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Summary

The interpolymer complexes of chitosan with pectin and acacia were investigated using viscosity measurements. The binding
ratios of the complexes were found to be 1:10 and 1: 20 for chitosan-pectin and chitosan-acacia, respectively. The solid complexes
were separated and dried to be used as tablet matrices. The release of the water-soluble chlorpromazine HCl from tablets
containing various concentrations of each of the polymers alone, the complexes or physical mixtures of chitosan and of pectin and
acacia in the same ratio of their respective complexes, was evaluated. Increasing the concentrations of the polymers, complexes or
the physical mixtures in the tablets retarded drug release. The effect of different polymers on drug release was dependent on the
gel property of the polymers and the drug-polymer interaction. The physical mixture displayed the most efficient sustained release.

The results were explained.

Introduction

Chitosan is a natural polysaccharide prepared
from chitin of crabs and lobsters by N-deactyla-
tion with alkali. Chitosan has been reported to
have some useful applications in the pharmaceu-
tical field. Sawayanagi et al. (1982a,b) reported
the usefulness of chitosan as a vehicle for directly
compressed tablets and ground mixtures of drugs.
Chitosan was examined as a vehicle for the sus-
tained release of indomethacin and papaverine
HCI (Miyazaki et al., 1981; Hou et al., 1985).
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The applicability of other natural polysaccha-
rides such as agar (Nakano et al., 1979) and
pectin (Takahashi et al., 1978) in the design of
dosage forms for sustained release was examined.
Recently, tablets containing either hydroxypropy-
Icellulose (HPC) and carboxyvinyl polymer (Satoh
et al., 1989a,b) or chitosan and sodium hyal-
uronate (Takayama et al., 1990) were prepared.
The bioadhesive properties as well as drug re-
lease from these tablets were assessed.

The aim of this work was to investigate and
characterize the possible interaction between the
natural cationic (chitosan) and anionic (pectin
and acacia) polysaccharides. It was also intended
to prepare sustained release tablets of chlorpro-
mazine HCl that contain either each polymer
alone, their complexes or their physical mixtures.
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A comparison between the different matrices with
regard to drug release was performed.

Experimental

Materials

Chitosan (Sigma Chemical Co.) was employed
after grinding using a ball mill. Compactrol
(water-soluble directly compressible vehicle) was
obtained from Forum Chemical, U.K. Chlorpro-
mazine HCI and pectin were generously supplied
by the Nile Chemical Co. for Pharmaceutical and
Chemical Ind., Cairo, Egypt. All powders were
passed through a 100 mesh sieve. Other chemi-
cals were of reagent grade.

Equipment

A Heraeus-Christ centrifuge (Osterode Ger-
many GmbH), Haake RV3 Viscometer (Germany)
and tablet press, hardness tester and USP disso-
lution apparatus (Erweka GmbH, Germany) were
used.
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Fig. 1. Specific viscosity of the supernatant solutions of chi-

tosan-pectin systems as a function of polymer ratios at 37°C.

(o ©) Chitosan-pectin solution; ( a A) chitosan
solution alone; (O 0O) pectin solution alone.
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Fig. 2. Specific viscosity of the supernatant solutions of chi-

tosan-acacia system as a function of polymer ratios at 37°C.

(o 0) Chitosan-acacia solution; (a A) chitosan
solution alone; (O ) acacia solution alone.

Stoichiometry of the complex (viscosity measure-
ments)

Chitosan solution in 5% acetic acid (40 ml;
0-0.1%) was mixed with pectin solution (40 ml;
0-1%) or with acacia solution (40 ml; 0-2%) at
constant temperature (25°C). The sample solu-
tion was then incubated at 37°C for 24 h, cen-
trifuged for 20 min at 7000 rpm and the viscosity
of the supernatant was determined at 37°C.

Preparation of the solid complexes

Mixtures of the polymer solutions which
showed the lowest viscosity were used in the
preparation of the solid complexes. Chitosan so-
lution in 5% acetic acid (40 ml; 0.1) was mixed
with either pectin (40 ml; 1%) or acacia (40 ml;
2%) solution in distilled water. The sample solu-
tion was then incubated at 37°C for 24 h. The
supernatant was decanted and the remaining
gelatinous complex was dried at 40°C for 24 h.
The remaining solid complex was further dried
under vacuum for 2 days at 37°C. The dried
complexes of chitosan-pectin and chitosan-acacia



were ground in a ball mill and passed through a
100 mesh sieve.

Preparation of the tablets

Tablets weighing 300 mg were directly and
individually compressed using 50 mg of the drug
and different combinations of compactrol and
any of the following; chitosan, acacia, pectin,
chitosan-acacia complex, chitosan-pectin complex
or physical mixtures of chitosan with pectin and
with acacia. The ratios of the polymers in the
physical mixtures were similar to those found in
the corresponding complexes, i.e., 1:10 and 1:20
for chitosan-pectin and chitosan-acacia, respec-
tively. These ratios were chosen, since it has been
reported that the best combination of polymers
that results in proper sustained release is that of
the complex ratio (Satoh et al., 1989a,b). The
above polymers, complexes or physical mixtures
were added to the formulations in four percent-
ages, 10, 30, 60 and 80% of the tablet weight.
Magnesium stearate (2%) was added as lubricant
prior to compression. The tablet hardness was
maintained: constant within the range of 6-9 kp
by changing the compression force.

Drug release studies

Drug release was performed on tablets using
the USP dissolution apparatus at 50 rpm. The
dissolution medium was 500 ml of 0.1 N HC] at
37°C. Samples were collected at various time
intervals and appropriately diluted using distilled
water. The diluted samples were analyzed spec-
trophotometrically at 254 nm.

