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bstract

A chitosan and Carbopol interpolymer complex (IPC) was formed using a precipitation method in an acidic solution. The chitosan and Carbopol
PC was characterized by Fourier transform infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC), and turbidity measurements.
T-IR demonstrated that the IPC formed a complex through an electrostatic interaction between the protonated amine (NH3

+) group of chitosan
nd the carboxylate (COO−) group of Carbopol. DSC indicated the IPC to have different thermal characteristics from chitosan or Carbopol. The

urbidity measurement revealed the complexation ratio of IPC between chitosan/Carbopol to be 1/4. A theophylline tablet was prepared using the
PC as a matrix material. The drug release profile from this tablet was similar to that from the HPMC tablet and showed a pH-independent release
rofile. The mechanisms for drug release from the IPC tablet were diffusional release at pH 6.8 and relaxational release at pH 1.2.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Hydrophilic gel-forming matrix tablets are widely used as
ral extended-release dosage forms (Nellore et al., 1998; Kranz
t al., 2005). Since the overall rate of drug release is regulated
y the viscosity and thickness of the gel layer formed from the
atrix tablets, selecting the appropriate hydrophilic polymer
ith the appropriate viscosity and disintegration rate is very

mportant for designing a controlled release tablet.
Carbopol is a cross-linked polymer of acrylic acid with a high

olecular weight that forms a hydrogel in aqueous solutions
epending on the degree of hydration of the carboxyl group in
arbopol (Singlga et al., 2000). Although Carbopol has many
dvantages as a candidate for an extended-release tablet matrix,
.g. a good gel-forming ability and mucoadhesive property, there
re few reports on the application of Carbopol to the extended-
elease dosage forms (Meshali et al., 1996; Betageri et al., 2001).

his might be due to the ionic nature and high sensitivity of
arbopol to the pH of the medium. It is difficult to control the
rug release rate from the Carbopol matrix and correlate the in

∗ Corresponding author. Tel.: +82 62 2306367; fax: +82 62 2283742.
E-mail address: hgchoi@chosun.ac.kr (H.-K. Choi).
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itro drug release with the in vivo drug absorption due to its pH
ensitivity (Singlga et al., 2000). pH-dependent drug release can
ause in vivo variability (Kranz et al., 2005).

Recently, an interpolymer complex (IPC) has attracted con-
iderable interest by pharmaceutical researchers (Wang et
l., 1997) on account of its unique characteristics due to a
pecific interaction between constituent polymers such as hydro-
en bonds, electrostatic interaction, van der Waals force, or
ydrophobic interactions (Zhong and Guo, 1996). Among them,
he formation of an IPC between poly(acrylic acid) and chi-
osan has been previously reported (Chavasit et al., 1988). The
omplexation is due to an electrostatic interaction between
he carboxylate group of poly(acrylic acid) as the polyanionic
olymer and the protonated amine group of chitosan as the poly-
ationic polymer (Mi et al., 1999). In a similar manner, the
ormation of an IPC between Carbopol and chitosan would be
xpected. This might solve the problem of the pH dependency
f Carbopol because carboxyl groups, which are the main fac-
ors affecting the pH-dependant drug release, are complexed
ith chitosan. Moreover, chitosan possesses some favorable

roperties, such as non-toxicity, high biodegradability and bio-
ompatibility (Cho and Choi, 2005a).

In this study, a Carbopol/chitosan complex powder was pre-
ared and evaluated as an extended-release tablet matrix. The

mailto:hgchoi@chosun.ac.kr
dx.doi.org/10.1016/j.ijpharm.2007.06.024
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Matrix erosion (%) =
Wi

× 100 (2)
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rug release pattern at lower and higher pH was also examined.
heophylline was selected as the model drug because it is water-
oluble and has an almost constant solubility between pH 2 and
.5 (Vendruscolo et al., 2005).

