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Summary 

An equation has been derived which describes the short time behaviour of the release of a dispersed drug from a homogeneous 

matrix of general shape using the pseudo-steady-state approximation of Higuchi. The equation has been used successfully to describe 

the experimentally observed release in vitro of sulphamethizole from poly(hydroxybutyrate) or poly(hydroxybutyrate)/poly(hydroxy- 

valerate) microparticles of irregular shape for up to 5-8 h of dissolution time corresponding to between 40-708 drug release. The 

equation is only valid for systems where erosion or swelling of the matrix does not contribute to drug release during the short time 

period. 

Introduction 

The release of a drug from polymeric micropar- 
titles or matrices when placed in contact with a 
fluid is basically a mass transfer of drug molecules 
from a region of high concentration (dosage form) 
to a region of low concentration (surrounding 
fluid). For a rigid matrix of specified shape (slab, 
sphere or cylinder) containing drug dispersed 
within, a model originally proposed by Higuchi 
(1961) has been applied to date to describe the 
release of drugs from a number of delivery sys- 
tems. In the present study it has been shown that 

the Higuchi model may also be applied to describe 
drug release from particles of general shape. Fur- 
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thermore, the theoretical equation derived was 
used successfully to describe the in vitro experi- 
mental release of sulphamethizole from samples of 

polyester microparticles reported in a previous 
study (Brophy and Deasy, 1986). 

Theoretical 

Introduction 

Consider a matrix in which drug is dispersed at 
an initial loading C,,. Assume that the solubility of 
the drug in the matrix is given by C, and that D is 
the diffusivity of the drug in the homogeneous 
matrix. If the drug-loaded matrix is placed into a 
perfect sink at t = 0, drug will start to release. 
Higuchi (1961) assumes that: (i) a region with 
depleted drug is penetrating into the matrix; and 
(ii) the rate of diffusion of drug per unit area (the 
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mass flux) throughout this depleted region is inde- 
pendent of the position on the surface. 

For the slab geometry, the equation given by 
Higuchi (1961) may be used as follows to describe 
drug release: 

M(t)=A[DC,(2C,-C,)t]“* (1) 

where M(t) is the total mass released up to time t; 
A is the total area of a two-sided slab; C, is the 
initial drug loading; and t is the time. 

In a subsequent paper, Higuchi (1963) consid- 
ered drug release from spherical matrix systems. 
He found that (when C, z+ C,): 

where M, is the total amount of drug in 

sphere with radius rO. If one looks at the 

haviour of M(t) for short times, one can use: 

+ . . . 

Substituting Eqn. 3 into Eqn. 2 then: 

2:) t (1g;=&Ji- 

Since 

Mm = $7. C,.ri 

and the area of a sphere is 

A=4=.rt 

(2) 

the 
be- 

(3) 

(4) 

(6) 

M(t) is proportional to the surface area of the 
matrix. Similarly, the amount of drug released 
from a homogeneous cylindrical matrix, as de- 
scribed by Roseman and Higuchi (1970) is also 
given by Eqn. 7. A in Eqn. 7 is then the area of a 
cylinder. 

The present study shows that under the as- 
sumptions made by Higuchi (1961) any particle 
with a regular boundary will follow for a short 
time the release given by Eqn. 1 where A is the 
total area of the particle. Furthermore, the next 
order correction to the short time behaviour given 
by Eqn. 1 is computed. Before stating the main 
result let us define the area A(x) of a surface 
parallel to the surface of the particle at a fixed 
distance x (see Fig. 1). 

So, for example, a cube with volume L3 will 
have: 

A(x)=6(L-2x)* (8) 

and a sphere with volume 4/3ar3 will have 

A(x) = 4a(r - x)’ (9) 

A particle is said to have a regular surface if for 
small x there is a constant c, such that 

A(x)=A-cx+ . . . (10) 

For instance, a cube has a regular surface because: 

A = 6L2 (11) 

so that Eqn. 10 is satisfied with constant c = 24L. 
For the sphere with radius r, c = 8Tr. 

