
A

a
p
t
l
a
d
t
i
d
©

K

1

a
f
h
s
2

0
d

Available online at www.sciencedirect.com

International Journal of Pharmaceutics 345 (2007) 59–69

5-ASA loaded chitosan–Ca–alginate microparticles:
Preparation and physicochemical characterization

K. Mladenovska a,∗, O. Cruaud b,c,2, P. Richomme d,3, E. Belamie e,4, R.S. Raicki a,1,
M.-C. Venier-Julienne b,c,2, E. Popovski f,5, J.P. Benoit b,c,2, K. Goracinova a,1

a Ss. Cyril and Methodious University, Faculty of Pharmacy, Vodnjanska 17, 1000 Skopje, Macedonia
b U646, F-49100 Angers, France
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bstract

The objective of the work was to prepare chitosan–Ca–alginate microparticles that can effectively deliver 5-ASA to the colon after peroral
dministration. For these requirements, a spray-drying technique was applied to 5-ASA/sodium alginate aqueous solution to obtain spherical
articles having a mean diameter less than 10 �m. The microparticles formed were cross-linked and coated into solution of CaCl2 and chitosan
o obtain stable microsystem. 1H NMR and UV–vis spectra of 5-ASA have shown no degradation when working in adequate conditions, such as
ight protection, freshly prepared solution and use of nitrogen to prevent the oxidative self-coupling of 5-ASA moieties. By imaging with SEM,
cceptable spherical morphology was observed, but also flattened, disk-shaped particles of smooth surface and low porosity. CLSM imaging showed

ominant localization of chitosan in the particle wall, while for alginate, a homogeneous distribution throughout the particle was observed giving
he particles negative charge. In the FTIR spectra of 5-ASA loaded Ca–alginate microparticles the characteristic peaks of 5-ASA were not altered
ndicating no covalent interaction between the drug and the polymer. DSC and X-ray diffraction studies revealed that 5-ASA was molecularly
ispersed within the chitosan–Ca–alginate microparticles during the production process.

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

There has been increasing interest in the study of alginate
nd chitosan in connection with various applications mainly
or their non-toxic, biocompatible, biodegradable and mucoad-

esive properties. They have shown their potential for use as
caffolds in tissue-engineered medical products (Pariente et al.,
001), as an encapsulating matrix for immobilization of living
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ells (Iyer et al., 2005; Krasaekoopt et al., 2006) and as drug
elivery systems (Tozaki et al., 1999, 2002; Giunchedi et al.,
002; Hejazi and Amiji, 2003). Among the various drug deliv-
ry systems investigated to achieve efficient and site-specific
elivery microparticles have received considerable attention (Li
t al., 2002; Wittaya-areekul et al., 2006; Ye et al., 2006).

To date, the production of alginate gel microparticles has
een accomplished mainly by interfacial cross-linking reaction
ith external or internal calcium source (Fundueanu et al., 1999;
andenberg and Noue, 2001; Liu et al., 2002; Ribeiro et al.,
005). This procedure has been used to encapsulate a wide vari-
ty of low molecular drugs (Acarturk and Takka, 1999; Takka

nd Acarturk, 1999; El-Kamel et al., 2003), proteins (Coppi
t al., 2002), growth factors (Gu et al., 2004), DNA (Mittal et
l., 2001) and hemoglobin (Huguet and Dellacherie, 1996). The
ain disadvantages using this procedure include complicated

mailto:krml@ff.ukim.edu.mk
dx.doi.org/10.1016/j.ijpharm.2007.05.059
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ndustrial scale-up (Poncelet et al., 1992), inhomogeneous phys-
cal hydrogels (Hoffman, 2001) and difficulties in obtaining
ower size microparticles, which are preferred for stabilizing
he fragile structure of the drug and controlling delivery kinetics.
oppi et al. (2001, 2002) investigated the feasibility of the spray-
rying technique to produce less than 10-�m microparticles of
lginate cross-linked by calcium ions for the transport of bovine
erum albumin as a model protein. The microparticles were of
ppropriate size and immobilization capacity and the stability
f the protein to preparative conditions was also confirmed.

Coating alginate microparticles with polycationic polymers,
uch as chitosan, has been commonly used to control the
isintegration of alginate microparticles and extend the drug
elease. Usually, chitosan–alginate microparticles are obtained
y two principally different procedures: a one-step method,
here a complex coacervate membrane is formed at the interface
etween the alginate and chitosan solutions when the algi-
ate solution is dropped directly into a solution of calcium
hloride mixed with chitosan. The other method is a two-step
ethod, where Ca–alginate microparticles are recovered and

ubsequently coated with chitosan (Gaserod et al., 1998, 1999).
hitosan–alginate complex erodes slowly in phosphate buffer
t pH values higher than 6.5 suppressing the initial drug release
n the upper segments of the intestine occurring for uncoated

icroparticles and controlling the release in the colon whereas
H value is in the range of 6.5–7.0 (Tapia et al., 2004). This
ehavior and degradation of chitosan by the microflora available
n the colon makes chitosan–alginate microparticulated system
good candidate for effective drug delivery in the treatment of

nflammatory bowel diseases (IBD) after oral administration.
In the case of IBD, an enhanced uptake of administered

articles by neutrophils, natural killer cells, mast cells and reg-
latory T cells in the inflamed tissue was observed (Lamprecht
t al., 2001a). It has been also reported that microparticles can
e efficiently taken up by macrophages allowing accumulation
f the particulate carrier systems in the desired area (Tabata et
l., 1996; Stein et al., 1998). A size-dependent particle depo-
ition in the inflamed area of the colon was observed with
ncreased adherence of particles with a nominal size between 100
nd 10 �m (Lamprecht et al., 2001b). Charge interactions were
eported to further enhance binding to the inflamed tissue. Neg-
tively charged particles adhered more readily to the inflamed
issue due to the high concentrations of positively charged
roteins that increase the affinity to negatively charged sub-
tances. This was confirmed in the study of Bernkop-Schnurch
t al. (2001), in which anionic alginate showed more potent
ucoadhesion in comparison with the cationic chitosan. Con-

equently, an increased residence time at the inflammation site
an be postulated for negatively charged chitosan–Ca–alginate
icroparticles. With chitosan localization in the particle wall

ontrolled release in the colon could be achieved. This should
llow a dose reduction and also side effects could be sig-
ificantly minimized in the case of conventional chemical

nti-inflammatory compounds.

Considering above-mentioned, the aim of the study was
o prepare chitosan–Ca–alginate microparticles for prolonged
nd colon-specific delivery of 5-aminosalicylic acid (5-ASA),
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hich is a commonly used drug in the treatment of IBD.
or these requirements, a spray-drying method associated with
olymer complexation/gelation (Coppi et al., 2001; Liu et al.,
997) was used in order to obtain particles less than 10 �m.
hysicochemical characterization, including microparticle size,
orphology, polymers distribution, zeta potential, drug content

nd drug–polymers interaction was performed as a function of
he preparation procedure. In particular, 5-ASA stability during

icroparticle preparation and in simulated in vivo conditions
as evaluated.

