
Sustained or controlled-release delivery systems can
achieve predictable and reproducible release rates, extended
duration of activity for short half-life drugs, decreased toxic-
ity, reduction of required dose, optimized therapy, and better
patient compliance.1,2) With the aim of maximizing the
bioavailability of conventional drugs with minimum side ef-
fects, new drug delivery systems continue to attract much at-
tention.3)

Matrix-type controlled-delivery systems are popular be-
cause of their ease of manufacture. The simple preparation
technique involves the compression of a blend of drug and
polymer powder by conventional pharmaceutical methods to
form disks or tablets. In inert matrix systems, which are also
referred to as “monolithic” systems, the active agent is dis-
solved or dispersed in an inert diffusion barrier. The drug is
mixed with an inert polymer that does not interact with bio-
logical fluids. Inert matrices should be insoluble and remain
intact during the experiment. Drug release is controlled by
the polymer properties and structure.4—7) The materials used
in the preparation of inert matrices are predominantly hy-
drophobic polymers. Several studies have dealt with the ap-
plication of polymers such us polyvinylchloride, polyethyl-
ene, ethyl cellulose, acrylic resins, and polyamides.8—11)

Study of the toxicological, physicochemical, and pharma-
cotechnical properties of polyamide 12 have indicated that 
it is a nontoxic inert polymer with good characteristics for
the production of tablets by the direct compression method.
In previous reports we have confirmed slow drug release of
compressed tablets with polyamide 12 in the composi-
tion.12—15)

The present study reports the use of polyamide 12 (Orga-
sol) as a new pharmaceutical vehicle in the design of solid
controlled-release dosage forms. Inert polyamide 12 (empiri-
cal formula –NH–[CH2]11–CO–) is obtained by polyconden-
sation of aminolauric acid. Due to the hydrophobic and inert
nature of Orgasol and its good fluidity and cohesion,16) this
polymer is a priori suitable for elaborate inert matrix sys-

tems. Metoclopramide hydrochloride was chosen as a model
drug with high aqueous solubility, because of its pharmaco-
kinetic properties of variable bioavailability (50%), short
plasma half-life, and therapeutic interest. It is recommended
for use as a potent antiemetic agent in various types of vom-
iting17) (e.g., it is the antiemetic of choice for chemotherapy-
induced emesis). Metoclopramide is a procainamide derivate
with effects based on at least two mechanisms: first it acts in
the central nervous system as an antagonist at D2 dopamine
receptors; and second, metoclopramide has an agonistic ef-
fect on the cholinergic systems in the stomach and gut.18) The
result is improved gastroduodenal coordination. High doses
of metoclopramide inhibit the effects of serotonergic (5-HT3)
receptors on neurons in the gut, in addition to the effect of
dopaminergic D2 receptors at lower doses. Because the activ-
ity of metoclopramide is dose dependent, it is important to
control the quantity of drug released from the dosage form.

The aim of this study was to develop a new inert matrix
tablet to achieve sustained and controlled delivery of meto-
clopramide hydrochloride from a hydrophobic polymeric ma-
trix formed by Orgasol. The drug release process was investi-
gated both experimentally and by means of mathematical
models.19) Different models were applied for the evaluation
of drug release data, and the influence of the experimental
conditions of the dissolution devices, such as rate of flow and
pH of the dissolution medium, on the parameters that charac-
terize the release mechanism was studied.

Experimental
The components of matrix tablets were polyamide 12 (Orgasol 2002 ES 5

NAT, Atochem S.A.) as vehicle, and metoclopramide hydrochloride
(Medichem S.A.) as a model drug. All materials were stored at controlled
temperature conditions of 2061 °C, and relative humidity of 4065%.

Tablet Preparation Cylindrical tablets with 14 mm in diameter and
4.5 mm thick were prepared by mixing Orgasol 56.4 g and metoclopramide
36 g in a Prat rotatory type B mixer, with subsequent compaction by the di-
rect compression method in a rotary tablet machine. The average weight
(500 mg) and hardness (6 kg) of the tablets were based on previously defined
parameters and maintained constant for the overall batch. The theoretical
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dose of active substance was 30 mg per tablet. The size of the batch prepared
was 1100 tablets.