The main result of this study is that for any 
particle with a regular surface and corresponding 

it is clear that (substituting Eqns. 5 and 6 into 

Eqn. 4), 

M(t)=A(2D+Co.t)1’2 (7) 

Thus under the assumption C,, > C, for short 
times: (i) M(t) is proportional to t”*, and (ii) 

Fig. 1. Two surfaces (1.2) parallel to the outer surface S at 
distances x, and x2. 
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constant c for short time Eliminating (p from Eqns. 16 and 17 gives 

- $cc, 
3c, - 2c, 

2c,-c, D.f (12) 

using the approximations of Higuchi. So each 
particle with a regular surface releases drug like a 
slab with corresponding area of exposure (short 
t). The second term in Eqn. 12 is a long time 
correction. This depends in more detail on the 

shape of the particle. 

Derivation of Eqn. 12 
In accordance with Higuchi’s pseudo-steady- 

state approximation, it is assumed that the mass 
flux is independent of the position in the depleted 
region. Let C(x) be the concentration of dissolved 
drug at the parallel surface (at distance x from the 
boundary of the matrix). Then Fick’s first law is: 

+= D.A(x)v (13) 

where + = dM(t)/dt. 
Since $B is not dependent upon x, Eqn. 13 may 

be integrated, assuming sink conditions at x = 0: 

C(x) = s/d-& O<x<xT (14 

For short times t, x’ (and x) should be small so 

1 1 1 cx --_-~-~r+- 

A(x) A-cx A A2 05) 

Substituting Eqn. 15 into Eqn. 14 one obtains 

C(x)=--&(x+$ 

At the diffusion front, 

c, = C(x’) = -yqxf+yg) (17) 

c*x2 

c(x) = c, . x+ 2A 
12 

c-x 

x’+ 2A 

X 

i 

c-x c*x’ --- “Cs‘T‘ 1+ 2A 2A 1 (18) 

The total amount of dissolved drug remaining in 
the depleted region is therefore (using Eqn. 18): 

/ 
“C(x)A(x) dx 

0 

(19) 

The amount of dissolved drug remaining between 
two parallel surfaces at distances x’ and x’ + dx’ 

from the boundary is then: 

The mass balance (for the region between the two 
parallel surfaces) becomes 

@ dt= C,.A(x’) dx’- 4 - &.x+.dx 

= Co-; A.dx’ 
i i 

+ (ice C, - c . C,,)x’ . dx’ (21) 

I#I can now be eliminated from Eqns. 17 and 20. 
This yields 

D.C;A.dt=A C,,-2 x’.dx’ 
i 1 

-c(+&)x+dx’ (22) 

Integrating Eqn. 22 (using initial conditions x‘ = 0 



44 

at t=O) gives: times such that: 

From Eqn. 17, $I as a function of x’ is obtained as 
follows: 

G= 
A.D.C, A.D.C, c.D.C, 

3 - 
r2 X’ 2 (24) 

x’+ c2; 

From Eqn. 23 l/x’, as a function of t is obtained: 
Put x’ = l/q into Eqn. 27 then: 

20’ C; t. q3 C c, - :c, 

=q-3A’ 
(25) 

Since one is only interested in approximate solu- 
tion for short time the following equation: 

-l/2 

q= +6 (26) 

may be substituted into Eqn. 25 to give: 

+&. c, - gc, 
co- 2 

(27) 

If Eqn. 27 is substituted into Eqn. 26, and Eqn. 26 
is further substituted into Eqn. 24, one obtains: 

M(t) <A*C,,*d/2 

Thus 

t<T,= 
d2. C,2 

40. C,(2C,, - CS) 
(29) 

The release mechanism will change when 2x’ = d. 

This happens at a time 

(30) 

Thus Eqn. 1 is only valid for times smaller than T, 

and T,. For a more general matrix, one has the 
requirement M(t) < V. C, where V is the volume 
of the matrix. Thus 

2 

. &-(2c0- CJ. 
s 

(31) 

So the thickness d in Eqn. 29 has been replaced 
by V/A in Eqn. 31. For general matrix systems, it 

is difficult to determine the time T;, when diffu- 
sion fronts are going to coalesce. However, in view 
of Eqns. 29 and 31 it seems plausible that: 

V 2 

Ti=z. ( 1 2c,-c, 

160. c, (32) 

Furthermore in the derivation of Eqn. 12, cx’/2A 
+z 1 was used. This gives t < TS’ where 

2c -c, 
T,‘= &. Da c 

C2 s 
(33) 

+=A[D.+,,-$1.$1”’ 

Experimental 

-$c.D.CS. 
3c, - 2c, 

2c, - c, (28) 

Integrating Eqn. 28 between 0 and t gives Eqn. 12. 

