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In this study, a novel magnetic pH-sensitive N-succinyl chitosan/alginate hydrogel 
bead was prepared by the single factors test design for controlled the delivery of 5-
Fluorouracil (5-FU) and the bead was evaluated for pH sensitivity due to the drug 
release characteristics. The structure and surface morphology of the bead were 
characterized by FTIR, SEM, and VSM. The effects of six different factors influencing 
the swelling ability of the hydrogel bead were also investigated, such as the weight 
ratio of N-succinyl chitosan and alginate (X1), the weight ratio of drug to polymer 
(X2), CaCl2 concentration (X3) ,the volume ratio of N-succinyl chitosan/alginate to 
CaCl2 (X4), crosslinking time (X5), the weight ratio of Fe3O4 to polymer (X6). In 
addition, the delivery behavior of 5-FU from the hydrogel bead was studied. The 
amount of 5-FU released from the hydrogel bead at pH 1.5 was relatively low 
(47.93%), while this value approached 93.91% at pH 6.8. The results clearly 
suggested that the N-succinyl chitosan/alginate beads had pH-dependent swelling 
behaviors and a continuous release of 5-FU. From the magnetometer 
measurements data, the beads also had super paramagnetic property as well as fast 
magnetic response. So the magnetic pH-sensitive beads may be a potential 
polymeric carrier for drug delivery in the intestinal tract.
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INTRODUCTION
5-FU is widely used in the treatment of many
cancers including gastrointestinal carcinoma. But 
its half-life in plasma is short (15-20 min), 
continuous intravenous administration is needed 
to maintain the efficient concentration in
plasma[1,2].However, the clinical dosage of 5-FU is 
very close to its toxic dosage when given 
intravenously administration, resulting in its 
strong toxicities to the gastric and intestinal
mucosa and the bone marrow [3,4].Many studies 
have shown that prolonged continuous steady-
state concentrations of 5-FU are superior to 
intermittent bolus injections in patients
receiving adjuvant therapy[5]. Oral site-specific 
rate-controlled 5-FU delivery is expected to 
reduce systemic side-effects, and also, to provide 
an effective and safe therapy for gastrointestinal
cancer with reduced dose and duration of 
therapy.

There are several potential advantages to oral 
administration, including patient’s convenience
and reduced costs associated with drug
preparation and administration. Although 
patients would prefer an oral agent rather than 
an intravenous one, 5-FU shows incomplete and 
unpredictable absorption due to its degradation 
in the gastrointestinal tract. We can design a 5-
FU carrier system to release 5-FU just in situ of 
the cancer area. This may overcome the problem 
of oral administration of 5-FU in clinical
applications [6, 7].

Local delivery of chemotherapeutic drugs is 
recognized as a potential method to deliver drug 
at the target site with minimal systemic exposure
[8]. Because chemotherapeutic drugs in systemic 
administration can result in severe toxicity, the 
local delivery of these drugs in pathological 
tissue may create a great opportunity to improve 
both safety and efficacy of cancer chemotherapy. 
This is especially true in the case of inoperable
peritoneal carcinomatosis, which often causes 
the accumulation of malignant ascites [9]. To 
avoid the systemic toxicity associated with
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chemotherapeutic drugs and maintain their 
therapeutic concentrations in local region of 
tumors, one of the possible ways is incorporating 
these drugs into polymer carriers. Thus, a 
qualified delivery device is crucial for successful
local chemotherapy.

Hydrogels can absorb and retain large amounts 
of aqueous fluids, and the absorbed water is 
hardly removable even under some pressure. 
Due to excellent properties compared with 
traditional water absorbing materials, hydrogels
have drawn much attention in a wide variety of 
fields such as drug delivery system, wound 
dressings, gel actuators, artificial organs,medical 
pharmaceuticals and contact lenses [10–12]. pH-
sensitive hydrogels have attracted increasing 
attention due to their unique properties.
Swelling of such hydrogels in the stomach is
minimal and thus the drug release is also
minimal. Due to increase in pH, the swelling
degree increases as the hydrogels pass down the
intestinal tract.

