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Diclofenac calcium alginate (DCA) beads containing microcrystalline cellulose (MCC) were prepared
using ionotropic gelation method. The effect of MCC amounts on physicochemical characteristics of
the DCA beads was examined. The particle size and entrapment efficiency of diclofenac sodium (DS)
of the DCA beads increased with increasing amount of MCC. MCC could be involved in the calcium
alginate formation to create a complex matrix in the DCA beads, which was revealed using FTIR
spectroscopy. The MCC-DCA beads provided greater water uptake in distilled water, but retarded
swelling rate in pH 6.8 phosphate buffer. A longer lag time and a similar drug release rate of the
MCC-DCA beads in pH 6.8 phosphate buffer were found. The MCC-DCA beads also gave higher drug
release rates in distilled water when compared with the DCA beads. However, the increase of MCC
content over 0.5% in the DCA beads did not affect the drug release in distilled water. In conclusion,

MCC could improve drug entrapment efficiency and modify drug release from the DCA beads.

1. Introduction

Sodium alginate (SA) has been widely used as food and
pharmaceutical additive, such as a tablet disintegrant, a
thickening and a suspending agent. It contains two uronic
acids, o-L-guluronic and [-D-mannuronic acids, and is
composed of homopolymeric blocks and blocks with an
alternating sequence (Draget 2000). Gelation occurs by
cross-linking of the uronic acids with divalent cations,
such as Ca’". The primary mechanism of this gelation
involves extended chain sequences which adapt a regular
twofold conformation and dimerize with specific chelation
of Ca?*, the so-called ‘egg-box’ structure (Grant et al.
1973). Each Ca?>* ion takes part in nine co-ordination
links with an oxygen atom, resulting in three-dimensional
network of calcium alginate. This phenomenon has been
applied for preparing an alginate bead employed as a drug
delivery system by dropping the drug-containing SA dis-
persion into a calcium chloride bath (Dstberg et al. 1994;
Sugawara et al. 1994). The calcium alginate bead could
protect an acid-sensitive drug from gastric juice, and the
drug was consequently released from the bead in the intes-
tine (Hwang etal. 1995; Ferndndez-Hervds etal. 1998).
Thus, drug-loaded alginate beads are suitable for nonster-
oidal anti-inflammatory drugs, which cause gastric irrita-
tion. Moreover, the alginate beads also exhibit a potential
for a pulsatile release system of macromolecular drugs
(Kikuchi et al. 1997).

Incorporation of some substances could modulate physical
properties of calcium-alginate beads. Water-soluble poly-
mers, such as chondroitin sulfate (Murata etal. 1996),
konjac glucomannan (Wang and He 2002), gelatin (Al-
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meida and Almeida 2004), sodium starch glycolate (Putti-
pipatkhachorn etal. 2005), and xanthan gum (Pong-
janyakul and Puttipipatkhachorn 2007) have been used to
reinforce calcium alginate beads because of complex for-
mation of alginate with such water-soluble polymers. Chit-
in, a water-insoluble polymer, was added into the beads so
as to retard drug release in pH 6.8 dissolution medium.
This was owing to the formation of a complex between
the carboxyl groups of alginate and the amino groups of
chitin (Murata et al. 2002). Furthermore, insoluble sub-
stances, such as wax particles (Kim etal. 2005; Pong-
janyakul etal. 2006) and magnesium aluminum silicate
(Puttipipatkhachorn et al. 2005), could improve drug en-
trapment efficiency and retard drug release from the beads
due to an increase in hydrophobic property and an interac-
tion of silanol groups of magnesium aluminum silicate
with carboxyl groups of alginate, respectively.

In the present study, microcrystalline cellulose (MCC) was
selected to be incorporated into diclofenac calcium algi-
nate (DCA) beads. MCC is purified, partially depolymer-
ized cellulose. It is widely used in pharmaceuticals pri-
marily as a diluent in oral tablet and capsule formulations
(Wade and Weller 1994) and also applied as a main com-
ponent to prepare granules (Johansson and Alderborn
2001) and pellets (Johansson et al. 1995; Johansson and
Alderborn 1996). Hwang et al. (1995) reported that MCC
loaded in ibuprofen calcium alginate beads could increase
drug release rate in simulated intestinal fluid at pH 6.8.
However, other characteristics of the beads having MCC
have not yet been examined. Therefore, the DCA beads
containing different amounts of MCC were prepared with
ionotropic gelation method and calcium ions were used as
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cross-linking agents. Physicochemical properties of the
MCC-DCA beads, such as entrapment efficiency of diclo-
fenac sodium (DS), thermal behavior, water uptake, swel-
ling, and drug release in various dissolution media were
investigated. Interaction of MCC and SA in the DCA
beads was examined using FTIR spectroscopy as well.