. Materials and methods

.1. Materials

Sodium alginate (LF 10/60, fG 65–75%, viscosity,
0–70 mPa s for an aqueous solution, 1%, w/v) was purchased
rom Protanal FMC BioPolymers (Dramen, Norway). Chi-

osan as a free base (150 kDa, [R2
G]

1/2
44 ± 5 nm, viscosity

0–100 mPa s for 1% (w/w) solution in 1% (w/w) acetic acid,
inimum 85% deacetylated was donated by France Chitine

Marsey, France). 5-ASA was purchased from Fluka Chemie
G (Switzerland). Calcium chloride and fluoresceine 5(6)-

sothiocyanate, mixed isomers (FITC), were supplied from
igma–Aldrich, Inc. (St. Louis, MO, USA), while rhodamine-
-isothiocyanate, RBITC, from Fluka Chemie AG (Steinheim,
ermany). All other reagents were of analytical grade.

.2. Preparation of microparticles

5-ASA loaded chitosan–Ca–alginate microparticles were
repared with slight modifications of the spray-drying method
ssociated with polymer complexation/gelation (Coppi et al.,
001; Liu et al., 1997). Namely, aqueous dispersion (30 ml)
f alginate (3%, w/w) and 5-ASA (0.5%, w/w), adjusted to
H 7.0 by 0.2 M NaOH was infused into a spray dryer nozzle
nit of Büchi Mini Spray Dryer B-191 (Büchi Laboratorius-
echnik AG, Flawil, Switzerland) and continuously sprayed
sing an automatic infusion/withdrawal pump (model Sonceboz
.1 A/pH, Switzerland) into 90 ml solution of chitosan (0.25%,
/w) and CaCl2 (2.5%, w/v) in 1% (w/w) acetic acid, which was
laced in the apparatus collector.

The conditions of the spray-drying process were: nozzle
iameter 0.7 mm, aspirator pressure 100%, atomizer pressure
00 Nl h−1, flow rate 10 ml/min, inlet temperature 140 ◦C, outlet
emperature 100 ◦C. The dispersion of microparticles was col-
ected and they were allowed to harden under stirring (3000 rpm)
or at least 4 h at room temperature. The microparticles thus
ormed were separated by centrifugation at 3000 rpm for 15 min
Jouan B 3–11, France), washed with distilled water and freeze-
ried at 0.250 mbar and −50 ◦C for 24 h (Bioblock Scientific
hrist Alpha 1–4, Germany). Blank alginate–, Ca–alginate– and

hitosan–Ca–alginate microparticles were prepared using the
ame conditions as for the drug-loaded particles. 5-ASA loaded
lginate microparticles (termed as “temporary” microparticles)
ere also prepared by spray-drying of aqueous dispersion of



ourna

a
d

2
m

t
a
(
0
s
s
1

5
t
o
i
n
c
o
o
a
M
a
a

2

2

d
M
c
s

d

2

6
a
l
c
o
(
l
a
s

2

c
“
e
m

p
d
f
f
w
J

i
c
d
d
u
t

t
c
s
s
t

2

t
b
G

2

l
s
n
m
a
v

8
a
(

2

w
a
n
a
H
p
s
a
t
t

a

K. Mladenovska et al. / International J

lginate and 5-ASA using the same formulation and spray-
rying conditions.

.3. Stability tests of 5-ASA in solutions and in
icroparticles

Stability tests of 5-ASA were performed on 5-ASA solu-
ions at various pHs: 3.0 (0.5%, w/w in solution of 1%, w/w
cetic acid), 5.0 (aqueous solution of 5-ASA, 0.5%, w/w), 7.0
aqueous solution of 5-ASA, 0.5%, w/w, with pH adjusted by
.2 M NaOH) and 7.4 (solution of 5-ASA in phosphate buffer
aline, PBS, 0.5%, w/w). The solvents and pH range were cho-
en to simulate the preparation and drug release conditions.
H NMR spectra in H2O/D2O (90/10, Bruker Advance DRX
00, Germany) and UV–vis spectra (UV/VIS spectrophotome-
er, Perkin–Elmer Lambda 16, USA) of 5-ASA in a range
f 200–750 nm were recorded in different time intervals dur-
ng 1 week. All the samples tested were light-protected and
itrogen was used in solutions to prevent the oxidative self-
oupling of 5-ASA moieties. In order to evaluate the stability
f 5-ASA in microparticles, 1H NMR and UV–vis spectra
f 5-ASA were recorded after 5-ASA release from alginate–
nd chitosan–Ca–alginate microparticles in PBS (pH 7.0–7.4).
icroparticles and drug release mediums were light-protected

nd CO2 in drug release mediums was added in order to maintain
n anaerobic environment.

.4. Characterization of microparticles

.4.1. Particle size analysis
Measurement of the particle size and diameter of the freeze-

ried microparticles was carried out with Beckman Coulter
ultisizer (Coulter, USA) after suspending the particles in

onducted liquid Isoton containing Tween 80, 1% (w/w) and
onicating the suspension for 10 min in ultrasonic bath.

The average particle size was expressed as the volume surface
iameter, dvs (�m) (Edmundson, 1967).

.4.2. Zeta potential
Suspension of microparticles in PBS diluted (0.0001 M, pH

.8) previously sonicated for 10 min in US bath was used as
medium to determine the zeta potential of blank and 5-ASA

oaded chitosan–Ca–alginate microparticles. The pH value was
hosen to simulate the pH value of the colon. The zeta potential
f the particles was recorded using Malvern Zeta Sizer 2000
Malvern Instruments Ltd., UK). Each sample was analysed at
east six times to obtain an average value and a standard devi-
tion. Samples of blank Ca–alginate microparticles were also
ubmitted to this study.

.4.3. Content of 5-ASA in the microparticles
To evaluate the actual content of 5-ASA in the
hitosan–Ca–alginate microparticles, at first, drug content in
temporary” microparticles was determined by dissolving an
xactly weighed amount of microparticles in PBS pH 7.0 with
agnetic stirring at room temperature under light and oxygen

r
p
4
F
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rotection until complete dissolution. The yield of the spray-
rying process was 55 ± 19%, calculated as an average value
rom five determinations. These values were particularly satis-
ying knowing the generally low production yield encountered
ith laboratory scale spray-dryers (Giunchedi et al., 1996; De

aeghere et al., 2001).
Real drug content was calculated as amount of 5-ASA

n the microparticles in respect to the real amount of the
hitosan–Ca–alginate microparticles obtained after freeze-
rying (Coppi et al., 2001). This data was obtained in a
issolution study when a pH gradient-enzymatic method was
sed, where dissolution was followed until complete release of
he drug (Tozaki et al., 2002; Mladenovska et al., in press).

