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A polymer-drug device with two polymers is prepared and tested in in-vitro tests. The device consists of a core obtained by 
dispersing the drug in Eudragit as polymer and of a shell made of an erodible polymer. The drug chosen in the paper is sulfanilamide, 

and the shell is made of “Gelucire”. When in contact with synthetic gastric liquid, these types of dosage forms are able to deliver the 

drug with a constant rate throughout the whole process. Moreover, the value of this rate of drug delivery is inversely proportional to 

the thickness of the shell. Some parameters, as the temperature of liquid Gelucire and the time of contact, are of interest for 
controlling the thickness of the shell. 

Introduction 

With classical dosage forms administered via 
the gastrointestinal tract the release of drug is 
controlled by dissolution. The drug is then 
liberated very rapidly, and the drug concentration 
in the gastric liquid and blood builds up to a 
maximum value and then falls exponentially until 
the following dose. As a result, an undulating 
concentration history is obtained, low concentra- 
tions alternating with high concentrations (Heil- 
man, 1984; Peppas et al., 1980; Peppas, 1985). 
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Optimization of conventional agent delivery to 
maximize agent availability with a minimum 
amount of the drug cannot be realized easily. The 
method is practical if we consider new types of 
dosage forms consisting of a protected supply of 
drug from which the drug is automatically re- 
leased at a controlled rate over a long period of 
time. Monolithic devices where the agent is disper- 
sed in an inert matrix have been studied. Both 
degradable (Heller, 1984) and non-degradable 
(Fessi et al., 1982; Touitou and Donbrow, 1982; 
Focher et al., 1984) polymers have been utilized 
for the matrix, the purpose being that these poly- 
mers are not absorbed in the body but pass 
through. Several theories have been put forward in 
an attempt to model the details of the delivery of 
drug. Invariably they are built on a combination 
of hydrodynamic (Nicklasson et al., 1985) and 
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diffusion process which explain the square-root of 
time dependence of the drug delivery (Gumy et 
al., 1982; Touitou and Donbrow, 1982; Brossard 
et al., 1983; Teillaud and Pourcelot-Roubeau, 
1984). Other studies have considered the simulta- 
neous transfer of the liquid into, and the drug out 
of the polymer matrix, either in case of plasticized 
PVC in contact with a liquid (Messadi and 
Vergnaud, 1981; Messadi et al., 1983; Taverdet 
and Vergnaud, 1984, 1986) or in case of dosage 
forms prepared by dispersing the drug in a poly- 
mer (Drain et al., 1985; Malley et al., 1987; 
Armand et al., 1987). In all these above studies, 
the delivery of the drug is controlled by diffusion 
and the amount of drug delivered is proportional 
to the square root of time. 

A release with a constant rate can be obtained 
by using devices based on the osmosis principle 
(Heilman, 1984) or with the help of more simple 
devices. Two types of these latter devices have 
been successfully tested. The one based on diffu- 
sion process with dosage forms made of a core 
and shell, the core containing the drug dispersed 
in a polymer matrix, and the shell in pure polymer 
(Liu et al., 1988). The other based on diffusion 
and polymer erosion consists of a core made of 
drug dispersed in a polymer as Eudragit RL, this 
core being surrounded by an erodible polymer 
(Magron et al., 1987). 

The purpose of this paper is to show that the 
mechanism of drug release by diffusion and poly- 
mer erosion can be extended to many cases for 
preparation of dosage forms delivering the drug at 
a constant rate. The dosage form consists of a core 
and shell. The core is obtained by dispersing the 
drug sulfanilamide in Eudragit RL which plays 
the role of a matrix, and the shell is made of 
Gelucire which is a mixture of polyglycide fatty 
esters with controlled hydrophilic properties. The 
Gelucire 46-7 used is slightly soluble in gastric 
liquid at 37” C, and then behaves as an erodible 
polymer. To get insight into the mechanism of 
drug release, and also to find out a relationship 
between the rate of drug release and a characteris- 
tic of interest of the shell, viz. thickness, a 
mathematical model is developed and verified. 
This model is based on the simple main principle 
that the shell plays the role of a spherical mem- 

brane (Crank, 1975) which separates two media 
with constant concentrations of the drug. 