2. Investigations, results and discussion
2.1. DSC and FTIR studies

DSC thermogram of DS showed an endothermic peak at
55 °C (Fig. la). This was due to the evaporation of the
water of crystallization (Palomo etal. 1999). The sharp
exothermic peak of DS at 280 °C and a small endothermic
peak at 284 °C indicated an oxidation reaction between
DS and oxygen in air environment and a melting of the
compound, respectively (Tudja et al. 2001). MCC showed

1
(a) /| R S
i3 == .ll ".-/ 7 v

1 Iy
Y- Z
o || -

216~ | N

g. A —_— - e e e

é | 3 i "u\..._

E (4}’ . Tm— — - S e
(e} o S S S it i e e Ty
(l} e e e o e =y
1] 100 150 200 250 300 350 oC
ettt
0 5 10 15 20 25 30 35 min

Fig. 1: DSC thermograms of DS (a), MCC (b), DCA beads prepared using
0% (c), 0.5% (d), 1% (e) and 3% MCC (f)

endothermic and exothermic decomposition peaks around
320 and 350 °C, respectively (Fig. 1b). The DCA beads
presented a broad endothermic peak at 65 °C because of
residual water evaporation from the beads and no peaks of
DS were observed (Fig. 1¢), indicating DS was molecu-
larly dispersed in the calcium alginate matrix. Incorporat-
ing MCC into the DCA beads presented no different ther-
mogram (Fig. 1d—f). This indicated that MCC did not
affect the thermal property of the DCA beads. However,
the MCC-DCA beads did not present the endothermic and
exothermic peaks of MCC, although 3% MCC was added
in the bead preparation. This suggested that MCC may
interact with SA in cross-linking process.

FTIR spectra of SA showed the peaks around 3435, 1615,
1418, and 1031 cm™!, indicating the stretching of O—H,
COO™ (asymmetric), COO~ (symmetric), and C—O—C,
respectively. The cross-linking process with calcium ion
caused an obvious shift to higher wavenumbers and a de-
crease in intensity of COO™ stretching peaks, and a de-
crease in intensity of 1031 cm™! peak of SA, which were
previously reported (Puttipipatkhachorn et al. 2005; Pong-
janyakul and Puttipipatkhachorn 2007). This indicated an
ionic bonding between calcium ion and carboxyl groups
of SA and a partial covalent bonding between calcium and
oxygen atom of ether groups, respectively. The spectra of
the DCA beads presented the peaks of DS at around
1386—1575 cm™! (Fig. 2c). Incorporation of MCC into the
DCA beads obviously provided a shift to higher wave-
number of C—O—C stretching peak at 1021 cm™! and no
change of COO~ stretching peaks at 1631 and 1429 cm™!
was found (Fig. 2d—f). Moreover, it can be seen that FTIR
spectra of the DCA beads with MCC did no present the
peaks of MCC, although 3% MCC was used. This sug-
gested that MCC could be involved in the calcium algi-
nate formation to create a complex matrix in the DCA
beads.

2.2. Physical properties of the MCC-DCA beads

MCC used in this study was composed of large and irre-
gular particles, among which were numerous small more
regularly shaped particles. The DCA and the MCC-DCA
beads were quite spherical (Fig. 3a and 3b). The surface
morphology of the MCC-DCA beads did not show MCC
particles. This indicated that MCC particles were em-
bedded in the bead matrix. It can be seen that the higher
the MCC content, the greater the particle size of the DCA
beads (Table 1). The DS entrapment efficiency of the
MCC-DCA beads increased significantly (P < 0.05) with
increasing amount of MCC, suggesting that MCC caused
an increasing barrier preventing water leakage from the
beads during the preparation period (Dashevsky 1998).
Furthermore, the greater particle size of the MCC-DCA
beads had a longer pathlength for drug diffusion from the
beads. These led to reduced drug loss from the beads. To