Determination of the Pharmacotechnical Parameters of Tablets The
following pharmacotechnical assays were performed. Uniformity of weight
and drug content was based on the guidelines in the United States Pharma-
copeia (USP) XXIII Edition.20) The uniformity of weight was confirmed by
weighing 10 tablets chosen at random from the laboratory batch. The aver-
age weight and hardness (6standard deviation) of the tablets were 5006
25 mg and 660.5 kg, respectively. Tablet content was analized by pulveriz-
ing 10 individual tablets chosen at random, then 200 mg of each crushed
powder was dissolved in 50 ml of distilled water, and the solution was fil-
tered and analyzed spectrophotometrically at 308 nm after dilution to 1 : 10.
The dose of active substance was 3060.38 mg per tablet.

Fracture Strength: Ten tablets from the laboratory batch were tested on an
Erweka TBI/S apparatus (Heusenstamm, Germany).

Friability: Weight loss was determined in 20 tablets after centrifugation
for 4 min at 25 rpm in an Erweka TAP apparatus (Heusenstamm, Germany).

Disintegration: Six tablets were analyzed in a Pharmatest disintegration
apparatus following the guidelines in the USP XXIII Edition.20)

Dissolution Test: According to the guidelines for dissolution testing of
solid oral products for formulation characterization, the dissolution test
should be performed under various test conditions until actual dissolution
exceeds 80% of the labeled amount.21) The in vitro dissolution testing was
performed in a flow-through apparatus (Dissotest CE-1, Sotax, Switzerland)
adapted to the specifications of apparatus 4 described in the “Europe Phar-
macopeia.”22) With the flow-through cell apparatus the specimen is placed in
a small column that is continuously flushed with a stream of fluid, simulta-
neously providing the medium and the mechanical agitation for the dissolu-
tion of the drug substance. A cell for tablets 22.6 mm diameter was used.
Dissolution tests were carried out at 37 °C, and the samples obtained every
5 min during an 8 h period, were filtered and their concentrations determined
by ultraviolet spectrophotometry at 308 nm. Flow rates of 4, 8, and
16 ml/min were used. With regard to the pH of the dissolution medium, two
experimental conditions were considered (see Fig. 1): sudden change and
progressive gradient. Different pH values were obtained by means of buffer
solutions prepared by mixing different quantities of simulated gastric and in-
testinal fluids without enzymes, yielding pH values of 1.2, 2.4, 5.5, 6.6, and
7.1. Each dissolution test was repeated three times.

Determination of Tablet Porosity: The porosities of the tablets were calcu-
lated from the tablet dimensions, tablet weights, and true densities of the
components, which were determined with a (He)-pycnometer Micromeritics
pore-sizer Model 9305.

Mathematical Treatment of Dissolution Data The characterization
and comparison of dissolution profiles are recommended in the release Food
and Drug Administration (FDA) Guidances.23) Various mathematical tech-
niques may be employed to treat dissolution data.24) In this study the deter-
mination of dissolution profiles was carried out using model-dependent or
model-independent methods. In the model-dependent approach, the drug re-
lease process was investigated using a mathematical model. To determine
the release mechanism of metoclopramide from polyamide 12 matrix tablets,

drug release profiles were analyzed by fitting dissolution data to kinetic
models such as zero order, Q5K · t ; fickian diffusion based on the model of
Peppas,25) Q/Q05kt n; Hixson-Crowell, Q5Q02[(Q0)

1/32K · t ]3; Higuchi
square root time model, Q5K ·√t

–
; first-order model Q5Q0(12e2Kt); biex-

ponential, Q5Q1
fast(12e2Kfastt)1Q2

slow(12e2Kslowt); and Weibull function:
Q512e(t2td/t)b

. In these models, Q and Q0 represent the amount of drug re-
leased at time t and amount of drug released at infinite time, respectively, K
is the apparent dissolution rate constant, the symbol td in the Weibull func-
tion is the lag time of drug dissolution, t is the time when 63.2% of the ac-
tive principle has been released, and b the shape parameter of the dissolution
curve. In the biexponential model, Kfast and Kslow represent the apparent first-
order fast and slow dissolution rate constants, respectively, and the two con-
stants Qfast and Qslow are the corresponding quantities of active principle ca-
pable of dissolving fast and slow, respectively. The above models are com-
monly used in dissolution characterization of oral dosage forms, and the bi-
exponential model is not as common, but is a priori a good model due to the
characteristics of the dosage form. The fits were performed using the nonlin-
ear regression method with the S-PLUS statistical package.26) Graphical rep-
resentation, residual mean square, standard deviations of model parameters,
and coefficients of determination were used as criteria to evaluate the fit of
the different models considered.

