curation workflow 

Results

14

The PK-DB data representation is structured in:

    characteristica of studied groups and individuals
      (age, weight, sex, smoking, oral contraceptives, medication, health status, ...)

    applied intervention(s) 
      (substance, dosing, route, form, …)

      measured pharmacokinetics information and time courses 
      (clearance, half-life, volume of distribution, AUC, ...)

Overview Content

PK-DB

Features

● PK data from literature 

● Enriched with metadata 

● Validation of curation quality

● Automatic PK parameter calculation

● FAIR, ontologies, REST API, …



Results
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● 22 citations

● Largest openly available high quality dataset on in vivo pharmacokinetics

● >10 substances for liver function and CYP phenotyping

Studies in PK-DB Studies related to liver function and phenotyping 

PK-DB



Results

16

● Integrate PK-DB data on CYP phenotyping and liver function.

● Analyse reporting quality of CYP phenotyping and liver function.

Objectives

Data Integration



2.2 Pharmacokinetics of Caffeine: A Systematic Analysis of Reported Data 
for Application in Metabolic Phenotyping and Liver Function Testing

Grzegorzewski, J., Bartsch, F., Köller, A., & König, M. (2022). 
Pharmacokinetics of Caffeine: A Systematic Analysis of Reported 
Data for Application in Metabolic Phenotyping and Liver Function 
Testing. 
Frontiers in Pharmacology, 12, 752826., doi: 
10.3389/fphar.2021.752826

Funded By

Authors

Publication

Results
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https://doi.org/10.3389/fphar.2021.752826


Dataset & Reporting
Results
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● 141 studies

● Main study designs:

a. Case-control (64 out of 141).

b. Crossover (33 out of 141).

c. Screening Studies (42 out of 141).

● Low quality individual participant data (78 out of 141)

● High quality individual participant data (6 out of 141)

● Group level data  (57 out of 141) 



Results
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Meta-Analysis

● Range of caffeine half-lifes  [2-15] hr 

● Average caffeine half-lifes: 

smoking 4.1hr, 

control 5.7hr, 

oral contraceptives 9.3hr

Smoking and oral contraceptives



Results

20
Further Meta-Analyses on Caffeine PK

● Impact of quantification method
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Further Meta-Analyses on Caffeine PK

● Impact of quantification method

● Drug-drug interactions:

↔ most substances

↓   enoxacin, fluvoxamine, Idrocilamide*, norfloxacin, osilodrostat, 
pipemidic acid

↑ tipranavir* 

*interaction missing in go.drugbank.com

https://de.wikipedia.org/wiki/%E2%86%94
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Further Meta-Analyses on Caffeine PK

● Impact of quantification method

● Drug-disease interactions:

↓  disease of liver

● Drug-drug interactions:

↔ most substances

↓   enoxacin, fluvoxamine, Idrocilamide*, norfloxacin, osilodrostat, 
pipemidic acid

↑ tipranavir* 

*interaction missing in go.drugbank.com

https://de.wikipedia.org/wiki/%E2%86%94


Results
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Further Meta-Analyses on Caffeine PK

● Impact of quantification method

● Drug-disease interactions:

↓  disease of liver

● Saliva as sampling side

● Drug-drug interactions:

↔ most substances

↓   enoxacin, fluvoxamine, Idrocilamide*, norfloxacin, osilodrostat, 
pipemidic acid

↑ tipranavir* 

*interaction missing in go.drugbank.com

https://de.wikipedia.org/wiki/%E2%86%94


Results

21
Bias in PK literature 

  
●  Caucasians overrepresented
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Bias in PK literature 

  

●  Males overrepresented

●  Caucasians overrepresented



Results
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Bias in PK literature 

  

● Healthy ≈ 20 years younger than 
non-healthy

●  Males overrepresented

●  Caucasians overrepresented
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Outcome

  

● 14 citations 

● Largest openly available PK dataset on in vivo caffeine

● Analysis of a wide set of PK related scientific questions 



Results
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● Calibration & validation of PBPK models for phenotyping and liver function testing.