5-ASA concentration was assayed by an UV/VIS spec-
rophotometer at 300 nm in the clear supernatant solutions after
entrifugation and separation of the microparticles (UV/VIS
pectrometer, Perkin–Elmer Lambda 16, USA). Blank runs
howed absence of significant interference with the spectropho-
ometric measurement.

.4.4. Calcium content in the microparticles
Microparticles (250 mg) were dissolved in 10 ml concen-

rated nitric acid by boiling. The calcium content was determined
y atomic absorption spectroscopy (240 nm, ThermoSolaar S4,
reat Britain).

.4.5. Morphological analysis
Shape and surface characteristics of empty and 5-ASA

oaded chitosan–Ca–alginate microparticles were studied by
canning electron microscopy (SEM; JEOL JSM—6301F Scan-
ing Microscope, Tokyo, Japan). The samples were mounted on
etal grids using double-sided tape and than analysed at 30 kV

cceleration voltages after gold coating (thickness 2 nm) under
acuum (BAL-TEC MED 020 Coating system, Austria).

Optical microscopy (technique of phase contrast; Nikon E-
00, Japan) was used to observe the morphology of the particles
fter suspending in isotonic solution containing Tween 80, 1%
w/w).

.4.6. Polymers distribution within the microparticles
The localization of both the polymers in the microparticles

ith regard to their respective distribution within the particle
nd/or wall material was determined using confocal laser scan-
ing microscopy (CLSM). The labeling protocol was based on
method published by Huang et al. (2002) and Schreiber and
aimovich (1983) with minor modifications in respect to the
olymer and fluorescent dye ratio, polymer and fluorescent dye
olvents and labeling time. FITC and RBITC were chosen to
llow simultaneous detection in different channels. The concen-
rations of the fluorescent markers were adjusted according to
heir stability in the laser light.

In short, to the solution of chitosan in 1% (w/w) acetic
cid the solution of FITC in methanol was added. After 1 h

eaction in the dark at 40 ◦C, the FITC-labeled chitosan was
recipitated in 0.2 M NaOH and separated by centrifugation at
000 rpm for 15 min (Jouan B 3-11, France). The unreacted
ITC was removed before freeze-drying by dialysis (dialysis
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ube Spectra/Por® 4, MWCO 12,000–14,000) against distilled
ater under darkness until no diffusion of the free marker was
bserved.

RBITC was used for labeling of alginate. Aqueous polymer
olution was adjusted to pH 8.0 by sodium hydroxide solu-
ion (1 M). RBITC dissolved in DMSO at a concentration of
mg/ml was added to the polymer solution and stirred for 1 h at
0 ◦C. The reaction was stopped by adding ethanolamine; free
BITC was removed by dialysis under the same conditions as

or chitosan.
The degree of substitution was determined by dissolving

he labeled polymers in acetic acid for chitosan–FITC and in
ater for alginate–RBITC, respectively, and diluting with phos-
hate buffer, pH 8.0, to measure the concentrations. UV–vis
pectroscopy was used to determine the degree of substitu-
ion (490 nm for chitosan–FITC, 560 nm for alginate-RBITC,
V/VIS Spectrophotometer 1601 Shimadzu, Japan). The degree
f substitution was found to be 0.7 for chitosan, i.e. 7 molecules
er 10 sugar units, while for alginate, it was 0.01, which means
molecule per 100 sugar units.
The simultaneous visualisation of the two, FITC and RBITC,

abeled polymers into the particles has been proven by a separate
isualisation of the particles prepared of one labeled polymer.
lympus light microscope Fluoview FU 300 Laser Scanning
onfocal Imaging System (Paris, France) equipped with an
rgon ion laser (EM 488 nm) and helium–neon ion laser (EM
43 nm) was used to investigate the structure and the morphol-
gy of the microparticles. All confocal fluorescence pictures
ere taken with a 60× objective (oil immersion). The laser was

djusted in the green/red fluorescence mode which yielded two
xcitation/emission wavelengths at 488/520 nm for FITC and
t 543/572 nm for RBITC, respectively. Green and red images
ere obtained from two separated channels and a third picture

rom the superposition of the green and red picture. For imag-
ng the different sections of the microparticles, two parallel x,
-planes were scanned at a distance of 0.1 or 0.2 �m by using
he Z-series mode.

.4.7. Evaluation of the polymers–drug interaction using
ourier transform infra-red measurements (FTIR)

FITR measurements were taken at an ambient temperature
sing Bruker Vector 22 (Germany). About 2 mg of the sam-
les were ground thoroughly with KBr and pellets were formed
nder a hydraulic pressure of 600 kg/cm2. The characteristic
bsorption bands for the polymers and the drug, respectively,
ere determined in samples of pure substances; their physical
ixtures, blank alginate– and chitosan–Ca–alginate micropar-

icles and 5-ASA loaded alginate– and chitosan–Ca–alginate
icroparticles.
Physical mixtures of 5-ASA and alginate (1:6 ratio, 5-ASA

ontent 14.28%) and 5-ASA, alginate and chitosan (1:6:2.7 ratio,
-ASA content 10.28%) were ground into a fine powder and

mg of each sample was mixed with dry KBr and then com-
ressed into pellets as described before. The same samples of
hysical mixtures were used for DSC and X-ray diffraction
tudies (described below).

C
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d
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.4.8. Evaluation of the polymers–drug interaction and
hysical state of 5-ASA in the microparticles using
ifferential scanning calorimetry (DSC) and X-ray
iffraction studies

DSC studies were performed using a DSC Mettler Toledo
odel 30TC 15 (Mettler, Zurich, Switzerland). The samples

2–5 mg) were scanned in sealed aluminium pans under nitrogen
tmosphere. DCS thermograms were scanned in the first heating
un at a constant rate of 10 ◦C/min and a temperature range of
–325 ◦C. DSC thermograms of pure substances, their physical
ixtures, blank- and drug-loaded microparticles were recorded.
X-ray diffraction pattern for 5-ASA alone was recorded at

0 ◦C with Bragg–Brentano geometry on a Philips PW1830
odel (Holland), Cu K�1 radiation, λ = 1.5406 Å, slit width of

◦, in the 2θ range from 5◦ to 45◦, in steps of 0.01◦ at 1 s per step,
hile diffraction patterns for the physical mixtures of polymers

nd 5-ASA and 5-ASA loaded microparticles were recorded in
teps of 0.05◦ at 15 s per step.

. Results and discussion

.1. Stability tests of 5-ASA in solutions and in
icroparticles

The spray-drying method followed by ionotropic gela-
ion/polyelectrolyte complexation here described appeared to
e a suitable and relatively simple technique to prepare 5-ASA
oaded chitosan–Ca–alginate microparticles. Formulation of the
rimary dispersion of alginate and 5-ASA for spray-drying in
espect to its pH value was of crucial importance considering
ot only the affinity of the drug for the polymer, but also the
-ASA solubility and stability in different pH solutions. Liter-
ture data (Zerrouk et al., 1998) indicate that 5-ASA solubility
ncreases with increasing pH (alginate’s one as well), but it can
e rapidly degraded especially in an alkaline medium. It is also a
ight, temperature and oxygen sensitive drug (Palsmeier, 1992).
n this respect, in the actual stability studies the formulation,
reparation and 5-ASA release conditions were considered.