. Materials and methods

.1. Materials

Theophylline anhydrous and low (viscosity of 1% acetic
cid solution: 20–200 cP), medium (viscosity of 1% acetic acid
olution: 200–800 cP) and high (viscosity of 1% acetic acid solu-
ion: 800–2000 cP) molecular weight Chitosan were purchased
rom Sigma–Aldrich (St. Louis, MO, USA). Carbopol 971
as obtained by Noveon, Inc. (Cleveland, OH, USA). Hydrox-
propylmethylcellulose (HPMC; Metolose® 60SH 4000cp) was
btained from Shin-Etsu (Tokyo, Japan). All the other chemi-
als were of reagent grade or above and used without further
urification.

.2. Preparation of Carbopol/chitosan complex

A Carbopol aqueous solution (1 mg/ml) and chitosan acetic
cid solution (5 mg/ml) were mixed. The resulting precipitate
Carbopol/chitosan IPC) was washed with distilled water and
ried under vacuum over a 24-h period. The dried complex was
round with a grinder and ball milled. The powder was passed
hrough a 200-�m sieve and used for further study.

.3. Fourier transform infrared (FT-IR) spectroscopy study

The infrared absorption spectra of Carbopol, chitosan and
heir IPC were analyzed using a FT-IR spectrophotometer
LX30-7012, Perkin Elmer, MA, USA). The pellets were pre-
ared by pressing the sample with potassium bromide.

.4. Differential scanning calorimetry (DSC)

Thermal analysis was carried out using a differential scan-
ing calorimeter (DSC 50, Shimadzu Scientific Instruments,
D, USA). The samples were placed in an aluminum-sealed

an and preheated to 200 ◦C. The sample was cooled to room
emperature and then reheated from 40 to 450 ◦C at a scanning
ate of 10 ◦C/min.

.5. Turbidity measurements

The Carbopol/chitosan ratio in the complex was examined
y monitoring the transmittance of the solution at a wavelength
f 600 nm using a spectrophotometer (UV-1601, Shimadzu,
apan). An aqueous Carbopol solution (0.5, 1, 1.5, 2, 2.5, 3,
.5, and 4 mM) and a chitosan acetic acid solution (0.5, 1, and
mM) were used. The concentration was calculated by dividing
he weight of chitosan and Carbopol by the formula weight of
ach monomer unit. Each Carbopol solution (3 ml) was mixed
ith the 0.5 mM chitosan solutions (3 ml), and each chitosan

olution (3 ml) was mixed with a 0.5 mM Carbopol solution

w
b
N
s
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3 ml). Each mixture was shaken vigorously. The mixtures were
hen left to stand for 10 min before measuring the transmit-
ance as a function of the various mixing ratios (chitosan/
arbopol).

.6. Preparation of extended-release matrix tablet

The extended-release matrix tablets with a total weight
f 250 mg were prepared using a mixture of theophylline
nd an excipient at 1:1. The mixture was compressed using
hydraulic press with a 13-mm diameter. The compression

orce was 10 kN/cm2 with a dwell time of 1 s. Carbopol, chi-
osan, HPMC and three types of Carbopol/chitosan complexes
three different molecular weight of chitosan) were used as the
xcipient.

.7. Dissolution of theophylline from the tablet

A dissolution test was carried out using a dissolution tester
DST 810, Labfine, Inc., Korea). The dissolution tester was
alibrated using an USP Dissolution Calibrator, salicylic acid
Lot O) and prednisone (Lot O0C056) tablets. The rate of
heophylline dissolution was measured using the USP pad-
le method at 50 rpm using 900 ml of a pH 1.2 or pH 6.8
edium at 37 ◦C. The samples were withdrawn at predetermined

imes and then analyzed using a HPLC system (Shimadzu Sci-
ntific Instrument, Kyoto, Japan) at a wavelength of 280 nm
ith a flow rate of 1.2 ml/min using an ODS column (Luna
8, 4.6 mm × 150 mm, 5 �m, Phenomenex, USA). The mobile
hase used was pH 3.8 100 mM acetate buffer/acetonitrile =
3/7.

