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Goals of this hands-on session:

▪ Understand how to “interpret” PK data

▪ Understand how translate a PK model into equations 

▪ Use Berkeley Madonna as one of the M&S tools to estimate 

model parameters and to run simulations

▪ Berkeley Madonna is a solver for ordinary differential equations 

(ODEs). ODEs are the most common types of equations for PK/PD 

models

Overview



A patient received 400 mg of drug X orally.

Blood samples were drawn at given times after the dose and plasma drug concentration 
quantified.

A Berkeley Madonna stub model to start with is 
provided, “HO_0.mmd”.

The PK data are included in the file “PK_data.txt”.

Data exploration - Intro 



The dataset has already been 
loaded and is displayed 
in the chart

What simple PK parameters 
can you identify from this 
chart?

How can we display the data to gain more insight into the PK?

Start Berkeley Madonna and open the file “HO_0.mmd”.

File → Open → Navigate to the “Files Provided” folder → Select 
“HO_0.mmd”

Data exploration - Plot



To display the y axis on the log scale

•Double click on the y axis
•Select the tab called “Scales”
•Tick “Log” for the “Left Y Axis”

What can we say about the 
elimination process?

Data exploration – Log Plot



Model file - Overview

Let’s have a look at the model file:

; definition of the dose

dose = 999 ; mg

input = pulse(dose,0,1000) ; pulse of amplitude "dose", at time 0, repeated every 1000 (not used yet)

; definition of model parameters

ka = 999 ; 1/h

CL = 999 ; L/h

V2 = 999 ; L

; initialisation of compartments

init A1 = 0 ; absorption compartment

init A2 = 0 ; central compartment

; differential equations

d/dt(A1) = input - ka * A1

d/dt(A2) = ka * A1 - CL * (A2/V2)

; plasma concentration in mg/L

concentration = A2/V2



Model file – Differential Equations

A1 A2

ka

ke=CL/V2

input

; differential equations

d/dt(A1) = input - ka * A1

d/dt(A2) = ka * A1 - CL * 

(A2/V2)

Now we need to assign values to all the “999” in the model

We know the dose: 400 mg

Looking at the data, we can work out guesstimates for
•ka (absorption rate)
•CL (elimination clearance)
•V2 (volume of distribution)



Parameter Initial Estimates - Some 
hints…

ka defines the speed of absorption. 

When is the absorption process seemingly completed?
When does the concentration peak? 

V represents the size of the “glass” where we “poured” our drug.

How much drug did we pour?
What is the maximum concentration reached?

CL defines the speed of elimination

How quickly does the concentration decline?
How much time does it take to decrease by 50%?

Some useful formulas:

𝑻𝟏/𝟐 =
𝒍𝒐𝒈𝒏(𝟐)

𝒌
𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓 =

𝒂𝒎𝒐𝒖𝒏𝒕

𝒗𝒐𝒍𝒖𝒎𝒆
𝒌𝒆𝒍 =

𝑪𝑳

𝑽



Run the model!

Once we have worked out some values for our parameters, we can run the model and see 
what the prediction looks like.

Click on the button “Run”
Display “concentration” by clicking on the corresponding button below the 
chart

Our prediction is not a perfect 
fit, but it is a decent starting 
point

Now we can try to tune the 
parameter values



Tune the parameter estimates

Berkeley Madonna has an easy tool to tune parameter values: sliders

Click on “Parameters” → “Define Sliders” → “OK”

Now we can play with the 
parameter values and see 
their effect on the predicted 
profile.

We can tune the parameters 
and try to improve the fit.



Fitting the Model
Berkeley Madonna also provides an alternative to playing with the sliders, and can 
perform Curve Fit

Click on “Parameters” → “Curve Fit” → “OK”

Click on the parameters you want to optimize
Select  “Fit Variable” and “To Dataset”

The prediction is now closer to the data
To see the parameter values, click on this symbol 
above the chart

But if we plot the chart in the log scale, the fit 
does not look that good anymore.

What is going on?
How would you improve the model?



Improved Model – Some hints…

A1 A2

ka

ke=CL/V2

input

A3

Q/V3

Q/V2

The kinetics seems bi-compartmental, so we want a model like this

We need to:

1. define compartment A3 and initialise it (to zero)
2. define inter-compartmental clearance Q
3. define the volume V3 for the peripheral compartment
4. modify the differential equations so that the fluxes between 

compartment 2 and 3 are driven by differences in concentration



Improved Model

Now we can try to 

1. find initial estimates for Q and V3 (NB: AND BOUNDARIES!!!)
2. plot our model prediction to check it graphically
3. fit the improved model

What does the fit look like? And in the log scale?

; model parameters

ka = 1.5 ; 1/h

CL = 15 ; L/h

V2 = 70 ; L

Q  = 999 ; L/h

V3 = 999 ; L

; initialisation of compartments

init A1 = 0 ; absorption compartment

init A2 = 0 ; central compartment

init A3 = 0 ; peripheral compartment

; differential equations

d/dt(A1) = input - ka * A1

d/dt(A2) = ka * A1 - CL * (A2/V2) - Q *(A2/V2 - A3/V3)

d/dt(A3) = Q * (A2/V2 - A3/V3)

Note that the flow
Q * (A2/V2 - A3/V3)

is the same as
Q * (conc2 - conc3)



Simulating dosing scenarios

Now that we have a good PK model for drug X, we can use it to explore different dosing 
scenarios. Some ideas:

1. What would happen if we administered drug X every day? Twice a day? Thrice a day? 

Change the function input to repeat every xxx hours

2. What if we decrease or increase the dose?

3. How would the PK profile look like with a slow-release formulation?