In the UV absorption spectra of 5-ASA alone and with algi-
ate in PBS (λmax 328 nm, pH 7.0) and in HPLC water with
H 7.0 (adjusted with 0.2 M NaOH) no additional peaks were
bserved during 3 days when solutions maintained at room
emperature. However, the 4th day although the samples were
rotected from the light, it was found that exposure to the neu-
ral pH medium resulted in a change in color of the solution,
hich was considered as a qualitative indication for the degree
f 5-ASA degradation. Furthermore, an additional peak in the
pectrum at 420 nm was observed (figure not presented), which
an be explained by formation of tetrameric species of 5-ASA
Jensen et al., 1992). In addition, the stability tests of 5-ASA in
queous mediums with pH values between 7.2 and 8.2 showed
elatively fast and intensive coloration making them unsuitable
or microparticle preparation despite higher 5-ASA solubility.

onsidering that, a compromise between 5-ASA stability and

olubility was made and an aqueous solution of 5-ASA and
lginate with pH 7.0 was chosen as an optimal medium for spray-
rying. The intensive coloration obtained the 4th day under
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Table 1
1H NMR spectra of 5-ASA in aqueous mediums with different pH values

Assignment Proton signal δ (ppm) (J, Hz)

5-ASA (pH) 3.0a 5.0b 7.0c 7.4d

H-6, H-2′ 7.88 (3999.58) 7.55 (3772.43) 7.20 (3597.57) 7.19 (3592.85)
H-4, H-6′ 7.36 (3645.43) 7.16 (3587.46) 6.89 (3443.74) 6.88 (3440.81)
H-3, H-5′ 6.99 (3.6031) 6.85 (3425.57) 6.72 (3359.68) 6.71 (3357.19)

a Solution 5-ASA in 1% (w/w) acetic acid (0.5%, w/w).
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b Aqueous solution of 5-ASA (0.5%, w/w).
c Aqueous solution of 5-ASA (0.5%, w/w), pH 7.0 adjusted with 0.2 M NaOH
d Solution of 5-ASA in PBS (0.5%, w/w).

hese conditions underlined the necessity of considering all the
recaution measures in order to prevent 5-ASA degradation dur-
ng preparation of 5-ASA-alginate solution for spray-drying.
esides light protection, they included freshly prepared solu-

ions immediately before spray-drying and use of nitrogen to
revent oxidative self-coupling of 5-ASA moieties.

When working in such conditions, no additional degrada-
ion products were detected, which was confirmed by 1H NMR
pectra of 5-ASA also. No differences in the 1H NMR spectra
f 5-ASA in mediums with different pH values were observed
uring 4 days. The shift of the proton signal (δ, ppm) in the dif-
erent pH solutions originated from the ionisation processes of
-ASA only (Table 1, Fig. 1).

In order to evaluate the 5-ASA stability during spray-
rying (under defined pressure and temperature) and gela-

ion/polyelectrolyte complexation procedure, 1H NMR spectra
f 5-ASA were registered after solubilization of 5-ASA loaded
lginate microparticles in water and PBS (pH 7.0–7.4) and
fter 5-ASA release from chitosan–Ca–alginate microparticles

ig. 1. 1H NMR (500 MHz, δ (ppm)) spectra of 5-ASA in different pH mediums:
1) aqueous solution of 5-ASA (pH 7.0 adjusted with 0.2 M NaOH); (2) aqueous
olution of 5-ASA (adjusted pH 7.0) 4 days of preparation; (3) aqueous solution
f 5-ASA and alginate (1:3 w/w), adjusted pH 7.0; (4) 5-ASA released from
lginate– and chitosan–Ca–alginate microparticles in PBS pH 7.0; (5) 5-ASA
eleased from alginate– and chitosan–Ca–alginate microparticles in PBS pH 7.4;
6) aqueous solution of 5-ASA (pH 5.0).
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n these mediums. This includes also the influence of freeze-
rying process on 5-ASA stability. 1H NMR spectra of 5-ASA
n all samples corresponded to the 1H NMR spectra of 5-ASA
n the mediums with adequate pH (Fig. 1).

.2. Particle size analysis, zeta potential and 5-ASA content

The formulation and preparation process resulted in produc-
ion of negatively charged particles with a dvs of 6.2 ± 2.2 �m
nd calcium content of 3.6 ± 0.2%. Zeta potentials of blank
a–alginate–, blank chitosan–Ca–alginate- and 5-ASA loaded
hitosan–Ca–alginate microparticles were −46.1 ± 1.7 mV,
32.1 ± 1.2 mV and −30.7 ± 1.8 mV, respectively. No remark-

ble difference was found in particle size and distribution
etween blank- and drug-loaded microparticles, indicating that
he loading of 5-ASA in the microparticles substantially did not
nfluence their size. Real drug content was 8.86 ± 0.69%, which
s satisfactory 5-ASA content comparing with the theoretical
alue (14.28%) (Mladenovska et al., in press).

.3. Morphological analysis

By imaging with SEM, an acceptable spherical morphology
as observed, but also flattened, disk-shaped particles. The sur-

ace appeared smooth with low porosity and no free drug, i.e.
eedle-like structures were present. The absence of ideal spheri-
al morphology can be probably attributed to the drying process
hat causes certain invaginations in the particles (Fig. 2a). The
articles tend to agglomerate (Fig. 2b), probably due to the spe-
ific localization of the polymers and existence of attractive
lectrostatic forces. It must be emphasized that the morphology
f freeze-dried particles was observed. All blank microparticles
ere characterized by morphology similar to that of the drug

oaded microparticles (Fig. 3).
In addition, the optical microscopy (technique of phase con-

rast) was used to observe the morphological parameters of the
articles after suspending in isotonic solution containing Tween
0, 1% (w/w). Disaggregating of the particles followed by fast
welling was observed. Therefore, invaginations were corrected
nd the particles obtained spherical shape (image not presented).
.4. Polymers distribution within the microparticles

CLSM provides a method for three-dimensional reconstruc-
ion and image analysis of the microparticles by imaging several
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Fig. 2. (a and b) SEM of 5-ASA loa

oplanar sections throughout the object. Moreover, CLSM
llows visualization and characterization of structures not only
n the surface, but also inside the particles, provided the mate-
ial is sufficiently transparent and can be fluorescently labeled
Lamprecht et al., 2000a). Thus, the polymers’ distribution
ithin the particles was followed by separate fluorescent label-

ng of each of the polymers. Fluorescently labeled polymers
ere simultaneously used for preparation of 5-ASA loaded

hitosan–Ca–alginate microparticles.
By imaging with CLSM, the FITC-labeled chitosan was
ocalized dominantly in the particle wall with a low quan-
ity homogeneously distributed throughout the particle matrix
Fig. 4a and c). Homogeneous distribution of the alginate
hroughout the particle wall and matrix was observed with cer-

Fig. 3. SEM of blank chitosan–Ca–alginate microparticles.
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itosan–Ca–alginate microparticles.

ain zones of heterogeneity marked by the fluorescence signal,
hich points to the concentrated alginate at the interface with

hitosan due to the electrostatic attraction of oppositely charged
olymers (Fig. 4b and c). The observation was confirmed by the
eparate visualization of the particles prepared with one polymer
abeled only.

