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Abstract

The aim of this study was to investigate the influence of pH, buffer species and ionic strength on the release mechanism of chlorpheni-
ramine maleate (CPM) from matrix tablets containing chitosan and xanthan gum prepared by a hot-melt extrusion process. Drug release from
hot-melt extruded (HME) tablets containing either chitosan or xanthan gum was pH and buffer species dependent and the release mecha-
nisms were controlled by the solubility and ionic properties of the polymers. All directly compressed (DC) tablets prepared in this study also
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xhibited pH and buffer species dependent release. In contrast, the HME tablets containing both chitosan and xanthan gum exhib
uffer species independent sustained release. When placed in 0.1N HCl, the HME tablets formed a hydrogel that functioned to
elease in subsequent pH 6.8 and 7.4 phosphate buffers even when media contained high ionic strength, whereas tablets without
ot form a hydrogel to retard drug release in 0.1N HCl. The HME tablets containing both chitosan and xanthan gum showed no
hange in drug release rate when stored at 40◦C for 1 month, 40◦C and 75% relative humidity (40◦C/75% RH) for 1 month, and 60◦C for
5 days.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The pH of the gastrointestinal tract (GI tract) varies from pH
to 3 in the stomach and increases to approximately pH 7–8

n the colon. Furthermore, the pH of the stomach can fluctuate
ith food intake, as well as with the age and health of the patient

Ogata et al., 1984; Dressman et al., 1990; Russell et al., 1993;
harman et al., 1997).
Sustained release dosage forms extend the duration time

f drug therapy, reduce side-effects and increase safety and
atient compliance by reducing the frequency of dosing. Multi-
le daily administration of an immediate release dosage form
esults in patient non-compliance. To control and modulate
rug release properties of tablets, retardant polymers includ-

ng hydrophilic polymers such as hydroxypropyl methyl cellu-
ose (HPMC) (Siepmann et al., 1999a, 1999b, 2000; Roshdy
t al., 2001; McConville et al., 2004; Sangalli et al., 2004),

∗ Corresponding author. Tel.: +81 280 57 1551; fax: +81 280 57 2336.
E-mail address: mamoru.fukuda@mb.kyorin-pharm.co.jp (M. Fukuda).

hydroxypropyl cellulose (HPC) (Roshdy et al., 2001), sodium
alginate (Rubio and Ghaly, 1994; Kulkarni et al., 1999) and
polyvinyl alcohol (PVA) (Peppas and Wright, 1998; Morita
al., 2000; Peppas and Simmons, 2004); as well as the ammo
nio methacrylate copolymers such as Eudragit® RL and RS
(Eshra et al., 1994; Kidokoro et al., 2001; Zhu et al., 2002); or
methacrylic acid copolymers like Eudragit® L and S (Palmieri
et al., 2000; Bruce et al., 2003, 2005) have been utilized i
solid dosage forms. For these retardants, hydrophilic poly
control drug release from tablets by hydrogelation (Lu et al.,
1991; Dhopeshwarkar and Zatz, 1993; Peppas et al., 200
Gazayerly, 2003; Peppas, 2004). The retardation mec
anism is based on the intra-molecular hydrogelation
a hydrophilic polymer during dissolution and has b
reported to be affected by the ionic strength of the di
lution medium (Talukdar and Plaizier-Vercammen, 1993;
Gazayerly, 2003). Due to differences in ionic strength of gas
and intestinal fluids, as well as wide variations and fluctua
in its pH of the GI tract, the in vitro and in vivo data for sustai
release dosage forms may not always correlate.
378-5173/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2005.11.042
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The aim of our study was to investigate the influence of pH,
buffer species and ionic strength on the release mechanism of
chlorpheniramine maleate (CPM) from matrix tablets containing
hydrophilic retardant polymers prepared by a hot-melt extrusion
process. Chitosan and xanthan gum were investigated as the
model hydrophilic retardant polymer.

Chitosan is a linear hydrophilic polysaccharide polymer ofd-
glucosamine. It is a non-toxic natural polycationic polymer that
is degraded by the microflora in the colon. Chitosan is produced
by the alkaline deacetylation of chitin. It is an abundant polymer
in nature and is present in the exoskeleton of crustaceans such
as crabs or shrimp. Chitosan has been widely researched for its
potential use as a pharmaceutical ingredient. The characteristics
of crosslinked chitosan with an anionic polymer (Takahashi et
al., 1990), applications of chitosan in controlled release dosage
forms (Chandy and Sharma, 1993; Tapia et al., 1993; Gupta
and Ravi Kumar, 2000; Mitrevej et al., 2001; Agnihotri and
Aminabhavi, 2004; Berger et al., 2004), evaluations of matrix
tablets containing microcrystalline chitosan (Säkkinen et al.,
2002) and applications of chitosan in thermo-sensitive chitosan-
based hydrogels (Ruel-Garíepy et al., 2004) have been reported.
In addition, the ability of chitosan to retard drug release depends
on its molecular weight. High molecular weight chitosans func-
tion as matrix tablet retardants, whereas low molecular weight
chitosans can function as drug release enhancers for poorly
water-soluble drugs due to an improvement in wettability result-
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Chemical Mfg. Corp. (Gardena, CA). Daichitosan® M (deacety-
lation degree: 87.4%, 75�m pass powder) and Daichitosan®

H (deacetylation degree: 84.8%, 150�m pass powder) were
donated by Dainichiseika Color and Chemicals Mfg. Co. Ltd.
(Tokyo, Japan). PEO (SENTRYTM POLYOXTM WSR N80-
LEO NF GRADE, Mw = 200,000) was purchased from Dow
Chemical Co. (Midland, MI). Glyceryl monostearate (GMS)
was purchased from Sasol Germany GmbH (Witten, Germany).
Xanthan gum (XANTURAL® 180) was donated by CP Kelco
U.S. Inc. (Chicago, IL). Microcrystalline cellulose (Avicel® PH-
101) was supplied by FMC Corporation (Newark, DE). CPM
was passed through a 250�m screen prior to further processing.

