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Summary

A salt of chitosan (chitosonium malate) was examined as a matrix for sustained-release tablets. Furosemide was chosen as a
model drug in this study. Sustained-release tablets were prepared by direct compression and wet-granulation techniques.
Sustained-release properties of chitosan and chitosonium malate were compared. The effect of different concentrations of
chitosonium malate (5, 10, 30 and 50%; formulations I-1V) on drug release profiles was studied. As the concentration of
chitosonium malate increased, the rate of release of the drug decreased. Chitosonium malate shows sustained-release properties
even at low concentrations. The results are examined kinetically and the mechanism is discussed. When the release data were fitted
to the simple power law equation, the mode of drug release was of the non-Fickian and super case II types.

Introduction

Recently much attention has been devoted to
the formulation of swelling controlled-release
matrix formulations. Various types of polymers
have been used as matrices (Buri and Doelker,
1980; Rango Rao, 1988). The usefulness of chi-
tosan as a matrix for sustained-release prepara-
tions has been reported (Miyazaki et al., 1981;
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Sawayanagi et al., 1982; Inouye et al., 1987;
Acartirk, 1989). However, chitosan when used
alone in a tablet formulation, did not impart
sustained release properties at low concentra-
tions, but when employed at a concentration of
more than 50% an insoluble non-erosion type
matrix was formed (Sawayanagi et al., 1982; Ni-
galaye et al., 1990). Citric acid slowed down the
release of drug from chitosan matrix tablets
(Nigalaye et al., 1990). Chitosan readily forms a
gel at low pH but shows poor gel-forming ability
at high pH.

Therefore, a gel-forming carrier system con-
taining chitosan malate was investigated for



20

preparation of sustained-release tablets. Furo-
semide was used as a model drug and the release
mechanism was also examined.

Experimental

Materials

Furosemide (Hoechst AG, Frankfurt, Ger-
many), chitosan (in which the degree of deacety-
lation was 80%, 20-200 mPas viscosity grade,
Protan A/S, Drammen, Norway), chitosonium
malate (chitosonium salt of malic acid) (20 mPas
viscosity grade, Protan A /S, Drammen, Norway)
and lactose monohydrate (E. Merck, Darmstadt,
Germany) were used. Chitosan and chitosan
malate were used after passage through a 200-
mesh sieve.

Methods

Preparation of tablets Drug was mixed with
chitosan or chitosan malate and lactose in various
ratios (Table 1) and compressed into flat-faced
tablets (400 mg; 13.06 mm diameter) using a
hydraulic press (Specac, U.K.) at 5000 kg/cm?
for 30 s.

Tablets were also prepared by the wet-granu-
lation method. Water was added to a dry blend of
drug and excipients and massed. After drying, the
wetted mass was passed through a 100-mesh
screen.

Effect of formulation factors Various chitosan
malate concentrations (35, 10, 30 and 50%:; formu-
lations I-IV) were used in order to investigate
the effect of matrix concentration on drug re-
lease. Furthermore, drug concentrations (10, 30

TABLE 1

Composition of tablets

and 40%; formulations V-VII) were varied by
keeping the amount of chitosan malate constant
(120 mg) and the effect of drug amount on drug
release was also studied.

Release studies Release experiments were
performed using the USP XXII paddle method.
pH 7.4 phosphate buffer was used as a medium
and maintained at 37 + 0.2°C. The rate of rota-
tion was 100 rpm. The samples were periodically
removed and analyzed spectrophotometrically
(Shimadzu UV-2100, Japan) at 276.5 nm. The
means of six determinations are given. Correc-
tions were made for any absorption due to excipi-
ents.

Results and Discussion

Release profiles of drug from the matrices
containing chitosan or chitosan malate are shown
in Fig. 1. Matrices containing chitosan as seen in
Fig. 1 did not show sustained release of the drug
for a long time. Hence chitosan alone is not an
ideal polymer to prepare a sustained-release ma-
trix. This may be due to chitosan readily forming
a gel at low pH, but showing a poor gel-forming
ability at high pH. Furthermore, Sawayanagi et
al. (1982) also noted that at least 80% of chitosan
was needed to achieve sufficient sustained re-
lease from tablets.

On the other hand, when chitosan malate was
used at different concentrations in tablet formu-
lations, the release rate decreased as the amount
of chitosan malate increased (Fig. 1), i.e., high
levels of chitosan malate retarded drug release
remarkably. This was attributed to the extent of

Materials Tablet
(mg) I 11 T v v VI Vil VI X X X1
Furosemide 80 80 80 80 40 120 160 40 80 80 80
Lactose

monohydrate 300 280 200 120 240 160 120 - 280 200 120
Chitosan malate 20 40 120 200 120 120 120 360 - - -
Chitosan - - - - - - - - 40 120 200
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gel formation, as previously reported for chitosan
tablets (Sawayanagi et al., 1982; Nigalaye et al.,
1990). As shown in Fig. 1, as the chitosan malate
concentration increased to 30 and 50%, a notice-
able lag time was observed for the release pro-
files.