Table 1: Particle size and drug entrapment efficiency of
MCC-DCA beads
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Fig. 2: FTIR spectra of DS (a), MCC (b), DCA beads prepared using 0%
(¢), 0.5% (d), 1% (e) and 3% MCC (f)
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Fig. 3: SEM picture of DCA bead (a) and 3% MCC-DCA bead (b)

compare with the effect of magnesium aluminum silicate
(MAS) and glyceryl palmitostearate (GPS) on DS entrap-
ment efficiency of the DCA beads, which were previously
reported by Puttipipatkhachorn et al. (2005) and Pongja-
nyakul et al. (2006), respectively. The DS entrapment effi-
ciency of the MCC-DCA beads was remarkably higher
than that of the MAS-DCA beads, but obviously lower
than that of the GPS-DCA beads. This can be explained
by the properties of additive added into the DCA beads.
MAS is composed of thousands of submicroscopic plate-
lets and this structure could be separated when MAS was
dispersed in water. The size of MAS platelets is very
small when compared with the particle size of MCC. This
indicated that MCC and MAS could form the different
structure matrix of the wet DCA beads, which MCC may
create a denser matrix than MAS in the wet DCA beads
during preparation. In contrast, GPS is a waxy substance
that could enhance a hydrophobic property to the wet
DCA beads, resulting in a retardation of drug leakage
from the wet DCA beads.

2.3. Water uptake and swelling of the MCC-DCA beads

The water uptake of the MCC-DCA beads in pH 6.8
phosphate buffer is shown in Fig. 4a. The % water uptake
of the DCA beads in pH 6.8 phosphate buffer increased
with increasing time of testing. The 3% MCC-DCA beads
provided obviously higher %water uptake than the DCA
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Fig. 4. Water uptake of DCA beads having different amounts of MCC in
pH 6.8 phosphate buffer (a) and distilled water (b). Each value is
the mean £ S.D., n=3

beads. The %water uptake in distilled water was signifi-
cantly lower (P < 0.05) than that in pH 6.8 phosphate buf-
fer (Fig. 4b). The equilibrium time of water uptake in dis-
tilled water of the DCA beads was about 30 min.
Incorporation of 0.5% and 1% MCC into the DCA beads
did not obviously affect the water uptake, but the 3%
MCC-DCA beads gave a statistically higher (P < 0.05)
water uptake in distilled water when compared with the
DCA beads.

The swelling profiles of the MCC-DCA beads in pH 6.8
phosphate buffer and distilled water are shown in Fig. 5.
In pH 6.8 phosphate buffer, the swelling equilibrium time
of the DCA beads was approximately 120 min (Fig. 5a).
The %swelling of the DCA beads decreased with increas-
ing amount of MCC. The swelling rate of the DCA beads
in pH 6.8 phosphate buffer could be obtained from the
slope of the relationship between the % swelling and the
square root of time (Lee and Peppas 1987; Puttipipatkha-
chorn etal. 2005; Pongjanyakul and Puttipipatkhachorn
2007). This relationship provided a good linearity with R?
more than 0.98 when analyzed by linear regression analy-
sis (Table 2). Addition of MCC into the DCA beads
caused a significant decrease (P < 0.05) in swelling rate
of the MCC-DCA beads. In distilled water, the swelling
rate of the DCA beads cannot be estimated because of
lower swelling of the DCA beads in this medium. How-
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Fig. 5: Swelling profiles of DCA beads having different amounts of MCC
in pH 6.8 phosphate buffer (a) and distilled water (b). Each point is
the mean £ S.D., n=5

ever, the % swelling of the DCA beads tended to increase
when increasing the MCC content to 3% (Fig. 5b).

Water uptake and swelling of the DCA beads in pH 6.8
phosphate buffer were higher than those in distilled water
because calcium ions cross-linked with alginate were ra-
pidly exchanged with sodium ions in phosphate buffer
(Dstberg et al. 1994). The partial formation of SA induced
water uptake into the beads. Moreover, calcium alginate
gels could be solubilized by the addition of phosphate
ions, which acted as calcium ions complexing agent at a
pH above 5.5 (Remuifidn-Lépez and Bodmeier 1997). This

Table 2: Swelling and drug release rate of MCC-DCA beads

caused an unclear water uptake effect of MCC in the
DCA beads when using pH 6.8 phosphate buffer. How-
ever, incorporating MCC decreased the % swelling and
swelling rate of the DCA beads because of no swelling
capacity of MCC (Chebli and Cartilier 1998). MCC em-
bedded in the DCA beads could stabilize the dimension of
the beads at the initial period of swelling. This can be
attributed to the interfacial interaction between MCC and
SA in the beads. In distilled water, MCC could promote
the water uptake of the DCA beads since calcium-alginate
beads existed as a stable polymer matrix. Moreover, the
increase in water uptake of the DCA beads depended on
the amount of MCC added, which could be obviously ob-
served in the 3% MCC-DCA beads. However, a small ef-
fect of MCC on swelling of the DCA beads in this med-
ium was found due to the lake of swelling capacity of
MCC.