A variety of synthetic or natural polymers with
acidic or basic pendant groups have been
employed to fabricate pH-sensitive hydrogels for 
getting the desired controlled release of drugs. 
The use of natural polymers in the design of pH 
sensitive hydrogels has received much attention
because of their excellent biocompatibility and 
biodegradability. Among them, alginate, chitosan 
and its derivates are promising. They have
excellent characteristics, such as 
biodegradability, biocompatibility, mild 
undesirable host reactions, enough tensility and 
three- dimensional and directional porous
structures. Alginate can be ionically cross linked 
by the addition of divalent cations in aqueous 
solution. Theoretically, alginate shrinks at low 
pH and the encapsulated drugs cannot be 
released [13]. It was reported that the drugs can 
be retained in the calcium- crosslinked alginate
encapsulation process [14]. Chitosan and its 
derivates have also been investigated as 
polymeric drug carriers for the optimization of 
drug delivery in the pharmaceutical field because 
of their biocompatibility and biodegradability. N-
succinyl chitosan has unique characteristics such 
as biocompatibility, low toxicity and long-term
retention in the body. So N-succinyl chitosan is 
valuable as a drug carrier to prepare its 
conjugates with many kinds of agents because of
having -NH2 and -COOH groups [15].In recent 
years, water-soluble derivatives of chitosan were
used to blend with alginate to prepare Ca2+-
crosslinked hydrogel beads which generally have

pH- sensitive and ionic-sensitive swelling and 
drug release properties [16–18]. So N-succinyl
chitosan and alginate can be used in site-specific 
or controlled-release drug delivery systems. 

Magnetically targeted beads can be used as drug 
carriers to provide targeted delivery and 
sustained release of chemotherapeutic agents to 
improve bioavailability. Drugs based on carriers 
of core-shell magnetic beads can be easily guided 
to arrive at the interest position in the body by 
means of physical force from magnetic field.
Meanwhile, the outer shell (polymer layer) of the 
drug can effectively slow down the rate of 
release. Therefore, drug delivery system using 
polymer-coated magnetic beads is considered as 
an effective strategy for passive targeting, which
can increase drug circulation and reduce pain in 
patients [19]. In this regard, super paramagnetic
magnetite (Fe3O4) beads exhibiting higher 
magnetization and good biocompatibility have 
found increasing and very promising 
applications in the biomedical field, such as
immobilization of enzymes[20], separation of
biomolecules[21], magnetic resonance imaging 
(MRI) contrast enhancement[22], and, 
particularly, drug delivery[23].

In this study, novel N-succinyl chitosan/alginate 
hydrogel beads were prepared by dropping 
aqueous solution containing N-succinyl chitosan
and alginate into a Ca2+ solution. Then, the beads
were used as a pH-sensitive controlled release
system for the delivery of 5-FU. The process is 
mild and simple. Factors influencing swelling
characteristics of the hydrogels were 
investigated. Additionally, release properties of 
5-FU from the hydrogel beads were studied in
simulated gastric and intestinal fluid.

MATERIALS AND METHODS
Materials
N-succinyl chitosan (molecular weight is 3×105, 
degree of deacetylation is 67%) was supplied by
Lanzhou Institute of Chemical Physics, Chinese 
Academy of Sciences (Lanzhou, China). Sodium
alginate (viscosity≥0.02 Pa·S in 1% aqueous 
solution at 20℃) was purchased from Shanghai
Chemical Reagent Co., Ltd (Shanghai, China).
Fe3O4 (average size is 20 nm) was purchased 
from Nanjing Emperor Nano Material Co., Ltd
(Nanjing, China). Polyethylene glycol (PEG) 4000 
was purchased from Tianjin Tiancheng
pharmaceutical Co., Ltd (Tianjin, China). 5-
Fluorouracil (5-FU) was purchased from 
Nantong Haiers Pharmaceutical Co., Ltd
(Nantong, China). CaCl2·2H2O were purchased
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from Tianjin Tanggu denzhong Chemical Factory
(Tianjin, China). All other reagents were 
analytical grade and used directly without any 
purification. Deionized water was used for all the 
experiments.

Single factor design experiments                                                                                                                                                                                                             
N-succinyl chitosan/alginate hydrogel beads 
were prepared based on the single factor design.
The independent variables are the weight ratio 
of N-succinyl chitosan and alginate (X1), the 
weight ratio of drug to polymer (X2), CaCl2

concentration (X3), the volume ratio of N-
succinyl chitosan/alginate to CaCl2 (X4), 
crosslinking time (X5), the weight ratio of Fe3O4

to polymer (X6). On the other hand, 
encapsulation efficiency and loading efficiency 
are the response parameters as the dependent 
variable.