.8. Determination of matrix erosion and water uptake

Matrix erosion and water uptake of a Carbopol/chitosan com-
lex tablet were evaluated by measuring the amount of water
ptake and weight loss in a dissolution tester. The tablets were
laced in 900 ml of pH 1.2 or pH 6.8 medium at 37 ◦C using
SP dissolution apparatus II (paddle method) with a paddle

otating at 50 rpm. The tablets were then pulled out of the vessel
t predetermined times. The weight of the hydrated tablet (Wh)
as measured after removing the surface medium with filter
aper. The weight of the dried tablet was measured after dry-
ng the tablet under a vacuum for 24 h. The water uptake ratio
nd level of matrix erosion were calculated using the following
quations:

ater uptake (%) = Wh − Wd

Wd
× 100 (1)

Wi − Wd
here Wi is the initial weight of the tablet. Wd was corrected
y subtracting the weight of the buffer components (KH2PO4,
aOH, NaCl) present in the absorbed medium from the mea-

ured weight after drying.
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Fig. 1. FT-IR spectra of chitosan, Carbopol and Carbopol/chitosan IPC with
chitosan at various molecular weights. Low, medium and high IPC indicate
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parent regardless of their concentration prior to mixing. The
omplex of low, medium and high molecular weight chitosan with Carbopol,
espectively. The ratio of chitosan/Carbopol used was 1/4.

. Results and discussion

.1. Characterization of the Carbopol/chitosan IPC

The interaction between chitosan and Carbopol has been
tudied by several investigators (Shieh and Huang, 1997; de la
orre et al., 2003; Cho and Choi, 2005a). The results indicated

hat interpolymer complex could be formed by the electrostatic
nteraction between the COO− group of Carbopol and NH3

+

roup of chitosan when pH of the solution was between pH
and 6 (Chavasit and Torres, 1990). To make protonated chi-

osan and dissociated Carbopol solutions, chitosan and Carbopol
ere dissolved in the acetic acid solution and water, respectively.
ubsequently, the chitosan and Carbopol interpolymer complex
as prepared with those solutions. Fig. 1 shows the IR spectra
f chitosan, Carbopol and the Carbopol/chitosan IPC. Because
he degree of deacetylation of chitosan is 85%, the amine group
f the 2-aminoglucose unit and the carbonyl group of the 2-
cetaminoglucose unit of chitosan showed absorption bands at

595 and 1656 cm−1, respectively (Tien et al., 2003). The peak
t 1715 cm−1 in the IR spectrum of Carbopol was assigned to
he carbonyl group of carboxylic acid. The IR spectrum of the

t
i
r

Fig. 2. Comparison of the DSC thermogram of the Carbop
f Pharmaceutics 347 (2008) 39–44 41

PC showed that the peak of 1595 cm−1 assigned to the amine
and of chitosan was shifted to 1640 cm−1, indicating that the
mine group was protonated to a NH3

+ group in IPC (de la Torre
t al., 2003). The bands at 1550 and 1408 cm−1 were assigned
o the symmetric and asymmetric stretching of the COO− group
Nunthanid et al., 2004; de la Torre et al., 2003). In addition, the
H3

+ peak was known to appear between 1600 and 1460 cm−1

Pretsch et al., 2000). Moreover, the peak of NH3
+ groups in the

omplex between chitosan and poly(acrylic acid) was known
o appear at 1520 cm−1 (Chavasit et al., 1988). Therefore, the
road peak around 1550 cm−1 was believed to be the overlapped
eak of COO− and NH3

+ peak. These results suggested that the
arbopol/chitosan IPC was formed by an electrostatic interac-

ion between the COO− group of Carbopol and NH3
+ group

f chitosan. No significant difference was observed in IR spec-
rum depending on different molecular weight of chitosan used
o form the complex.

