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Abstract 

Controlled release dosage forms offer advantages over conventional dosage forms, in a particular, a more 
constant and prolonged therapeutic effect. In vitro and in vivo testing is used to determine the release of the drug, 
and correlations are attempted between these results, leading often to major differences. The process of drug release 
from a drug-polymer device controlled by diffusion is established with either an in vitro or in vivo case. A numerical 
model taking all the known facts into account is built into these two cases. For the in vivo test, the parameters of 
interest are the diffusivity, the concentration of drug and dimension of the dosage form, the volume of liquid in the 
stomach, the volume of blood, and the rate constants of absorption and elimination. The results are obtained with 
the concentration-time histories of the drug in the stomach and in the blood. 
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I. Introduction 

Control led-re lease  pharmaceut ica l  dosage 
forms may offer advantages  over convent ional  
dosage forms with immedia te  release, such as a 
reduced  dosing frequency,  less adverse side ef- 

fects, be t te r  pharmacological  activity, and  a more  
constant  and  pro longed therapeut ic  effect (Heil- 
mann ,  1983). The  control led release dosage form 
is especially just if ied when  a lower drug concen-  
t ra t ion in blood decreases side-effects, and  also 
when  the compliancy of the pa t ient  is of concern.  

Abbreviations/symbols: an, /3,, parameters shown in Eq. 4; C, CN, concentration of the drug in dosage form at time t and 
(t + At), respectively; At, increment of time (s); D, diffusivity (cmE/s) of the drug through the dosage form; n, integer, 
characterizing position; N, number of spherical slices; R, radius of the bead; Ar, thickness of each spherical slice; M, 
dimensionless number given in Eq. 5; k a, r a t e  constant of absorption (h-l); ke ' rate constant of elimination (h-I); Kb ' partition 
factor of the drug between the stomach and the blood; Kp, partition factor of the drug between the polymer and gastric liquid; 
Min, a m o u n t  of drug initially located in the dosage form; Mr' , amount of drug located in the dosage form at time t; S, area of the 
dosage form; Vs, volume of gastric liquid in the stomach; Vb, volume of the blood; Y, YN, amount of the drug located in the stomach 
at time t and (t + At), respectively; Z, amount of the drug located in the blood at time t; W, amount of the drug eliminated at time 
t. 
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Generally, the dosage forms are tested by us- 
ing the in vitro dissolution test. Alternative in 
vitro procedures such as the flow-through filter 
method and the rotating flask method are prefer- 
entially used, amongst others. This test is impor- 
tant for the following purposes: simply to test 
different lots in the development phase, to pro- 
vide the necessary process control of release in 
the research phase, to determine the stability of 
the release, and to adapt the formulation to the 
purpose. 

However, the in vitro process must be vali- 
dated by establishing a correlation between the in 
vitro and in vivo tests (Skelly et al., 1990). Vari- 
ous studies have been performed in order to 
determine correlations between these two types 
of tests. The in vitro dissolution curve is com- 
pared to the input function resulting from decon- 
volution of the drug concentration-time history in 
the blood. Good correlation is obtained when 
these two types of curves are superimposed. 
Sometimes, the in vitro dissolution procedure of 
the dosage form is modified in order to correlate 
best with the deconvolution curve obtained with 
in vivo experiments. Studies have been carried 
out with thiamine hydrochloride encapsulated 
with Eudragit L (Aly and Megwa, 1989). Associa- 
tions between in vitro and in vivo tests have been 
established by using moment and linear system 
analyses, as well as the mean residence time of 
the drug, and the effect of agitation in the in vitro 
test was found to be of importance (Nicklasson, 
1990). Relations between drug liberation, esti- 
mated in vitro, and their behaviour in the human 
organism were attempted with theophylline re- 
tard preparations (Beerbaum et al., 1988). Stud- 
ies were made with nylon-coated ion exchange 
resins containing sodium diclofenac (Garcia-En- 
cina et al., 1993). In vitro/in vivo evaluation of a 
colonic release capsule of vasopressin was devel- 
oped (Rao and Ritschel, 1992). In vitro and in 
vivo evaluation of an oral sustained-release float- 
ing dosage form of amoxycillin trihydrate with 
various hydi'ophilic polymers was investigated 
(Hilton and Deasy, 1992). Computer simulation 
of blood level profiles of drug liberated from two 
retard preparations was achieved with pentoxi- 
fylline (Koch, 1992). The dissolution behaviour of 

