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Abstract—A novel double-walled microsphere composed of chitosan, sodium cellulose sulfate (NaCS) and sodium
tripolyphosphate (TPP) was prepared. TPP was used as ionic crosslinker. The morphology of the microspheres was
observed by microscope and SEM, and the results showed that the double-walled microsphere was smooth outside,
with rough interior surface. FTIR spectra analysis was performed to investigate the PEC formation among chitosan,
NaCS, and TPP. In vitro release studies of BSA showed that the double-walled microspheres had regular and sustain-
able release profiles in simulated colonic fluid (SCF). Our results indicated that the double-walled microspheres pre-
pared could be used as a candidate protein drug carrier for the colon.
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INTRODUCTION

Chitosan is a cationic polymer, chemically a poly-/4(1,4)-D-glu-
cosamine, derived from natural chitin by alkaline deacetylation.
Chitosan has been evaluated for conventional and novel gastroin-
testinal drug delivery systems because of its nontoxic, biocompatible,
mucoadhesive, and biodegradable properties [1]. However, chitosan
can be easily dissolved in acidic solutions, which makes drug delivery
systems based on chitosan difficult to pass through the stomach and
small intestine without the dissolution of chitosan. Therefore, this
material needs to be modified via physical or chemical methods. So-
dium cellulose sulfate (NaCS) as a novel hydrophilic cellulose deriva-
tive is a polyanionic polymer, which has favorable biological proper-
ties as a drug carrier material, such as hydrosolubility, nontoxicity, bio-
degradability and good film-forming ability [2]. We have found that
the polyelectrolyte complex (PEC) composed of chitosan and NaCS
has the potential behaviors in the controlled release of drugs, and was
used for preparing the colon-specific drug delivery capsules [3], the
multilayer microcapsules [4], and the complex films [5]. However,
chitosan/NaCS microcapsules tend to collapse, since NaCS with high
molecular weight only binds on the surface of chitosan droplets [6].

Sodium tripolyphosphate (TPP) is a low molecular weight cross-
linker, which could freely diffuse into chitosan droplets or films to
form ionically cross-linked chitosan beads or films [7]. In this study,
TPP was introduced to the reaction system to prepare double-walled
microspheres by forming a ternary composite. By evaluating the
morphology and the complex structure of chitosan/NaCS/TPP mi-
crospheres, as well as the drug release profile in vitro, a potential
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protein loaded microsphere system using PEC was developed.
EXPERIMENTAL

1. Materials

Chitosan with 85% deacetylation and Mw of 118.7kDa was sup-
plied by Jinan Haidebei Co.,, Ltd. (China). NaCS with degree of sub-
stitution (DS) of 0.38 and Mw of 710.8 kDa were prepared by the
heterogeneous reaction as described previously [8]. Sodium trip-
olyphosphate (TPP) was purchased from Wenzhou Dongsheng
Chemical Reagent Factory (China). Bovine serum albumin (BSA)
was purchased from Sangon Biotech (Shanghai) Co., Ltd. (China).
All other chemicals and reagents were of analytical grade and used
without further purification.
2. Preparation of the Microspheres

Chitosan was dissolved in diluted acetic acid solution with the
concentration of 30 g/L. Chitosan/NaCS/TPP microspheres were
obtained by adding chitosan solution dropwise through a 0.4 mm
needle slowly into 20 mL blended solutions of NaCS (15 g/L) and
TPP (10 g/L). The microspheres with BSA were prepared by add-
ing the blended solutions of chitosan and BSA into 20 mL solu-
tions of the mixture of NaCS and TPP. The resulting microspheres
were allowed to harden for 15 min under gentle stirring (150 r/min)
with a small magnetic bar, and filtered, rinsed three times with deion-
ized water and lyophilized. Surface and interior morphology of the
microspheres were observed with an optical microscope (Eclipse
E200, Nikon, Japan) and TM-1000 scanning electron microscopy
(SEM, Hitachi, Japan). Chemical properties of the microspheres
and their components were analyzed by Fourier transform infra-
red spectrometry (FTIR, Nicolet Elmer system 2000, USA).
3. Characterization of the Microshperes

The release study of chitosan/NaCS/TPP microspheres was per-
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formed in simulated colonic fluid (SCF). About 10 mg microspheres
were incubated in SCE pH 6.4 (20 mL) at 37+0.5°C, 100 rpm up
to 10h. At predetermined time intervals, 1 mL of medium from
the vessel was sampled and replaced with an equal volume of fresh
medium. The concentrations of BSA were determined with a UV
spectrometer (Ultrospec 3320 pro, GE Healthcare, USA). The cal-
culation of drug release percentage (DR%) was described by Wu
and Yao [9].