Fig. 2 shows the DSC thermograms of the chitosan, Carbopol
nd the Carbopol/chitosan IPC. An exothermic peak attributable
o the decomposition of chitosan appeared at approximately
20 ◦C (Cho and Choi, 2005b; Neto et al., 2005). In the DSC
hermogram of Carbopol, the glass transition temperature was
bserved near 135 ◦C and the decomposition of Carbopol was
bserved at approximately 280 ◦C at which the Carbopol had
elted and decomposed sequentially (Koleng and McGinity,

000; Gomez-Carracedo et al., 2004). The broad endothermic
eak near 100 ◦C was attributed to the physically bound-water.
he endothermic peak of the IPC due to bound water was smaller

han that of chitosan. The water absorption ability of chitosan
s expected on account of its amine group being reduced by the
omplexation of chitosan with Carbopol. Therefore, the water
bsorption capacity of the IPC may be lower than chitosan. The
educed water absorption capacity might result in the slow dis-
ntegration of the IPC matrix and the extension of drug release
rom the IPC matrix.

The change in transmittance as a function of the unit molar
atio of chitosan to Carbopol was measured to determine the
omposition of the IPC, as shown in Fig. 3. The chitosan acetic
cid solution and the Carbopol aqueous solution were trans-
ransmittance of the IPC did not show a significant change with
ncreasing Carbopol concentration up to a chitosan:Carbopol
atio of 1:1. However, the transmittance decreased as the ratio

ol/chitosan IPC with those of chitosan and Carbopol.
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Fig. 4. Release profiles of theophylline from the tablets containing various excip-
ients in pH 6.8. Low, medium and high IPC indicate complex of low, medium
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profiles at pH 1.2 and 6.8 (Figs. 4 and 5). This might be due to the
fact that a similar portion of Carbopol interacted with chitosan
regardless of the MW of chitosan.
ig. 3. Effect of the ratio of Carbopol 971 and chitosan on the transmittance of
he solution.

as changed from 1:1 to 1:4. The change in transmittance was
ot significant at higher ratios. It appears that the excess chi-
osan (or Carbopol) did not react with Carbopol (or chitosan)
ecause of the saturation of the electrostatic interaction sites of
arbopol (or chitosan) by that of chitosan (or Carbopol). As

he chitosan:Carbopol ratio was changed from 4:1 to 1:1 (the
mount of Carbopol was fixed at 0.5 mM), the amount of IPC
ormed was determined by the amount of Carbopol. As the chi-
osan:Carbopol ratio was changed from 1:1 to 1:4 (the amount
f chitosan was fixed at 0.5 mM), the amount of IPC increased
ith increasing amount of Carbopol. At a chitosan:Carbopol

atio of 1:4, each interaction site of chitosan and Carbopol was
aturated, and further increase in the amount of chitosan did not
ause any change in turbidity. The transmittance results clearly
how that the complexation unit molar ratio of chitosan with
arbopol was 1:4. Therefore, the chitosan and Carbopol IPC
ith the mixing ratio 1/4 was used to characterize the IPC and

o study the release profile.

.2. In vitro drug release study

Figs. 4 and 5 show the dissolution profiles of theophylline
rom the matrix tablets containing various excipients in pH 6.8
hosphate buffer and pH 1.2 HCl solutions, respectively. The
ate of drug dissolution from the chitosan matrix tablet was faster
han that from the other matrix tablets tested at pH 6.8. In addi-
ion, the rate of drug dissolution from the chitosan matrix tablet
n pH 6.8 was faster than that at pH 1.2. This might be due to the
el forming ability of chitosan at a low pH, which retards the
ate of drug release from the tablet. It was reported that the rapid
ate of drug dissolution from the chitosan tablet was due to the
oor gel formation ability and easy disintegration characteris-
ics of chitosan at neutral pH (Betageri et al., 2001). In the case
f the Carbopol matrix tablet, the rate of drug dissolution was
nfluenced by the pH of the dissolution medium. Almost all the

arboxyl groups will dissociate at pH 6.8 resulting in the forma-
ion of a swollen gel. However, the carboxyl groups of Carbopol
ill not dissociate at pH 1.2 resulting in a less viscous hydrogel

Bonacucina et al., 2004). Therefore, the rate of drug dissolu-

F
i
a
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nd high molecular weight chitosan with Carbopol, respectively. The ratio of
hitosan/Carbopol used was 1/4.

ion from the Carbopol matrix at pH 6.8 was slower than that
f the drug at pH 1.2. The Carbopol/chitosan IPC matrix tablets
howed much less pH dependency than the Carbopol tablets. The
issolution profile of theophylline from the Carbopol/chitosan
PC matrix tablet was compared with that from the HPMC matrix
ablet because the matrix tablet with HPMC is widely used as
n extended-release matrix tablet. The dissolution profile of the
rug from the IPC matrix tablet at pH 1.2 and 6.8 was similar to
hat from the HPMC matrix tablet except that the release profile
rom the IPC at pH 6.8 was closer to zero-order kinetics than
hat from the HPMC.

