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The objective of this study was to investigate the potential of water soluble chitosan as a carrier in the preparation of protein-loaded
nanoparticles. Nanoparticles were prepared by ionotropic gelation of water-soluble chitosan (WSC) with sodium tripolyphosphate
(TPP). Bovine serum albumin (BSA) was applied as a model drug. The size and morphology of the nanoparticles were investigated
as a function of the preparation conditions. The particles were spherical in shape and had a smooth surface. The size range of the
nanoparticles was between 100 and 400 nm. Result of the in vitro studies showed that the WSC nanoparticles enhance and prolong
the intestinal absorption of BSA. These results also indicated that WSC nanoparticles were a potential protein delivery system.

1. Introduction

Peptides and proteins have become the drugs of choice
for the treatment of numerous diseases as a result of their
incredible selectivity and their ability to provide effective and
potent action [1]. In general, they cause fewer side effects
and have great potential to cure diseases, rather than merely
treat their symptoms. The successful delivery of these protein
drugs has been an ongoing topic in the pharmaceutical
research for many years. Among various delivery methods,
the oral delivery is the most convenient and desired way of
drug delivery, especially when repeated or routine admin-
istration is concerned [2]. However, protein and peptide
drugs are poorly absorbed after oral administration because
of their susceptibility to enzymatic degradation and their
low permeability across the intestinal epithelium. Various
approaches have been proposed to overcome barriers and
to attain better oral bioavailability, including the use of sur-
factants, permeation enhancers, protease inhibitors, enteric
coatings, and carrier systems [3, 4]. Amongst these, the use of
colloidal polymeric particulate delivery systems, particularly
mucoadhesive nanoparticles, represents a promising concept
[5, 6].

Nanoparticles have received much attention for the
delivery of macromolecular drugs, such as peptides, proteins,
and genes, due to their ability to protect protein and
peptides from degradation in the gastrointestinal track by
proteolytic enzymes [7–9]. Nanoparticles possess marked
mucoadhesion properties that have been related to the
combination of the particle size and the particle superficial
charge. Furthermore nanoparticles have been referred to as
capable of being absorbed into mucosal tissue.

Chitosan received attention as a material for nanoparti-
cles for the decade [10]. Chitosan is a well-known natural
cationic polyelectrolyte. It is a partially deacetylated form
of chitin, which is a structural polysaccharide found in
crustacea, insects, and some fungi, and it has attracted
interest as a biocompatible, biodegradable, mucoadhesive,
and nontoxic material for use in biomedical applications
[11–14]. In addition, chitosan has a special feature of
adhering to the mucosal surface and transiently opening the
tight junction between epithelial cells [15]. Thus, chitosan
nanoparticles are potential delivery system for hydrophilic
drugs due to its outstanding physicochemical and biological
properties.
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Despite of its superiority as a biomaterial, chitosan is not
fully soluble in water and then soluble in acidic solution.
Aqueous solubility of chitosan only in acidic solution because
of its rigid crystalline structure and the deacetylation which
limits its application to bioactive agents such as gene
delivery carriers, peptide carriers, and drug carriers. Water-
soluble chitosan is easily soluble in neutral aqueous solution.
Its advantage is ease of modification, useful as gene or
peptide drug carriers. Therefore, water-soluble chitosan and
functional property have been developing for pharmaceutical
and new drug candidate.

Therefore, the major goal of the present study is to create
a kind of new biodegradable nanoparticle as protein delivery
system. The nanoparticles have been characterized in terms
of size, polydispersity index, and association efficiency. Also
in vitro release was investigated to determine the efficacy of
this system and the effective factors on absorption via this
system.

2. Materials and Methods

2.1. Material. WSC (degree of deacetylation 87%, molecular
weight 21 kDa) was made from a shrimp shell and obtained
from Shandong Aokang Biotech Ltd. (Shandong, China).
BSA with Mw 68 kDa and Coomassie brilliant blue G250
were purchased from Sigma Chemical Co. (USA). All other
reagents and solvents were of analytical grade.