controlled-release tablets was studied in order to 
evaluate the correlation between in vivo and in 
vitro test by analyzing the in vivo results by de- 
convolution (Aoki et al., 1992). Very often, phar- 
macokinetic simulation revealed in vivo devia- 
tions from in vitro release, as shown for timolol in 
polymer matrices (Finne and Urtti, 1992). At- 
tempts were made to determine the effect of the 
nature of the food in the stomach on the process. 
A new in vitro model to detect interactions be- 
tween controlled release dosage forms and food 
was built and comparisons were made with in 
vivo data available from the literature (Junginger 
et al., 1990). Studies made in this in vitro food 
simulation test showed the absence of interac- 
tions with well-defined liquid food, and the in 
vivo behaviour was validated with the same mate- 
rials (Verhoeven et al., 1989). The process of 
release of the drug from drug-polymer devices is 
rather complex, even with in vitro testing 
(Vergnaud, 1993). The process of release is more 
complex with the in vivo test for many reasons, 
and especially because the system is open, mean- 
ing that the drug follows the following typical 
pattern: (i) it diffuses out of the dosage form in 
the gastric liquid and the volume of liquid and 
agitation are of importance irrespective of the 
presence of food; (ii) it diffuses through the gas- 
tric membrane into the blood and this transport 
rate is evaluated by first-order kinetics and its 
rate constant of absorption; and (iii) it diffuses 
essentially into the kidney and this transport is 
defined by first-order kinetics and its rate con- 
stant of elimination. 

The first purpose in this paper was to investi- 
gate the general process of controlled drug re- 
lease from the dosage form either in the closed 
system of the in vitro test or in the open system of 
the in vivo test. In the in vitro test the drug is 
released in a synthetic gastric liquid of constant 
finite volume, while in the in vivo test the drug is 
released in the gastric liquid, and thus diffuses 
through the gastric membrane into the blood 
during the stage of absorption and then diffuses 
out of the blood circulation system during the 
stage of elimination. It is thus possible to build a 
numerical model taking into account all the 
known facts in either the in vitro or in vivo test. 
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Various parameters are thus introduced: those 
concerned with the dosage form itself with its 
dimension, drug concentration and diffusivity, the 
others necessitated by the process of absorption 
and desorption such as the volume of liquid in 
the stomach and the volume of blood, the rate 
constants of absorption and elimination corre- 
sponding with first-order systems. 

The second objective was to calculate the con- 
centration-time history, for a drug with given rate 
constants of absorption and elimination, in either 
the in vitro or in vivo test. The in vitro test is 
performed with the dosage form located in a 
constant finite volume of liquid, the system being 
closed so that the drug remains either in the 
synthetic gastric liquid or in the dosage form. 
With the in vivo test, the system is open in the 
sense that the drug is released firstly in the stom- 
ach out of the dosage form, is thus absorbed in 
the blood and then eliminated. The usual rate 
constants of absorption and elimination are used 
for this purpose. 

2. Mathematical  and numerical  treatment of  the 
problem 

2.1. Assumptions 

Some assumptions are made in order to define 
precisely the problem. 
(i) The process of drug transport is divided into 
the following stages which are connected with 
each other: transport through and out of the 
dosage form, transport from the gastric liquid to 
the blood with the rate constant of absorption, 
transport from the blood to the surroundings with 
the rate constant of elimination. 
(ii) The dosage form with controlled drug re- 
lease is spherical in shape, and the radius re- 
mains constant during the process in the gastric 
liquid, and the transfer is radial. 
(iii) The process of drug delivery from the 
dosage form in gastric liquid is simplified, by 
considering only the diffusion of the drug. 
(iv) The drug diffuses out of the dosage form 
with constant diffusivity. 
(v) The volume of gastric liquid is constant ei- 