The whole problem is rather complex, because 
of the simultaneous and successive steps: the 
transfer of the liquid enters successively the shell 
(made of Gelucire) and the core (made of a dis- 
persion of the drug in Eudragit), then the dissolu- 
tion of the drug in the liquid located in the core, 
enabling the transfer of the drug out of the dosage 
form. At the same time, a slight erosion (or rather 
dissolution) of the shell takes place. 

Assumptions 
In order to simplify the problem and find a 

good solution, the following assumptions are made. 

(9 

(4 

The dosage form is made of two concentric 
spheres, the core of radius R, and the shell of 
external radius R,. The core is obtained by 
dispersing the drug in the polymer (Eudragit), 
and the shell is made of pure Gelucire. 
Two matter transfers take place simulta- 
neously: the one with the liquid which enters 
the dosage form and dissolves the drug, the 
other with the drug in solution in the liquid 
absorbed into the dosage form (Droin et al., 
1985; Malley et al., 1987). 

(iii) The transfers of the liquid and drug are con- 

(iv> 

trolled by diffusion, the diffusivity being 
higher for the liquid than for the drug (Mag- 
ron et al., 1987; Armand et al., 1987). 
A very simple model is tested, by considering 
the shell as a spherical membrane, the diffu- 
sivity of the drug in the shell being lower than 
the diffusivity in the core. 

Mathematical treatment 
In order to describe the process in spite of its 

complexity, a mathematical treatment can be made 
with the help of the above assumptions (especially 
the fourth). 
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Fig. 1. Scheme of the dosage form, with core and shell. Core, 
drug and Eudragit RL; shell, Gelucire. 

The transient diffusion through the sphere is 
described by the Fick’s equation: 

ac _+_E[D.rd.c] 
at 

The initial and boundary conditions are as 
shown in Fig. 1. 

t= 0 r<R, C = C, core 

R,<r<R, C=O shell (2) 

t> 0 r=R, c = ci, 

r>R, c=o (3) 
O<r<R, C=C, 

Under these simple conditions, an analytical 
solution can be found for Eqn. 1, especially when 
the diffusivity of the drug is constant (Crank, 
1975, p. 99). 

The amount of drug transferred up to time t 
into the exterior liquid is given by the series: 

M, 
4~.R,.R,(R,-R,)C, 

D.t 1 = -- 

(Rz-R,)~ ’ 

(4) 

The transport through the membrane is then 
controlled by transient diffusion. But when t + co, 
or when the time is high enough, the amount of 
matter transferred varies linearly with time: 

R, . D . C, 

Mt= R,(R,-R,) 
(R, -RI)’ 

6.0 I 
-4nR; (5) 

In fact, this linear relationship between M, and 
the time has an intercept on the time axis given 
by: 

The slope of the straight line M, - t, or the rate 
of matter transferred is proportional to the diffu- 
sivity D of the drug in the membrane. 

Ci,. R, . D 

‘= R2(R2-R,)4TR’ 

Symbols 
c, ci, : 

D 

R,, R, : 

R,-R, : 

k 
S 

drug concentration, initial concentra- 
tion in the core 
diffusivity of the drug in the shell 
radius of the core, and the shell, 
respectively 
thickness of the shell (supposed con- 
stant) 
integer 
amount of drug delivered at time t 
slope of M, - t line, constant rate of 
the drug delivered for the values of 
times higher than the time defined by 
Eqn. 6. 

Materials and Methods 

Materials 
The following components are used: Sulfanila- 

mide, the p-aminobenzene sulfamide, in white 
powder form, is chosen for the drug. Eudragit RL, 
a copolymer of dimethylaminoethylacrylate and 
ethylmethacrylate, of mol. wt. = 150,000 (RhGm 
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Pharma) and a low number of quatemary am- 
monium terminals, is used as polymer matrix for 
the sphere of radius R,. The ratio between the 
numbers of quatemary ammonium and esters 
terminals is around l/20. Gelucire 46/07, a waxy 
solid made of partial glycerides and polyglycides 
fatty esters with controlled hydrophilic properties 
(Gattefosse, Lyon) is chosen for the shell sur- 
rounding the core. The drop point (Mettler) is 
46OC and the hydrophilic-lipophilic balance is 7, 
corresponding to a medium value. 