Objective

Reusable models



Physiologically Based Pharmacokinetic (PBPK) Modeling of the Role of 
CYP2D6 Polymorphism for Metabolic Phenotyping with 
Dextromethorphan

Grzegorzewski, J., Brandhorst, J., & König, M. (2022). 
Physiologically based pharmacokinetic (PBPK) modeling of the role of 
CYP2D6 polymorphism for metabolic phenotyping with 
dextromethorphan. 
Frontiers in Pharmacology, 13, 1029073. ; DOI: 10.3389/fphar.2022 ; 
PMID: 1029073

Funded By

Authors

Publication

Results
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https://doi.org/10.3389/fphar.2022


Literature Research
Results

25

Metabolic pathway of dextromethorphan

Strauch K, Lutz U, Bittner N, Lutz WK (August 2009). 
"Dose-response relationship for the pharmacokinetic 
interaction of grapefruit juice with dextromethorphan 
investigated by human urinary metabolite profiles". 
Food and Chemical Toxicology. 47 (8): 1928–35. 
doi:10.1016/j.fct.2009.05.004. PMID 19445995.

https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.fct.2009.05.004
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19445995


Literature Research
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Metabolic pathway of dextromethorphan

AlleleActivity Value

0

0.25

0.5

1

>1

*3,*4, *5, *6, *7, *8,*11,*12,*13,*15,*42,*44, …

*10

*9,*10x2,*14,*17,*29,*41,*49,*50,*54,*55,*59

*1,*2,*9x2, *17x2, *33,*34,*35,*45,*46,*53,

*1x2, *1x>2, *2x2, *1x>3, …

CYP2D6 Polymorphism

[M. Whirl-Carrillo1, R. Huddart1, L. Gong, K. Sangkuhl, C.F. Thorn, R. Whaley and T.E. Klein. "An evidence-based framework for evaluating pharmacogenomics 
knowledge for personalized medicine" Clinical Pharmacology & Therapeutics (2021) online ahead of print.

Strauch K, Lutz U, Bittner N, Lutz WK (August 2009). 
"Dose-response relationship for the pharmacokinetic 
interaction of grapefruit juice with dextromethorphan 
investigated by human urinary metabolite profiles". 
Food and Chemical Toxicology. 47 (8): 1928–35. 
doi:10.1016/j.fct.2009.05.004. PMID 19445995.

http://www.ncbi.nlm.nih.gov/pubmed/34216021
http://www.ncbi.nlm.nih.gov/pubmed/34216021
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.fct.2009.05.004
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19445995
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Metabolic pathway of dextromethorphan
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*1,*2,*9x2, *17x2, *33,*34,*35,*45,*46,*53,

*1x2, *1x>2, *2x2, *1x>3, …

CYP2D6 Polymorphism

CYP2D6 CYP3A4

Reaction kinetics

[M. Whirl-Carrillo1, R. Huddart1, L. Gong, K. Sangkuhl, C.F. Thorn, R. Whaley and T.E. Klein. "An evidence-based framework for evaluating pharmacogenomics 
knowledge for personalized medicine" Clinical Pharmacology & Therapeutics (2021) online ahead of print.

Strauch K, Lutz U, Bittner N, Lutz WK (August 2009). 
"Dose-response relationship for the pharmacokinetic 
interaction of grapefruit juice with dextromethorphan 
investigated by human urinary metabolite profiles". 
Food and Chemical Toxicology. 47 (8): 1928–35. 
doi:10.1016/j.fct.2009.05.004. PMID 19445995.

