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ABSTRACT 

The drug release kinetics from a matrix is ofren afecred by the matrix geometry. 
To compensate for the influence of the matrix geometry on the drug release, a 
nonhomogeneous drug distribution has been suggested. Keeping in mind this ap- 
proach, a theoretical mathematical model to calculate the drug distribution pro- 
jile according to the matrix geometry is proposed. This approach could be useful 
in achieving the desired drug release kinetics without varying the matrix geometry, 

INTRODUCTION have been proposed to modify the geometrical shape of 
the matrix in order to obtain the requested drug release 

According to the requirement of the therapy a diffu- 
sion-controlled or a zero-order controlled drug release 
matrix could be prepared. But, unfortunately the desired 
drug release kinetics is often difficult to achieve, de- 
pending on the matrix geometry. Several approaches 

Based on these premises, this work proposes a math- 
ematical model to calculate the drug distribution profile 
in the matrix according to the geometrical shape in or- 
der to design drug delivery systems with desired drug 
release kinetics. 
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MATHEMATICAL MODEL 

Forni, Vandelli, and Borghi 

Mr = M,P (3) 
where M, is the mass of the drug released at time t, Ma 
is the mass released at the time approaching the infinite 
time, and n the kinetic exponent of the drug release, the 
concentration distribution of the drug required to achieve 
the desired release kinetics could be calculated accord- 
ing to the matrix geometry. In fact, as: 

Mi = Prvt (4) 
where p, is the mean drug concentration in the volume 
of the matrix penetrated at the time t, obviously: 

( 5 )  

Substituting from Eqs. (1) and (3) into Eq. (5 )  gives: 

- 
Pr = MJVt 

A few assumptions have to be postulated. It is nec- 
essary to suppose that the drug dissolution is not the 
limiting step of the release process; that is, that the 
penetration and dissolution fronts are at the same bound- 
ary retreat distance. It must also be hypothesised that the 
different concentrations of the drug in the matrix do not 
affect the penetration kinetics of the solvent. 

Regardless to the matrix geometry, the power law 
expression allows the calculation of the kinetics of the 
penetrant front (7). The power law expression can be 
written as follows: 

s = s, t"' (1) 
where 0 I t I 1,  n' is the kinetic exponent of the pen- 
etrant front, and s and s, are the thickness of the ma- 
trix penetrated (penetration path length) at time t and at 
the time approaching the infinity, respectively. Consid- 
ering the penetration path length along all the dimen- 
sions of the matrix, the volume of the penetrated matrix 
at the time t (V,IV,) is given by an expression having 
a cubic form: 

3 

y/Vm = Glt"' + G2ttn' + G3f3"' = c iGiti"' (2) 
1 

where G, and G,, and G3 are geometrical parameters 
depending on the matrix shape. 

Equation (2) can be considered as the generalized 
form of the one proposed by Cobby et al. (8). These 
authors derived their equation from the Higuchi law 
(square root law) (9). 

If the volume of the penetrated matrix is related to 
the penetration path length (s), instead of the time t Eq. 
(4) can be rewritten as follows: 

3 

V,lV, = c ,Gi(s/s,)"' 
1 

where 

ciG, = 1 
1 

as, obviously, VJV, = 1 for s = s, = 1 (t = t, = 1). 
On the basis of the power law expression (10,ll) 

proposed for the study of the drug release process: 

1 1 

defining pm = M J V ,  the mean drug concentration in 
the volume of the matrix penetrated at the time t ap- 
proaching the infinity, that is, the drug concentration in 
the matrix. 

Considering the penetration path length s instead of 
the time t, this equation can be written as follows: 

For each volume of the matrix penetrated dV,, cor- 
responding to each penetration path length ds: 

where ps is the drug concentration at the distance s from 
the matrix surface. Hence: 

(7) 
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Hence: 

1 J 

(9) 

where ps/pm is the ratio between the drug concentration 
at the distance s from the matrix surface and the mean 
drug concentration in the matrix. 

The value of the geometrical parameters G,, G,, and 
G3 can be calculated from Eq. (2) according to the 
matrix shape. The value of the kinetic exponent of the 
penetrant transport (n‘) can be experimentally measured 
(12). Therefore, applying Eq. (9) it is possible to cal- 
culate the drug concentration distribution profiles in the 
matrix for desired release kinetic exponent (n). 

According to Eq. (9) the drug concentration depends 
on the ratio dn’. At the matrix surface (s = 0) three 
cases can be obtained: 

(p,/p,>, =O -+ 03 nln’ < 1 .O 

n/n’ > 1.0 (ps/p,),=O = 0 
and in the matrix core (S = 1.0): 

when 

3 

iiGi f 0 
1 

SOLUUTION OF THE MATHEMATICAL 
MODEL FOR VARIOUS MATRIX GEOMETRY 

Cylindrical Matrix 

In a cylindrical matrix of arbitrary aspect ratio 
a (a = hnr) ,  the solvent penetration takes place both 
in the radial direction from the lateral surface and in the 

axial direction from the bases. The corresponding 
kinetic exponents of the penetrant transport (n: and n;) 
and the penetration rate zlong the radial and axial direc- 
tions could be the same or different. 

