Ultrasound responsive drug delivery systems:

coupling wave propagation and drug diffusion
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Abstract

Stimuli responsive drug delivery systems (SRDDS) have been the object of intense
laboratory and clinical research in different disease scenarios, such as cancer [4]. SRDDS
aim to avoid the drawbacks of the traditional drug administration systems and controlled
drug delivery systems. In medical applications, the drug is transported to the target
tissue, using nanocarriers or by implanting the device directly in contact with the target
tissue. In both cases, a stimulus is used to disrupt the drug reservoir, in general composed
by a polymeric matrix where the drug is entrapped, and physiological barriers and force
or enhance the drug release and its absorption. Promising results have been reported in
the literature [1].

A set of complex phenomena are involved in the drug release that occurs in the poly-
meric matrix and target tissue: solvent absorption, swelling, biodegradation, dissolution,
diffusion, active transport and stimulus propagation. We observe that the literature on
mathematical modelling of drug release from SRDDS is fragmented and very few models
(taking into account few phenomena) have been proposed. To the best of our knowledge,
no mathematical models combining significant phenomena for the enhanced drug release
were published [2],[3].

In this talk, we are mainly interested in SRDDS based on ultrasound stimulus. The
behaviour of ultrasound propagation is described by a general telegraph equation whose
coefficients and reaction term are specified in function of the particular application (poly-
mer and target tissue). Ultrasound induces an active drug transport through the polymeric



matrix onto the target tissue. The drug release and drug absorption are then described
by convection-diffusion reaction equation that is coupled with the telegraph equation for
the stimulus. In this work this system is studied from analytical and numerical point of
view.
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