The effect of the molecular weight (MW) of chitosan in IPC
n the release profile of theophylline was examined in order
o determine if the MW of chitosan could control the release
ate. No significant difference was observed in the dissolution
ig. 5. Release profiles of theophylline from the tablets containing various excip-
ents in pH 1.2. Low, medium and high IPC indicate complex of low, medium
nd high molecular weight chitosan with Carbopol, respectively. The ratio of
hitosan/Carbopol used was 1/4.
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F san/Carbopol IPC (1/4) in pH 1.2 (gray column) and pH 6.8 medium (black column).
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ig. 6. Water uptake (A) and matrix erosion (B) of tablet containing 250 mg chito

.3. Evaluation of drug dissolution mechanism

The Peppas and Sahlin model was used to determine the drug
issolution kinetics (Peppas and Sahlin, 1989).

Mt

M∞
= k1t

m + k2t
2m

here Mt/M∞ is the fractional drug dissolution at time t, t the
rug dissolution time, m the purely Fickian diffusion exponent
or a device of any geometry shape and k1 and k2 are the kinetic
onstants for the diffusional and relaxational drug dissolution,
espectively. In order to obtain the Fickian diffusion exponent,
he aspect ratio was calculated by dividing the diameter (13 mm)
f the tablet by its thickness (1.61 mm). Based on the calcu-
ated aspect ratio (8.1), the Fickian diffusion exponent (0.47)
as obtained from the correlation graph between the Fickian
iffusion exponent and the aspect ratio reported in the litera-
ures (Lee and Peppas, 1987; Ritger and Peppas, 1987). Table 1
hows the kinetic constants obtained by fitting the release data
p to the first 60% of the drug release. The k2/k1 values repre-
ent the ratio of the relaxational to diffusional contribution. In
he case of the IPC matrix tablets, the diffusional contribution
as dominant at pH 6.8 and the relaxational contribution was

ominant at pH 1.2. In the case of the Carbopol matrix tablet,
he dissolution mechanism was reversed against the IPC matrix
ablets.

able 1
arameter estimates derived from fitting Eq. (2) reported by Peppas and Sahlin
1989) to the experimental data

H Carrier k1 k2 k2/k1 R2

.8

HPMC 0.185 0.012 0.0649 0.9977
Carbopol 0.019 0.114 6.0000 0.9993
Low IPCa 0.142 0.026 0.1831 0.9993
Medium IPCa 0.169 0.026 0.1538 0.9995
High IPCa 0.162 0.027 0.1667 0.9996

.2

HPMC 0.114 0.056 0.4912 0.9999
Carbopol 0.146 0.076 0.5202 0.9998
Low IPCa 0.050 0.116 2.3200 0.9997
Medium IPCa 0.043 0.156 3.6279 0.9999
High IPCa 0.036 0.119 3.3056 0.9997

a Low, medium and high IPC indicate complex of low, medium and high
olecular weight chitosan with Carbopol, respectively.
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ig. 7. Effect of the pH of the medium on the swelling and dissolution of the
heophylline tablet containing Carbopol/chitosan IPC (1/4).