Yang, J., He, M. M., Niu, W., Wrighton, S. A., Li, 
L., Liu, Y., & Li, C. (2012). Metabolic capabilities of 
cytochrome P450 enzymes in Chinese liver 
microsomes compared with those in Caucasian 
liver microsomes. British Journal of Clinical 
Pharmacology, 73(2), 268-284. 
https://doi.org/10.1111/j.1365-2125.2011.04076.x

Storelli, F., Desmeules, J., and Daali, Y. (2019a). 
Genotype-sensitive reversible and
time-dependent CYP2D6 inhibition in human liver 
microsomes. Basic Clin.
Pharmacol. Toxicol. 124, 170–180. 
doi:10.1111/bcpt.13124

http://www.ncbi.nlm.nih.gov/pubmed/34216021
http://www.ncbi.nlm.nih.gov/pubmed/34216021
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.fct.2009.05.004
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19445995
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32 Clinical studies

● Plasma concentration

● Urinary amounts

● Metabolic ratios

Metabolic pathway of dextromethorphan

AlleleActivity Value

0

0.25

0.5

1

>1

*3,*4, *5, *6, *7, *8,*11,*12,*13,*15,*42,*44, …

*10

*9,*10x2,*14,*17,*29,*41,*49,*50,*54,*55,*59

*1,*2,*9x2, *17x2, *33,*34,*35,*45,*46,*53,

*1x2, *1x>2, *2x2, *1x>3, …

CYP2D6 Polymorphism Pharmacokinetics

CYP2D6 CYP3A4

Reaction kinetics

[M. Whirl-Carrillo1, R. Huddart1, L. Gong, K. Sangkuhl, C.F. Thorn, R. Whaley and T.E. Klein. "An evidence-based framework for evaluating pharmacogenomics 
knowledge for personalized medicine" Clinical Pharmacology & Therapeutics (2021) online ahead of print.

Strauch K, Lutz U, Bittner N, Lutz WK (August 2009). 
"Dose-response relationship for the pharmacokinetic 
interaction of grapefruit juice with dextromethorphan 
investigated by human urinary metabolite profiles". 
Food and Chemical Toxicology. 47 (8): 1928–35. 
doi:10.1016/j.fct.2009.05.004. PMID 19445995.

Yang, J., He, M. M., Niu, W., Wrighton, S. A., Li, 
L., Liu, Y., & Li, C. (2012). Metabolic capabilities of 
cytochrome P450 enzymes in Chinese liver 
microsomes compared with those in Caucasian 
liver microsomes. British Journal of Clinical 
Pharmacology, 73(2), 268-284. 
https://doi.org/10.1111/j.1365-2125.2011.04076.x

Storelli, F., Desmeules, J., and Daali, Y. (2019a). 
Genotype-sensitive reversible and
time-dependent CYP2D6 inhibition in human liver 
microsomes. Basic Clin.
Pharmacol. Toxicol. 124, 170–180. 
doi:10.1111/bcpt.13124

http://www.ncbi.nlm.nih.gov/pubmed/34216021
http://www.ncbi.nlm.nih.gov/pubmed/34216021
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.fct.2009.05.004
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19445995


Physiological-based pharmacokinetics model of Dextromethorphan

Tissue models

Substance/Metabolites

Whole-body model

Results

26

Michaelis Menten: 

Enzyme model

● CYP2D6

● CYP3A4

● UGT



Model of CYP2D6 and CYP3A4 variability

“in vitro” data 2D gaussian 
mixture model

located along the vector of 
highest variance

Assumptions

Results

27



Simulations
Results

28

Dextromethorphan plasma concentrations Urinary cumulative metabolic ratio



Simulations
Results
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Dextromethorphan plasma concentrations Urinary cumulative metabolic ratio



Effect of genotype on CYP2D6 phenotyping
Results

30



Further work
Results

31

● Local sensitivity analysis



Further work
Results

31

● Local sensitivity analysis

● Biogeographical population based on reported CYP2D6 
genotype frequencies



Further work
Results
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● Local sensitivity analysis

● Biogeographical population based on reported CYP2D6 
genotype frequencies

● Inhibition and induction of CYP3A4 and CYP2D6 



Outcome
Results

32

● Largest openly available PK dataset on dextromethorphan

● Established workflow applied in König group  

● Reused CYP2D6 model

● Openly available PBPK dextromethorphan model 
(https://github.com/matthiaskoenig/dextromethorphan-model)

https://github.com/matthiaskoenig/dextromethorphan-model
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Summary
Summary
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● First open pharmacokinetics database

● Meta-analysis of caffeine pharmacokinetics

● PBPK model of dextromethorphan 

● Infrastructure for data-driven PBPK modeling



Summary

34Outlook

● Experimental validation of the PBPK model of dextromethorphan:

○ in vitro reaction kinetics 

○ CYP2D6 genotyping

○ pharmacokinetic measurements

● “Digital pharmacokinetic twin” based on CYP activities 

● (Semi-) automatic data curation by LLMs (GPT4, LAMA) or multimodal models (SPAE) 



Summary
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● Experimental validation of the PBPK model of dextromethorphan:

○ in vitro reaction kinetics 

○ CYP2D6 genotyping

○ pharmacokinetic measurements

● “Digital pharmacokinetic twin” based on CYP activities 

● (Semi-) automatic data curation by LLMs (GPT4, LAMA) or multimodal models (SPAE) 

Outlook

Collaborators and Colleagues

Thank you for your attention



Liver Function & Disease

Liver Cirrhosis and Liver cancer are the 11th 
and 16th leading causes of death worldwide.

Function 

● drug metabolism

● detoxification 

● synthesis of plasma proteins and 

biochemicals (e.g. albumin, bile)

● …

The liver is the heaviest solid internal organ, 
accounting for about 2% of body weight and 18% 
contribution to the total resting energy 
consumption.



Model Overview

59

Upload Format



Data Representation:Interactive Data Curation



Dextromethorphan: A probe drug for CYP2D6 activity

● Cytochrome P450 2D6 (CYP2D6) is 

involved in the clearance of ∼20% 

● Dextromethorphan is in vivo probe

○ CYP2D6 metabolizes 

Dextromethorphan (DMT) to 

Dextrorphan (DXO)

●  Substance for CYP2D6 phenotyping.

○ Urinary metabolic ratio 

○ DMT/(DXO + DXO-Glu)

● CYP2D6-mediated drug response exhibits 

a large inter-individual variability due to 

genetic polymorphism

● Genetic polymorphism is related to 

○ risk of adverse effects

○ non-response during treatment

○ death by drug intoxication 

Metabolic pathway of dextromethorphan

Strauch K, Lutz U, Bittner N, Lutz WK (August 2009). "Dose-response relationship for the 
pharmacokinetic interaction of grapefruit juice with dextromethorphan investigated by human 
urinary metabolite profiles". Food and Chemical Toxicology. 47 (8): 1928–35. 
doi:10.1016/j.fct.2009.05.004. PMID 19445995.

https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.fct.2009.05.004
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19445995


CYP2D6 Polymorphism

AlleleActivity Value

0

0.25

0.5

1

>1

*3,*4, *5, *6, *7, *8,*11,*12,*13,*15,*42,*44, …

*10

*9,*10x2,*14,*17,*29,*41,*49,*50,*54,*55,*59

*1,*2,*9x2, *17x2, *33,*34,*35,*45,*46,*53,

*1x2, *1x>2, *2x2, *1x>3, …

● subjects carry 
combinations of these 
variants

● genetic variants have 
different activities values

● sum of individual activity 
values is the activity score 
(AS)

intermediate 
metabolizer

(IM)

extensive 
metabolizer

(EM)

ultrarapid 
metabolizer

(UM)

Activity Score (AS): 

poor 
metabolizer

(PM)

K. E. Caudle et al., “Standardizing CYP 2D6 Genotype to Phenotype Translation: Consensus Recommendations from the 
Clinical Pharmacogenetics Implementation Consortium and Dutch Pharmacogenetics Working Group,” Clin Transl Sci, vol. 13, 
no. 1, pp. 116–124, Jan. 2020, doi: 10.1111/cts.12692.



Effect of polymorphism on dextromethorphan
metabolic ratios 

Results

30



Effect of polymorphism on dextromethorphan
pharmacokinetics 

Model can predict timecourse data

32 clinical studies



Parameter Fitting
Results

28

● 12 PBPK model parameter were fitted with time course data from the studies by weighted mean 
square error.