2.2. Viscosity

The viscosity of 0.5% (w/v) chitosan solution in 0.5% (v/v)
acetic acid solution was measured in triplicate with a Brookfield
digital viscometer (LVDV-I+, Brookfield Engineering Labora-
tories Inc., Middleboro, MA) at 25± 1◦C after 1 min of rotation
using a spindle #2. The rotation speed was 20 rpm.

2.3. Preparation of directly compressed (DC) tablets

A 200 g sample of powder containing 10% CPM as the model
drug, functional polymers and excipients was blended using a
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ng from the solubility of low molecular weight chitosans
ater (less than 10,000) (Shiraishi et al., 1990; Imai et al., 199).
Xanthan gum is a polysaccharide consisting of a cellu

ackbone and trisaccharide side chains containing glucu
cids that give this polymer a negative charge. Altho
rimarily used as a suspending agent, xanthan gum has
eported to function as a matrix retardant in solid dos
orms (Dhopeshwarkar and Zatz, 1993; Talukdar and Plai
ercammen, 1993; El-Gazayerly, 2003; Mu et al., 2003; R
t al., 2003).

. Materials and methods

.1. Materials

Chitosan (deacetylation degree: 89.4%, powder) and c
heniramine maleate (CPM) were purchased from Spec

able 1
ablet formulations used in the present study

Composition (%)

Formulation #1 Formulation

hlorpheniramine maleate 10 10
aichitosan® H 43 –
aichitosan® M – –
hitosan (spectrum) – –
icrocrystalline cellulose 17 43
anthan gum – 17
EO 27 27
MS 3 3

otal 100 100
c

n

-

ortar and pestle for 2 min. A 300 mg sample of the blen
aterials was then compressed using a hydraulic comp

Fred S. Carver Inc., Menomonee Falls, WI) at the pres
f 2000 kg. The hardness of a DC tablet was measured
eplicates using a tablet hardness tester (WTP-3, Heberl
o. AG, Wattwil, Switzerland).

.4. Preparation of hot-melt extruded (HME) tablets

The formulations used in this study are shown inTable 1. A
00 g sample of powder containing 10% CPM, functional p
ers and excipients was first blended in a mortar and p

or 2 min. The blended materials were then fed into the ho
f a single-screw Randcastle Extruder (Model RC 0750, C
rove, NJ). The processing temperatures were 90◦C (zone 1)
5◦C (zone 2), 105◦C (zone 3) and 110◦C (die). The screw
peed was 15 rpm and the processing time for the pow

Formulation #3 Formulation #4 Formulatio

10 10 10
43 – –
– 43 –
– – 43
– – –
17 17 17
27 27 27
3 3 3

100 100 100
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inside the barrel of the extruder was approximately 3–4 min.
The extruded materials were stored at room temperature for at
least 48 h and manually cut into tablets weighing approximately
300 mg.

2.5. Differential scanning calorimetry (DSC)

Differential scanning calorimetry (DSC) was utilized to
investigate the influence of hot-melt extrusion on the thermal
properties of CPM, PEO and GMS, and to characterize the
thermal properties of freeze-dried hydrogels formed in the disso-
lution media. The DSC instrument was a TA Instruments model
2920 (New Castle, DE). Ultra-high purity nitrogen was used as
the purge gas at a flow rate of 150 ml/min. Approximately 10 mg
of powder was placed into aluminium pans and sealed. The tem-
perature ramp speed and range for the measurement of samples
were 5◦C/min and 25–180◦C, respectively. The temperature
ramp speed and range on crosslinking studies were 10◦C/min
and 0–400◦C, respectively.

2.6. Fourier transform infrared (FT-IR)

Fourier transform infrared (FT-IR) spectral studies were con-
ducted on a Nicolet Magna-IR® system 560 FTIR Spectropho-
tometer (Nicolet Instrument Corporation Inc., Madison, WI)
instrument using KBr pellets to investigate possible interactions
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pH 4.0 acetate buffer (100 mM), pH 4.0 citrate buffer (100 mM),
pH 4.0 phosphate buffer (100 mM), pH 6.8 phosphate buffer
(50 mM) or pH 7.4 phosphate buffer (50 mM). To evaluate the
influence of ionic strength on CPM release from matrix tablets,
0.1N HCl, pH 4.0 acetate buffer, pH 6.8 phosphate buffer and
pH 7.4 phosphate buffer each containing 0.4 M NaCl were pre-
pared. During dissolution testing, the media were maintained
at 37± 0.5◦C and agitated at 100 rpm. A sample volume of
3 ml was taken at each sampling time point. All dissolution tests
were conducted for 12 h. Samples were analyzed using a UV
spectrometer (�Quant, BIO-TEK® Instruments Inc., Winooski,
VT) at 261 nm. The data were collected using KC4 Version 3.1
software (BIO-TEK® Instruments Inc., Winooski, VT). All dis-
solution tests were performed in triplicate.

