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Abstract: 
 

Mathematical models, defined as a mathematical metaphor of some aspects of reality [1], are 
aimed at the description of what cannot be directly observed (for example, molecules, atoms 
and subatomic particles) and at the emulation of the behavior of something [2]. Accordingly, 
mathematical modelling can be viewed as a cognitive activity of human mind that requires a 
deep knowledge of the device/object/phenomenon under study. This is the reason why 
different competences such as, for example, engineers, physicians, biologists and 
mathematicians are needed to build up a reliable mathematical model devoted to work in the 
“BIO” field [3].  
Recently, mathematical models have gained further importance in the bio-medical and bio-
pharmaceutical field due to the development of personalized medicine, a new emerging 
approach that relies on the idea of patient uniqueness, thus overcoming the old idea of the 
“average patient” [4]. This strategy, via an optimized dosing, is greatly beneficial for the 
patient, as it allows the reduction of side effects and the improvement of the effectiveness of 
the therapeutic treatment. At the same time, however, it poses the not negligible problem of 
patient uniqueness that needs to have a rational approach adaptable to each patient.  
In this light, the present lecture focusses the attention on mathematical models devoted to 
describe the simultaneous processes of drug release and 
absorption/distribution/metabolism/elimination processes (ADME) [5 - 8]. At this purpose, 
some of the most important physicochemical phenomena affecting drug delivery and ADME 
processes will be discussed from a physical and mathematical point of view. In addition, the 
strict connection among mathematical models and experimental data will be stressed as 
experimental data not only serve to verify model reliability but they play a very important role 
in model building. Indeed, they are fundamental in the enucleation of the really important 
phenomena ruling drug release and ADME processes. Finally, the attention will be shifted to 
the problem of the delivery of nucleic acid based drug (NABD), such as siRNA. Indeed, 
despite this class of drugs seem to represent the new frontier for what concerns the 
therapeutic treatment of many relevant diseases all over the world, the mathematical 
modelling activity on this topic seems to be still in its infancy [9].  
Ultimately, all the above considerations make clear the considerable development of a new 
branch of Chemical Engineering that could be defined “Biological Engineering” [10].  
 

[1] Israel G. Balthazar van der pol e il primo modello matematico del battito cardiaco. 1998. In: 
Freguglia P, editor. Modelli matematici nelle scienze biologiche. QuattroVenti; Urbino, Italy  
[2] Dym CL. Principles of mathematical modeling. 2nd edition. Chapter 1. Elsevier; Amsterdam: 2004.  
[3] Peppas NA. Historical perspective on advanced drug delivery: how engineering design and 
mathematical modeling helped the field mature. Adv Drug Deliv Rev 2013;65: 5-9.  
[4] Wu R, Wang Z (2013) Mathematical modeling of systems pharmacogenomics towards 
personalized drug delivery. Preface. Adv Drug Deliv Rev 65: 903-904.  
[5] Grassi M., Grassi G. Application of mathematical modelling in sustained release delivery systems. 
Expert opinion on Drug Delivery, 2014, Vol. 11, No. 8, 1299-1321.  
[6] Grassi G., Hasa D., Voinovich D., Perissutti B., Dapas B., Farra R., Franceschinis E., Grassi M. 
Simultaneous Release and ADME processes of poorly water-soluble drugs: mathematical modelling”, 
Molecular Pharmaceutics, 2010 7(5), 1488-1497.  
[7] Del Cont R., Abrami M., Hasa D., Perissutti B., Voinovich D., Barba A., Lamberti G., Grassi G., 
Colombo I., Grassi M. A physiologically oriented mathematical Model for the description of in vivo drug 
release and absorption”. ADMET & DMPK 2(2) (2014) 80-97.  
[8] Grassi M., Grassi G., Lapasin R., Colombo I. Understanding drug release and absorption 
mechanisms: a physical and mathematical approach. CRC Press, Boca Raton (FL, USA), 2007, 1-
627.  
[9] Barba A. A., Cascone S., Caccavo D., Lamberti G., G. Chiarappa, Abrami M., Grassi G., Grassi M., 
Tomaiuolo G., Guido S., Brucato V., Carfì Pavia F., Ghersi G., La Carrubba V., Abbiati R. A., Manca 
D. Engineering approaches in siRNA delivery and drug-body interactions studies, International Journal 
of Pharmaceutics, submitted 2017.  
[10] Chiarappa G., Grassi G., Abrami M., Abbiati R. A., Barba A. A., Boisen A., Brucato V., Ghersi G., 
Caccavo D., Cascone S., Caserta S., Elvassore N., Giomo M., Guido S., Lamberti G., Larobina D., 
Manca D., Marizza P., Tomaiuolo G., Grassi G. Chemical Engineering in the “BIO” World”. Current 
Drug Delivery, in press, 2017. 


