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Abstract 

Oral delivery is a very popular route for drug administration, 

especially because of patient compliance and reliability of dose intake. 

Unfortunately the oral bioavailability of many drugs is limited by their 

unfavorable physico-chemical properties imposing administration of 

high doses. The most used systems for oral controlled release of 

pharmaceuticals are the hydrogel-based matrices.  

When a dry swellable hydrogel-based matrix is immersed in a 

physiological fluid, this starts to penetrate inside the polymeric 

hydrophilic matrix. When a certain solvent concentration is reached, 

the polymeric chains unfold due to a glass-rubber transition, and a gel 

layer is formed. In the swollen region, the drug molecules can diffuse 

toward the dissolution medium, once they are dissolved. With the aim 

of improving the realization of drug delivery systems based on 

polymeric matrices it is necessary to build a mathematical model 

which describes all the phenomena involved. In this work the delivery 

of BPP (Buflomedyl Pyridoxal phosphate) from polymeric matrices 

based on HPMC (Hydroxypropyl Methylcellulose) of different forms 

(conventional and Dome Matrix
®

)
 

has been simulated. The 

experimental data has been taken from the work of Losi et al. [12], 

while the mathematical model is based on the work of Caccavo et al. 

[11].  

The simulation has been done through the software Comsol 

Multiphysics 5.0. This software is able to resolve the Partial Different 

Equations (PDEs) that describe the system, through the Finite Element 

Method (FEM). 

 The work can be divided in two parts. In the first part the 

mathematical model  has been studied and implemented in the 

software; at this point a first tuning of diffusion (4 parameters) and 

erosion (1 parameter) has been done on the flat base matrix (that is a 
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conventional cylindrical matrix partially coated on the lateral surface 

with an impermeable film); for this geometry there were a large set of 

experimental data. The aim was to find the correct parameters that 

were able to describe the experimental model taken from literature. In 

couple with this research a study on the better meshing of the problem 

(in order to solve the PDEs) has been done.  

In the second part, the model as built has been used to describe the 

drug delivery from matrices of same composition but different 

geometry or different releasing area. In particular the composition 

used is the same and therefore the 4 parameters related to the diffusion 

has been kept constant and the one related to the erosion has been the 

only parameter that has been changed for every geometry. The aim 

was to study the effect of the geometry on the release mechanism. The 

optimization of this parameter, in couple with the construction of 

different mesh in order to reduce calculation problems, has allowed an 

accurately description of experimental data both of the drug release 

and of the releasing area of the different geometries involved.  

Studying the different values of the constant for each simulation it has 

been possible to see that the phenomenon of drug delivery depends 

not only from matrix composition but also from the external fluid 

dynamics that can create different superficial stresses on the walls of 

the matrices, influencing extensively the mechanism of release.  
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