ther in the stomach or in the flask with the in 
vitro test, during the process (in fact a change in 
this volume can be accounted for by the model 
with a slight modification). 
(vi) With in vivo testing the rate constants of 
absorption k a and of elimination k e are constant. 
(vii) The concentrations of the drug in the stom- 
ach and in the blood are uniform. 
(viii) The stage of elimination is not perturbed 
by the presence of drug in the surrounding. 
(ix) The presence of drug in the blood compart- 
ment may hinder the transfer of drug from the 
stomach to the blood. Conventional equations 
neglecting this fact and new equations consider- 
ing this fact are used. 

2.2. Numerical treatment for the transfer of  drug in 
the dosage form 

The concentration of the drug within the 
dosage form is calculated with a numerical model 
with finite differences, as no mathematical treat- 
ment seems to be feasible for this problem. 

The equation of radial diffusion in the bead 
with constant diffusivity and constant dimensions 
is: 

Ot = r --2" r2" Or' (1) 

and the coefficient of mass transfer on the sur- 
face of the bead is so high that the concentration 
of drug of the surface is constantly proportional 
to the concentration of drug in gastric liquid. 

Y 
CR, t=Kp 'Cs=Kp-~s  (2) 

where K o is the partition factor between the 
dosage form and the gastric liquid, C s and Y 
denote the concentration and the amount of drug 
in the stomach respectively, and V~ is the volume 
of gastric liquid. 

As shown in earlier studies (Vergnaud, 1993), 
the radius is divided into N constant increments 
of space zar and time in increments of time At, 
and each position is associated with an integer. 
The mass balance is evaluated within a spherical 
membrane of thickness Ar during the interval of 
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time [t, t + At], and the new concentrations after 
this elapse of time are expressed in terms of the 
previous concentrations by using the Crank- 
Nicolson method. These relationships are given 
at three places: within the sphere, at the center, 
and on the surface. 

Within the sphere, with 1 _< n _< N -  1: 

-c% -CNn_ 1 + (1 + a  n +fin) "CNn - f in"  CNn+l 
= a  n 'C"_  t + (1 - a , - / 3 ~ )  "C~ +f in 'Cn+l  

(3) 

with the coefficients 

( r /  -- 0 . 5 )  2 (?/  "F 0 . 5 )  2 

an 2 ( n 2 + ~ ) M  fin 2(n2 + ~2)M 
(4) 

and the dimensionless number M 

( a t )  2 
M (5) 

D . A t  

At the center of the sphere, with n = 0: 

1 + . C U o -  - CN, = 1 - "Co + - Cl 

(6t 

On the surface of the bead, with n = N: 
Eq. 2, rewritten, evaluates the concentration of 

the drug on the surface of the bead: 

Kp 
C N  u = ~ Y N  (7) 

where YN is the value of the amount of drug in 
the stomach at time t + At.  

Amount of drug remaining in the dosage form: 
The amount of drug located in the dosage 

form at any time, M~, is obtained by integrating 
the concentration of the drug at this time with 
respect to space: 

M; Co CN - 0.25 
4.n-(Ar) 3 24 + .~_[N3(N_O.5)31[ 1 

N - I  

+ E ( n2 + ~ ) ' C n  (8) 
n = l  

Amount of drug located in the two compart- 
ments (stomach Y, and blood Z) and amount of 
drug eliminated to exterior (W) (Fig. 1): 

Stomach Vs I 

ka > 

Blood 

ke > w  

Vb Exterior 

Fig. 1. Scheme for the in vivo test. 

The flow of drug leaving the dosage form is 
given by: 

OCn,t 
Fform = - S ' O . - -  (9) 

Or 

where S is the surface of the dosage form, R its 
radius, and OCR,t/ar is the gradient of concentra- 
tion next to the surface at time t. 