According to the literature data (Lamprecht et al., 2000b),
olymers’ properties do not change during spray-drying and
hey do preserve polyionic character and surface activity. This
xplains the observed homogeneous distribution in the particle
all and matrix with heterogeneity zones.

.5. Polymers–drug interaction analysis using FTIR
pectroscopy

According to the characteristic spectra of the polymers and
-ASA separately, in physical mixtures and in the micropar-
icles, an attempt was made to detect the eventual existence
nd type of interactions between the polymers and the drug.
he characteristic alginate spectra have been already described

Wang and He, 2002; Soares et al., 2004) and they correspond
o: CH (295 cm−1), COO (1620 cm−1), CH (1430 cm−1)
nd C O C (1040 cm−1), while the band at 3440 cm−1 belongs
o the stretching vibrations of the hydroxyl groups bonded via
ydrogen bonds (Figs. 5-2 and 6-2).

Chitosan spectra has been also recorded (Mi et al., 2002) and
hey are characterized by a broad absorption around 1660 cm−1

Amide I, C O stretching mode conjugated with N H defor-
ation mode) and 1600 cm−1 (δNH2 bend of non-acetylated
H2 groups). Characteristic for its saccharide structure are

bsorption bands at 1154 cm−1 (asymmetric stretching vibra-

ion of the C O C bridge), 1083 cm−1 and 1038 cm−1 (skeletal
ibration involving C O stretching) (Fig. 5-3).

Considering 5-ASA, the characteristic IR bands at 3445 cm−1

wing to the mutual overlapping of �NH and �OH stretch-
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Fig. 5. FTIR spectra of chitosan, alginate, 5-ASA and corresponding physi-
cal mixtures and microparticles: (1) 5-ASA; (2) sodium alginate; (3) chitosan;
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particles. However, the characteristic peaks of 5-ASA could
not be observed in the chitosan–Ca–alginate microparticles
(Fig. 5-6). The content of 5-ASA in the chitosan–Ca–alginate
ig. 4. CLSM of 5-ASA loaded chitosan–Ca–alginate microparticles; FITC
abeled chitosan (a); RBITC labeled alginate (b); image obtained by superposi-
ion (c).

ng were observed. The peak at 1650 cm−1 corresponds to the
O stretch, NH (bend) is assigned by the peak at 1620 cm−1,
hile C N stretch with the peak at 1356 cm−1. The bands
n a range of 2000–3000 cm−1 correspond to the stretching
ibrations of the hydrogen bonds in the 5-ASA molecule
Figs. 5-1 and 6-1).

F
a
A
a

4) physical mixture of 5-ASA, sodium alginate and chitosan; (5) blank
hitosan–Ca–alginate microparticles; (6) 5-ASA loaded chitosan–Ca–alginate
icroparticles.

Electrostatic interactions between carboxyl groups of algi-
ate and amino groups of chitosan and existence of interactive
oulomb forces have been already described (Wang et al., 2001;
ibeiro et al., 2005). In the FTIR spectra of the physical mix-

ures of alginate and 5-ASA (Fig. 6-3) and chitosan, alginate
nd 5-ASA (Fig. 5-4), the characteristic 5-ASA peaks can be
bserved, suggesting absence of interactions between the drug
nd the polymers.

In order to define the interactions between the drug and the
olymers in the particles, samples of 5-ASA loaded alginate–
nd chitosan–Ca–alginate microparticles were investigated.
TIR spectra of 5-ASA incorporated in alginate microparticles
Fig. 6-5) were compared with those of blank alginate micropar-
icles (Fig. 6-4). The presence of characteristic IR bands of
-ASA at 1494, 1454, 1356, 774, 538 and 485 cm−1 in the spec-
ra of 5-ASA loaded alginate microparticles suggests absence
f high affinity interaction between alginate and 5-ASA in the
ig. 6. FTIR spectra of alginate, 5-ASA and corresponding physical mixtures
nd microparticles: (1) 5-ASA; (2) sodium alginate; (3) physical mixture of 5-
SA and sodium alginate; (4) blank alginate microparticles; (5) 5-ASA loaded

lginate microparticles.
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icroparticles (8.86%) did not differ significantly from the
ontent of 5-ASA in the physical mixture of 5-ASA, algi-
ate and chitosan (10.28%; Fig. 5-4). Considering that, the IR
pectra of 5-ASA loaded chitosan–Ca–alginate microparticles
ay be explained by existence of interactions (ionic, hydro-

en and/or van der Waals’ forces) between 5-ASA, alginate
nd chitosan occurring during complexation/gelation process,
hich results in drug embedding in the particles. Embedding in

he polymers’ matrix may increase stretching barrier for 5-ASA
ntra-molecular bonds, so the characteristic 5-ASA peaks could
ot be identified. In addition, 1H NMR, X-ray and DSC studies
onfirmed 5-ASA stability and embedding in the particles at a
olecular level.

.6. Polymers–drug interaction analyses using DSC and
-ray diffractometry
In the calorimetric studies, the thermogram of alginate
canned in the first heating run is characterized by a sharp
ndothermic peak around 155 ◦C and a broad exothermic peak at
40 ◦C (Figs. 7-2 and 8-2). The first peak attributes to a dehydra-

ig. 7. DSC of: (1) 5-ASA; (2) sodium alginate; (3) physical mixture of 5-
SA and sodium alginate; (4) blank alginate microparticles; (5) 5-ASA loaded

lginate microparticles; (6) blank Ca–alginate microparticles; (7) 5-ASA loaded
a–alginate microparticles.
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ig. 8. DSC of: (1) 5-ASA; (2) sodium alginate; (3) chitosan; (4) physical mix-
ure of 5-ASA, sodium alginate and chitosan; (5) blank chitosan–Ca–alginate

icroparticles; (6) 5-ASA loaded chitosan–Ca–alginate microparticles.

ion process followed by decomposition of the polymer, while
he second one denotes the temperature of alginate degradation
Soares et al., 2004). Additionally, in the thermogram of alginate
canned in the second heating run, the change of inclination of
he baseline at 110 ◦C was observed, which corresponded to the
g for alginate. The exothermic peak in the thermogram of algi-
ate in a form of a sharp exotherm around 250 ◦C exists in the
hermograms of the physical mixtures of alginate and 5-ASA
Fig. 7-3) and alginate, chitosan and 5-ASA (Fig. 8-4) point-
ng to the degradation of alginate. The same was observed in the
hermograms of alginate– (Fig. 7-4), Ca–alginate– (Fig. 7-6) and
-ASA loaded alginate– (Fig. 7-5) and Ca–alginate microparti-
les (Fig. 7-7).

