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The Mechanics of Drug Dissolution

A numerical method for approximating the mass flux from a dissolving cylindrical drug compact, a tablet, is presented.
The tablet consists of alternating layers of drug and inert material. The dissolution takes place in a non-reactive
medium using a standard stirring device and is considered to be two dimensional and steady. A finite difference
scheme is used to generate an approximation to the concentration boundary layer. By integrating across the veloc-
ity*concentration profile at the trailing edge, the mass flux is estimated. This value differs by 0.9% from the recent
estimate of Crane et al. who used a Pohlhausen approximation to the concentration boundary layer. The finite
difference concentration profile at the trailing edge also agrees very well with the equivalent Lévêque exact solution.
We conclude that the finite difference model is behaving as expected.

1. Introduction

“Drug delivery system” is a modern term used in place of “dosage form” to describe a system for carrying a drug into
the body [1]. There are many types of drug delivery system. The common Aspirin tablet, for example, is a system
designed to deliver acetylsalicylic acid to the body. The aim of such systems is to control the release rate of the
drug with precision (to increase the effectiveness of the therapy and reduce the risk of damage). In dissolution drug
delivery systems, the drug release can be controlled with excipients (inert substances that together with the drug
form a tablet) whose dissolution properties are known. Previous research has shown that even in the basic case of
a drug and excipient dissolving into reactive media, established dissolution models fail to make accurate predictions
of the drug mass flux [2]. Recent work by Crane et al. [2], and the PSUDO project [3], has involved modelling
the dissolution of simple cylindrical tablets consisting of alternating layers of drug and excipient (figure 1). These
simple tablets are used to demonstrate the possibility of modelling state of the art delivery systems. The dissolution
takes place in a non-reactive medium using a United States Pharmacopeia (USP) [4] drug dissolution apparatus
(a standard stirring device). Mass fluxes computed by Crane et al. agree well with experimental data for both
single layered (that is a tablet consisting purely of drug) and multi-layered tablets. A semi-analytical Pohlhausen
type approximation to the concentration boundary layer was used. This paper considers an alternative, numerical,
approximation to the concentration boundary layer and the mass flux for the trivial case of a single layered tablet
undergoing steady state diffusion.

2. Numerical Method

To simulate mass transfer, the time dependent diffusion-advection equation is used with simplifying assumptions
[5]. These include a two-dimensional steady state. The equation is discretised using a Forward Time Central Space
(FTCS) finite difference scheme [6], second order accurate in space and first order accurate in time. The stream-
wise displacement (x) is the time-like independent variable in this case. Initial values are provided by the exact
Lévêque solution ([7] cited by Schlichting [5]) in order to avoid the singular nature of the equation’s solution at the
leading edge (x = 0 cm). Lévêque’s solution of the diffusion-advection equation is expressed as a ratio of gamma
functions and is calculated numerically. The region to be discretised, therefore, extends from x = 0.1 cm to x = 0.85
cm, the trailing edge. The scheme is stable. The mass flux from the tablet is estimated by integrating across the
velocity*concentration profile at the trailing edge, from the surface to the edge of the concentration boundary layer.
The integral is calculated using the Trapezoidal Rule [8]. The input parameters are: the diffusivity of the drug, the
viscosity of the fluid, the main-stream velocity, and the stream-wise length of the tablet. The numerical schemes are
implemented using Visual Basic scripts running in MS Excel and using GNU Octave.

3. Results

For a given set of input parameters the finite difference mass flux value, calculated as outlined above, has a relative
error of 0.9 % with respect to the Pohlhausen type solution proposed by Crane et al. By comparison, the mass flux
approximated with Lévêque’s solution has a relative error of 1.0 % with respect to the Pohlhausen type solution. The
Lévêque and finite difference mass flux values agree to within 0.1% as demonstrated by the concentration profiles
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Figure 1: Multi-layer
tablet
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Figure 2: A comparison of drug concentration profiles at x = 0.85 cm, the
trailing edge of the tablet

shown in figure 2. This good agreement indicates that the finite difference scheme employed is behaving as expected.

This work is currently being improved and extended to model the drug flux from a multi-layered tablet. Future work
will consider more realistic systems. Real dissolution systems (those in therapeutic use) have moving boundaries (as
the drugs and excipients dissolve) and often the drug is dispersed through a matrix of excipient. Some real systems
also use new polymer technologies to protect and deliver the drug. We look forward to these challenges.
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