The flow of drug passing from the stomach 
into the blood is often written in the simple form: 

F s = k a • r (10) 

with the rate constant of absorption k a. 
This equation is not fully right, as the concen- 

tration of drug in the blood increases and hinders 
this transfer. More precisely, this equation must 
be rewritten as follows, with a partition factor of 
the drug between the blood and the stomach Kb: 

kaVs 
F s = k a . Y -  - - Z  (11) 

K b V  b 

When the ratio of the concentrations of the drug 
in the blood Z / V  b and the stomach Y / V  s is 
equal to the partition factor K b, the flow of the 
drug from the stomach into the blood is zero. 

The flow of drug eliminated out of the blood 
to the exterior is: 

dW 
d t -  ke" Z (12) 

The rate of increase in the amount of drug in 
the blood is: 

dt  = k ~ ' Y -  KbVb + k ~  "Z  (13) 

The rate of increase in the amount of drug in 
the gastric liquid becomes: 

d Y  OCR, ' k a .V~ 
- S . D . -  -ka'Y+ - - Z  (14) 

dt  Or K b " V b 
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The set of differential equations, Eq. 12-14, is 
resolved step by step in evaluating the increases 
of the amounts of drug Y, Z and W during each 
interval of time [t, t + At] by using the numerical 
Crank-Nicolson method. The flow of drug Fform 
in Eq. 9 is calculated at time t with a parabolic 
approximation on the grid-points N, N - 1, N - 2 
of the dosage form. The new value YN thus 
obtained is introduced in Eq. 7, and the set of 
Eq. 3, 6 and 7 must be resolved, with the new 
concentrations CNn, with 0 < n  < N ,  as un- 
knowns. This problem has been resolved by using 
the L.U. method consisting of decomposing the 
matrix of the system into a product of two trian- 
gular matrices: lower and upper. 

3. Experimental 

3.1. Dosage forms 

The dosage forms were prepared by dispersing 
the drug in a polymer matrix. The drug was 
sodium salicylate, and the polymer was Eudragit 
RL. As shown in an earlier study (Ouriemchi et 
al., 1994), the drug and polymer in powder form 
were intimately mixed; after pulverization of a 
small amount of ethanol, the mixture was pressed 
into a spherical bead and dried. 

3.2. Conditions of release 

Experiments were performed in a closed flask 
with a finite volume of liquid, with strong agita- 
tion. 

3.3. Characteristics of the dosage forms 

The radius was 0.32 cm. With 50% of drug in 
weight, the amount of drug was 60 mg. The 
diffusivity was constant: 2.2 x 10 -7 cm2/s  
(Ouriemchi et al., 1994). The coefficient of mass 
transfer on the surface was very high. The parti- 
tion factor of the drug between the polymer and 
the synthetic gastric liquid was 60.7. 

3.4. Characteristics of the compartments 

The rate constants of absorption and elimina- 
tion were (Vidal, 1991): k a = 2.772/h and k e = 

0.231/h. The volume of blood was taken as 4 I. 
The volume of liquid in the stomach was taken as 
0.1, 0.2 and 1 1, successively. Of course, the value 
of each parameter  can be changed in the model, 
in order to determine the effect of this parameter 
on the process. 

4. Results 

Some emphasis is placed upon the comparison 
between in vitro and in vivo tests by using a 
numerical model taking into account all the 
known facts for each test. 

This comparison is made either for a high rate 
of dissolution of the drug in the gastric liquid or 
for controlled release obtained with a dosage 
form, this dosage form being made of drug dis- 
persed in a polymer and previously studied 
(Armand et al., 1987; Saber et al., 1988; Vergnaud 
1993). In order to simplify the process, only the 
release of drug by diffusion out of the dosage 
form is considered, in spite of the fact that the 
process of drug release is controlled by the liquid 
diffusion into the polymer. 

Many parameters appear in the whole process 
with the in vivo test, but only the effect of the 
volume of gastric liquid is studied as this volume 
intervenes in both the in vitro and in vivo tests. 

Some results of interest are given with either 
the amount-time histories or concentration-time 
histories of the drug in the liquid gastric for the 
in vitro and in vivo tests and in the blood in the in 
vivo test. 