In the model-independent approach to analyze and compare drug release
profiles, the following parameters were applied: percentage of metoclo-
pramide released at 8 h; area under the curve (AUC); and mean dissolution
time (MDT ). The AUC was calculated using the trapezoidal rule. The MDT
was defined as the sum of different periods of time during which fractions of
dose remain in the polymer matrix before release divided by the total dose.
According to Lindner and Lippold,27) the MDT can be calculated by the
equation: MDT5Í n

i51tiQi/Qo, where Qi is the fraction of the doses released
in time t̄i5(ti1ti21)/2 and Qo is the amount released overall.

Analysis of variance was performed for percentage of metoclpramide re-
leased at 8 h, AUC, and MDT. These variables were assumed to have two
sources of variation: rate of flow at 4, 8 and 16 ml/min; and the pH of disso-
lution media with sudden change and progressive gradient. Three statistical
hypotheses were considered: 1) H1, there is no difference between the means
of the values of rates of flow; 2) H2, there is no difference between the
means of the two pH values; and 3) H3, the effects due to both flow and pH
are additive.

Results and Discussion
The mean experimental value of friability was 0.19%.

True densities of polyamide 12 and metoclopramide dyhy-
drochloride were 1.02 and 1.42 g/cm, respectively. The tablet
porosity calculated by (He)-pycnometry was 30.7%. Toxico-
logical, physicochemical, and pharmacotechnical properties
of polyamide 12 indicate that it is a nontoxic inert polymer
with good characteristics for the production of tablets by the
direct compression method.

The experimental dissolution profiles (n518) of metoclo-
pramide released from Orgasol tablets for each assay per-
formed are presented in Fig. 2, in which considerable devia-
tion among the tablets can be seen. The overall deviation was
due to random intraindividual tablet variation and to in-
terindividual variation which is affected by the different ex-
perimental conditions of flow rate and pH of the dissolution
medium. The effects of flow rate and pH values on release ki-
netics are shown in Fig. 3. Each curve represents the mean
(n53) cumulative amount of metoclopramide released over
the sampling interval, corresponding to six different experi-
mental conditions. P4, P8, and P16 represent the mean cu-
mulative amount released under progressive gradient of pH
and flow rates 4, 8, and 16 ml/min, respectively. S4, S8, and
S16 represent the mean cumulative amount released under
sudden change in pH and flow rates of 4, 8, and 16 ml/min,
respectively. Figure 3 shows that the release pattern was de-
pendent on the experimental conditions, mainly flow rate.

Using nonlinear regression techniques, when the zero-
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Fig. 1. pH Profiles of Dissolution Medium as a Function of Time as De-
scribed in Materials and Methods



order model was applied the coefficients of determination
(r2) for the tests performed were low, ranging from 0.827 to
0.921. Thus taking these results into account in conjunction
with the graphic profile shape represented in Figs. 2 and 3, it
can be concluded that metoclopramide release does not fit
zero-order kinetics. The results of the fit to the Hixson-Crow-
ell model showed that the coefficients of determination (r2)
for the tests performed ranged from 0.910 to 0.997. In spite
of this apparent good fit in some cases, the residuals corre-
sponding to the best fit (higher value of r2) ranged from 22.4
to 4.2 and showed a lack of fit higher than the biexponential
model (for the same experimental data, residuals ranged
from 20.4 to 0.25). These results were predictable from a
theoretical point of view, since Hixson and Crowell devel-
oped their cube root law assuming the changing surface area
of multiparticulated systems, and polyamide 12 matrix
tablets are nonerodible tablets that maintain a constant vol-
ume.

According to Higuchi’s model, an inert matrix should pro-
vide a sustained release over a reasonable period of time and
yield a reproducible straight line when the amount of drug

release is plotted versus the square root of time. The results
were plotted and are shown in Fig. 4. It should be empha-
sized that all plots of the amount released versus square root
of time have a definitive curvature. The equation would be
essentially valid for systems in which the total amount pre-
sent in the matrix per unit volume is greater than the solubil-
ity of the drug in the matrix substance, but when the drug
loading is not greatly in excess of drug solubility, a complex
situation arises. All this indicates that another approach with
more physical reality than a single model would be more ap-
propriate.