2.4. In vitro release from the MCC-DCA beads

The release profiles of DS from the MCC-DCA beads in
pH 6.8 phosphate buffer and distilled water are shown in
Fig. 6. The release profile of DS in pH 6.8 phosphate buf-
fer showed a sigmoidal profile with a complete release
(Fig. 6a) and the disintegration of the swollen beads oc-
curred around 75-90 min of the test. A lag time and a
release rate of DS were obtained from fitting the data into
zero-order model, which a good linearity with R> higher
than 0.98 was found. This indicated a swelling controlled
mechanism. The lag times of the 0.5% and 1% MCC-
DCA beads were not different, but the 3% MCC-DCA
beads gave a statistically longer (P < 0.05) lag time when
compared with the DCA beads (Table 2). However, incor-
porating MCC did not affect the DS release rate of the
DCA beads (Table 2). In distilled water, incomplete re-
lease of DS for 8 h was found (Fig. 6b). The release of
DS in this medium did not show the lag time and can be
described using Higuchi’s model. The DCA beads gave
lower release rate than the MCC-DCA beads, whereas the
same release rate of the 0.5-3% MCC-DCA beads was
observed. SEM photographs showed that the erosion of
the surface of the DCA beads and the 3% MCC-DCA
beads after release testing in distilled water was similar
and no pore formation was found in the 3% MCC-DCA
beads (data not shown). The erosion of the DCA beads
could be observed because a residual alginate could re-
lease from the beads (Murata et al. 1993), which occurred
from a small amount of calcium ion released in distilled
water (@Dstberg et al. 1994).

The release of DS from the DCA beads in pH 6.8 phos-
phate buffer was depressed by the formation of the gel
layer at the initial stage but gradually enhanced by the
increasing water content and the erosion of the swollen
gel phase at the later stage (Sugawara etal. 1994). This

Component pH 6.8 phosphate buffer Distilled water

Swelling rate® (% min~'?) Release rate” (% min~') Lag time® (min) Release rate” (% min~'?)
1.5% wiv SA 21.7 £ 3.6 (R*> = 0.983) 1.28 & 0.05 (R? = 0.988) 19.4 £ 0.7 3.12 £ 0.09 (R? = 0.995)
+0.5% wiv MCC 16.2 + 2.0 (R?> = 0.985) 1.27 + 0.04 (R? = 0.994) 1774+ 0.5 4.61 + 0.07 (R® = 0.990)
+1.0% wiv MCC 16.9 £ 2.8 (R? = 0.987) 1.24 £ 0.06 (R*> = 0.992) 20.1£0.5 4.55£0.01 (R* = 0.995)
+3.0% w/v MCC 12.8 2.1 (R*> = 0.986) 1.22 +0.01 (R? = 0.998) 252 +£0.5 441 40.02 (R*> =0.993)

# Data are mean +=S.D.,n=35
b Data are mean + S.D., n =3

496

Pharmazie 62 (2007) 7



ORIGINAL ARTICLES

110 (a)
100
90
&0
0

60

—0—0.0% MCC
—0—0.5% MCC
—— 1.0% MCC
—8—3.0% MCC

Diclofenac sodium released (%)

T T T T Ll
0 30 60 o0 120 150 180
Time (min}
100 7 —o—0.0% MCC (b)
oo 4 —O—0.5% MCC
—— 1.0% MCC
B0 A
) —8— 3.0% MCC
T 70
3
z &
5 s
3
© 40
g
g
"_5 30
=
a 20
10
n T T T 1 T T T T 1

0 60 120 180 240 300

Time {min)