4.1. High rate of dissolution of the drug in gastric 
liquid 

The kinetics of the drug transferred either in 
the gastric liquid in the in vitro and in vivo tests 
or in the blood in the in vivo test are calculated 
and drawn in Fig. 2 with a low volume (0.11) and 
in Fig. 3 with a high volume (11) of gastric liquid. 
Moreover, the kinetics of the drug released from 
the dosage form and the kinetics of the drug 
eliminated out of the blood, are also drawn. 

From these kinetics shown in Fig. 2 and 3, the 
following conclusions are worth noting: 
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Mt/Min % 
IO0 

8 O  

3 4 

6 O  

4 0  

2 0  

, i i i i 0 i 
2 4 6 8 10 12 14 16 

Time ( h r s )  

Fig. 2. Kinetics of drug transfer for a high rate of dissolution. 
V= = 0.11, D = 2.2 cm2/s, ka--2.772 h -1, k e = 0.231 h -1, 1', 
release of drug in vitro; 1, release of drug in vivo; 2, amount 
of drug in the stomach; 3, amount of drug in blood; 4, amount 
of drug eliminated. 

(i) Because of the partition factor of the drug 
in the polymer in contact with the gastric liquid, 
only a part of the drug is released out of the 
dosage form in the in vitro test. The amount of 
drug remaining in the dosage form is higher when 
the volume of gastric liquid is lower with the 
proportionality shown in Eq. 2. 

MFMin % 
100 

80 

6O 

40 

20 

0 
0 2 4 6 8 10 12 14 16 

Time (hrs) 

Fig. 3. Kinetics of drug transfer for a high rate of dissolution. 
Fs=ll , D=2.2 cm2//s, ka= 2.772 h -1, kc =0.231 h -1. 1', 
release of drug in vitro; 1, release of drug in vivo; 2, amount 
of drug in the stomach; 3, amount of drug in blood; 4, amount 
of drug eliminated. 

(ii) In spite of this partition factor, all the drug 
is extracted out of the dosage form in the in vivo 
test. This is due to the fact that the drug in the 
stomach is constantly transferred into the blood 
and eliminated. 

(iii) The amount of drug located in the stom- 
ach with the in vivo test starts from the higher 
value and decreases exponentially with time. In 
the in vitro test the maximum concentration is 
reached very quickly and remains constant. 

(iv) As usual, the amount of drug in the blood 
builds up quickly, passes through a high maxi- 
mum and decreases slowly, exponentially with 
time. 

(v) The amount of drug in blood at the maxi- 
mum is a little lower when the volume of the 
gastric liquid is larger. However, an increase in 
the volume of gastric liquid by ten times is only 
responsible for a decrease by around 14% of this 
maximum in the blood. 

(vi) The kinetics for elimination of the drug 
exhibit about the same shape in Fig. 2 and 3. 
However, these kinetics are faster when the vol- 
ume of gastric liquid in the stomach is lower. 

4.2. Low rate of  release with dosage forms in the 
stomach 

Three parameters are considered for compari- 
son between the in v i t ro / in  vivo tests: the volume 
of gastric liquid in the stomach, the value of the 
rate constant of absorption, and the rate of drug 
delivery from the dosage form. 

4.2.1. Effect of  the volume of gastric liquid in the 
stomach 

Comparison is made for the drug delivery ei- 
ther with the in vitro or the in vivo test, with a 
dosage form made of the drug dispersed in a 
polymer, the diffusivity being 2.2 × 10 -7 cm2/s. 
At the same time, the effect of the volume of 
gastric liquid on the kinetics of transfer of the 
drug is also studied: the volumes of 0.11-(Fig. 4), 
and 11 (Fig. 5) for the gastric liquid are succes- 
sively considered. 