Exchanging sodium ions with calcium ions in the sodium
lginate resulted in significant broadening of this exothermic
eak at a range of 210–310 ◦C, which can be explained by
he “egg-box” conformation in the Ca–alginate microparticles
Fig. 7-6). The calcium–alginate interaction was confirmed by a
harp endothermic peak around 170 ◦C also (Fernandez-Hervas

t al., 1998; Gonzales-Rodriguez et al., 2002) and by increase in
he glass transition temperature for 20 ◦C, which was detected
n the thermogram of Ca–alginate microparticles scanned in the
econd heating run (thermogram not presented). In addition,
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Fig. 9. X-ray diffractograms of: (1) 5-ASA; (2) blank chitosan–Ca–alginate
microparticles; (3) 5-ASA loaded chitosan–Ca–alginate microparticles; (4)
physical mixture of 5-ASA, chitosan and sodium alginate; (5) physical mixture
of chitosan and sodium alginate.
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alcium chloride showed two endothermic peaks at a range
f 180–220 ◦C (thermogram not presented), which cannot be
een in the thermogram of Ca–alginate microparticles with and
ithout 5-ASA.
The thermogram of chitosan scanned in the first heating

un showed a broad endotherm around 130 ◦C and a sharp
xotherm at 310 ◦C (Fig. 8-3). The change of inclination of
he baseline at 203 ◦C in the thermogram scanned in the sec-
nd heating run denotes the Tg. As in alginate, the first peak
n the thermogram scanned in the first heating run corresponds
o the water evaporation, while the second peak corresponds
o the chitosan degradation (Dong et al., 2004). This exotherm
xists in the mixture with alginate and 5-ASA also (Fig. 8-4).
n the thermogram of blank chitosan–Ca–alginate microparti-
les, it is transformed in a significantly broad band at a range
f 210–320 ◦C (Fig. 8-5). This exotherm and the endotherms
round 130 ◦C in the thermogram of the physical mixture of
hitosan and alginate (thermogram not presented) and around
60 ◦C in the thermogram of the blank chitosan–Ca–alginate
icroparticles (Fig. 8-5) denote the polyelectrolyte interaction

etween the chitosan and alginate.
The thermogram of 5-ASA is characterized by a sharp

ndothermic peak at 276 ◦C (Figs. 7-1 and 8-1), which corre-
ponds to its melting point. In the physical mixtures contained
f 5-ASA and chitosan (thermogram not presented), 5-ASA and
lginate (Fig. 7-3) and 5-ASA, chitosan and alginate (Fig. 8-4),
his sharp endothermic peak existed in a range of 260–280 ◦C
nd disappeared in the thermograms of 5-ASA loaded alginate-
Fig. 7-5) and Ca–alginate-microparticles (Fig. 7-7). Consider-
ng that the thermograms of the blank alginate– and Ca–alginate

icroparticles do not differ from those of 5-ASA loaded
icroparticles one can conclude that the embedding of 5-ASA in

he alginate matrix in the phase of spray drying is in a molecular
orm.

The thermogram of the empty chitosan–Ca–alginate
icroparticles (Fig. 8-5) was not different from that of 5-ASA

oaded chitosan–Ca–alginate microparticles (Fig. 8-6). This sug-
ests that 5-ASA does not re-crystallize in the particles in the
hase of gelation/polyelectrolyte complexation and confirms the
bove-mentioned conclusion.

These results were confirmed by X-ray diffraction studies
lso. The diffractogram of 5-ASA alone had peaks at 15.2◦ and
6.5◦. The diffractogram remained unchanged when 5-ASA in
hysical mixture with chitosan and alginate (Fig. 9-4). The inten-
ity at 15◦ in the physical mixture did not correlate with the
uantity of 5-ASA. Also, the peak in the physical mixture was
roader (half of the height), which generally reveals smaller
rystals that were probably formed in the mixing phase. The
hange may be attributed also to the longer accumulation time
factor 15) and the presence of amorphous material that diffuses
ore or less from each angle without Bragg’s peak.
Fast scanning of 5-ASA alone in a greater range, 2–60◦,

esulted in one peak more around 8◦, which was absent in the

ther samples, except in the physical mixture of 5-ASA, chitosan
nd alginate (Fig. 10).

Both the peaks at 15.2◦ and 16.5◦ disappeared in the diffrac-
ogram of 5-ASA loaded chitosan–Ca–alginate microparticles

m
i
p
w

ig. 10. X-ray diffractograms of 5-ASA (alone and in a mixture with chitosan
nd sodium alginate).

Fig. 9-3). Attempt was made to accumulate long enough by con-
entrating in a region of 14–18◦ in order to obtain a signal with
-ASA loaded chitosan–Ca–alginate microparticles. No peak
as obtained, which undoubtly confirms that 5-ASA does not

e-crystallize in the particles, but it is embedded in the polymeric
atrix at a molecular level.

. Conclusions

In a conclusion, spray-drying method followed by ionotropic
elation/polyelectrolyte complexation resulted in preparation
f negatively charged 5-ASA loaded chitosan–Ca–alginate

icroparticles with a size less than 10 �m. Acceptable spher-

cal morphology was observed, but also flattened, disk-shaped
articles with a smooth surface and low porosity. The chitosan
as dominantly localized in the particle wall, while for alginate,
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homogeneous distribution throughout the particles was
bserved. 1H NMR and UV–vis spectra of 5-ASA have shown no
egradation when working in adequate conditions, such as light
rotection, freshly prepared solutions and use of nitrogen to pre-
ent the oxidative self-coupling of 5-ASA moieties. In the FTIR
pectra of 5-ASA loaded Ca–alginate microparticles, the charac-
eristic peaks of 5-ASA were not altered indicating no covalent
nteraction between the drug and the polymer. The thermo-
rams of 5-ASA loaded Ca–alginate– and chitosan–Ca–alginate
icroparticles were almost identical to those of empty parti-

les, indicating molecularly dispersed drug within the particles
uring the spray-drying. The same was confirmed by X-ray
tudies. Considering physicochemical characterization, one can
onclude that 5-ASA loaded microparticles have potential for
ntensive mucoadhesion and controlled colon-specific delivery,
hich was also confirmed by dissolution and biodistribution

tudies of 131I-labeled 5-ASA after peroral administration of
hese microparticles to rats in which TNBS colitis was induced
Mladenovska et al., in press).

cknowledgments

This work was supported by a grant from NATO SfP Program;
roject no. 978023 titled “Influence of biopolymer interactions
n the drug delivery from chitosan–alginate colloidal carrier
ystems”. Authors wish to acknowledge Mr. R. Filmon (SCIAM,
ngers, France) for his technical assistance in CLSM and SEM

maging.