Validity of the results 
In the case of a slab, Eqn. 1 can only hold for 

Methods 
Polyhydroxybutyrate (PHB) or copolymers of 

hydroxybutyrate/hydroxyvalerate (PHB/PHV) 
were used to prepare a drug-loaded matrix by a 
solvent evaporation process as described in a pre- 
vious study (Brophy and Deasy, 1986). The matrix 
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containing sulphamethizole dispersed within was 
subsequently ground to give irregular-shaped mi- 
croparticles of a desired size range. A number of 
the irregular microparticles were thus selected (see 
Table 1) for comparison of their in vitro experi- 
mental release with the theoretical equation for 
general shape (Eqn. 12) derived in this study. 

Theoretical versus experimental 

From Eqn. 12 it is evident that the fraction of 
drug released at time t is of the form 

f(t) = B,t”’ - B,t 

Tables 2, 3, 4 and 5 and Figs. 2, 3, 4 and 5 show 
the theoretical release of a drug from matrices of 
general shape in comparison with the experimen- 
tally observed release of products A,, A,,, B and 
C, respectively (Table 1). Agreement of the model 
with the in vitro release was good in all cases for 
up to 5-8 h release period when after such times 
the model is no longer applicable. This corre- 

sponded to approximately 50% drug release for 
three of the products tested and up to 70% drug 
release for the remaining product. In addition, the 
general model equation shows clearly that regard- 

less of the shape of the particle, the mass released 
is proportional to t”’ and the area of the matrix 

for small values of t. Further, for large values of t 
the contribution of the term proportional to t 
becomes significant. 

This general shape equation should be useful 
for a number of pharmaceutical systems where the 

TABLE 1 

Characterization of polyester microparticles containing sulpha- 

methizole dispersed within 

Product Polymer Weight Dr”g Particle 
average loading size 
molecular (W) range 
weight (am) 
0%) 

Al PHB 1.4x105 50 425- 600 
A,, PHB 1.4x105 50 1180-2000 

B PHB 1 x106 47 1180-2000 

C PHB/PHV 1.7~ lo5 46 1180-2000 

TABLE 2 

Comparison of the theoretical release of a drag from a matrix of 

general shape (mean size 512.5 pm) using Eqn. 12 derived in this 

study and the experimental release of sulphamethizole from Prod- 

uct A, (Table I) 

f(t)=B,.t”*-E,.r 

B, = 62.78.@‘; B, =13.35g.h-’ 

t W 
0.08 17 21 
0.25 28 28 
0.5 38 40 
1.0 49 49 
1.5 57 57 
2.0 62 61 
3.0 69 68 
4.0 72 72 
5.0 74 77 
6.0 75 89 

matrix containing dispersed drug is irregular in 

shape. It is only strictly applicable to a rigid 
matrix and does not include any parameters for 

TABLE 3 

Comparison of the theoretical release of a drag from a matrix of 

general shape (mean size 1590 pm) using Eqn. 12 deriued in this 

study and the experimental release of sulphamethizole from Prod- 

uct A,, (Table I) 

f(t) = B,.t’j2 - B,.t 

B, = 28.6’%.&-‘; B, = 3.5%.h-’ 

t (h) f(t),heor @) f(t),,, (WI 

0.083 7.98 10.55 
0.1 11.1 13.15 
0.25 13.43 15.25 
0.33 15.34 16.85 
0.5 18.47 19.7 
0.67 21 .o 21 .o 
0.83 23.20 23.35 
1.0 25.10 24.1 
1.5 29.78 30.2 
2.0 33.44 33.25 
3.0 39.04 39.5 
4.0 43.2 41.2 
5.0 46.45 45.75 
6.0 49.06 49.5 
7.0 51.17 51.45 
8.0 52.96 53.6 

