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Simulation of PK of gentamicine
in 1-compartment model with
administering mass 400mg,
volume of distribution 17.5 l,
elimination clearance 0.1 l per
minute. Simulation of
concentration in central
compartment (red) and minimum
inhibitory concentration (MIC)[2].
Charts in normal (top) and
logarithmic scale (bottom)

Simulation of PK of midazolam in
2-compartment model Example
simulation of concentration of a
drug in central (red) and
peripheral (green) compartment
of midazolam and minimal
effective level (blue).
Administered as 5mg intravenous
dose, central and peripheral
compartment with Vd=30l transfer
coefficient between central and
peripheral compartments are 0.2 l
per h and 0.1 l per hour
respectively and clearance 0.2 l
per minute.

Simulation of PK of fentanyl using 3-
compartment model after initial bolus
of 0.2 mg with central volume of
distribution (Vd) = 27.9l peripheral Vd
= 64.7 l and peripheral2 Vd = 153 l.
Central clearance Cl = 1.27 l/min,
peripheral clearance Cl = 3.13 l/min
and peripheral2 clearance Cl = 2.27
l/min. [3]. Charts in normal (top) and
logarithmic scale (bottom).

Legend – Pharmacolibrary [1]

Acausal connector for ConcentrationPort contains the following 
quantities qm and c defined as follows:

flow MassFlowRate qm;
MassConcentration c;
when a component is connected using such a connector, 
Modelica tool following Modelica standard will ensure that flow 
variable qm is not accumulated in connected connectors by 
ensuring that 

and also that all non-flow variables - in this case concentration 
c are equilibrated i.e. c1=c2=...=cn (n is number of connected 
components via a connector).

Non-perfused-tissue compartment contains the 
ConcentrationPort and implements the equation of 
massflowrate qm:

And concentration C of connected port:

Where M is total mass dissolved in compartment, Vd is 
parameter of theoretical volume distribution in compartment.

Elimination component contains the ConcentrationPort and 
delivers outflow of the drug:

CL – parameter of clearance.

Administering drug component contains the ConcentrationPort 
and delivers inflow of the drug in prescribed administration 
time:

In other time the qm is 0.

Equivalent implementation of single 
compartment model in equations

Physiology based PK model

Compartment with concentration of a drug and perfusion 
through it via bloodstream and simple diffusion to tissue by 
kTB rate:

Acausal connector for compartments with perfusion feature 
contains following quantities qv and c defined as follows:

flow VolumeFlowRate qv;
stream MassConcentration c;
For flow variable qv similar rule that it is not accumulated in 
connectors apply:

And concentration c as stream variable is ensured to be 
correctly and physically consistently mixed based on the flow 
quantities.

Prescribed flow Q through part of circulatory system as from 
connectors a and b:

Ground port prescribes ground or basic level concentration 
within the streamed connected components:

Model exported to standard FMI package and simulated using Python

fmpy Python library – to simulate model using FMI standard

json + request Python library  - to retrieve data from https://pk-db.com

Matplotlib + iPyWidgets - interactive example to fit data and simulation in Jupyter notebook

1.Model
• Standard Modelica language

• Interoperable libraries for multiple domains [1]

• Simple models – equations, semi-complex model 
– diagrams, complex models – object oriented
modeling – combination of components 
(diagrams/equations) [2]

2.Simulate & Analyze
• EITHER in Modelica tool (all examples in 

OpenModelica)

• OR Export to FMI standard unit

• Simulate in any environment

• Integrate data from external sources [3]

• Use favorite workflows

3.Visualize
• Export FMU -> WebAssembly

• Integrate as in-browser simulator in static web 
pages [4]
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Intercompartmental first order transfer clearance, the drug is 
transferred from port A to port B at rate:

Cla,CLb – parameter of clearance from port A (resp. port B)
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