Biases in LiteratureFirst open database for 
pharmacokinetic data

integrates meta information for 
individualization & stratification ( 
e.g. smoking status, body weight, 
medication)

automatic normalization of data 
(e.g. unit conversion, calculation of 
pharmacokinetic parameters from time 
courses)

validation rules to ensure high 
quality data and comparability

simple interactive and 
collaborative curation workflow 

Results

16

The PK-DB data representation is structured in:

    characteristica of studied groups and individuals
      (age, weight, sex, smoking, oral contraceptives, medication, health status, ...)

    applied intervention(s) 
      (substance, dosing, route, form, …)

      measured pharmacokinetics information and time courses 
      (clearance, half-life, volume of distribution, AUC, ...)

Ethnicity Sex



Age-Health



Systems Biology Markup 
Language (SBML)

SBML4Humans

CySBML: SBML for 
Cytoscape 2

Sbmlutils: Python Utilities 
for SBML

Tools for reproducible model implementation

libRoadRunner

 parameter estimation

http://sbml.org/


Preferred Reporting Items for Systematic reviews and 
Meta-Analysis for Scoping Reviews (PRISMA-ScR) 

Eligibility Criteria

● Original studies (no reviews, no computational studies)

● Homo Sapiens

● Age >=18 years

● In vivo

● Application of caffeine

● Application route (oral, intravenous)

● Reported pharmacokinetics data for caffeine of its 

metabolites (time courses or pharmacokinetic 

parameters)



Results

22Meta-analysis: Methods

● Probably no influence of quantification 
method on caffeine clearance
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● Drug-drug interactions by AUC of Caffeine:

↔ most substances

↓   enoxacin, fluvoxamine, Idrocilamide*, norfloxacin, osilodrostat, 
pipemidic acid

↑ tipranavir* 

*interaction missing in go.drugbank.com

https://de.wikipedia.org/wiki/%E2%86%94


Meta-analysis: Caffeine-Disease Interactions
Results
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● Cirrhotic liver disease had moderate to strong effects on 
the caffeine clearance

● None of the reported diseases increased the clearance rate 
of caffeine.

● Difficult to combine aggregated data with IPD. Sometimes 
on mean is reported. Not possible to create a distribution 
for sampling. 

Hypotheses: 

● lower  liver function due to worse 
perfusion and shunting, …

● Proinflammatory cytokines down 
regulating  CYP expression. 



Meta-analysis: Plasma vs. Saliva

● Concentrations of caffeine and paraxanthine are 21% and 32%, 
respectively,  lower in saliva in comparison to plasma.  

● Strong correlation (R²=0.88) between clearance in saliva and 
plasma. 



Meta-analysis: Metabolic ratio in plasma over time 

● Sampling timing of the metabolic ratio (MR) 
(paraxanthine / caffeine) in plasma matters. 
MR increases over time. 



Effect size analysis of caffeine clearance for various diseases

Rule of thumb:

Hedges g < 0.2 small effect

Hedges g ≈ 0.5 medium effect

Hedges g > 0.8 large effect

g = (x1 – x2) / √((n1-1)*s12 + 

(n2-1)*s22) / (n1+n2-2)



PRISMA flow diagram for Dextromethorphan

Overview of the data selection for 
the pharmacokinetics dataset
used in this work. PuBMed, PKDB, 
and PKPDAI were utilized for the 
literature search on DXM
pharmacokinetics. Applied eligibility 
criteria resulted in 227 studies of 
which 46 were curated for this
work. 



Effect of genotype on 
CYP2D6  phenotyping

Results
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Biogeographical 
Population
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Dextrorphan Plasma Concentration Simulation
Results
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Parameter Scans

● Dependency of UCMR (urinary 
cumulative ratio of DXM/(DXO-Glu) after 
8 hr and 30 mg oral DXM) on selected 
physiological parameters and the DXM 
dose. Parameter scans were performed 
for all activity scores. 



Local Sensitivity Analysis

● Sensitivity analysis of model parameters. 
To systematically study the effect of 
parameter changes the local sensitivity of 
UCMR were calculated for all activity 
scores. Parameters were varied 10% in 
both direction around the reference 
parameter value and the relative change 
of UCMR was calculated (insensitive 
parameters with relative change of UCMR 
smaller than 1% were omitted).