3a0 420 480

Fig. 6: Drug release profiles of DCA beads having different amounts of
MCC in pH 6.8 phosphate buffer (a) and distilled water (b). Each
point is the mean £ S.D.,, n=3

can be described by the ion exchange between calcium
ion in the beads and sodium ion in the medium. Calcium
ions interacted with carboxylic groups in alginate, but not
participating in the egg-box formation, are preferentially
released through ion exchange with sodium ion in the
medium. Almost negligible alginate disintegration at this
stage was probably due to the relatively stable association
of calcium ions with polyguluronate sequences, which
served as stable cross-linking points within the gels. Algi-
nate disintegration occurred when the calcium ions in the
egg-box structure started to release for exchange with so-
dium ions (Kikuchi et al. 1997). Furthermore, the lag time
of release profile occurred because the solubility of DS
was decreased in the presence of sodium ions. This can be
attributed to the common ion effect (Sheu etal. 1992).
Incorporation of MCC into the DCA beads gave longer
lag time of DS release because MCC retarded the swelling
rate of the DCA beads that caused a slower DS release in
the initial stage. However, MCC did not affect tortuosity
of swollen beads. This led to the same DS release rate.

The release of DS from the DCA beads in distilled water
was slower than that in pH 6.8 phosphate buffer because
the DCA beads were stable with the small amount of cal-
cium released (@stberg et al. 1994). Thus, the release me-
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chanism of DS from the beads was matrix diffusion-con-
trolled. MCC could accelerate the DS release from the
beads. This was because of increased hydrophilic proper-
ties of the beads. However, all MCC-DCA beads gave the
same release rate, although 3% MCC-DCA beads had the
highest water uptake. This suggested that an increase in
water uptake of the 3% MCC-DCA beads may cause a
decrease in the tortuosity of the matrix structure when
compared with the DCA beads with lower content of
MCC. Moreover, MCC cannot create pore channels in the
DCA beads. By these reason, the higher MCC content in
the DCA beads did not accelerate the drug release.

The effect of MCC on the DS release of the DCA beads
was in contrast to that of MAS (Puttipipatkhachorn et al.
2005). The 3% MAS-DCA beads could retard drug re-
lease in pH 6.8 phosphate buffer, although swelling and
water uptake of these beads were similar to the 3% MCC-
DCA beads. This suggested that the 3% MAS-DCA beads
could provide higher tortuosity than the 3% MCC-DCA
beads because the interaction of SA with MAS was stron-
ger than that with MCC in the reswollen beads. This rea-
son can also be used to explain drug release in distilled
water where the MAS-DCA beads gave slower drug re-
lease than the DCA beads and the MCC-DCA beads.

In conclusion, incorporation of MCC into the DCA beads
could modify the physicochemical properties of the beads
because of the interaction of MCC with SA in the matrix
structure. The MCC-DCA beads provided higher drug en-
trapment efficiency and greater water uptake in distilled
water, but retarding swelling rate in pH 6.8 phosphate buf-
fer. A longer lag time and a similar drug release rate of
the MCC-DCA beads in pH 6.8 phosphate buffer were
found. In distilled water, the MCC-DCA beads gave high-
er drug release rates than the DCA beads, but increasing
MCC content above 0.5% did not affect drug release.

3. Experimental

3.1. Materials

Diclofenac sodium (DS) was a gift from Biogena Ltd (Limassol, Cyprus).
Sodium alginate NF17 and microcrystalline cellulose (Avicel*PH102,
MCC) were purchased from Srichand United Dispensary Co., Ltd (Bang-
kok, Thailand) and Asahi Chemical Industry Co., Ltd (Tokyo, Japan). All
other reagents used in this study were of analytical grade and used as
received.

3.2. Bead preparation

SA (1.5% w/v) was dispersed in distilled water with agitation, and then
DS (1% w/v) was added and completely dissolved with a homogenizer for
5 min. DS-SA dispersion (80 ml) was dropped through a 1.2 mm inner
diameter needle, from a hypodermic syringe into 0.45 M calcium chloride
solution (200 ml). The DCA beads were cured in this solution for 1 h, then
filtered, and rinsed several times with distilled water. The beads were dried
at room temperature for 48 h, followed at 45 °C for 12—16 h. To prepare
the MCC-DCA beads, MCC (0.5, 1 and 3% w/v) was incorporated into
the DS-SA dispersion using a homogenizer for 5 min and then the prepara-
tion was proceeded as described above.

3.3. Fourier transformed infrared (FTIR) spectroscopy

FTIR spectra of DS, MCC and DCA beads were recorded with a FTIR
spectrophotometer (Spectrum One, Perkin Elmer, Norwalk, CT) using KBr
disc method. Each sample was gently triturated with KBr powder in a
weight ratio of 1:100 and then pressed in a hydrostatic press at a pressure
of 10 tons for 5 min. The disc was placed in the sample holder and
scanned from 4000 to 450 cm™! at a resolution of 4 cm™!.