Some conclusions are drawn from these re- 
suits: 

(i) The kinetics of release of the drug in the in 



E.M. Ouriemchi et al. / International Journal of  Pharmaceutics 113 (1995) 231-240 237 

MbMin % 
O0 

8O 

6O 

40 

20 

0 
2 4 6 8 10 12 14 ~6 

Time (hrs) 

Fig. 4. Kinetics of drug transfer for a low rate of dissolution. 
V s = 0.11, D = 2.2X 10 -7 cm2/s ,  k a = 2.772 h -1, k e = 0.231 
h - t .  1', release of drug in vitro; 1, release of drug in vivo; 2, 
amount of drug in the stomach; 3, amount of drug in blood; 4, 
amount of drug eliminated. 

vitro test are about the same at the beginning for 
the various amounts of gastric liquid shown in 
Fig. 4 and 5; these kinetics become slightly differ- 
ent for times longer than 2 h, with the obvious 
statement: the higher the volume of gastric liquid, 
the faster the kinetics; the amount of drug re- 

leased at equilibrium increases with the volume 
of liquid. 

(ii) The kinetics for the drug delivery from the 
dosage form are about the same whatever the 
volumes of gastric liquid for the in vivo test. With 
a high volume of gastric liquid, the kinetics of 
drug delivery obtained with the in vitro and in 
vivo tests are about the same. 

(iii) The kinetics of the drug appearing in the 
stomach largely depend on the volume of gastric 
liquid, in the case of the in vivo test. With low 
values of this volume, around 0.1 1, the amount of 
drug passes through a maximum and decreases 
rapidly. With a high value of this volume of 11, 
the maximum of the drug in the stomach is flat. 

(iv) The kinetics of the drug appearing in the 
blood with the in vivo test depend on the volume 
of gastric liquid: the lower the volume of gastric 
liquid, the faster the kinetics. 

(v) The kinetics of elimination of the drug 
have the same shape, and are faster when the 
volume of gastric liquid is lower. 

4.2.2. Effect of the rate constant of absorption 
The effect of the rate constant of absorption 

on the process of drug transport with the in vivo 

Mt,'Mill % 
100 

8O 

6O 

4O 

2O 

0 
2 4 6 8 10 12 14 16 

Time (hrs) 

Fig. 5. Kinetics of drug transfer for a low rate of dissolution. 
V s = l l  , D = 2 . 2 × 1 0  -7 cmZ/s,  ka=2.772 h - t ,  ke=0.231 
h -  1.. 1', release of drug in vitro; 1, release of drug in vivo; 2, 
amount of drug in the stomach; 3, amount of drug in blood; 4, 
amount of drug eliminated. 

Concenlration (microgq) 
5 

1 

i 
0 2 4 6 8 10 12 14 16 

Time (hrs) 

Fig. 6. Concentration-time histories of the drug in the blood, 
with a low rate of diffusion, the same bead and diffusivity 
(2.2× 10 -7 cm2/s) ,  and the same rate of constant of elimina- 
tion (0.231 h - l ) .  1 (Vs=0.11, k a =  2.772 h - t ) ;  2 (Vs = 0.21, 
ka=2.772 h - t ) ;  3 (V~=I  1, ka=2.772 h - t ) ;  4 (Vs=0.21, 
k a = 1.386 h - 1). 
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test is demonstrated in Fig. 6 (k a = 2.772 h -a) 
and (k a = 1.386 h - l ) ,  where the kinetics are cal- 
culated with given conditions for the other pa- 
rameters. 

The following results are obtained: 
(i) An increase in the rate constant of absorp- 

tion is responsible for faster drug transport with 
the in vivo test. 

(ii) The amount of drug in the stomach is 
considerably higher for the lower value of the 
rate constant of absorption. 

(iii) The amount of drug in blood is about the 
same with each of the two rate constants. How- 
ever, the maximum value is reached more rapidly 
for the higher rate constant. 

(iv) The kinetics of elimination are about the 
same for the two values of the rate constant. 