The experimental results were fitted to the following expo-
nential equation proposed byRitger and Peppas (1987a):

Mt

M∞
= ktn (1)

whereMt is the amount of drug released at timet, M∞ is the
amount of drug released at infinity,k is a dissolution rate constant
and n is the diffusional exponent characteristic of the release
mechanism. The values ofn were obtained by regression analy-
sis. In the case of drug release from a swellable cylindrical device
such as HME tablets containing hydrophilic polymers, the expo-
nent n of Fickian diffusion is defined byn = 0.45, whereas
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etween the respective polymers in the release media. All
les were crushed with potassium bromide. The weight ra
sample and potassium bromide was 2 mg to 300 mg. Cru
owders were compressed using a hydraulic compactor
. Carver Inc., Menomonee Falls, WI) at approximately 20
ounds under vacuum for 3 min. FT-IR measurements were

ormed under nitrogen atmosphere at a flow rate of 50 stan
ubic feet per hour (SCFH). Spectral scanning was cond
rom 4000 to 400 cm−1 at a resolution of 4 cm−1.

.7. Scanning electron microscopy (SEM)

The cross sectional morphologies of HME tablets were e
ned using a Philips Model 515 scanning electron micros
SEM) at an accelerating voltage of 17 kV. Images were
ured using a SEMICAPS 2000A Imaging System. Tablets
xtracted from vessels after dissolution testing. Thereafte
ablets were fast frozen in liquid nitrogen and freeze-dried u
Labconco freeze dryer (Kansas City, MO) for at least 24 h.

o observation, samples were mounted on brass stages
ouble-sided adhesive tape and coated with gold–palladiu
0 s under an argon atmosphere using a Ladd Sputter C
Ladd Research Industries Inc., Burlington, VT).

.8. In vitro drug release

In vitro release testing of tablets (300 mg) containing 30
PM was carried out in the USP 27 Apparatus 2 using e
VanKel VK6010 or a VanKel Vanderkamp 600 Dissolut

ester (Cary, NC), each equipped with a VanKel VK8000
ampler. The dissolution medium was 900 ml of either 0.1N
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nomalous (non-Fickian) transport is 0.45 <n < 0.89 and Case-
ransport is indicated byn = 0.89 (Ritger and Peppas, 1987b).

.9. Crosslinking study

A crosslinking study, as seen inFig. 1, was performed t
nvestigate the potential for ionic interactions between the p

ers in each dissolution medium, and to study the retard
echanism of HME tablets containing chitosan and xan
um. Chitosan (Daichitosan® H) and xanthan gum were blend

n a 1:1 ratio using a mortar and pestle for 2 min. Blended p
ers (300 mg) were compressed with 10 mm flat-face pun
sing a hydraulic compactor (Fred S. Carver Inc., Menom
alls, WI) at the pressure of 2000 kg. The tablet was then

Fig. 1. Crosslinking study.
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tated in either 200 ml of 0.1N HCl, pH 4.0 acetate buffer or
pH 7.4 phosphate buffer for 24 h to form a hydrogel. Hydrogels
were removed and washed twice using each dissolution medium.
Without delay, the washed hydrogels were fast frozen in liquid
nitrogen and freeze-dried using a Labconco freeze dryer (Kansas
City, MO) for at least 24 h and then ground in a mortar and pestle.
The properties of freeze-dried samples were determined using
FT-IR and DSC.

2.10. Stability

The HME tablets prepared from formulation 3 containing
both chitosan and xanthan gum were stored at 40◦C in aluminum
induction sealed high density polyethylene (HDPE) bottles for
1 month, 40◦C and 75% relative humidity (40◦C/75% RH) in
opened HDPE bottles for 1 month, and 60◦C in aluminum induc-
tion sealed HDPE bottles for 15 days. The CPM release profiles
of the HME tablets and the DSC thermograms were determined
and compared to initial data.

3. Results and discussion

3.1. The change in thermal properties following HME
tablet preparation
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Fig. 3. CPM release profiles from DC tablets prepared by formulation 3 in
900 ml of either (�) 0.1N HCl, (♦) pH 4.0 acetate buffer, (�) pH 4.0 citrate
buffer, (�) pH 4.0 phosphate buffer, (�) pH 6.8 phosphate buffer or (�) pH
7.4 phosphate buffer at 37± 0.5◦C (USP 27 Apparatus 2, 100 rpm). Each point
represents the mean± S.D.,n = 3.

3.2. In vitro drug release studies

3.2.1. CPM release from DC tablets
Formulations 2 and 3 inTable 1were used to investigate

the CPM release properties from DC tablets. The hardness of
DC tablets prepared from formulations 2 and 3 were both over
16 kg. Both the CPM release profiles of DC tablets prepared
from formulation 2 (data not shown) and formulation 3 (Fig. 3)
exhibited pH and buffer species dependent release. InFig. 3,
the CPM release rate in 0.1N HCl from DC tablets containing
both chitosan and xanthan gum was faster than in other media.
Almost 100% CPM released from DC tablets within 8 h in 0.1N
HCl, suggesting that the hydrogel formed in 0.1N HCl during
dissolution testing as a retardant mechanism did not function to
retard drug release for 12 h.