Fig. 6 shows the extent of water uptake and the erosion of
he IPC matrix as a function of time. The erosion of IPC in
he pH 6.8 medium was not significant, whereas approximately
5% of the IPC tablet matrix had eroded after 8 h in the pH 1.2
olution. The results are in accordance with the mechanism of
rug release from the IPC matrix discussed previously. Swelling
f the IPC was also observed at both pHs. Fig. 7 shows images
f the theophylline IPC tablet during the dissolution test in the
Hs 1.2 and 6.8 medium. In the pH 6.8 medium, the surface
f the tablet gradually swelled with the core remaining intact.
owever, at pH 1.2, the tablet swelled quickly and formed a soft
el together with some erosion. The apparent zero-order release
inetics of theophylline from the IPC tablet in the pH 1.2 medium
ppeared to be due to synchronization between swelling and
rosion of the polymer (Vendruscolo et al., 2005). An apparent
rst-order drug release profile was observed in pH 6.8, which
ight be caused by slow swelling, and there was no erosion of

PC observed at pH 6.8.

. Conclusions
The chitosan/Carbopol IPC showed a similar release pattern
o that of HPMC, which is widely used as a sustained- and
xtended-release matrix former, and showed pH-independent
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elease profile during the first 2 h of the dissolution study. The
ain release mechanisms of theophylline from the IPC tablet
ere diffusional release at pH 6.8 and relaxation of the polymer

t pH 1.2. The pH dependency of Carbopol can be reduced by
he formation of a complex with chitosan, and can be used as a
H independent extended-release tablet matrix.

eferences

etageri, G.V., Deshmukh, D.V., Gupta, R.B., 2001. Oral sustained release
bioadhesive tablet formulation of didanosine. Drug Dev. Ind. Pharm. 27,
129–136.

onacucina, G., Martelli, S., Palmieri, G.F., 2004. Rheological, mucoadhesive
and release properties of Carbopol gels in hydrophilic cosolvents. Int. J.
Pharm. 282, 115–130.

havasit, V., Kienzle-Sterzer, C., Torres, J.A., 1988. Formation and character-
ization of an insoluble polyelectrolyte complex: chitosan–polyacrylic acid.
Polym. Bull. 19, 223–230.

havasit, V., Torres, J.A., 1990. Chitosan–poly(acrylic acid): mechanism of
complex formation and potential industrial applications. Biotechnol. Prog.
6, 2–6.

ho, S.-M., Choi, H.-K., 2005a. Preparation of mucoadhesive
chitosan–poly(acrylic acid) microspheres by interpolymer complexation
and solvent evaporation method II. Arch. Pharm. Res. 28, 612–618.

ho, S.-M., Choi, H.-K., 2005b. Preparation of mucoadhesive
chitosan–poly(acrylic acid) microspheres by interpolymer complexation
and solvent evaporation method I. J. Kor. Pharm. Sci. 35, 95–99.

e la Torre, P.M., Enobakhare, Y., Torrado, G., Torrado, S., 2003. Release of
amoxicillin from polyionic complexes of chitosan and poly(acrylic acid).
Study of polymer/polymer and polymer/drug interactions within the network
structure. Biomaterials 24, 1499–1506.

omez-Carracedo, A., Alvarez-Lorenzo, C., Gomez-Amoza, J.L., Concheiro,
A., 2004. Glass transitions and viscoelastic properties of Carbopol® and
Noveon® compacts. Int. J. Pharm. 274, 233–243.

oleng, J.J., McGinity, J.W., 2000. Carbomer. In: Kibbe, A.H. (Ed.), Handbook
of Pharmaceutical Excipients, 3rd ed. Pharmaceutical Press, London, UK,
pp. 79–82.

ranz, H., Guthmann, C., Wagner, T., Lipp, R., Reiinhard, J., 2005. Development
of a single unit extended release formulation for ZK 811752, a weakly basic
drug. Eur. J. Pharm. Sci. 26, 47–53.
ee, I., Peppas, N.A., 1987. Prediction of polymer dissolution in swellable
controlled-release systems. J. Control. Release 6, 207–215.

eshali, M.M., El-Sayed, G.M., El-Said, Y., Abd El-Aleem, H.M., 1996. Prepa-
ration and evaluation of theophylline sustained release tablets. Drug Dev. Ind.
Pharm. 22, 373–376.