Preparation of magnetic N-Succinyl 
Chitosan/Alginate hydrogel beads
PEG aqueous solution (5%, w/v) was prepared 
by expanding 2.5g of PEG in 50 mL of deionized 
water. A stock solution of Fe3O4 (10%, w/v) were 
prepared though adding 5g of Fe3O4 into 50mL 
PEG aqueous solution (5%, w/v) and was 
sonicated for 2 hours before the subsequent 
experiments.

A series of N-succinyl chitosan/alginate beads 
with different composition were prepared as 
shown in Table 1. The beads were prepared 
according to the following steps: 0.15g of N-
succinyl chitosan and 0.15g sodium alginate was 
dissolved in 10 mL of deionized water. 0.52mL
stock solution of Fe3O4 (10%, w/v) were mixed 
adequately and sonicated for 2 hours. Then the 
suspension was introduced into a 5mL syringe 
and then extruded through a needle with an 
internal diameter of 0.7mm into a 30mL of 
solution containing 2.5% (w/v) CaCl2 at a 
dropping rate of 1.2 mL·min-1. The beads were 
allowed to crosslink with Ca2+ in solution for 30 
min with gentle stirring, the speed has been 
chosen to avoid the sedimentation. The distance 
between the edge of the needle and the surface of 
the solution was 5 cm. The calcium-crosslinked 
beads were rinsed with distilled water for
several times to remove unreacted calcium 
chloride on surface and subsequently dried in air 
overnight at room temperature.

Preparation of 5-FU-loaded magnetic N-
Succinyl Chitosan/Alginate hydrogel beads
0.10g of 5-FU was dispersed in 10ml solution 
containing N-succinyl chitosan and sodium 
alginate (1.5%, w/v), which under stirring until a 
uniform suspension was obtained. The other 
processes were the same as the preparation of 
magnetic N-succinyl chitosan/alginate blank 
beads (not adding 5-Fu).

Scanning electron microscopy
Micrographs of the samples were taken using a 
scanning electron microscope (SEM) (JEOL, JSM-
6380LV, Akishima, Tokyo, Japan). Before the 
observation, all samples were mounted on 
aluminum stubs, using double-sided adhesive 
tape, and then beads samples were coated with
gold, and scanned at an accelerating voltage of 15 
kV.

Fourier transform infrared spectroscopy
Individual beads were crushed with pestle in an 
agate mortar and the crushed material was 
mixed with potassium bromide in 1:100 
proportions. The mixture was compressed to a 1 
mm semitransparent disk by applying a pressure 
of 20 MPa (FW-4A pelleter) for 5 minutes. The 
Fourier transform infrared (FTIR) spectra over 
the wavelength range 4000-400 cm−1 were
recorded using an FTIR spectrometer (Thermo 
Nicolet Nexus, TM, Madison, WI, USA).

Swelling studies
Swelling characteristics of the beads were 
determined by immersing dried test beads in two 
aqueous media: simulated gastric fluid (SGF, pH 
1.5) and phosphate buffer solutions (pH 6.8) 
prepared according to the Chinese 
Pharmacopoeia 2010 at 37℃. Accurately
weighed amounts of beads (ranging from 100 to 
110 mg) were immersed in 30 mL media solution 
and the beads were removed from the swelling 
medium at specific time intervals. They were 
blotted with filter paper to absorb water on the 
surface and then weighed using electronic 
microbalance (Model NE2155; Genius, 
Goettingen, Germany) immediately. Swelling 
ratio (SR) of the sample was calculated according 
to the following expression [24]:

SR = (W－W0)／W0            (1)

Where W is the weight of the swollen beads and 
W0 is the initial weight of the beads.
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Table 1.Formulation of the Magnetic pH-sensitive N-Succinyl Chitosan/Alginate Beads Utilizing Single 
Factor Design