3.2.2. CPM release from HME tablets
The CPM release profiles of HME tablets prepared from for-

mulation 1 containing chitosan (Daichitosan® H) exhibited both
pH and buffer species dependent release (Fig. 4). The CPM
release rates in 0.1N HCl and pH 4.0 acetate buffer were slower
than in other media. These results could be explained by both
the solubility of chitosan and the difference in hydrogelation rate
of chitosan in the respective dissolution media. Gelation of chi-
tosan was visually observed during dissolution testing in 0.1N
H ogel
f ated
c
t dro-
g ffer,
b fers,
t ula-
t ed by
t hi-
t htly
s ic
a ve
c ity,
The influence of hot-melt extrusion on the thermal prope
f CPM, PEO and GMS was investigated using DSC. The

hermograms of CPM, physical mixture and hot-melt extru
f formulation 3 are shown inFig. 2. With the physical mix

ure, endothermic peaks were observed at approximately 6
nd 130◦C, which correspond to PEO, GMS and CPM, res

ively. The peaks for CPM and GMS in the extrudate were
een in the DSC profile because the crystal forms were cha
o an amorphous state. CPM had dissolved and dispersed
elted PEO from the high shear force of the rotating sc
nd the high temperature during the extrusion process
MS melted during the extrusion process, resulting in the m

ng point of PEO being reduced from 60.2 to 53.5◦C in the
xtrudate.

ig. 2. DSC thermograms of: (a) CPM, (b) physical mixture of formulatio
nd (c) hot-melt extrudate of formulation 3.
Cl and pH 4.0 acetate buffer, whereas no distinct hydr
ormulation in other media was observed. Highly deacetyl
hitosan is soluble up to a pH of 6.5 (Hejazi and Amiji, 2003),
herefore, retardation of drug release by intra-molecular hy
el formation occurred in 0.1N HCl and pH 4.0 acetate bu
ut not in pH 6.8 and 7.4 phosphate buffers. In pH 4.0 buf
he CPM release rate from HME tablets prepared from form
ion 1 was buffer species dependent. This could be explain
he difference in the solubility of chitosan in dilute acids. C
osan is soluble in dilute acetic acid and HCl, while it is slig
oluble in dilute H3PO4 and is partially soluble in dilute citr
cid (Kanauchi et al., 1994). When the medium can dissol
hitosan completely, the solution will show a high viscos
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Fig. 4. CPM release profiles from HME tablets prepared by formulation 1 in
900 ml of either (�) 0.1N HCl, (♦) pH 4.0 acetate buffer, (�) pH 4.0 citrate
buffer, (�) pH 4.0 phosphate buffer, (�) pH 6.8 phosphate buffer or (�) pH
7.4 phosphate buffer at 37± 0.5◦C (USP 27 Apparatus 2, 100 rpm). Each point
represents the mean± S.D.,n = 3.

suggesting the solubility of chitosan in the dilute acidic media
would affect the intra-molecular hydrogelation properties of chi-
tosan. Thereby, in both pH 4.0 citrate and phosphate buffers, the
hydrogel of chitosan could not form under the paddle rotation
speed of 100 rpm, resulting in a rapid release of the CPM.

The CPM release rates from HME tablets prepared by for-
mulation 2 containing xanthan gum were also pH dependent
(Fig. 5) and were similar to those from DC tablets (data not
shown). In 0.1N HCl, CPM release was especially rapid due
to the difference in the ionization state of xanthan gum in the
dissolution media. In general, xanthan gum is present predom-
inantly in an unionized state at low pH, whereas xanthan gum
is ionized under dilute acidic and alkaline conditions (Mu et al.,
2003). This difference in the ionization state of xanthan gum in
the dissolution media affected hydrogel formation and conse-
quently, the retardation of drug release. When xanthan gum was
present in an unionized state, an intra-molecular hydrogelation
was prevented due to the absence of ionic bonds, resulting in a
rapid release of CPM in 0.1N HCl.

F 2 in
9
b
7 int
r

Fig. 6. CPM release profiles from HME tablets prepared by formulation 3 in
900 ml of either (�) 0.1N HCl, (♦) pH 4.0 acetate buffer, (�) pH 4.0 citrate
buffer, (�) pH 4.0 phosphate buffer, (�) pH 6.8 phosphate buffer or (�) pH
7.4 phosphate buffer at 37± 0.5◦C (USP 27 Apparatus 2, 100 rpm). Each point
represents the mean± S.D.,n = 3.

Interestingly, CPM release from HME tablets containing
both chitosan and xanthan gum (formulation 3) showed pH and
buffer species independent sustained release (Fig. 6), while CPM
release from DC tablets exhibited pH and buffer species depen-
dent release (Fig. 3). In pH 4.0 acetate buffer, CPM release rates
from HME and DC tablets were almost the same, whereas in
0.1N HCl, the CPM release rate from DC tablets was faster than
that from HME tablets. This could be attributed to the difference
in media uptake speed into HME and DC tablets during disso-
lution test. The major difference between HME and DC tablets
prepared in this study was the PEO state in the tablet. In the DC
tablets, PEO is dispersed as a powder, whereas the PEO in HME
tablets was present as a melt due to the melting which occurred
during the hot-melt extrusion process. The media uptake speed
into a DC tablet was faster than that for the HME tablet. This
was visually observed in the cross sectional morphologies of
freeze-dried HME and DC tablets extracted from vessels after
6 h during a dissolution test. The penetration rate (P) of media
into a tablet was calculated by the following equation:

P (%) = m

d
× 100 (2)

wherem is the penetrated distance of 0.1N HCl from surface
to center of tablets andd is the radius of tablets. The penetra-
tion of 0.1N HCl into HME tablets in 6 h was approximately
72%, whereas that into DC tablets was 100%, suggesting the
m blets.
T blets
w el of
c ogel
o erty,
r blet.