4.2.3. Effect of the rate of drug delivery out of the 
dosage form 

The rate of delivery of the drug from the 
dosage form is expressed by the value of the 
diffusivity. As shown with the dimensionless num- 
ber D. t /R  2 appearing in the kinetics of diffu- 
sion through the dosage form, the time at which a 
given amount of drug is transferred is inversely 

Collcentralion (rnicrogd) 
12 

1 

10 

8 

6 

4 

2 

0 2 4 16 8 |10 1'2 1'4 16 
Time (hrs) 

Fig. 7. Concentration-time histories of the drug in the blood, 
with a high rate of diffusion, with the same bead, and the 
same rate constants of absorption (2.772 h -1)  and elimination 
(0.231 h - l ) .  1 (V s = 0.11, D = 2.2 cm2/s); 2 ( g  s = 1 1, D = 2.2 
cm2/s);  3 (V s = 0.11, D = 2.2× 10 .6  cm2/s).  

proportional to the value of the diffusivity when 
the radius is constant. 

Comparison between the curves in Fig. 6 (D = 
2.2 × 10 -7 cm2/s), and Fig. 7 (D = 2.2 × 10 -6 
cm2/s)  with the same values of the other parame- 
ters (V~, k a and k e) leads to the obvious state- 
ments: 

(i) The greater the diffusivity, the faster the 
kinetics of drug delivery with the in vitro test. 

(ii) In the case of the in vivo test, the amount 
of drug located in the stomach is considerably 
greater with the higher diffusivity. 

(iii) The kinetics of the drug appearing in the 
blood largely depend on the value of the diffusiv- 
ity. Moreover, the maximum is reached within a 
shorter time with the greater diffusivity. 

(iv) The kinetics of elimination of drug are 
quite different with the various diffusivities. Of 
course, the greater the diffusivity, the faster the 
kinetics of drug elimination. 

4.3. Concentrations of the drug in the various 
compartments 

The amount-time histories of the drug in each 
compartment represent the process of the drug 
transport with the in vivo test. However, as the 
volumes of liquid in the stomach and blood com- 
partment are quite different, it may be more 
informative to plot the concentration of the drug 
instead of the amount. 

The concentration-time histories of the drug in 
the blood are illustrated in Fig. 7 for the higher 
diffusivities and in Fig. 6 for the lower value 
(2.2 × 10 -7 cruZ/s).. 

The following conclusions are evident: 
(i) The effect of the volume of gastric liquid 

with a high rate of drug delivery is described by 
the obvious statement: the lower the volume of 
gastric liquid, the greater the drug concentration 
in the gastrointestinal compartment. A very high 
diffusivity is also responsible for a greater con- 
centration of drug in this compartment. 

(ii) The case of rather low diffusivities is of 
great interest. The effect of the volume of gastric 
liquid is very well illustrated by the obvious state- 
ment: the larger the volume of gastric liquid, the 
lower the drug concentration in the gastrointesti- 
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nal compartment.  The effect of the rate constant 
of absorption appears readily in Fig. 6 (curves 2 
and 4). 

(iii) The effect of the volume of gastric liquid 
on the concentration-time history of drug in the 
blood compartment is not of great importance. 
When the volume of gastric liquid is increased 
10-fold, the drug concentration in the blood is 
only reduced by 14%. The shape of the kinetics is 
slightly changed, as shown in Fig. 7 for high rates 
of diffusion. 

(iv) In the case of controlled drug delivery 
with a rather low diffusivity as shown in Fig. 6, 
the concentration-time histories for the drug are 
about the same, whatever the volume of gastric 
liquid in the stomach, and even when the rate 
constant of absorption is increased. 

paved the way in a new direction for these stud- 
ies. 

The numerical model enabled one to draw all 
the stages of the process and to point out the 
importance of various parameters. Of course, the 
characteristics of the dosage form appear of in- 
terest, with the amount of drug and the rate of 
release with the diffusivity. However, other pa- 
rameters such as the volume of liquid in the 
stomach must also be considered. 

Finally, each drug is characterized by the two 
rate constants of absorption and elimination 
which play an important role for the transport of 
the drug, as well as the rate of release from the 
dosage form. It appears thus clearly that every 
drug would have to be placed in a typical dosage 
form in order to obtain a constant drug concen- 
tration in the blood over a long period of time. 
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