Formulation X1   X2     X3     X4    X5    X6    Encapsulation Efficiency Loading Efficiency     
          [%,w/v]  [w/w]  [%,w/v]  [v/v]  [min]  [w/w] [%]  [%]
A1        1.5:1.5   2:3     2.5     1:3    30    1:3      20.90        5.17
A2        2.0:2.0   2:3     2.5     1:3    30     1:3      26.20         7.23
A3        2.5:2.5   2:3     2.5     1:3    30    1:3 29.28         8.01
A4        3.0:3.0   2:3     2.5     1:3    30     1:3      28.73         9.11
A5        2.0:2.5   2:3     2.5     1:3    30     1:3      30.33         8.87
A6        2.5:2.0   2:3     2.5     1:3    30     1:3      23.90         5.88
A7        2.0:1.5   2:3     2.5     1:3    30     1:3      24.42         5.15 
A8        1.5:2.0   2:3     2.5     1:3    30     1:3      27.36         7.55
B1        1.5:2.0   1:1     2.5     1:3    30     1:3      23.78        10.20
B2        1.5:2.0   4:3     2.5     1:3    30     1:3      27.01        14.49
B3        1.5:2.0   4:5     2.5     1:3    30     1:3      29.16        10.77
C1        1.5:2.0   4:5     1.5     1:3    30     1:3      25.01         9.92
C2        1.5:2.0   4:5     3.5     1:3    30     1:3      31.61         9.63
C3        1.5:2.0   4:5     5.0     1:3    30     1:3      22.22         6.29
C4        1.5:2.0   4:5     7.0     1:3    30     1:3      25.03         5.64
C5        1.5:2.0   4:5    9.0     1:3    30     1:3      26.60         5.51
D1        1.5:2.0     4:5     3.5     1:1.5   30    1:3      38.20         11.63
D2        1.5:2.0   4:5     3.5     1:2    30     1:3      40.34        11.44
D3        1.5:2.0   4:5     3.5     1:2.5   30    1:3      41.79         12.79
D4        1.5:2.0  4:5     3.5     1:3.5   30    1:3      29.17          9.10
D5        1.5:2.0   4:5     3.5     1:4    30     1:3      32.80         8.49
E1        1.5:2.0   4:5     3.5     1:3    20     1:3      25.26         7.45
E2        1.5:2.0   4:5     3.5     1:3    40     1:3      20.23         6.42
E3        1.5:2.0   4:5     3.5     1:3    50     1:3      26.34         7.63
E4        1.5:2.0   4:5     3.5     1:3    60     1:3      29.58         9.15
F1        1.5:2.0   4:5     3.5     1:3    30     1:2      25.71         6.73
F2        1.5:2.0   4:5     3.5     1:3    30     1:4      19.93         5.87
F3        1.5:2.0   4:5     3.5     1:3    30     1:5      23.11         7.43
The weight ratio of N-succinyl chitosan to alginate (X1), the weight ratio of drug to polymer (X2), CaCl2 concentration (X3),               
the volume ratio of N-succinyl chitosan/ alginate to CaCl2 (X4), crosslinking time (X5), the weight ratio of Fe3O4 to polymer (X6).

Determination of encapsulation efficiency 
and loading efficiency
The 5-FU loaded beads (100 mg) were incubated 
in 50 ml phosphate buffer (pH 6.8) at room 
temperature for 24h. Then the phosphate buffer 
was filtrated, the filtrate was assayed by a UV 
spectrophotometer at 265 nm (UV-2401PC, 
Shimadzu, Japan). All the experiments were 
carried out in triplicate. Encapsulation efficiency 
is the percentage of 5-FU contained within the 
bead in relation to the initial feed amount. The
loading efficiency (%) is defined as the weight
percentage of loaded drug based on the feed
amount. All samples were analyzed in triplicate.

Encapsulation efficiency (%) =Wa / Wt×100%        (2)

Loading efficiency (%) =Wa / Wb×100%                   (3)

Where Wa is the actual 5-FU content, Wt is the
theoretical 5-FU content and Wb is the weight of 
the loaded drug beads.

Magnetic property
A vibrating sample magnetometer (VSM) (Lake 
Shore, 735 VSM, Model 7304, USA) was used at 
room temperature to characterize the magnetic 
properties of pure Fe3O4 nanoparticles and 5-FU 
loaded magnetic N-succinyl chitosan/alginate
beads.

In vitro drug release
The in vitro 5-FU release properties from the 
beads were determined as follows: 1.0-1.1g 5-
FU-loaded magnetic hydrogel beads were 
suspended in 500 mL solution and maintained at 
37±0.5℃ under 100 rpm. The solutions were
HCl solution (pH =1.5）and phosphate buffer 
solutions of various pH (2.5, 5.0, 6.8, 7.4, and 
8.0). At predetermined time intervals, 2mL 
solution was withdrawn and the dissolution 
medium was supplied with 2mL fresh buffer 
solution to maintain the total volume. The drug
release percent was determined as follows: the 
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sample was transferred into a 10mL volumetric 
flask, added deionized water to scale, and 
assayed spectrophotometrically at 265 nm (UV-
2401PC, Shimadzu, Japan). The drug release 
percent was determined using equation (4). All 
samples were analyzed in triplicate.

Drug release (%) = Rt / L×100%,                           (4)

Where L and Rt represent the initial amount of 
drug loaded and cumulative amount of drug 
released at time t.