ME
t nd a
l iffu-
s
r e
p 3 in
ig. 5. CPM release profiles from HME tablets prepared by formulation
00 ml of either (�) 0.1N HCl, (♦) pH 4.0 acetate buffer, (�) pH 4.0 citrate
uffer, (�) pH 4.0 phosphate buffer, (�) pH 6.8 phosphate buffer or (�) pH
.4 phosphate buffer at 37± 0.5◦C (USP 27 Apparatus 2, 100 rpm). Each po
epresents the mean± S.D.,n = 3.
edia uptake speed for DC tablets was faster than HME ta
his difference in media uptake speed into HME and DC ta
ould affect the drug release rate from a tablet via a hydrog
hitosan formed in 0.1N HCl since an intra-molecular hydr
f chitosan could be sensitive due to the low viscosity prop
esulting in the fast drug release in 0.1N HCl from a DC ta

In order to evaluate the release mechanism from a H
ablet, the CPM dissolution data up to 60% was taken a
inear fit was generated by a double logarithmic plot. The d
ional exponent (n), correlation coefficient (r2) and dissolution
ate constant (k) values are shown inTable 2. The CPM releas
rofile from HME tablets prepared according to formulation
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Table 2
Drug release kinetics from HME tablets

Properties of dissolution medium Drug-release characteristics

Medium 0.4 M NaCl n ± S.D. r2 k (h−n × 102)

Formulation #1 0.1N HCl Without 0.680± 0.019 0.9990 19.7
0.1N HCl With 0.633± 0.026 0.9985 21.1

Formulation #2 pH 4.0 acetate Without 0.676± 0.018 0.9994 13.8
pH 7.4 phosphate Without 0.646± 0.012 0.9996 16.7

Formulation #3 0.1N HCl Without 0.721± 0.012 0.9999 16.5
0.1N HCl With 0.655± 0.014 0.9995 18.9
pH 4.0 acetate Without 0.836± 0.006 0.9998 12.9
pH 4.0 acetate With 0.698± 0.007 0.9999 16.7
pH 4.0 citrate Without 0.702± 0.025 0.9997 16.5
pH 4.0 phosphate Without 0.728± 0.010 0.9998 15.5
pH 6.8 phosphate Without 0.691± 0.008 0.9999 16.9
pH 7.4 phosphate Without 0.649± 0.013 0.9998 17.7
pH 7.4 phosphate With 0.715± 0.010 0.9904 30.0

the dissolution media without 0.4 M NaCl followed an anoma-
lous (non-Fickian) drug release with the exception of pH 4.0
acetate buffer. Drug release in pH 4.0 acetate buffer was close to
Case-II transport, suggesting that the CPM release is controlled
mainly by hydrogel matrix formation during dissolution, rather
than by drug diffusion.

3.2.3. Influence of viscosity of chitosan on CPM release
In order to investigate the influence of the viscosity of chi-

tosan on CPM release, three types of chitosan were formulated
into tablets (Tables 1 and 3) and the CPM release properties from
HME tablets were compared. The difference in chitosan viscos-
ity especially affected the CPM release in 0.1N HCl since the
retardation mechanism in this medium occurs primarily by the
intra-molecular hydrogelation of chitosan. The CPM release rate
in 0.1N HCl from HME tablets containing both chitosan and xan-
than gum decreased with increasing viscosity of chitosan (data
not shown). This result suggested that the intra-molecular hydro-
gelation rate of chitosan and the strength of hydrogel in 0.1N
HCl were controlled by the viscosity of chitosan, thus affecting
the retardation mechanism during dissolution in 0.1N HCl.

3.2.4. Effect of ionic strength on CPM release
To investigate the influence of ionic strength on CPM release,

dissolution testing of the HME tablets prepared according to for-
m pH
7 cte

T
T

C
D a
D a

E

and the data are shown inFig. 7. The CPM release rates in pH
4.0 acetate buffer containing 0.4 M NaCl and pH 7.4 phosphate
buffer containing 0.4 M NaCl from HME tablets prepared by
formulation 2 containing xanthan gum were significantly faster
than those without 0.4 M NaCl. These phenomena are due to the
polymer configuration change of xanthan gum. It is known that
the xanthan gum polymer is present as a random coil at low ionic
strength since the anionic side chains are mutually repulsive.
This repulsion is reduced when the electrolyte concentrations are
greater than 0.15 M, and the polymer configuration is changed
to a solid helical rod. As a solid helical rod, the side chains in
the xanthan gum structure are under an electronic restraint status
since the anionic side chains form hydrogen bonds with cellu-
lose backbone. Due to this xanthan gum polymer configuration
change, the intra-molecular hydrogelation retardation mecha-
nism that occurs among the anionic side chains is prevented.

Alternatively, the CPM release profiles of HME tablets pre-
pared from formulation 3 were not affected by an increase in the
ionic strength of 0.1N HCl and pH 4.0 acetate buffer. This result
demonstrated that the retardation mechanism in acidic media
of HME tablets containing both chitosan and xanthan gum was
not affected by the xanthan gum polymer configuration change.
However, the CPM release rate from HME tablets prepared
from formulation 3 in pH 7.4 phosphate buffer containing 0.4 M
NaCl was much faster than that in pH 7.4 phosphate buffer. This
can be explained by the solubility of chitosan and the polymer
c rease
i ter-
m m did
n at a
p n of
x nge
w ium.
M ease
m etics.
T l
w nent
v

ulations 2 and 3 in 0.1N HCl, pH 4.0 acetate buffer and
.4 phosphate buffer each containing 0.4 M NaCl was condu

able 3
he properties of three chitosans used in the present study

Viscositya

(mPa s)
Deacetylation
degree (%)