3.4. Differential scanning calorimetry (DSC)

DSC thermograms of DS, MCC and DCA bead were recorded using a
differential scanning calorimeter (DSC822, Mettler Toledo, Switzerland).
Each sample (2.0-2.5 mg) was accurately weighed into a 40-pl aluminum
pan without an aluminum cover. The measurement was performed over
30-400 °C at a heating rate of 10 °C/min.
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3.5. Particle size determination

Particle size of the DCA beads was determined using an optical micro-
scope (Nikon, Japan). Two hundred fifty beads were randomized and their
Feret’s diameters were measured and the mean diameters were calculated.

3.6. Drug entrapment efficiency determination

Weighed DCA beads were immersed and dispersed in 100 ml of 0.067 M
phosphate buffer at pH 6.8 for 12 h. Then, the solution was filtered, and
the DS content was assayed by an UV-spectrophotometer (Shimadzu
UV1201, Kyoto, Japan) at 260 nm. The ratio of the actual to the theoreti-
cal drug contents in the DCA beads was termed as entrapment efficiency
(Wang and He 2002).

3.7. Scanning electron microscopic studies

Surface morphology of DCA beads was characterized before and after re-
lease testing in distilled water. Particle shape of MCC was investigated as
well. Samples of the dried beads were mounted onto stubs, sputter coated
with a gold in a vacuum evaporator, and photographed using a scanning
electron microscope (Jeol Model JSM-5800LV, Tokyo, Japan).

3.8. Water uptake determination

Weighed DCA beads were placed in a small basket, soaked in 0.067 M
phosphate buffer at pH 6.8 or distilled water and shaken occasionally at
room temperature (26 = 1 °C). After a predetermined time interval, each
basket was withdrawn, blotted to remove excess water and immediately
weighed on an analytical balance (Remufidn-Lépez and Bodmeier 1997).
The water uptake can be calculated from the following equation:

Water uptake (%) = <u> x 100 (1)
Wo

where W, and W; are the wet and initial mass of beads, respectively.

Water uptake study of DCA beads in pH 6.8 phosphate buffer was per-

formed for 45 min because the swollen beads were broken and could not

be blotted to remove excess water at the longer time.

3.9. Swelling studies

The diameter of DCA beads were measured using a digital caliper (Mitu-
toyo Model 500-136, Kawasaki, Japan) and then placed in petri disk con-
taining 20 ml of 0.067 M phosphate buffer at pH 6.8 or distilled water at
room temperature (26 £ 1 °C). At predefined time intervals, the diameter
of each bead was determined at two different positions, and swelling (%)
of the beads was calculated according to Eq. (2) (Talukdar and Kinget
1995).

D, — D
Swelling (%) = ( ! °> x 100 ()
Dy
where Dy and Dy are the initial diameter of the beads and the diameter of
the beads at a given time, respectively.

3.10. In vitro drug release studies

A USP dissolution apparatus I (Hanson Research, Northridge, CA) was
used to characterize the release of DS from the DCA beads. The baskets
were rotated at 50 rev/min at 37.0 + 0.5 °C. The dissolution media used
were 0.067 M phosphate buffer at pH 6.8 or distilled water. The amount of
the DCA beads added to 750 ml dissolution medium was equivalent to DS
25 mg. Samples (7 ml) were collected and replaced with a fresh medium at
various time intervals. The amount of drug released was analyzed spectro-
photometrically at 260 nm (Shimadzu UV1201, Japan).

The DS release kinetics from the DCA beads in various dissolution media
were investigated by fitting the DS release data into zero order and Higu-
chi’s model, which can be expressed by Eq. (3) as followed:

Q=kr ()

where Q is the percentage of drug released at a given time (t), k is the
release rate and n is the diffusion exponent. The n value could be defined
as 0.5 and 1, which indicated the Higuchi’s and zero order equation, re-
spectively (Costa and Lobo 2001). The release rate was estimated by fit-
ting the experimental drug release data into both models and analyzed by
linear regression analysis.

3.11. Statistical analysis

One-way analysis of variance (ANOVA) with the least significant differ-
ence (LSD) test for multiple comparisons (SPSS program for MS Win-
dows, release 10.0) was performed to determine the significant effect of
DS entrapment efficiency, water uptake, swelling and release parameter of
the DCA beads. Difference was considered to be significant at a level of
P < 0.05.
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