Release kinetics
The mathematical models Korsmeyer-Peppas 
equation Mt/M∞ = ktn or log (Mt/M∞) = logk + 
nlogMt/M∞ were fitted to individual dissolution 
data with linear regression by SPSS 11.0 for 
Windows [25, 26]. The drug release mechanisms of 
hydrogel beads were described by a semi
empirical equation.

Statistical analysis
Statistical analysis for the determination of 
differences in the swelling characteristics within 
groups was accomplished using one-way analysis 
of variance, performed with a statistical program 
(SPSS 11.0 for Windows). For all statistical 
calculations, the level of significance was set at 
0.05.

RESULTS AND DISCUSSION
Morphology of the beads
Morphological study of N-succinyl 
chitosan/alginate beads was investigated in this 
section. It can be seen in Figure 1 (a, b), the 
shape of 5-FU loaded N-succinyl chitosan
/alginate beads in the wet state was spherical 
and the surface was smooth, the diameter was 
about 2.0-3.0 mm. The color of the test beads 
appeared pitchy because of the presence of 
magnetite nanoparticles and the beads can be 
easily removed from the aqueous solution with a
magnetic field (N-succinyl chitosan: alginate, 
1.5%:2.0%). After drying in air, the test beads 
usually retained their spherical shape but 
showed a rather rough surface with large 
wrinkles. The diameter was found to be 1.0 mm
approximately (Figure 1b).

The test beads had a spherical surface at a lower 
total composition of N-succinyl chitosan and 
alginate (1.5%:1.5%, 2.0%:2.0%, 1.5%:2.0% and
2.0%:1.5%). With the content of N-succinyl 
chitosan and alginate increased (2.5%:2.5%, 
3.0%:3.0%, 2.0%:2.5% and 2.5%:2.0%), the 
shape of beads was irregular and it looks like 

tadpole having a tail. Therefore, the ratio of N-
succinyl chitosan and alginate would influence
the shape of the beads. The SEM pictures of 
beads were illustrated in Figure 1 (c, d). As can 
be seen, the surface morphology was regular. 
Detailed examination of the surface structure 
revealed cracks and wrinkles caused by partly 
collapsing the polymer network during 
dehydration24. 

FTIR spectroscopy
FTIR spectra of Fe3O4, N-succinyl 
chitosan,sodium alginate,magnetic N-succinyl 
chitosan/ alginate blank beads, 5-FU,magnetic N-
succinyl chitosan/alginate beads containing 5-FU
are shown in Figure 2. The FTIR spectrum of N-
succinyl chitosan showed stretching vibration of-
OH and -NH2 at 3424 cm-1, the weak band of-CH2 

stretching at 2924 cm-1, the C = O stretching of 
amide I band at 1653 cm-1, and the amide II band 
at 1571cm-1[27]. The peak at 1423 cm-1 belongs to 
-COOH symmetric stretching vibration, the peaks 
observed at 1069 and 1030 cm-1 were the 
secondary hydroxyl group (characteristic peak of 
-CH-OH in cyclic alcohols, C-O stretching) and the 
primary hydroxyl group (characteristic peak of -
CH2-OH in primary alcohols, C–O stretching) [13].
Sodium alginate showed the following distinct 
peaks: (1) strong absorption bands at 1633 and 
1424 cm-1 due to carboxyl anions (asymmetric 
and symmetric stretching vibrations); (2) the 
bridge oxygen (C-O-C, cyclic ether) stretching 
bands at 1032 cm-1.For the magnetic N-succinyl 
chitosan/alginate blank beads, the peaks 
observed at 1638, 1432, 1076, and 861 cm-1 were 
the characteristic absorption band of N-succinyl 
chitosan and alginate; the absorption band at 
1571 cm-1 of N-succinyl chitosan shifts to 1638
cm-1 after the reaction with sodium alginate, the 
stretching vibration of-OH and -NH2 at 3424 cm-1

shifts to 3434 cm-1 and comes broad, indicating 
that the polyelectrolyte complexes are formed 
and enhanced between N-succinyl chitosan and 
sodium alginate. The characteristic absorption 
peak of magnetite Fe3O4 appears at around 557 
cm-1.