Supplier

hitosan (spectrum) 20± 1 89.4 Spectrum
aichitosan® M 60 ± 0 87.4 Dainichiseik
aichitosan® H 100 ± 1 84.8 Dainichiseik

a 0.5% (w/v) chitosan solution in 0.5% (v/v) acetic acid solution at 25± 1◦C.
ach result represents the mean± S.D.,n = 3.
donfiguration change of xanthan gum caused by an inc
n the ionic strength of the dissolution medium. The in

olecular hydrogelation between chitosan and xanthan gu
ot occur since highly deacetylated chitosan was insoluble
H above 6.5. In addition, the intra-molecular hydrogelatio
anthan gum did not occur by the polymer configuration cha
ith an increase of the ionic strength in dissolution med
oreover, the influence of the ionic strength on the CPM rel
echanism was evaluated in terms of pharmaceutical kin
hen, r2 andk values are shown inTable 2. When 0.4 M NaC
as present in the dissolution media, the diffusional expo
alue changed slightly toward the value (n = 0.45) of a Fickian
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Fig. 7. Influence of the ionic strength on CPM release from HME tablets prepared by formulations 2 and 3 in: (A) 0.1N HCl, (B) pH 4.0 acetate buffer and (C) pH
7.4 phosphate buffer—(�) formulation 2, (�) formulation 2 in media containing 0.4 M NaCl, (�) formulation 3, (♦) formulation 3 in media containing 0.4 M NaCl
at 37± 0.5◦C (USP 27 Apparatus 2, 900 ml, 100 rpm). Each point represents the mean± S.D.,n = 3.

diffusion, and the dissolution rate constant increased. This
could be due to the prevention of hydrogelation of xanthan gum
according to an increase in the ionic strength of the dissolution
medium.

3.2.5. In vitro drug release profiles on media replacement
To investigate the drug release properties from HME tablets

under the variable pH environments, the dissolution medium was
replaced every 3 h. The 0.1N HCl was used as the first medium,
then the medium was replaced with pH 4.0 acetate buffer, pH
6.8 phosphate buffer and pH 7.4 phosphate buffer, continuously.
Furthermore, to investigate the influence of ionic strength on
CPM release, dissolution media containing 0.4 M NaCl were
also used in this study.

In a media replacement study (Fig. 8), the CPM release profile
of the HME tablets prepared from formulation 3 containing both
chitosan and xanthan gum exhibited the same release profile with
that in the respective dissolution media and this sustained release
property was not affected by the ionic strength. This is due to the
formation of a hydrogel in the first medium, 0.1N HCl, which
then functioned to retard drug release in all media. However, the
CPM release profile of HME tablets prepared from formulation
2 containing xanthan gum showed significantly rapid release
due to the prevention of intra-molecular hydrogelation of the
xanthan gum in 0.1N HCl.

3
r

m o
C than

gum (formulation 3) was investigated by performing a crosslink-
ing study.

It is known that the amino group of chitosan can interact
with the carboxyl group of an anionic polymer such as xanthan
gum (Takahashi et al., 1990; Chellat et al., 2000; Mitrevej et
al., 2001). Due to this interaction, an inter-molecular hydrogel
forms and functions as a retardant to drug release during dissolu-
tion testing. Theoretically, this inter-molecular hydrogel occurs
in the medium up to a pH of 6.5 since both chitosan and xan-
than gum are soluble. Crosslinking studies were performed to
investigate the ionized state of chitosan and xanthan gum in each

F ons 2
a s
2

.2.6. Retardation mechanism of CPM from HME tablets in
espective media

The retardation mechanism in each dissolution mediu
PM from HME tablets containing both chitosan and xan
f
ig. 8. Media replacement study of HME tablets prepared from formulati
nd 3 in media with and without 0.4 M NaCl at 37± 0.5◦C (USP 27 Apparatu
, 900 ml, 100 rpm),n = 3.
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Fig. 9. FT-IR spectra of: (a) Daichitosan® H, (b) xanthan gum, (c) physical
mixture of Daichitosan® H/xanthan gum (1:1), (d) freeze-dried hydrogel formed
in 0.1N HCl, (e) freeze-dried hydrogel formed in pH 4.0 acetate buffer and (f)
freeze-dried hydrogel formed in pH 7.4 phosphate buffer.

dissolution medium by using FT-IR.Fig. 9shows the IR spectra
of: (a) Daichitosan® H, (b) xanthan gum, (c) physical mixture
of Daichitosan® H/xanthan gum (1:1), (d) freeze-dried hydro-
gel formed in 0.1N HCl, (e) freeze-dried hydrogel formed in pH
4.0 acetate buffer and (f) freeze-dried hydrogel formed in pH
7.4 phosphate buffer. A peak at 1655 cm−1, which corresponds
to amino groups, was observed with the chitosan sample. IR
spectra of a freeze-dried hydrogel formed in 0.1N HCl and pH
4.0 acetate buffer exhibited peaks of 1730, 1632 and 1522 cm−1

that correspond to carboxyl groups (CO stretch), asymmetric
NH3

+ (N H bend) and symmetric NH3+ (N H bend), respec-
tively. IR spectrum of a freeze-dried hydrogel formed in pH 4.0
acetate buffer exhibited a peak corresponding to an ionized car-
boxyl group (COO−) on xanthan gum at 1620 cm−1, whereas
the IR spectrum of a hydrogel prepared in 0.1N HCl showed no
peak corresponding to ionized carboxyl groups since xanthan
gum was present predominantly in an unionized state at low pH.
On the other hand, the IR spectrum of the freeze-dried hydro-
gel formed in pH 7.4 phosphate buffer exhibited the complete
ionization of carboxyl groups since no peak at 1730 cm−1 was
observed.