Same Rate and Kinetics of Penetration Along the 
Axial and Radial Directions 

If the solvent penetration in a cylindrical matrix oc- 
curs at both the same rate and kinetics from the lateral 
surface and from the bases, the penetration path length 
(s) and time t would be the same in the radial (s,) and 
the axial (s,) direction. Considering the matrix cross 
section, the vertices of the theoretical nonpenetrated 
cylinder formed during the penetration process are along 
a straight line having an angle a = 45” with the cyl- 
inder bases (Fig. 1). Below we define as “trajectory” 
the path followed by the vertices of the nonpenetrated 
cylinder in the time. The volume dV penetrated for each 
increase of the penetration path length ds can be de- 
scribed by the equation: 

1.0 

sa 

0.0 

0.0 1.0 

Figure 1. Propagation lines of the vertices of the 
nonpenetrated fraction of cylindrical matrices according to the 
penetration rate and kinetics. Key: 1, nvn; = 2.0 and srm/sam 
= 0.5; 2, nyn’, = 1.0 and sr,/saw = 0.5; 3, niln’, = 2.0 and 
s,/s, = 1.0; 4, nyn; = 1.0 and s,/sam = 1.0; 5 ,  niln; = 
0.5 and s,/s, = 1.0; 6 ,  ni/n: = 1.0 and s,/s, = 2.0; 7, 
nitn’, = 0.5 and s,/s, = 2.0. 
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dV = 2x ( r  - s) (h + r - 3s) ds 

which upon integration yields the solution of Eq. (2) :  

y/Vm = (2s,/r + 2sJh)t" - (4s:Jrh + 2s3r2)t2" 
3 

+ 2s2/r2h)t3" = iGitin' 
1 

The values of the geometrical parameters G accord- 
ing to the aspect ratio (a) of the cylinder are reported 
in Table 1. 

Figures 2 and 3 show the theoretical drug concentra- 
tion distribution profiles calculated from Eq. (9) for 
different n/n' ratios. 

Different Rates and Kinetics of Penetration Along the 
Axial and the Radial Directions 

In a matrix cross section, the penetration process 
towards the matrix core can have two theoretical behav- 
iors (Fig. 1). 

The kinetic exponent of the radial penetration (n:) 
could be different from the kinetic exponent of the axial 
penetration (n:). Therefore, the "trajectories" are not 
linear. However, it is reasonable to presume that the 
penetration kinetics are the same in both directions. 

Whenever the values of the radial and the axial ki- 
netic exponents are the same (n; = n:), the "trajecto- 
ries'' follow a linear path, forming an angle a = 
arctg(sam/srm) f 45" with the bases of the matrix, since 
of course, sa, f sr,. 

It has to be noted that d t g a  = a when a = 45" as 
rg 45" = 1. Therefore, the G values are the same as 
previously reported, but substituting a with dtga  (Table 
2 ) .  

2.0 

4 /pm 

1.5 

1.0 

0 . 5  

0 . 0  0.2 0 .4  0.G 0.n sle 1.0 

Figure 2. Distribution concentration profiles in cylinders 
according to 'the n/n' ratio (a or a/tga = 0.5). Key: 1, n/n' 
= 0.5; 2, nln' = 1.0; 3, n/n' = 2.0. 

0 . 0  0 . 2  0.4  0 . 6  0 . 0  sls, 1.0 

Figure 3. Distribution concentration profiles in cylinders 
according to the n/n' ratio (a or a/tga = 1.0). Key: 1, n/n' 
= 0.5; (spheres) 2, nln' = 1.0; 3, n/n' = 2.0. 

Table I 

Values of the Geometrical Parameters G for Cylinders According to the Aspect Ratio (a) for the 
Same Rate and Kinetics of Penetration Along the Axial and the Radial Directions 

a + w  a = O  
a < 1.0 a > 1.0 a = 1.0 (Rod) (Flat Disk) 

GI 2a + 1 2 + (l/a) 3 2 1 
GZ -@a + a2) -(2/a) - 1 -3 -1 0 
G3 az 1 la 1 0 0 
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Table 2 

Values of the Geometrical Parameters G for Cylinders According to the Aspect Ratio (a) for 
DifSerent Rates of Penetration Along the Axial and the Radial Directions 

a < tga a > t g a  a = tga a - + w  a = O  
~~ ~ 

G, (2altga) + 1 2 + (tga/a) 3 2 1 
G2 -(2a/tga) - (a2/tg2a) -(2tga/a) - 1 -3 -1 0 
G3 a2/tg2a tgala 1 0 0 

Figures 2 and 3 report the theoretical drug concen- 
tration distribution profiles obtained from Eq. (9) for 
cylinders for which d t g a  = 0.5 and d f g a  = 1.0, re- 
spectively. 

Spherical Matrix 

The volume dV penetrated in a spherical matrix can 
be derived from: 

dV = 4n(9 - s)ds 

which upon integration gives: 

Therefore, the geometrical parameters (G') (Table 1) and 
the concentration profiles of the drug (Fig. 3) are the 
same as those calculated for cylinders of aspect ratio 
Q = 1.0. 

CONCLUSION 

The proposed mathematical model allows calculation 
of drug concentration distribution profiles to achieve 
appropriate release kinetics of drugs from different- 
shaped matrix geometries. Although further experimen- 
tal tests are certainly necessary, it can be concluded that 
the application of the proposed model would be useful 

in overcoming the influence of the geometrical shape on 
the release process. 
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