The FTIR spectra of 5-FU showed the 
characteristic absorption peak at 3135 cm-1 

(stretching vibration), C=O and C=C stretching 
vibration at 1659 cm-1, C-N stretching vibration 
at 1247cm-1. CF=CH showed the following 
distinct peaks: C-H in-plane bending vibration at 
1428cm-1, C-H out-of-plane bending vibration at 
880cm-1, C-H out-of-plane deformation vibration 
at 813cm-1 and 751cm-1.
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Figure 1:  Photographs of magnetic pH-sensitive N-succinyl chitosan/alginate beads: wet beads (a); 
dried beads (b).SEM micrographs of the surface morphology of magnetic N-succinyl chitosan/alginate 
hydrogel beads: magnification(c×65), (d×3000).

The peaks at 3136, 1662, 1430, 
881,815,753,1248 cm−1 were observed in the 
FTIR spectra of magnetic N-succinyl 
chitosan/alginate beads containing 5-FU as well, 
which indicated that the chemical stability of 5-
FU was physically filled in the polymeric 
network.

Swelling characteristics of magnetic N-
Succinyl Chitosan/Alginate beads
The swelling ratio of magnetic N-succinyl 
chitosan /alginate beads at pH 1.5 was low and
had no distinct difference among all the factors 
investigated. So, the figures of the swelling ratio
of test beads at pH 1.5 were not shown.
Figure 3 shows the swelling characteristics of 
magnetic N-succinyl chitosan /alginate beads at 
various weight ratio of N-succinyl chitosan to 
alginate. At pH 6.8, the swelling ratio of test 
beads increased significantly.By increasing the
ratio of N-succinyl chitosan and alginate, the 
swelling ratio of the test beads decreased 
significantly, the test beads eroded becomed 

slowly. The high swelling degree may fail to 
retain drug at the lower end of the gastric pH 
range. By the weight ratio of N-succinyl chitosan
to alginate increasing, the shape of beads 
becomes irregular. The lower the weight ratio of 
N-succinyl chitosan to alginate, the lower the 
loading efficiency and the encapsulation 
efficiency. It was found that the test bead (N-
succinyl chitosan : alginate =1.5% : 2.0%) had a 
better swelling characteristic among all studied 
groups (0.64 at pH 1.5 and 27.48 at pH 6.8), more
spherical shape and drug release was lower at 
pH 1.5 than others beads.

Figure 4 shows the effect of the weight ratio of 
drug to polymer on the swelling characteristic. 
Obviously, the weight ratio of drug to polymer is 
another important factor influencing the swelling 
characteristic. As can be seen, the swelling ratio 
of test beads with weight ratio of drug to 
polymer of 1/1 and 4/3 was higher and the
beads eroded quickly. 
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Figure 2: The FTIR spectra of Fe3O4, sodium alginate, 
N-succinyl chitosan, magnetic pH-sensitive N-succinyl 
chitosan/alginate blank beads, 5-FU, and magnetic 
pH-sensitive N-succinyl chitosan/ alginate beads 
containing 5-FU.

Figure 3:  The influence of the weight ratio of N-
succinyl chitosan to alginate on the swelling 
characteristic from magnetic N-succinyl chitosan 
/alginate beads (the weight ratio of drug to 
polymer,2/3;CaCl2 concentration,2.5%; the volume 
ratio of N-succinyl chitosan/alginate to CaCl2 ,1/3; 
crosslinking time,30min; the weight ratio of Fe3O4 to 
polymer,1/3).

Figure 4:  The influence of the weight ratio of drug 
to polymer on the swelling characteristic from 
magnetic N-succinyl chitosan/alginate beads(the 
weight ratio of N-succinyl chitosan to alginate, 
1.5/2.0;CaCl2 concentration,2.5%; the volume ratio of 
N-succinyl chitosan/alginate to CaCl2 ,1/3; 
crosslinking time,30min; the weight ratio of Fe3O4 to 
polymer,1/3).

This phenomenon would result in a drug burst 
release at pH 6.8. So, the hydrogel beads could 
not become a potential polymer carrier for the
controlled release of drug at pH 6.8. It was found 
that the test bead (the weight ratio of drug to 
polymer,4/5) had a better swelling 
characteristic(2.73 at pH 1.5 and 39.42 at pH 6.8)
among all studied groups; the loading efficiency 
and the encapsulation efficiency was higher than 
others beads; drug release was lower at pH 1.5 
than others beads.

Figure 5: The influence of CaCl2 concentration on the 
swelling characteristic from magnetic N-succinyl 
chitosan/alginate beads(the weight ratio of N-succinyl 
chitosan to alginate,1.5/2.0; weight ratio of drug to 
polymer,4/5; the volume ratio of N-succinyl 
chitosan/alginate to CaCl2 , 1/3; crosslinking 
time,30min; the weight ratio of Fe3O4 to polymer,1/3).