10.0 55.44 59.5 
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TABLE 4 

Comparison of ihe theoretical release of a drug from a matrix of 

general shape (mean size 1590 pm) using Eqn. 12 dewed in this 

study and the experimental release of sulphamethirole from Prod- 

uct B (Table I) 

f(t)=B,.t”2-B2.t 

B, = 36.3%,&l; B, = 5.3%.h-’ 

0) f(t)ttw (%I f(t),,, (%) 

0.08 10.1 12.6 

0.25 16.8 18.0 

0.5 23.0 23.3 

1.0 31.0 30.5 

1.5 36.5 35.4 

2.0 40.7 39.9 

3.0 46.9 45.1 

4.0 51.4 49.3 

5.0 54.1 55.5 

6.0 57.1 57.8 

7.0 58.9 61.9 

8.0 60.3 65.0 

10.0 61.8 69.9 

the presence of moving boundaries such as swell- 
ing or erosion of the polymer. Such analysis re- 
quires complex mathematical treatment. In the 

TABLE 5 

Comparison of the theoretical release of a drug from a matrix of 

general shape (mean sire 1590 pm) wing Eqn. 12 deriued in this 

study and the experimental release of sulphamethirole from Prod- 

uct C (Table 1) 

f(t)=B,.t’/2-B2.t 

B, =26%.&-l; B, = 4%.@’ 

t (h) f(t) Iheor(%) f(t),,, (%I 

0.08 1.2 9.25 
0.25 12.0 13.07 
0.5 16.0 16.65 
1.0 22.0 21.35 
1.5 25.8 24.2 
2.0 28.8 27.35 
3.0 33.0 31.9 
4.0 36.0 34.2 
5.0 38.1 36.6 
6.0 39.7 38.5 
7.0 40.8 41.99 
8.0 41.5 42.5 

10.0 42.2 46.3 
12.0 42.1 49.55 

90 
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60 
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l Exp 
0 Theor 

0 12 3 4 5 6 

Time j hr) 

Fig. 2. Comparison of the theoretical versus experimental 

release of drug for particles, mean size 512.5 am, using the 

general shape equation derived (Eqn. 12) and Product At 

(Table 1). 

* Exp 
0 Theor 

01234567 6 9 IO 

Time ihr) 

Fig. 3. Comparison of the theoretical versus experimental 

release of drug for particles, mean size 1590 pm, using the 

general shape equation derived (Eqn. 12) and Product A,, 

(Table 1). 

0 12 3 4 5 6 7 8 9 IO 

Time ihri 

Fig. 4. Comparison of the theoretical versus experimental 
release of drug for particles, mean size 1590 pm, using the 

general shape equation derived (Eqn. 12) and Product B (Table 

1). 



47 
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0 12 3 4 5 6 7 8 9 10 11 12 

Time ihrl 

Fig. 5. Comparison of the theoretical versus experimental 

release of drug for particles, mean size 1590 pm, using the 

general shape equation derived (Eqn. 12) and Product C (Table 

1). 

case of PHB or its copolymers, PHB/PHV, the 
contribution of erosion of the polymer to the 
release of sulphamethizole was negligible over the 
time scale studied and thus the general shape 
equation derived was applicable. However, for 
longer release periods of several weeks to months, 
erosion of biodegradable polymers would prob- 

ably contribute to the overall release characteris- 
tics of the drug and the general shape equation 

may then be unsuitable. 
In conclusion, an equation has been derived, 

using the pseudo-steady-state approximations of 
Higuchi, which describes the release of a dispersed 
solute from a rigid matrix of general shape. The 
equation shows that for short time, drug release is 
proportional to t’j2 and the area of the matrix 
regardless of the shape. In addition, for larger 

times the equation shows that the contribution of 
the term proportional to t is significant. 

The equation derived, adequately described the 
in vitro experimental release of sulphamethizole 
from PHB microparticles of no specific shape. The 
equation should thus be useful to describe drug 
release from a variety of drug delivery systems 
where erosion or swelling of the matrix does not 
contribute to the release during the short time 
period. 
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