The semiempirical equation proposed by Peppas25) called
the power law of time model predicts that the fractional re-
lease of drug is exponentially related to release time. Accord-
ing to that author, k is a constant incorporating characteristics
of the macromolecular network system and the drug, and n is
the diffusional exponent that determines the release mecha-
nism. The value of n ranges from 0.5, referred to as fickian
diffusion, to 1, representing case II transport, which is purely
relaxation controlled. Values between 0.5 and 1 indicate
anomalous behavior, or non-fickian kinetics corresponding to
coupled diffusion polymer relaxation. In our data, the value
of r2 was smaller than the coefficient calculated by means of
the previous models and the fitted parameter, n, for each
tablet had a value of less than 0.5, and therefore it was not
possible to explain the kinetic release of metoclopramide by
means of the power law of time model.

Experimental data were also fitted to the Weibull function,
commonly used in this type of study. In spite of the flexibility
of this function, the fit is not superior to that obtained with
the biexponential model. In addition, Weibull function para-
meters do not have physical meaning.

The various models described above were applied to evalu-
ate their suitability in describing metoclopramide released
from inert matrix tablets, and several relationships were
found to hold for the data in the present study. However,
from a statistical point of view, the best fit was obtained
when experimental data were fitted to the model
Q5Q1

fast(12e2Kfastt)1Q2
slow(12e2Kslowt). Parameters in the

models were estimated by minimizing the sum of squared
residuals.
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Fig. 3. Effect of Flow Rate and pH Pattern on Release Kinetics from
Polyamide 12 Tablets

P4, P8, and P16 represent the mean cumulative amount released (mg) under progres-
sive gradient of pH and flow rates 4, 8, and 16 ml/min, respectively. S4, S8, and S16
represent the mean cumulative amount released (mg) under sudden change in pH and
flow rates 4, 8, and 16 ml/min, respectively.

Fig. 2. Cumulative Amount of Metoclopramide Released (mg) from 18
Polyamide 12 Tablets

Fig. 4. Higuchi Model Representation: Mean Cumulative Amount of
Metoclopramide (mg) versus the Root of Time (h1/2)



Plotting the log of cumulative amount undissolved as a
function of time,28) it can be seen in Fig. 5 that the release of
metoclopramide from Orgasol matrix tablets could be de-
fined by a biphasic function, and in all cases it appears that
there are two releasing fractions, each releasing the drug ex-
ponentially, with one fraction releasing more rapidly than the
other. Figure 6 shows the experimental profiles of metoclo-
pramide released from polyamide 12 inert tablets and the re-

sults of fitting the data to a biexponential model with initial
fast release followed by much slower release. The duration of
the fast-release phase depends on the experimental condi-
tions, and the slow-release phase is prolonged over 8 h. The
dissolution parameters and correlation coefficients corre-
sponding to the biexponential model are presented in Table 1.
According to the results shown in Fig. 6 and in Table 1, it can
be concluded that the fast-release rate constant increases
when the flow rate increases, and there is no influence of the
pH of the dissolution medium. The fraction of metoclo-
pramide released quickly decreases when the flow rate in-
creases, although the total amount dissolved at the conclu-
sion of the test is generally higher when the flow rate is
higher.

These results are expected from a theoretical point of view.
Polyamide 12 is a very hydrophobic polymer, and therefore
the penetration of the solvent in the tablet is a rate-limiting
factor for the release of the active principle. At the beginning
of the process, the active substance at and near the surface of
the tablet dissolves quickly. When the dissolution process ad-
vances, there is greater resistance to the penetration of the
solvent in the inside of the matrix tablet, due to the hy-
drophobicity of the polymer and the decreasing length of the
solvent front. Thus the release rate is not constant, but de-
creases continuously. The biexponential model was derived
from the addition of two single-exponential first-order kinet-
ics, one with a low rate constant and the other with a higher
rate constant. In biexponential function, it was postulated
that two elution processes were taking place, one short term
and rapid and the other more gradual and prolonged. The
drug easily accessible by water immediately dissolves and
diffuses from the interface between the matrix surface and
the surrounding media. An easily accessible drug would be
adsorbed in the surface and into the channels formed by the
spherical particles of Orgasol near the surface.