2.2. Preparation of Chitosan Nanoparticles and BSA-Loaded
Nanoparticles. WSC–BSA nanoparticles were prepared by
methods adapted from that reported by Calvo et al. [16].
Briefly, WSC was dissolved in aqueous solution at different
concentration. Then, tripolyphosphate (TPP) was dissolved
in distilled water at 1.0 mg/mL. Nanoparticles were spon-
taneously obtained upon the addition of 1 mL (1 mg/mL,
w/v) of a TPP aqueous basic solution to 5 mL of the
chitosan aqueous solution (1 mg/mL, w/v) under magnetic
stirring at room temperature. BSA-loaded nanoparticles
were formed by the addition of 1 mL BSA solution to
chitosan solution prior to the incorporation of TPP solu-
tion. The detailed formation conditions were shown in
the corresponding figures. The factors tested included BSA
initial concentration (0.1, 0.2, 0.5, 1.0 mg/mL) and chitosan
concentration (0.5, 1.0, 1.5, 2.0, 3.0 mg/mL). When we
evaluated one factor, we only altered its own parameters
and kept the parameters of other factors constant. With-
out specific depiction, the parameters of chitosan were
as follows: concentration 1.0 mg/mL, DD 96%, and Mw
210 kDa; initial concentration of BSA was 0.5 mg/mL; TPP
concentration was 1.0 mg/mL. The nanoparticles are char-
acterized immediately. All experiments were performed in
triplicates.

2.3. Characterization of Nanoparticles. The particle size and
size distributions of the nanoparticles were performed by
particle sizer (Zetasizer 3000 HAS, Malvern Instruments
Ltd., Worcs, UK). Chitosan nanoparticles separated from

suspension were dried by a freeze dryer; their FTIRs (Shi-
madzu, FT-IR 8700, Japan) were taken with KBr pellets on
Perkin-Elmer Spectrum one FTIR.

2.4. Determination of BSA Encapsulation Efficiency of
Nanoparticles. To determine the encapsulation efficiency
and loading capacity, nanoparticles with the different for-
mation were centrifuged at 15, 000 × r and 4◦C for 30
minutes, and the amount of free BSA was determined in
clear supernatant by UV spectrophotometry (ShimadzuUV-
1601, Shimadzu Co. Ltd., Japan) at 595 nm using super-
natant of nonloaded nanoparticles as basic correction. BSA
encapsulation efficiency (AE) and loading capacity (LC) were
calculated according to (1) indicated below:

AE = Total amount BSA− Free amount BSA
Total amount BSA

,

LC = Total amount BSA− Free amount BSA
Nanoparticles weight

.

(1)

2.5. In Vitro Release Study. BSA release from chitosan
nanoparticles was determined as follows. A known amount
of freeze-dried nanoparticles was transferred to a 25 mL tube
and 10 mL of the respective dissolution buffer was added
to the tube. The temperature and rotation were adjusted
to 37◦C and 90 rpm, respectively. At predetermined time
of 0.5, 2, 4, 6, 8, 10, 12, and 24 hour 5 mL of sample
was removed and ultracentrifuged at 15, 000 × r for 30
minutes, and 5 mL of the supernatant were replaced by
fresh medium. The samples were further analyzed using
UV.

3. Results and Discussion

3.1. Physicochemical Characterizations of Nanoparticles. The
structure of BSA-loaded lyophilized nanoparticles was exam-
ined by TEM (Tokyo, Japan). They showed that the
particles have a uniform spherical shape and smooth
surface (Figure 1(b)), and they are about 150 nm in size
(Figure 1(a)). FTIR spectra of WSC nanoparticles and WSC
matrix are shown in Figure 2. A band at 3420/cm has been
previously attributed to –NH2 and –OH group stretching
vibration in WSC matrix [17]. In WSC nanoparticles a shift
from 3420 to 3430/cm is shown, and the peak of 3430/cm
becomes wider; this indicates that hydrogen bonding is
enhanced. In nanoparticles a new sharp peak 1638/cm
appears, and the 1630/cm peak of –NH2 bending vibration
shifts to 1645/cm. Knaul observed the similar result in the
study of chitosan film treated with phosphate (NaH2PO4)
and attributed it to the linkage between phosphoric and
ammonium ion [18]. So we suppose that the tripolyphos-
phoric groups of TPP are linked with ammonium group of
WSC; the inter- and intramolecular action are enhanced in
chitosan nanoparticles.
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Figure 1: (a) Particle size distribution of WSC nanoparticles. (b)
TEM image of WSC nanoparticles.

3425

1640
1635

1075

860 530

535

780

890
108016381645

1630 1490
980

6251240
15801650

BSA

WSC

WSC
nanoparticles

BSA
nanoparticles

3430

3420

3350

5001000150020002500300035004000

T
(%

)

Figure 2: FTIR of BSA nanoparticles, WSC nanoparticles, WSC and
BSA.

