
 

PHARMACOKINETIC MODELING AND DRUG DEVELOPMENT   
4th year FaF UK, summer semester, lecture 2 hours/week, seminar 1 hour/week 

 
 
Responsible lecturer:  prof. Ing. Vladimír Frecer, DrSc. 
 
 
Syllabus: 

 
1. Phenomenological treatment of transport and fate of drugs in organism. 

Basic concepts and quantities used for drug transport description. Relationships 

between drug dose, concentration at the site of action and biological response. Active 

and passive transport and physicochemical properties of molecules. Absorption, 

distribution, metabolism and excretion of drugs in an organism.  

2. Pharmacokinetic models of drug distribution I. Kinetics of chemical reactions; 

linear and non-linear pharmacokinetic models; non-linear Michaelis-Menten kinetics; 

compartmental models of drug distribution: one-compartment model with intravenous 

and oral dosage. 

3. Pharmacokinetic models of drug distribution II. Linear two-compartment model 

with intravenous and oral dosage. Nonlinear two-compartment model with intravenous 

and oral dosage. Analytic and numerical solution methods. 

4. Kinetic models of drug action. Analysis of experimental dose - response data by 

means of models of mechanism of action; Guldberg-Waage mass-action law; 

Langmuir adsorption isotherm; enzyme kinetics; competitive antagonism and dualism; 

non-competitive antagonism; parameters determining drug action;  

5. Kinetics of drug action on pharmacological target. Pharmacokinetic - 

pharmacodynamic in silico modelling; combined compartment pharmacokinetic and 

Emax pharmacodynamic models of drug action. 

6. Physiology-based pharmacokinetics of human body. Physiologic models: 

selection of compartments and interconnections; setting up of transport equations; 

Laplace transformation; approximate and numerical solution methods (Berkeley 

Madonna and NONMEM). 

7. Physicochemical basis of pharmacokinetics. Principal and secondary 

physicochemical properties of drug-like compounds; solubility in water and lipids, acid-

base equilibrium, adsorption on proteins; methods for prediction of bioavailability of 

compounds; relationships between kinetic parameters and structure of compounds. 

8. Molecular structure and pharmacokinetic parameters. Estimation of 

pharmacokinetic parameters from physicochemical properties of compounds; 

strategies of optimization of physicochemical properties by variations of chemical 



structure of compounds; methods for prediction of physicochemical properties and 

molecular descriptors. 

9. Methods of prediction and optimization of transport properties of 

compounds. Quantitative structure - property relationships (QSPR), QSPR models for 

estimation of transport parameters; regression models; selection of molecular 

descriptors; genetic algorithms, machine learning and neuronal networks; strategies 

for stability optimization of drugs in plasma by modification of chemical structure. 

10. Optimization and interpretation of screening tests. Evaluation of in vitro 

screening, interpretation of screening with respect to ADME properties of tested 

compounds; optimization of tests for poorly soluble compounds; possibilities of 

replacing pharmacokinetic testing on animals by tests on artificial organs and tissues. 

 