Z

f Pharmaceutics 347 (2008) 39–44

i, F.-L., Shyu, S.-S., Kuan, C.-Y., Lee, S.-T., Lu, K.-T., Jang, S.-F., 1999.
Chitosan–polyelectrolyte complexation for the preparation of gel beads and
controlled release of anticancer drug. I. Effect of phosphorous polyelec-
trolyte complex and enzymatic hydrolysis of polymer. J. Appl. Polym. Sci.
74, 1868–1879.

ellore, R.V., Rekhi, G.S., Hussain, A.S., Tillman, L.G., Augsburger, L.L.,
1998. Development of metoprolol tartrate extended-release matrix tablet
formulations for regulatory policy consideration. J. Control. Release 50,
247–256.

eto, C.G.T., Giacometti, J.A., Job, A.E., Ferreira, F.C., Fonseca, J.L.C., Pereira,
M.R., 2005. Thermal analysis of chitosan based networks. Carbohyd. Polym.
62, 97–103.

unthanid, J., Laungtna-anan, M., Sriamornsak, P., Limmatvaprirat, S., Puttip-
ipatkhachorn, S., Lim, L.Y., Khor, E., 2004. Characterization of chitosan
acetate as a binder for sustained release tablet. J. Control. Release 99,
15–26.

eppas, N.A., Sahlin, J.J., 1989. A simple equation for the description of
solute release. III. Coupling of diffusion and relaxation. Int. J. Pharm. 57,
169–172.

retsch, E., Buhlmann, P., Affolter, C., 2000. Structure Determination of Organic
Compounds: Tables of Spectral Data, 3rd ed. Springer, New York.

itger, P.L., Peppas, N.A., 1987. A simple equation for description of solute
release. I. Fickian and non-fickian release from non-swellable devices in the
form of slabs, sphere, cylinders or discs. J. Control. Release 5, 23–36.

hieh, J.-J., Huang, R.Y.M., 1997. Pervaporation with chitosan membranes.
II. Blend membranes of chitosan and polyacrylic acid and comparison of
homogeneous and composite membrane based on polyelectrolyte complexes
of chitosan and polyacrylic acid for the separation of ethanol-water mixtures.
J. Membr. Sci. 127, 185–202.

inglga, M., Chawla, A., Singh, A., 2000. Potential applications of Carbomer
in oral mucoadhesive controlled drug delivery system: a review. Drug Dev.
Ind. Pharm. 26, 913–924.

ien, C.L., Lacrix, M., Ispas-Szabo, P., Mateescu, M.-A., 2003. N-acylated chi-
tosan: hydrophobic matrices for controlled drug release. J. Control. Release
93, 1–13.

endruscolo, C.W., Andreazza, I.F., Ganter, J.L.M.S., Ferrero, C., Bresolin,
T.M.B., 2005. Xanthan and galactomannan (from M. scabrella) matrix
tablets for oral controlled delivery of theophylline. Int. J. Pharm. 296,
1–11.

ang, H., Li, W., Lu, Y., Wang, Z., 1997. Studies on chitosan and poly
(acrylic acid) interpolymer complex. I. Preparation, structure, pH-sensitivity,
interpenetrating polymer network. J. Appl. Polym. Sci. 65, 1445–1450.
hong, Z., Guo, Q., 1996. Interpolymer complexes and miscible blends of

poly(N-vinyl-2-pyrrolidone) with novolac resin and the effect of crosslinking
on related behaviour. Polym. Int. 41, 315–322.


	Preparation of an extended-release matrix tablet using chitosan/Carbopol interpolymer complex
	Introduction
	Materials and methods
	Materials
	Preparation of Carbopol/chitosan complex
	Fourier transform infrared (FT-IR) spectroscopy study
	Differential scanning calorimetry (DSC)
	Turbidity measurements
	Preparation of extended-release matrix tablet
	Dissolution of theophylline from the tablet
	Determination of matrix erosion and water uptake

	Results and discussion
	Characterization of the Carbopol/chitosan IPC
	In vitro drug release study
	Evaluation of drug dissolution mechanism

	Conclusions
	References