During the test, none of the tablets disinte-
grated and in each case tablets swelled and gela-
tion occurred.

As observed in Fig. 2, as the drug concentra-
tion increased in the constant amount of matrix,
the release rate gradually decreased.

On the other hand, tablets prepared by both
methods (direct compression and wet-granulation
techniques) did not show any significant differ-
ence in their drug release characteristics.

Release mechanism

In order to investigate the mechanism, the
release data were fitted to models representing
zero-order, first-order, Higuchi’s (1963) square-
root of time and Bamba’s (1979) equation, indica-
tive of release mechanisms related solely to time,
drug diffusion or its dissolution rate, respectively.

It is known that the rate of release from a
planar matrix is usually proportional to the square
root of time (Higuchi, 1963), while the release
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Fig. 1. Release profiles of tablets prepared with chitosan and
chitosonium malate at different concentrations. Tablets con-
taining 5% (I), 10% (I1), 30% (III), 50% (IV) chitosonium
malate and 10% (IX), 30% (X), 50% (X1) chitosan.
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Fig. 2. Effect of drug concentrations on drug release from

chitosonium malate matrix tablets. Tablets containing 10%

V), 30% (VD) and 40% (VII) drug and a constant amount
(120 mg; 30%) of chitosonium malate.

from gel-formed matrices has been discussed by
Bamba et al. (1979).

An equation derived by Bamba et al. (1979)
was used:

In(100 — m) = bt +a (1)

where m is the percentage of drug remaining
undissolved, a (time ~') and b respectively denote
the slopes and intercepts of curves, and ¢ is time.

The equation of Bamba et al. assumes that the
drug molecules diffuse out through a dissolving
gel-like layer formed around the drug during the
dissolution process.

The linear regression analysis for each trial is
summarized in Table 2.

Among all the formulae examined, the zero-
order and Bamba equations appeared to provide
the best fits to the data for the tablets.

For characterizing the mode of drug release or
penetration of the solvent through the swelling
controlled release system, certain dimensionless
numbers such as the Deborah number (Vrentas
et al., 1975), a of Hopfenberg et al. (1991), the
swelling interface number S, (Peppas and Fran-
son, 1983) and the release exponent n (Ritger
and Peppas, 1987) were proposed.

In order to understand the mode of release of
drug from swellable matrices, the data (< 60%)



TABLE 3

Coefficients and exponents of drug release functions according
to M, /M= Kt" for tablets containing chitosonium malate or
chitosan

Formulation r? n K

I 0.922 0.469 0.783
11 0.995 0.999 0.435
111 0.972 1.286 1.422
v 0.922 1.575 2.229
\% 0.925 1.080 0.861
VI 0.933 1.208 1.252
VII 0.829 1.118 1.183
VIII 0.955 1.622 2.190
2 0.342 0.187 1.327
I 2 0.661 0.684 0.134
v 0.620 0.699 0.015
IX 0.448 0.202 1.422
X 0.272 0.118 1.625
XI 0.184 0.078 1.725

r2, coefficient of determination; », release exponent in Eqn 2;
K, coefficient in Eqn 2.
2 Tablets were prepared by wet granulation.

were fitted to the following power law equation
(Ritger and Peppas, 1987).

M,/M,, = Kt" (2)

where M,/M,, is the fraction of drug released up
to time ¢, K denotes a constant incorporating the
structural and geometric characteristics of the
release device and n is the release exponent
indicative of the mechanism of release.

The value of n for a cylinder is <0.45 for
Fickian release, >0.45 and <0.89 for non-
Fickian release, 0.89 for case II release and >
0.89 for super case 1I type release. The values of
K, n and the coefficient of determination (r2)
obtained are listed in Table 3. The values of n
fell within the range of 0.99-1.62, indicating that
drug release from the chitosan malate matrix is of
the non-Fickian and super case I1I type. This kind
of diffusion corresponds to a more predictable
type of swelling-controlled system and describes
diffusion in which the diffusion coefficient de-
pends on both the concentration and time and in
which the rate of solvent uptake into a polymer is
largely determined by the rate of swelling and
relaxation of the polymer chains. For tablets con-
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taining chitosan malate at 5 and 10% concentra-
tions (formulations I and II), values of n were
closer to 1.0, indicating that the tablets behave as
a zero-order release system.

On the other hand, as seen in Table 3, for
tablets prepared by using chitosan and the wet-
granulation method, r2 values were in the range
of 0.2-0.6 and linearity was very poor.

In conclusion, chitosan malate can be used for
the preparation of sustained-release tablets. It
has many more advantages than chitosan. The
release rate can be changed by varying the con-
centration of chitosan malate and tablets can also
be prepared by direct compression.
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