According to the diffusion layer model29) the first process
involves two steps. In the first, the solution of the solid at the
interface, as in the case of metoclopramide, is very rapid be-
cause it is a very water-soluble substance and accessible to
the dissolution medium, resulting in the formation of a satu-
rated layer. In the second step, diffusion occurs from this
layer at the boundary to the bulk of the surrounding media.
The other gradual process would occur when the drug dis-
solves in the interconnecting channels; the solvent must pen-
etrate the interior of the tablet, the active principle must dis-
solve, and then it must be released by diffusion through the
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Table 1. Results of the Fit to the Biexponential Model

Flow rate
Sudden change in pH

(ml/min)
Q1

slow Kslow Q2
fast Kfast SCR r2

4 25.00 0.17 5.81 2.37 4.08 0.998
8 23.42 0.43 3.29 4.67 5.33 0.998

16 30.00 0.43 1.00 10.00 26.28 0.996

Progressive gradient of pH

4 26.00 0.16 5.47 2.84 10.25 0.997
8 20.45 0.28 4.50 6.00 10.80 0.995

16 28.00 0.44 2.60 10.50 12.87 0.998

SCR5residual sum of squares; r25coefficient of determination.

Fig. 5. Logarithm of Cumulative Amount of Metoclopramide Undissolved
(mg) as a Function of Time (h)

Fig. 6. Mean Amount of Cumulative Metoclopramide Released (mg) from
Polyamide 12 as a Function of Time (h) for the Specimens S4, S8, S16, P4,
P8, and P16 with the Two Releasing Processes



pores. At later times, sustained release occurs following ex-
ponential first-order kinetics with a slow rate constant. The
approach proposed is based on a diffusion/dissolution model,
which incorporates drug dissolution from easily accessible
drug as a rate-limiting step during the early phase of the dis-
solution process.

The variation in the release by polyamide inert matrix was
also considered using analysis of variance with parameters
based on an independent model approach.30)

Table 2 shows the mean values of percentage of drug re-
lease, AUC, and MDT for the different experimental condi-
tions tested.

The influence of rate of flow (H1) was statistically signifi-
cant for all parameters. The highest significance was ob-
served for the AUC. The influence of pH (H2) was not signifi-
cant for any parameter studied. However, hypothesis H3 indi-
cates that there were interactions between rate of flow and
pH, as shown in Table 3. These results indicate that the main
source of variation was the rate of flow, and therefore the
only experimental factor influencing the parameters of the
model is the rate of flow. To determine the degree of influ-
ence, a Tuckey multiple-range test was carried out. Statistical
differences were found between the fastest rate of flow and
the two other rates. There was a significant difference
(p,0.01) for the parameters AUC and MDT between flow
rates of 4 and 16 ml/min and between flow rates 8 and
16 ml/min (p,0.05). There were no significant differences

between flow rates of 4 and 8 ml/min.
In conclusion, the biexponential model showed the best fit

with the dissolution data obtained in all tests performed in
the flow-through cell. Controlled delivery of metoclopramide
from an inert tablet matrix was achieved. This offers a num-
ber of advantages over existing formulations, including ease
of manufacture and of release modulation, as well as repro-
ducibility of release profiles under well-defined hydrody-
namic conditions.
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Table 2. Mean Values of Independent Model Parameters

Flow rate
Sudden change in pH

(ml/min)
% Released AUC (% ·h) MDT (h)

4 78.82 125.05 3.84
8 85.56 160.04 2.68

16 96.77 178.95 2.17

Progressive gradient of pH

4 81.84 137.95 3.22
8 71.49 132.83 3.68

16 96.28 181.95 2.06

Table 3. F-Ratios for the Hypotheses Tested for Model-independent Dis-
solution Parameters

Dissolution parameter H1 H2 H3

% Released 26.65*** 3.24 NS 5.15*
AUC (% ·h) 40.01*** 0.68 NS 5.94*
MDT (h) 16.07*** 0.19 NS 5.07*

NS, Not significant; * p,0.05; *** p,0.001. Dissolution parameters and hypotheses
(H1, H2, and H3) as defined in Materials and Methods.