Figure 5 shows the effect of CaCl2 concentration 
on the swelling characteristic. By increasing 
CaCl2 concentration, the swelling ratio of the test 
beads decreased significantly, the test beads
eroded becomed slowly. By increasing CaCl2

concentration, the loading efficiency and the 
encapsulation efficiency was decreased 
significantly. At pH 1.5, the drug released from 
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the beads prepared with different concentration 
of CaCl2 showed no distinct difference. It was
found that the test bead (CaCl2 concentration,
3.5%) had a higher loading efficiency and 
encapsulation efficiency among all studied 
groups.

Figure 6 shows the swelling characteristic of N-
succinyl chitosan/alginate beads prepared at 
various volume ratio of N-succinyl 
chitosan/alginate to CaCl2. By increasing the 
volume of CaCl2, the swelling ratio of the test 
beads decreased significantly, the test beads
eroded become slowly. But when the volume 
ratio of N-succinyl chitosan/alginate to CaCl2 was 
larger than 1/3, the swelling ratio of the test 
beads became larger again. It was found that the 
test bead (the volume ratio of N-succinyl 
chitosan/alginate to CaCl2, 1/3) had the lowest 
swelling ratio (1.12 at pH 1.5 and 30.84at pH 
6.8).

Figure 6: The influence of the volume ratio of N-
succinyl chitosan/alginate to CaCl2 on the swelling 
characteristic from magnetic N-succinyl 
chitosan/alginate beads(the weight ratio of N-succinyl 
chitosan to alginate,1.5/2.0; weight ratio of drug to 
polymer, 4/5; CaCl2 concentration ,3.5%; crosslinking 
time,30min; the weight ratio of Fe3O4 to polymer,1/3).

Figure 7 shows the effect of crosslinking time on 
swelling characteristics of the N-succinyl 
chitosan/alginate beads. The swelling ratio of all 
test groups had no distinct difference at pH 1.5 
and 6.8, respectively. The swelling ratio of the 
test group with a crosslinking time of 30 min was
lower than the other groups at pH 6.8 and had a 
higher loading efficiency and encapsulation 
efficiency among all studied groups.

Figure 8 shows the effect of the weight ratio of 
Fe3O4 to polymer on the swelling characteristic. 
As shown, the swelling ratio of test beads with 
the weight ratio of Fe3O4 to polymer of 1:3 was 
lower than the other groups at pH 6.8 and 1.5. It 
was found that the test bead (the weight ratio of 

Fe3O4 to polymer, 1/3) had a higher loading 
efficiency and encapsulation efficiency among all 
studied groups, and the release of 5-FU was least 
at pH 1.5 than the other groups. 

Figure 7: The influence of crosslinking time on the 
swelling characteristic from magnetic N-succinyl 
chitosan/alginate beads(the weight ratio of N-succinyl 
chitosan to alginate,1.5/2.0; weight ratio of drug to 
polymer,4/5; CaCl2 concentration ,3.5%; the volume 
ratio of N-succinyl chitosan/alginate to CaCl2,1/3; the 
weight ratio of Fe3O4 to polymer,1/3).

Figure 8: The influence of the weight ratio of Fe3O4

to polymer on the swelling characteristic from 
magnetic N-succinyl chitosan/alginate beads(the 
weight ratio of N-succinyl chitosan to alginate, 
1.5/2.0; weight ratio of drug to polymer,4/5; CaCl2 

concentration,3.5%; the volume ratio of N-succinyl 
chitosan/alginate to CaCl2,1/3; crosslinking 
time,30min).

Magnetic property
Figure 9 shows a magnetization curve of the N-
succinyl chitosan/alginate beads. The saturation 
magnetization (σs) of the magnetic N-succinyl 
chitosan/alginate beads was 5.64 emu/g, which 
comparing the reference value for the pure 
magnetite nanoparticles of σs was 58.57 emu/g.
Magnetic response property of the beads was 
determined by dispersing dried test beads in 
0.2% Tween-80 solution (w/v) adequately. A 
given magnetic field (MF) of about 3200 Oe was 
used to determine magnetic response time of the 
beads. When the weight ratio of magnetite
nanoparticles to polymer increased, response 
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time of the beads to magnetic field decreased 
quickly. After increasing weight ratio of 
magnetite nanoparticles to polymer from 1:3 to 
1:2, response time of the beads to MF was
decreased from 18 to 11 seconds. Therefore, the 
higher the weight ratio of magnetite 
nanoparticles to polymer, the shorter the 
response time and the better magnetic response 
property.