Results and Discussion

Confirmation of polyion complex

Polyion complex formation was confirmed by
employing viscosity measurements (Takayama et
al., 1990). Fig. 1 shows the viscosity of the super-
natant in chitosan-pectin mixtures as a function
of the percentages of chitosan and pectin in the
medium. In the case of either chitosan or pectin
alone, the viscosity of their solutions increased
continuously with increasing polymer concentra-
tions. On the other hand, the viscosity of the
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chitosan-pectin supernatant was observed to be
the same as that of the medium, i.e., minimum at
0.05% and 0.5% w /v of the respective polymers.
The observed decrease in viscosity indicated that
the stoichiometry of the solid complex is 1:10
(w/w) chitosan-pectin. With chitosan-acacia com-
plex, however, the weight ratio of the respective
polymers was 1:20 (Fig. 2). Similar polyion inter-
actions were reported by Takahashi et al. (1990)
who investigated the interpolymer complexes of
chitosan-sodium alginate (1:1) and chitosan-
sodium polyacrylate (1:4).

Drug release studies
The release of chlorpromazine HCl from the
different tablets was dependent on the type of
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Fig. 3. Release of chlorpromazine HCI from tablets containing
different concentrations of chitosan (A), acacia (B) or pectin
(C) as a function of the square root of time. (¢ ©) 10%,
(a 2)30%, (O 0) 60%, (o 0) 80%.
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polymer as well as on its concentration (Fig. 2).
With increase in the percentage of polymer in the
tablet, the rate of drug release was found to
decrease. This is probably due to the accompany-
ing decrease in the percentage of Compactrol.
The effect of the type of polymer on drug release
is rather variable. At 10% polymer concentration,
the sequence of drug release was pectin >
chitosan > acacia, while at 80% it was acacia >
pectin = chitosan. This indicates that at low con-
centration acacia has greater retarding effect than
either chitosan or pectin. At low concentrations
chitosan acted as a disintegrant (Nigalaye et al.,
1990) and at high concentrations the gel-forming
properyl displayed a strong influence. Miyazaki et
al. (1988) stated that increasing chitosan content
in the granules decreased the release rate of the
drug. In the case of pectin, it was reported
(Takahashi et al, 1982) that chlorpromazine
formed a complex with it that has a lower dissolu-
tion rate than that of the pure drug. Therefore, it
might be concluded that at 10% concentration of
pectin, drug was released mostly as the free form,
whereas above 60% it was complexed with pectin.
That is why both 60% and 80% concentrations of
pectin showed the same drug release (Fig. 30).
The dissolution data were analyzed using vari-
ous kinetic equations and it was found that the
t'/? equation of Higuchi (1963) fitted the data
obtained from tablets containing 60% as well as
80% polymers (Fig. 3), complexes (Fig. 4) or
physical mixtures (Fig. 5), up to 83% drug re-
lease. This indicated that the tested materials
formed matrices at these concentrations. On the
other hand, the square root of time equation did
not fit the release data at 10 and 20% concentra-
tion levels. The rates of drug dissolution were
calculated from the linear portions of the plots
for the two aforementioned concentrations (60
and 80%), the results being listed in Table 1. On
inspection of Figs 3 and 4 and Table 1, it is
evident that the chitosan-acacia and chitosan-
pectin complexes were not superior to any of the
individual polymers in retarding drug release.
The physical mixtures of chitosan with either
pectin or acacia (Fig. 5) resulted in tablets with
efficient sustained release as compared with each
polymer alone or the complexed polymers. This
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Fig. 4. Release of chlorpromazine HCI from tablets containing
different concentrations of chitosan-acacia complex (A) or
chitosan-pectin complex (B) as a function of the square root
of time. Symbols as in Fig. 3.

retardation effect increased with increasing con-
centrations of physical mixture in the tablets. The
differences among the complexes and physical
mixtures with respect to drug release could be
explained on the basis of laboratory observations
during preparation of the complexes and the dis-

TABLE 1

Dissolution rate constant of chlorpromazine HCI from tablets
containing different concentrations of polymers, interpolymer
complexes and physical mixtures of polymers

Dissolution rate
{mg/min)

at different polymer
concentrations

Polymer complex or
physical mixture

60% 80%
Chitosan 8.0 7.2
Acacia 11.0 8.0
Pectin 6.5 6.5
Chitosan acacia complex 11.0 8.5
Chitosan pectin complex 7.2 6.6
Chitosan acacia physical mixture 6.2 4.1
Chitosan pectin physical mixture 4.6 3.7
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Fig. 5. Release of chlorpromazine HCl from tablets containing
different concentrations of chitosan-acacia {A) or chitosan-
pectin (B) physical mixtures in the same ratio of the complex
as a function of the square root of time. Symbols as in Fig. 3.

solution runs. The preformed and dried com-
plexes when used as tablet matrices demon-
strated poor swelling capacity during the dissolu-
tion runs. Meanwhile, during the preparation of
the complex it was noticed that the freshly formed
voluminous complex was viscous and highly
gelatinous, particularly when chitosan-pectin
rather than chitosan-acacia was used. This most
probably acted as an efficient matrix for retarding
drug release when used as a physical mixture in
tablets compared with the corresponding com-
plex.

In conclusion, both the type and the concen-
tration of the polymers played a major role in
sustaining the drug release. The release of drug
from tablets containing the dried complexes was
approximately the same as that containing the
polymers alone. On the other hand, the physical
mixtures of chitosan-pectin and chitosan-acacia
produced tablets with proper sustained release,
suggesting that interpolymer complexes were
formed during the dissolution process.
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