DSC thermograms of freeze-dried hydrogels were also
investigated.Fig. 10 shows the DSC thermograms of: (a)
Daichitosan® H, (b) xanthan gum, (c) physical mixture of
Daichitosan® H/xanthan gum (1:1), (d) freeze-dried hydrogel
formed in 0.1N HCl, (e) freeze-dried hydrogel formed in pH
4 pH
7 mix-
t
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Fig. 10. DSC thermograms of: (a) Daichitosan® H, (b) xanthan gum, (c) physical
mixture of Daichitosan® H/xanthan gum (1:1), (d) freeze-dried hydrogel formed
in 0.1N HCl, (e) freeze-dried hydrogel formed in pH 4.0 acetate buffer and (f)
freeze-dried hydrogel formed in pH 7.4 phosphate buffer.

retardation mechanism in 0.1N HCl of HME tablets contain-
ing both chitosan and xanthan gum is according to the intra-
molecular hydrogelation of chitosan.

In the drug release profiles in 0.1N HCl, the averages of CPM
release in 6 and 10 h of HME tablets prepared from formulation
1 containing chitosan were 70.2% and 98.9%, respectively. On
the other hand, those of HME tablets prepared from formulation
3 containing both chitosan and xanthan gum were 60.3% and
85.9%, respectively. The CPM release rate from HME tablets
prepared from formulation 3 was slower than formulation 1.
These results suggested that the retardation mechanism in 0.1N
HCl is a function of both an intra-molecular hydrogel of chitosan
and an inter-molecular hydrogel between chitosan and xanthan
gum, although the main retardation mechanism was due to an
intra-molecular hydrogel formed by chitosan.

In pH 4.0 acetate buffer, the dissolution profiles of HME
tablets prepared from formulations 1–3 were all similar. When
0.4 M NaCl was present in pH 4.0 acetate buffer, the dissolution
profile of HME tablets prepared from formulations 1 (data not
shown) and 3 were unchanged, whereas that of HME tablets
prepared from formulation 2 containing xanthan gum was
affected by an increase in the ionic strength of media (Fig. 7).
These results indicate that the retardation mechanism in pH 4.0
acetate buffer was according to the intra-molecular hydrogela-
tion of chitosan itself and/or the inter-molecular hydrogelation
between chitosan and xanthan gum. In the case of pH 4.0 citrate
a ainly
a san
a H 4.0
c ared
f reas
t tion
3 ained
r by the
i at the
r ffers
o rily
.0 acetate buffer and (f) freeze-dried hydrogel formed in

.4 phosphate buffer. The thermogram of the physical
ure showed two exothermic peaks at 284.6 and 306.0◦C that
orrespond to the decompositions of xanthan gum and
osan, respectively. In a thermogram of the freeze-dried hy
el formed in 0.1N HCl, a new endothermic peak appear
12.2◦C, which corresponds to the endothermic peak of

osan hydrochloride (Bogataj et al., 2000). This result suggeste
hat the inter-molecular hydrogelation between chitosan
anthan gum was minimal in 0.1N HCl, suggesting the m
-
-
t

nd phosphate buffers, the retardation mechanisms were m
ccording to inter-molecular hydrogelation between chito
nd xanthan gum, because the CPM release rates in p
itrate and pH 4.0 phosphate buffers from HME tablets prep
rom formulation 1 containing chitosan were rapid, whe
he release profiles of HME tablets prepared from formula

containing both chitosan and xanthan gum showed sust
elease and the CPM release properties were not affected
onic strength (data not shown). These results suggested th
etardation mechanism in pH 4.0 citrate and phosphate bu
f HME tablets prepared from formulation 3 occurred prima
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Table 4
Retardation mechanism in dissolution media of CPM from HME tablets prepared from formulation 3

Dissolution media In each medium Media replacement study Ionization state

Without 0.4 M NaCl With 0.4 M NaCl Without 0.4 M NaCl With 0.4 M NaCl Chitosan Xanthan gum

0.1N HCl A, C A, C A, C A, C Ionized Unionized
pH 4.0 acetate A, B, C A, C A, C A, C Ionized Ionized
pH 6.8 phosphate B Rapid release A, C A, C Unionized Ionized
pH 7.4 phosphate B Rapid release A, C A, C Unionized Ionized

A: intra-molecular hydrogelation of chitosan; B: intra-molecular hydrogelation of xanthan gum; C: inter-molecular hydrogelation between chitosan and xanthan
gum.

by the inter-molecular hydrogelation between chitosan and
xanthan gum.

The CPM release profiles in pH 6.8 and 7.4 phosphate buffers
of HME tablets prepared from formulation 3 were controlled by
only an intra-molecular hydrogelation of xanthan gum because
chitosan is insoluble at a pH above 6.5. In fact, when 0.4 M NaCl
was present in pH 6.8 phosphate buffer (data not shown) and
pH 7.4 phosphate buffer (Fig. 7C), the CPM release rates were
significantly faster due to the polymer configuration change of
xanthan gum.

Based on these investigations, the retardation mechanism for
HME tablets containing chitosan and xanthan gum in the respec-
tive dissolution media was summarized inTable 4.