3.2. Encapsulation Efficiency

3.2.1. Effect of BSA Concentration. In most nanoparticle
delivery systems, the drug carrying capacity is defined as an
encapsulation efficiency. In the present study, BSA was car-
ried on the nanoparticles via the ionic interaction. In water,
the long hydrophilic chains extended to the water, and some
BSA might be encapsulated among the positive hydrophilic
chains, which indicated that the BSA was not only on the
surface of the nanoparticles but also was distributed in the
outer hydrophilic area. So, the BSA carrying capacity of the
nanoparticles could be termed as encapsulation efficiency. In
this study, BSA encapsulation efficiency from 40% to 95%
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Figure 3: The influence of BSA initial concentration on encapsula-
tion efficiency (WSC 1 mg/mL, TPP 1 mg/mL, n = 5).
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Figure 4: The influence of BSA initial concentration on loading
capacity (WSC 1 mg/mL, TPP 1 mg/mL, n = 5).

was significantly affected by the initial BSA concentration
in Figure 3; the lower the concentration, the higher the
encapsulation efficiency. However, the protein loading was
enhanced dramatically from 5% to 30% by increasing the
initial BSA concentration from 0.1 to 2 mg/mL in Figure 4.

3.2.2. Effect of Chitosan Concentration. When TPP concen-
tration was 1 mg/mL, decreasing chitosan concentration
down to 0.5 mg/mL, aggregates with large diameter were
formed; increasing chitosan concentration up to 4 mg/mL
made encapsulation extremely difficult. Formation of
nanoparticles is only possible for some specific concentra-
tion of chitosan and TPP. As for gelation between TPP
solution of 1 mg/mL and chitosan solution of 1–3 mg/mL,
we usually observed that some opalescent suspension was
formed, which was examined as nanoparticles. Adding TPP
solution of 1 mg/mL to chitosan solution of 4 mg/mL,
firstly we observed some opalescent suspension and then
disappeared immediately, and the nanoparticles formation
was extremely difficult. Figure 5 shows that increasing the
chitosan concentration decreased encapsulation efficiency of
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Figure 5: The influence of chitosan concentration on BSA encap-
sulation efficiency (BSA 0.5 mg/mL, TPP 1 mg/mL, n = 5).
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Figure 6: The influence of TPP concentration on BSA encapsula-
tion efficiency (WSC 1 mg/mL, BSA 0.5 mg/mL, n = 5).

BSA. Vandenberg stated that the highly viscous nature of the
gelation medium hinders encapsulation of BSA in the study
of chitosan-alginate microspheres [19]. Relatively lower
adhesiveness of chitosan with lower concentration promotes
encapsulation of BSA and gelation between chitosan and
TPP.

3.2.3. Effect of TPP Concentration. Many studies have
reported that the quantity of TPP in a given formulation has
a significant effect on the protein encapsulation and char-
acteristic of NP [20, 21]. Therefore, the optimal amount of
TPP in formulation was investigated in detail. As concluded
in Figure 6 encapsulation efficiency of the nanoparticles was
affected by the TPP solution, with increasing amount ratio of
TPP to chitosan leading to a slight change of encapsulation
efficiency. When WSC concentration was 1 mg/mL, BSA
concentration was 0.5 mg/mL; decreasing TPP concentration
down to 0.5 mg/mL, aggregates with large diameter were
formed; increasing TPP concentration up to 2 mg/mL made
encapsulation extremely difficult.

On the basis of above result, TPP did not affect
the entrapment efficiency of BSA-chitosan nanoparticles
when nanoparticles were formed at optimal chitosan/BSA
mass of 1 : 0.5. Therefore, it is reasonable to assume
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Figure 7: BSA release (WSC 1 mg/mL, BSA 0.5 mg/mL, TPP
1 mg/mL).

that polymer/BSA charge ratio plays an important role in
nanoparticles formation.

3.3. In Vitro Release. The preliminary protein release test
from BSA nanoparticles in vitro proves that they have a
sustained release form as shown in Figure 7. Ionic strength
in release medium may affect significantly the release prop-
erties of BSA nanoparticles based on ionic gelation; so we
choose phosphate buffer (pH 7.4) as release medium which
simulates body fluid according to literatures [22]. The in
vitro protein release profiles obtained for each formulation
showed three phases compositions [23]:

(1) a first initial burst release of 30%, due to the drug
desorbed from the particles surface,

(2) a plateau for the following 8h, resulting from the only
diffusion of the drug dispersed in the polymermatrix,

(3) a constant sustained release of the drug, resulting
from the diffusion of the protein through the poly-
mer wall as well as its erosion.

4. Conclusion

In summary, novel ionic crosslinking nanoparticles com-
posed of WSC and TPP loaded with BSA were successfully
prepared. The size distribution was in the range of 200–
400 nm. The nanoparticles were spherical shape and smooth
surface. WSC nanoparticles showed higher protein encap-
sulation efficiency. In addition, the BSA release from the
nanoparticles was sustained release. Therefore, WSCs have
a potential carrier in a controlled drug delivery system for
protein drugs.
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