
BACKGROUND.
This work aims to develop a Whole Body Physiologically Based Pharmacokinetic (WB-PBPK) model of Atorvastatin (AS), an HMG-CoA reductase
inhibitor, and its metabolite AS-lactone (ASL) to predict drug plasmatic concentration in human through integration of in vitro experiments and
prior physiological knowledge. Drug hepatic metabolism was described using a rescaled in vitro derived metabolic network coupled with the PBPK
model. All the analysis were performed with an in-house PBPK platform written in MATLAB.

Multiscale mechanistic models in Systems 
Pharmacology: development of a model describing 

Atorvastatin PK through integration of metabolic 
network in PBPK models

Nicola Melillo , Lorenzo Pasotti and Paolo Magni
Department of Electrical, Computer and Biomedical Engineering, University of Pavia, via Ferrata 5, Pavia, I-27100, Italy.

MATERIALS AND METHODS.

RESULTS.

REFERENCES. [1] J. Bucher et al “A systems biology approach to dynamic modeling and inter-subject variability of statin pharmacokinetics in human hepatocytes”, BMC Systems Biology, vol. 5, no. 1, pp. 1–19; 2011. 

[2] W. Jacobsen et al “Lactonization is the critical first step in the disposition of the 3-hydroxy-3-methylglutaryl-coa reductase inhibitor atorvastatin”, Drug Metab Dispos, vol. 28; 2000. 
[3] R. Badhan et al, “Methodology for development of a physiological model incorporating {CYP3A} and p-glycoprotein for the prediction of intestinal drug absorption”, J Pharm Sci, vol. 98, no. 6, pp. 2180 – 2197; 2009. 
[4] Michael Gertz, J. Brian Houston and Aleksandra Galetin “Physiologically Based Pharmacokinetic Modeling of Intestinal First-Pass Metabolism of CYP3A Substrates with High Intestinal Extraction”, Drug Metab Dispos; 39 (9) 1633-1642; 2011.
[5] H. Lennernäs, “Clinical pharmacokinetics of atorvastatin”, Clinical Pharmacokinetics, vol. 42, no. 13, pp. 1141–1160; 2003. 

[6] Hulskotte EGJ et al “Pharmacokinetic Evaluation of the Interaction between Hepatitis C Virus Protease Inhibitor Boceprevir and 3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase Inhibitors Atorvastatin and Pravastatin”, Antimicrob. Agents Chemother; 57:2582–2588; 2013. 
[7] Pham P.A. et al “Differential effects of tipranavir plus ritonavir on atorvastatin or rosuvastatin pharmacokinetics in healthy volunteers”, Antimicrob. Agents Chemother; 53, 4385–4392; 2009.
[8] A. Saltelli et al “Global sensitivity analysis: the primer”, John Wiley & Sons; 2008.

1) In vitro model of AS metabolism.
A metabolic network describing the
metabolism of AS parametrized through in
vitro experiments with hepatocytes was taken
from the literature [1].

3) Development of the PBPK model and integration with the metabolic
network. An ACAT model was built for AS. Metabolism due to CYP3A4
activity in enterocytes was added using an intrinsic clearance derived from
in vitro experiments [2] as in [3] and the 𝑄𝑔𝑢𝑡 model [4] was used to model

the absorption in portal vein. Two PBPK models were developed, one for AS
and the other for ASL, and were coupled with the ACAT model. Each PBPK
models thirteen organs and tissues, each one described as well-stirred
compartment, except the liver that was modelled as permeability limited
and was coupled with the rescaled metabolic network. All the parameters
used come from in vitro experiments and prior physiological knowledge.

2) In vitro – In vivo rescaling of the network.
The idea was to use this in vitro derived
metabolic network to describe the in vivo
metabolism of AS in the liver. The network
was rescaled considering the difference in
terms of enzymatic amount between the
culture of hepatocytes and the liver.
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AS 40 14.81 12.7 ± 7.8 1.34 1 0.5 − 3 79.54 61.4 ± 36.2

ASL 40 0.18 4.2 ± 2.4 1.34 3 (1 − 8) 0.98 53 ± 27.3

AS 20 7.39 6.9 ± 3.66 1.33 1.8 ± 1.0 39.7 98.7 ± 48.4

ASL 20 0.09 3.6 ± 2.4 1.40 3.4 ± 2.5 0.49 75.1 ± 40.1

aData collected in [5], presented as Mean ± Standard deviation, or Mean (min value – max value).

Predicted 𝐶𝑚𝑎𝑥, 𝐴𝑈𝐶 and 𝑡𝑚𝑎𝑥 of AS venous plasma
concentration for 40𝑚𝑔 oral administration are in the
range of one standard deviation from the mean of
clinical data collected by [5]. For the dose of 20𝑚𝑔
predicted AS 𝐶𝑚𝑎𝑥 and 𝑡𝑚𝑎𝑥 remain in the range of
one standard deviation from the mean of the data [5]
but 𝐴𝑈𝐶 is underpredicted. Concerning ASL the model
under-predicts all the metrics except 𝑡𝑚𝑎𝑥 . This is
probably due to the conversion from AS to ASL that
occurs in other sites than liver where UGT enzymes
are expressed, for example gut wall and kidney. Finally
a global sensitivity analysis was performed to
understand how the parameters variation affects
model output metrics 𝐶𝑚𝑎𝑥 and 𝐴𝑈𝐶.

In vitro

𝑘𝑐𝑎𝑡 is the enzyme turnover number; [𝐶𝑌𝑃3𝐴4] is the enzyme
concentration in the system; 𝑀𝑃𝑃𝐺𝐿 is the microsomal protein per
gram liver; 𝐶𝑌𝑃3𝐴4𝐻𝐿𝑀 is the amount of enzyme in 1𝑚𝑔 of
microsomal protein.

Figure II. Here AS 𝐴𝑈𝐶 in each organ calculated from the same
simulation of Figure I is reported. It can be seen that the drug
distributes primarily in muscles, adipose tissue and bones. A
so high 𝐴𝑈𝐶 in brain could be attributed to the non-
consideration of the blood-brain barrier in the model.

Figure I. Here the predicted venous plasmatic profile of AS
following 40𝑚𝑔 AS oral administration in a male subject
(height 176 𝑐𝑚, weight 73 𝑘𝑔) is reported.

Figure III. Global sensitivity analysis
was performed using a variance
based method as described in [8]. If
possible the range of variation of all
the parameters was set to their
physiological one, otherwise the
range was set from 0.5 to 1.5 the
value of the parameter. It can be
seen that the variance of both the
metrics is majorly explained by the
variation of the CYP3A4 amount in
liver microsomes 𝐶𝑌𝑃3𝐴4 𝐻𝐿𝑀.

The tissues and organs modelled in the PBPK are: adipose tissue, bone, brain, gut, heart, kidneys, liver,
lungs, muscle, pancreas, skin, spleen, arterial and venous blood.
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