eferences

carturk, F., Takka, S., 1999. Calcium alginate microparticles for oral adminis-
tration: II effect of formulation factors on drug release and drug entrapment
efficiency. J. Microencapsulation 16, 291–301.

ernkop-Schnurch, A., Kast, E.C., Richter, F.M., 2001. Improvement in the
mucoadhesive properties of alginate by the covalent attachment of cysteine.
J. Control. Rel. 71, 277–285.

oppi, G., Iannuccelli, V., Leo, E., Bernabei, M.T., Cameroni, R., 2001.
Chitosan-alginate microparticles as a protein carrier. Drug Dev. Ind. Pharm.
27, 393–400.

oppi, G., Iannuccelli, V., Leo, E., Bernabei, M.T., Cameroni, R., 2002. Protein
immobilization in crosslinked alginate microparticles. J. Microencapsulation
19, 37–44.

e Jaeghere, F., Allemann, R., Doelker, E., Gurny, R., Cerny, R., Galli, B.,
Steulet, A.F., Muller, I., Schutz, H., 2001. pH-dependent dissolving nano-
and microparticles for improved peroral delivery of highly lipophilic com-
pounds in dogs. AAPS Pharmsci, 13 (article 8) (http://www.pharmsci.org/).

ong, Y., Ruan, Y., Wang, H., Zhao, Y., Bi, D., 2004. Studies on glass transi-
tion temperature of chitosan with four techniques. J. Appl. Polym. Sci. 93,
1553–1558.

dmundson, I.C., 1967. In: Bean, H.S., Carless, J.E., Beckett, A.H. (Eds.),
Advances in Pharmaceutical Sciences, vol. 2. Academic Press, London, p.
950.

l-Kamel, A.H., Al-Gohary, O.M., Hosny, E.A., 2003. Alginate-diltiazem
hydrochloride beads: optimization of formulation factors, in vitro and in
vivo availability. J. Microencapsulation 20, 211–225.
ernandez-Hervas, M.J., Holgado, M.A., Fini, A., Fell, J.T., 1998. In vitro
evaluation of alginate beads of diclofenac salt. Int. J. Pharm. 163, 23–34.

undueanu, G., Nastruzzi, C., Carpov, A., Desbrieres, J., Rinaudo, M., 1999.
Physico-chemical characterization of Ca-alginate microparticles produced
with different methods. Biomaterials 20, 1427–1435.

M

l of Pharmaceutics 345 (2007) 59–69

aserod, O., Smidsrod, O., Skjak-Braek, G., 1998. Microcapsules of alginate-
chitosan I. A quantitative study of the interaction between alginate and
chitosan. Biomaterials 19, 1815–1825.

aserod, O., Sannes, A., Skjak-Braek, G., 1999. Microcapsules of alginate-
chitosan II. A study of capsule stability and permeability. Biomaterials 20,
773–783.

iunchedi, P., Torre, M.L., Maggi, L., Conti, B., Conte, U., 1996. Cellulose
acetate trimetillate ethylcellulose blends for nonsteroidal anti-inflammatory
drug (NSAID) microspheres. J. Microencapsulation 13, 89–98.

iunchedi, P., Juliano, C., Gavini, E., Cossu, M., Sorrenti, M., 2002. Formulation
and in vitro evaluation of chlorhexidine buccal tablets prepared using drug-
loaded chitosan microspheres. Eur. J. Pharm. Biopharm. 53, 233–239.

onzales-Rodriguez, M.L., Holgado, M.A., Sanchez-Lafuente, C., Rabasco,
A.M., Fini, A., 2002. Alginate/chitosan particulate systems for sodium
diclofenac release. Int. J. Pharm. 232, 225–234.

u, F., Amsden, B., Neufeld, R., 2004. Sustained delivery of vascular endothelial
growth factor with alginate beads. J. Control. Rel. 96, 463–472.

ejazi, R., Amiji, M., 2003. Chitosan-based drug gastrointestinal delivery sys-
tems. J. Control. Rel. 89, 151–165.

offman, A.S., 2001. Hydrogels for medical applications. Ann. NY Acad. Sci.
944, 62–73.

uang, M., Ma, Z., Khor, E., 2002. Uptake of FITC-chitosan nanoparticles by
A549 cells. Pharm. Res. 19, 1488–1494.

uguet, M.L., Dellacherie, E., 1996. Calcium alginate beads coated with chi-
tosan: effect of the structure of encapsulated materials on their release. Proc.
Biochem. 31, 745–751.

yer, C., Phillips, M., Kailasapathy, K., 2005. Release studies of Lactobacillus
casei strain Shirota from chitosan-coated alginate-starch microcapsules in
ex vivo porcine gastrointestinal contents. Lett. Appl. Microbiol. 41, 493–
497.

ensen, J., Cornett, C., Olsen, C.E., Tjornelund, J., Hansen, S.H., 1992. Iden-
tification of major degradation products of 5-aminosalicylic acid formed in
aqueous solutions and in pharmaceuticals. Int. J. Pharm. 88, 177–187.

rasaekoopt, W., Bhandari, B., Deeth, H.C., 2006. Survival of probiotics
encapsulated in chitosan-coated alginate beads in yoghurt from UHT-and
conventionally treated milk during storage. LWT-Food Sci. Technol. 39,
177–183.

amprecht, A., Schafer, U., Lehr, C.M., 2000a. Characterization of micro-
capsules by confocal laser scanning microscopy: structure, capsule wall
composition and encapsulation rate. Eur. J. Pharm. Biopharm. 49, 1–9.

amprecht, A., Schafer, U., Lehr, C.M., 2000b. Structural analysis of micropar-
ticles by confocal laser scanning microscopy. AAPS Pharm. Sci. Technol.,
1 (article 17).

amprecht, A., Schafer, U., Lehr, C.M., 2001a. Size-dependant bioadhesion of
micro- and nanoparticulate carriers to the inflamed colonic mucosa. Pharm.
Res. 18, 788–793.

amprecht, A., Ubrich, N., Yamamoto, H., Schafer, U., Takeuchi, H., Lehr, C.M.,
Maincent, P., Kawashima, Y., 2001b. Design of rolipram-loaded nanoparti-
cles: comparison of two preparation methods. J. Control. Rel. 71, 297–306.

i, S., Wang, X.T., Zhang, X.B., Yang, R.J., Zhang, H.Z., Zhu, L.Z., Hou,
X.P., 2002. Studies on alginate-chitosan microcapsules and renal arterial
embolization in rabbits. J. Control. Rel. 84, 87–98.

iu, L.S., Liu, S.Q., Ng, S.Y., Froix, M., Ohno, T., Heller, J., 1997. Controlled
release of interleukin-2 for tumour immunotherapy using alginate/chitosan
porous microspheres. J. Control. Rel. 43, 65–74.