RESULTS AND DISCUSSION

1. The Morphology of the Microspheres

A simple preparation process was used based on the principle of
forming polyelectrolyte complexes (PEC) via ionization reaction
[4]. In this work, NaCS is used as a polyanion with -SOj groups,
while chitosan is a polycationwith -NH; groups. TPP can pene-
trate the PEC membrane into the chitosan-core, and then consoli-
date/crosslink with chitosan. As shown in Fig. 1, the chitosan/NaCS/
TPP microspheres were spherical with an average diameter of 2.0+
0.1mm (Fig. 1(a)), which had a typical double-walled structure
(Fig. 1(b)) with smooth outside surface (Fig. 1(c)) and rough inte-
rior surface (Fig. 1(d)). Similar results were also reported by Liu et
al. [10].
2. Interaction of NaCS and TPP with Chitosan

During the preparation process of chitosan-based microspheres,
NaCS$ or TPP binds to chitosan continuously. Investigation of the
binding process in quantitative terms will improve our understand-
ing of the interaction between chitosan and other components.
Fig. 2 shows the variation of the weights of microspheres with reac-
tion time. As shown, the weight of chitosan/NaCS microspheres
gradually increased and reached to a balance at 30 min. At that time,
the weight of binding NaCS on the chitosan/NaCS microspheres
was about 76% of chitosan's weight, which was much lower than that
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Fig. 2. Variation of the weights of microspheres with reaction time.

of chitosan/NaCS films (>1.5). The results indicated that there was
a considerable amount of unreacted chitosan in the microspheres.
The formation of both chitosan/TPP microspheres and chitosan/
NaCS/TPP double-walled microspheres suffered a decrease of weight
between 10-30 min. The results were not in consistence with the
kinetic study of chitosan-TPP complex reaction from the reports
of Mi et al. [11]. The concentration of TPP may account for the
difference. In the work reported by Mi et al., the concentration of
TPP was 100 g/L, while TPP concentration was 15 g/L in this work.
When TPP concentration is low; TPP would more easily diffuse
into chitosan droplets in the beginning. However, excessive TPP
would be removed from the microspheres later with the curing
process. At the high concentration of TPP, the phenomenon would
be not obvious because of the existence of tough competition be-

Interior surface
Outside surface

Fig. 1. Microscope (a) and SEM (b), (c), (d) photographs of chitosan/NaCS/TPP microspheres. (b) The cross-section of the microsphere, (c)
the outside surface of the microsphere, (d) the interior surface of the microsphere.
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Fig. 3. FTIR spectra of chitosan, NaCS, chitosan/NaCS microspheres and chitosan/NaCS/TPP microspheres.

tween TPP molecules. In addition, the weight of chitosan/NaCS/
TPP microspheres had a value between that of chitosan/NaCS micro-
spheres and chitosan/TPP microspheres after 30 min, indicating
that both NaCS and TPP took part in the formation of chitosan/
NaCS/TPP microspheres.

FTIR studies were conducted to investigate the PEC formation
among chitosan, NaCS, and TPP (Fig. 3). As can be seen in Fig. 3,
the FTIR spectrum of chitosan shows an absorption of the stretch-
ing vibration band of C=O-NHR at 1,653 cm™’, and the stretch-
ing vibration band of N-H in amino-group at 1,598 cm™". NaC$S
shows strong absorption bands of S=O at 1,262 cm™' and C-O-S
at 816 cm ™', which was similar to our previous results [12]. Com-
pared with the FTIR spectrum of chitosan, the stretching vibra-
tion band of -NH, and -OH of chitosan/NaCS microspheres moved
from 3455 cm ™ to 3,421 cm™, and the peaks at 1,653 cm ™" and 1,598
cm " of chitosan moved to a lower field, indicating that the amino
group of chitosan took part in the reaction. Whereas, the FTIR spec-
trum of chitosan/TPP microspheres was almost the same as that
of chitosan/NaCS microspheres. The FTIR spectrum of chitosan/
NaCS/TPP microspheres revealed that the peak areas of N-H bend-
ing vibration became big and wide, which possibly indicated that
-NH™ of chitosan, -SO* of NaCS and -[P,O; ]- of TPP might react
and formed PEC.

3. In Vitro Release of Protein

The amount of BSA released from the chitosan/NaCS/TPP micro-
capsules was determined in the SCF with the chitosan/NaCS micro-
capsules as the control. As shown in Fig. 4, under the weak acidic
condition of pH 6.4, chitosan/NaCS/TPP microcapsules showed a
regular drug release behavior with a trend of slowly increasing,
and the BSA was released sustainably and almost completely during
10 h. However, the control microcapsules had a burst drug release
(more than 63.1+0.7%) effect during the first hour and the drug
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Fig. 4. BSA release profiles of different microcapsules in the simu-
lated colonic fluid (SCF) at pH 6.4. Each point is expressed
as mean+SD from n=3, significant difference from drug re-
lease of chitosan/NaCS/TPP microspheres at the first hour
(P<0.05).

released irregularly during the 10h study, which was not suitable
for use as a sustained drug carrier according to the Ritger-Peppas
model [13] (less than 60.0%). Since PEC formed with chitosan
and NaCS was a hydrophilic and swellable system, and can be de-
graded by the enzyme in SCF [3,5], the drug release would be a
combination of diffusion and macromolecular relaxation processes
followed by the erosion procedures of the system [14]. The chi-
tosan/NaCS/TPP microcapsules prepared here could be used as a
protein carrier in a further appropriate formulation for controlla-
ble release of drug in colon.

Korean J. Chem. Eng.(Vol. 32, No. 3)



372 L.-Y. Zhu et al.

CONCLUSIONS

A novel ternary composite microsphere based on chitosan, NaCS
and TPP was prepared, with chitosan/NaCS microspheres in com-
parison. The results showed that the ternary composite microspheres
were rather round with apparent double-walled structure. It is specu-
lated that double-walled microspheres were composed of chitosan,
NaCS and TPP by the FTIR results. In vitro release studies showed
that the chitosan/NaCS/TPP microcapsules had regular release behav-
ior in SCF and were able to release the drug sustainably and almost
completely. The results indicated that the chitosan/NaCS/TPP micro-
capsules in the form of PEC could be used as a protein carrier for
drug release in the colon.
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