Preparation of dosage forms 
Eudragit and drug in powder form are in- 

timately mixed in a mortar, and transformed into 
a thick paste with a small amount of ethanol 
which is a solvent of the drug and polymer. 
Spherical beads are prepared from this paste and 
dried at room temperature for 4 days (dosage 
form of type A). 

The dosage form of type A is then surrounded 
by a spherical membrane of Gelucire, by dropping 
for 2-5 s the dosage form into Gelucire kept 
liquid at 60°C. The Gelucire membrane hardens 
after cooling at room temperature. The thickness 
of this shell can be controlled by selecting the 
right values for the temperature of the liquid 
Gelucire and for time of contact. 

Several dosage forms are prepared with various 
values of the thickness of Gelucire ranging from 
0.011 cm (17 mg) to 0.05 cm (108 mg), by keeping 
a constant percentage of drug (50% w/w) in the 
core of radius R,, and about the same weight 
(around 320-400 mg and R, between 0.38 and 0.4 
cm). 

In-vitro test 
Experiments are carried out in a closed flask 

with a controlled rate of stirring. The bead 
(320-400 mg) inserted in a fiberglass basket is 
soaked into synthetic gastric liquid (100 ml) at 
37OC with the classical composition (pH = 1.2; 
1000 ml of aqueous solutions, 80 ml HCl 1 N and 
2 g NaCl). 

At intervals the bead is weighed and small 
samples (1 ml) of liquid are taken for analysis. 
The amount of drug released in the liquid is 

determined by using a UV spectrophotometer 
(Hitachi U-1100) calibrated at 216 nm. 

Results 

The kinetics of release of the drug into syn- 
thetic gastric liquid is determined by using a de- 
vice made of the core alone as well as devices 
made of the core and the shell. An attempt to 
correlate the rate of drug release with the thick- 
ness of the shell is then made by considering the 
model of the spherical membrane separating two 
media with a constant concentration of the drug. 

Experimental results 

Device with a core alone 
First of all, the device made of the core alone, 

obtained by dispersing the drug in the polymer 
with the following concentration (50-508 w/w 
for the drug and polymer), is tested in a pre- 
liminary way. The kinetics of release of the drug 
in synthetic gastric liquid is shown in Fig. 2. Some 
conclusions can be drawn from these results. 

Amount of drug released. About 95-100% of 
the drug previously dispersed in the device is 
released in the liquid at the end of the process, 
when equilibrium is attained. 1-n case of a drug as 
sodium salicylate with a low solubility in gastric 

Fig. 2. Kinetics of drug released in synthetic gastric liquid from 
the core (Eudragit RL-Sulfanilamide, 50-50% w/w; 336.8 mg; 

R = 0.38 cm; 37 o C. 



Fig. 3. Amount of drug released from the core as a function of Fig. 5. Kinetics of drug released in synthetic gastric liquid from 
the square root of time. 333.8 mg; R = 0.38 cm; Eudragit the device. Core: Eudragit RL.-drug, 50-508 w/w; 396 mg; 

RL-sulfanilamide, SO-50% w/w. R = 0.40 cm. Shell: Gelucire 0.023 cm thick (29.7 mg). 

liquid, only 65570% of the drug will be released in 
the liquid under the same conditions (Magron et 
al., 1987). From this comparison, the effect of the 
solubility of the drug is shown to be a parameter 
of concern. 

The rate of drug released. This is very high at 
the beginning of the process, and then decreases 
with time. The whole process is controlled by 
diffusion as proved by the square-root of time 
dependence with the amount of drug released 
(Fig. 3). This latter fact corresponds with a verti- 

T’+ fhl 
10 20 30 40 SO 

Fig. 4. Kinetics of drug released in synthetic gastric liquid from Fig. 6. Kinetics of drug released in synthetic gastric liquid from 
the device. Core: Eudragit RL-drug, 50-50s w/w; 368 mg; the device. Core: Eudragit RL.-drug, 50-50% w/w; 373 mg; 

R = 0.39 cm. Shell: Gelucire 0.011 cm thick (17.3 mg). R = 0.39 cm. Shell: Gelucire 0.031 cm thick (46 mg). 
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cal value for the slope of the curve expressing the 
drug released as a function of time. 

Devices with core and shell 
The kinetics of drug released obtained with the 

devices made of a core and shell are shown in 
Figs. 4-7 with various values of the thickness of 
the erodible shell. The following results are worth 
pointing out. 