3.3. Cross sectional morphologies

The cross sectional morphologies of HME tablets containing
chitosan and xanthan gum (formulation 3) before and after
dissolution tests in pH 4.0 acetate buffer, pH 4.0 acetate buffer

containing 0.4 M NaCl and pH 7.4 phosphate buffer are shown
in Fig. 11. The cross sectional morphologies of freeze-dried
hydrogels formed in pH 4.0 acetate buffer and pH 7.4 phosphate
buffer were observed as three-dimensional porous structures.
When 0.4 M NaCl was present in pH 4.0 acetate buffer, no
porous structure was observed and no change in the sustained
release properties of HME tablets was observed, which sug-
gested that the main retardation mechanism from drug release
in the pH 4.0 acetate buffer containing 0.4 M NaCl resulted
from the intra-molecular hydrogelation of chitosan, whereas in
pH 4.0 acetate buffer, retardation was attributable to the inter-
molecular hydrogelation between chitosan and xanthan gum.
In the drug release study in 0.1N HCl, it was visually observed
that the chitosan did not significantly swell. While the HME
tablets formed a swellable hydrogel in pH 4.0 acetate buffer,
the hydrogel formed in the medium containing 0.4 M NaCl was
similar to that in 0.1N HCl, suggesting the main retardation
mechanism of CPM in pH 4.0 acetate buffer containing 0.4 M
NaCl could be attributable to the intra-molecular hydrogelation

F ulati r,
( d (d)
ig. 11. Morphologies of cross sectional HME tablets prepared from form
c) after dissolution test in pH 4.0 acetate buffer containing 0.4 M NaCl an
on 3 of: (a) before dissolution test, (b) after dissolution test in pH 4.0acetate buffe
after dissolution test in pH 7.4 phosphate buffer, 500×.
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properties of chitosan. Therefore, the cross sectional morphol-
ogy of the hydrogel formed in pH 4.0 acetate buffer containing
0.4 M NaCl did not exhibit a distinct porous structure.

3.4. Stability

To evaluate the stability of HME tablets prepared by formula-
tion 3 containing chitosan and xanthan gum, tablets were stored
at 40◦C for 1 month, 40◦C/75% RH for 1 month, and 60◦C for
15 days. Under these storage conditions, no significant change
in CPM release profiles from HME tablets was observed (data
not shown). In DSC thermograms, no recrystallization of CPM
occurred during stability tests (data not shown). The result of
stability tests suggested that the CPM release properties from
HME tablets containing chitosan and xanthan gum were stable
under the above storage conditions.

4. Conclusions

CPM release from HME tablets containing both chitosan and
xanthan gum exhibited pH and buffer species independent sus-
tained release attributable to the combination of the property of
slow media uptake speed into a tablet due to the melt state of PEO
by a hot-melt extrusion process, the intra-molecular hydrogela-
tion properties of chitosan at a pH below 6.5, the intra-molecular
h 7.4
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Säkkinen, M., Sepp̈alä, U., Hein̈anen, P., Marvola, M., 2002. In vitro eval-
uation of microcrystalline chitosan (MCCh) as gel-forming excipient in
matrix granules. Eur. J. Pharm. Biopharm. 54, 33–40.

Sangalli, M.E., Maroni, A., Foppoli, A., Zema, L., Giordano, F., Gazzaniga,
A., 2004. Different HPMC viscosity grades as coating agents for an oral
time and/or site-controlled delivery system: a study on process parameters
and in vitro performances. Eur. J. Pharm. Sci. 22, 469–476.

Shiraishi, S., Arahira, M., Imai, T., Otagiri, M., 1990. Enhancement of dis-
solution rates of several drugs by low-molecular chitosan and alginate.
Chem. Pharm. Bull. 38, 185–187.

Siepmann, J., Podual, K., Sriwongjanya, M., Peppas, N.A., Bodmeier, R.,
1999a. A new model describing the swelling and drug release kinetics
from hydroxypropyl methylcellulose tablets. J. Pharm. Sci. 88, 65–72.

Siepmann, J., Kranz, H., Bodmeier, R., Peppas, N.A., 1999b. HPMC-matrices
for controlled drug delivery: a new model combining diffusion, swelling,
and dissolution mechanisms and predicting the release kinetics. Pharma.
Res. 16, 1748–1756.

Siepmann, J., Kranz, H., Peppas, N.A., Bodmeier, R., 2000. Calculation of
the required size and shape of hydroxypropyl methylcellulose matrices to
achieve desired drug release profiles. Int. J. Pharm. 201, 151–164.

Takahashi, T., Takayama, K., Machida, Y., Nagai, T., 1990. Characteristics
of polyion complexes of chitosan with sodium alginate and sodium poly-
acrylate. Int. J. Pharm. 61, 35–41.

Talukdar, M.M., Plaizier-Vercammen, J., 1993. Evaluation of xanthan gum
as a hydrophilic matrix for controlled-release dosage form preparations.
Drug Develop. Ind. Pharm. 19, 1037–1046.

Tapia, C., Buckton, G., Newton, J.M., 1993. Factors influencing the mech-
anism of release from sustained release matrix pellets, produced by
extrusion/spheronisation. Int. J. Pharm. 92, 211–218.

Zhu, Y., Shah, N.H., Malick, A.W., Infeld, M.H., McGinity, J.W., 2002.
Influence of thermal processing on the properties of chlorpheniramine

hnol.
79 healthy, elderly, north American men and women. Pharma. Re
187–196.
, maleate tablets containing an acrylic polymer. Pharm. Develop. Tec
7, 481–489.


	Properties of sustained release hot-melt extruded tablets containing chitosan and xanthan gum
	Introduction
	Materials and methods
	Materials
	Viscosity
	Preparation of directly compressed (DC) tablets
	Preparation of hot-melt extruded (HME) tablets
	Differential scanning calorimetry (DSC)
	Fourier transform infrared (FT-IR)
	Scanning electron microscopy (SEM)
	In vitro drug release
	Crosslinking study
	Stability

	Results and discussion
	The change in thermal properties following HME tablet preparation
	In vitro drug release studies
	CPM release from DC tablets
	CPM release from HME tablets
	Influence of viscosity of chitosan on CPM release
	Effect of ionic strength on CPM release
	In vitro drug release profiles on media replacement
	Retardation mechanism of CPM from HME tablets in respective media

	Cross sectional morphologies
	Stability

	Conclusions
	References