iu, X.D., Yu, W.Y., Zhang, Y., Xue, W.M., Yu, W.T., Xiong, Y., Ma, X.J., Chen,
Y., Yuan, Q., 2002. Characterization of structure and diffusion behaviour
of Ca-alginate beads prepared with external or internal calcium sources. J.
Microencapsulation 19, 775–782.

i, F.L., Suung, H.W., Shyn, S.S., 2002. Drug release from chitosan-alginate
complex beads reinforced by a naturally occurring cross-linking agent. Car-
bohydr. Polym. 48, 61–72.

ittal, S.K., Aggarwal, N., Sailaja, G., van Olphen, A., HogenEsch, H., North,

A., Hays, J., Moffatt, S., 2001. Immunization with DNA, adenovirus or both
in biodegradable alginate microspheres: effect of route of inoculation on
immune response. Vaccine 19, 253–263.

ladenovska, K., Raicki, S.R., Janevik E.I., Ristoski, T., Pavlova M.J.,
Kavrakovski, Z., Dodov, M.G., Goracinova, K., in press. Colon-specific

http://www.pharmsci.org/


ourna

P

P

P

R

S

S

S

T

T

T

T

T

V

W

W

W

Y

K. Mladenovska et al. / International J

delivery of 5-Aminosalicylic acid from chitosan-Ca-alginate microparticles.
Int. J. Pharm.

alsmeier, R.K., 1992. Investigation of the degradation mechanism of 5-
aminosalicylic acid in aqueous solution. Pharm. Res. 9, 933–938.

ariente, J.L., Kim, B.S., Atala, A., 2001. In vitro biocompatibility assessment of
naturally derived and synthetic biomaterials used in normal human urothelial
cells. J. Biomed. Mater. Res. 55, 33–39.

oncelet, D., Poncelet de Smet, B., Beaulieu, C., Neufeld, R.J., 1992. Scale-up
of gel microcapsule and microcapsule production in cell immobilization.
In: Goosen, M.F. (Ed.), Fundamentals of Animal Cell Encapsulation and
Immobilization. CRC Press, Boca Raton.

ibeiro, A.J., Silva, C., Ferreira, D., Veiga, F., 2005. Chitosan-reinforced algi-
nate microspheres obtained through the emulsification/internal gelation
technique. Eur. J. Pharm. Sci. 25, 31–40.

chreiber, A.B., Haimovich, J., 1983. Quantitative fluorometric assay for detec-
tion and characterization of Fc receptors. Meth. Enzymol. 93, 147–155.

oares, J.P., Santos, J.E., Chierice, G.O., Cavalheiro, E.T.G., 2004. Thermal
behaviour of alginic acid and its sodium salt. Eclet. Quim. 29, 57–64.

tein, J., Reis, J., Barrett, K.E., 1998. Disruption of intestinal barrier func-
tion associated with experimental colitis: possible role of mast cells. Am. J.
Physiol. 274, G203–G209.

abata, Y., Inoue, Y., Ikada, Y., 1996. Size effect on systemic and mucosal
immune responses induced by oral administration of biodegradable micro-
spheres. Vaccine 14, 1677–1685.
akka, S., Acarturk, F., 1999. Calcium alginate microparticles for oral adminis-
tration: I effect of sodium alginate type on drug release and drug entrapment
efficiency. J. Microencapsulation 16, 275–290.

apia, C., Escobar, Z., Costa, E., Sapag-Hagar, J., Valenzuela, F., Basualto, C.,
Gai, M.N., Yazdani-Pedram, M., 2004. Comparative studies on polyelec-

Z

l of Pharmaceutics 345 (2007) 59–69 69

trolyte complex and mixtures of chitosan-carageenan as prolonged diltiazem
chlorhydrate release systems. Eur. J. Pharm. Biopharm. 57, 65–75.

ozaki, H., Fujita, T., Odoriba, T., Terabe, A., Okabe, S., Muranishi, S.,
Yamamoto, A., 1999. Validation of a pharmacokinetic model of colon-
specific drug delivery and the therapeutic effects of chitosan capsules
containing 5-aminosalicylic acid on 2,4,6-trinitrobenzenesulphonic acid-
induced colitis in rats. J. Pharm. Pharmacol. 51, 1107–1112.

ozaki, H., Odoriba, T., Okada, N., Fujita, T., Terabe, A., Suzuki, T., Okabe, S.,
Muranishi, S., Yamamoto, A., 2002. Chitosan capsules for colon-specific
drug delivery: enhanced localization of 5-aminosalicylic acid in the large
intestine accelerates healing of TNBS-induced colitis in rats. J. Control.
Rel. 82, 51–61.

andenberg, G.W., Noue, J., 2001. Evaluation of protein release from
chitosan-alginate microcapsules using external or internal gelation. J.
Microencapsulation 18, 433–441.

ang, K., He, Z., 2002. Alginate-konjac glucomannan-chitosan beads as con-
trolled release matrix. Int. J. Pharm. 244, 117–126.

ang, L., Khor, E., Lim, L.Y., 2001. Chitosan-alginate-CaCl2 system for mem-
brane coat application. J. Pharm. Sci. 90, 1134–1142.

ittaya-areekul, S., Kruenate, J., Prahsarn, C., 2006. Preparation and in vitro
evaluation of mucoadhesive properties of alginate/chitosan microparticles
containing prednisolone. Int. J. Pharm. 312, 113–118.

e, S., Wang, C., Liu, X., Tong, Z., Ren, B., Zeng, F., 2006. New loading
process and release properties of insulin from polysaccharide microcap-

sules fabricated through layer-by-layer assembly. J. Control. Rel. 112, 79–
87.

errouk, N., Gines Dorado, J.M., Arnaud, P., Chemtob, C., 1998. Physical char-
acteristics of inclusion compounds of 5-ASA in � and � cyclodextrins. Int.
J. Pharm. 171, 19–29.


	5-ASA loaded chitosan-Ca-alginate microparticles: Preparation and physicochemical characterization
	Introduction
	Materials and methods
	Materials
	Preparation of microparticles
	Stability tests of 5-ASA in solutions and in microparticles
	Characterization of microparticles
	Particle size analysis
	Zeta potential
	Content of 5-ASA in the microparticles
	Calcium content in the microparticles
	Morphological analysis
	Polymers distribution within the microparticles
	Evaluation of the polymers-drug interaction using Fourier transform infra-red measurements (FTIR)
	Evaluation of the polymers-drug interaction and physical state of 5-ASA in the microparticles using differential scanning calorimetry (DSC) and X-ray diffraction studies


	Results and discussion
	Stability tests of 5-ASA in solutions and in microparticles
	Particle size analysis, zeta potential and 5-ASA content
	Morphological analysis
	Polymers distribution within the microparticles
	Polymers-drug interaction analysis using FTIR spectroscopy
	Polymers-drug interaction analyses using DSC and X-ray diffractometry

	Conclusions
	Acknowledgments
	References