The amount of drug delivered at equilibrium into 
the synthetic gastric liquid is around 90-958, 

T’m lhl 
10 20 xl aI 50 
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Fig. 7. Kinetics of drug released in synthetic gastric liquid from 

the device. Core: Eudragit RL-drug 50-50% in weight; 328 

mg; R = 0.38 cm. Shell: Geiucire 0.050 cm thick (108 mg). 

while it has been 60% in case of sodium salicylate 
(Magron et al., 1987). 

The transfer of matter by a membrane process 
consists of two processes: the first, controlled by 
transient diffusion, followed by the second with a 
constant rate. The time at which the process is 
conducted under transient conditions is very short 
in the present case, and it is increased by increas- 
ing the thickness of the shell. 

A constant rate of drug delivery is obtained 
during a very large part of the process, the time of 
transient diffusion being rather low. 

% DRUG/h 

Fig. 8. Rate of drug released (W drug/h) as a function of the 
thickness of the shell (mm). 

The rate of drug released in the liquid is in- 
versely proportional to the thickness of the shell 
made of Gelucire, as shown in Fig. 8. 

Theoretical attempt to describe the whole process 
The whole process is very complex, with two 

matter transfers (the one with the liquid entering 
the shell and core, the other with the drug which 
diffuses out of the core and shell in the liquid 
state) and an erodible shell. A mathematical model 
has to take into account all these facts, and above 
all some information which is difficult to find 
from the experiments is needed for the mathemati- 
cal simulation. 

An attempt is made to build a simple model 
able to describe the whole process, and especially 
the drug delivery and the relationship between the 
thickness of the shell and the rate of drug released. 
A simple model is obtained by considering a 
spherical membrane separating two media kept at 
a constant concentration. In the present work, the 
shell made of Gelucire plays the role of the mem- 
brane. 

Of course, two facts are in contradistinction to 
this simple model. (i) The concentration in the two 
media located on both sides of the shell, i.e., in the 
core and in the exterior liquid, is not constant. (ii) 
The thickness of the shell decreases during the 
process, because of the solubility of the Gelucire 
in gastric liquid. 

The first assumption is not so drastic. On the 
one hand, the concentration of the drug in the 
exterior liquid remains very low during the pro- 
cess, even in in-vitro tests where the drug is accu- 
mulated constantly in the liquid. On the other 
hand, it is true that the mean concentration of the 
drug in the core is decreasing during the process. 
But the concentration of the drug on the surface 
of the core can be considered as about constant, 
because the rate of diffusion of the drug is higher 
in the core than through the shell, as it can be 
shown in comparing the kinetics obtained in Fig. 
2 for the core itself and in Fig. 7 for the core and 
shell. 

The second assumption for the membrane the- 
ory with a constant thickness of the shell is not 
defensible. 
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In fact, two main steps can be considered for 
the drug transfer in these kinds of galenic forms: 
one concerned with the transfer of the drug in the 
core, the other through the shell. The decrease in 
the concentration of the drug in the core during 
the process is followed by a decrease in the rate of 
the drug released out of the core. But this decrease 
in the rate of the drug in compensated by a 
decrease in the thickness of the shell. As a result 
from this compensation, a constant rate of de- 
livery out of the dosage form is obtained. 

In spite of the fact that this simple theory 
based on the membrane process is not fully accep- 
table, the actual result is of interest for determin- 
ing the right value necessary for the thickness of 
the shell allowing the desired rate of drug delivery. 

Conclusions 

Oral dosage forms prepared with a core and 
shell were prepared and tested in synthetic gastric 
liquid. The main characteristics of these forms are 
as follows: the core is obtained by dispersing the 
drug in a non-erodible polymer matrix, and the 
shell is made of an erodible polymer. 

These dosage forms are able to deliver the drug 
with a constant rate throughout the whole process. 
Moreover, the rate of delivery is inversely propor- 
tional to the initial thickness of the shell. 

As a result, it is possible to prepare any dosage 
forms able to deliver the drug with the desired 
rate. 

A simple model based on a spherical model is 
certainly criticizable from a theoretical point of 
view. But it remains of interest because of the 
relationship between the rate of delivery and the 
shell thickness which results from this assumption. 
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