Figure 9: Magnetization curve of magnetic pH-
sensitive N-succinyl chitosan/alginate beads: 
(magnetic N-succinyl chitosan/alginate beads 
containing 5-FU), (pure Fe3O4).

The superparamagnetic property of polymer 
magnetic beads is critical for their application in 
biomedical and bioengineering fields, which can 
prevent polymer magnetic beads from 
aggregating and make them to redisperse rapidly 
when the MF is removed. As could be seen from 
Figure 9, the hysteresis loop showed 
superparamagnetic property, which indicated
the single-domain magnetic nanoparticles 
remained in these polymer nanoparticles.

In vitro release properties of 5-FU
Figure 10 shows the cumulative release curves of 
5-FU from N-succinyl chitosan/ alginate beads at 
various pH at 37±0.5°C as a function of time. It 
can be seen that the percentage released
increased with the pH of the medium. Within 1.5
hours, the amount of 5-FU released from the 
magnetic beads was 35.78% at pH 1.5, 39.35% at 
pH 2.5, 46.52% at pH 5.0, 61.03% at pH 6.8, 
60.91% at pH 7.4 and 61.56% at pH 8.0, This 
suggests that the drug release properties of 
magnetic N-succinyl chitosan/alginate beads are 
pH sensitive. Two factors are related to the 
noticeably higher release rate of 5-FU at pH 6.8
than at pH 1.5. The first factor is the dissociation 

of the polyelectrolyte complex and the breakage 
of hydrogen bond. The second factor is the 
swelling of the hydrogel increased considerably 
due to ionization of carboxylic groups in test 
beads at pH 6.8.

Figure 10: The cumulative release curves of 5-FU 
from magnetic pH-sensitive N-succinyl 
chitosan/alginate beads at various pH at 37±0.5°C.

Drug Release Kinetics
The Korsmeyer-Peppas equation (5) is often 
used to describe the drug release behavior from 
polymeric systems when the mechanism is not 
well known or when more than one type of 
release phenomena are involved. This equation
was used to explain the drug release mechanism
and to compare the release profiles; the drug 
released amount versus time was used.

Mt/M∞ = ktn   or log(Mt/M∞)= logk + nlogt,   (5)

Where Mt/M∞ is the fractional release of the drug
at time t, n is a diffusion exponent that can 
indicate the release mechanism, and k is a 
characteristic constant of the system. From the 
slope and intercept of the plot of log (Mt/M∞) 
versus log t, kinetic parameters n and k were 
calculated. For spheres, values of n between 0.43 
and 0.85 are an indication of both diffusion-
controlled drug release and swelling-controlled
drug release (anomalous transport). Values 
above 0.85 indicate case-II transport that relate 
to polymer relaxation during gel swelling. Values 
below 0.43 indicate that drug release from 
polymer was due to Fickian diffusion [25, 26]. 

5-FU release kinetics from N-succinyl 
chitosan/alginate beads at different pH was 
shown in Table 2. 5-FU release profile changes 
showed the drug undergoing immediate release 
within the first 1.5 hours. After 1.5 hours, the
remaining drug is released almost linearly. At pH 
5.0, the release was both diffusion and erosion
mechanisms, whereas drug release mechanism 
at other pHs was Fickian diffusion.
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Table 2: Estimated parameters and drug release 
mechanism of magnetic pH-sensitive N-succinyl 
chitosan/alginate beads at different pH

pH n k r Drug 
transport 
mechanism

1.5       0.3631     4.2727       0.8478     Fickian 
diffusion

2.0       0.2866     8.1677       0.9166     Fickian 
diffusion

5.0       0.5483     2.0701       0.9204     anomalous 
transport

6.8       0.3826     6.9103       0.9097     Fickian 
diffusion

7.4       0.4252     5.2638       0.8859     Fickian 
diffusion

8.0       0.4123     6.0007       0.8416     Fickian 
diffusion

CONCLUSION
Drug delivery system using polymer magnetic 
carriers is considered as an effective strategy for 
passive target. It can increase drug utilization 
and reduce the adverse reaction. Because the 
carriers are sensitive to physical stimuli (such as 
magnetic field and pH), the drug could be located 
to desire position. The magnetic pH-sensitive N-
succinyl chitosan/alginate beads are produced 
by simple ionic gelation. The preparation 
procedure was modified by various factors to 
control the swelling behavior of the beads. The 
results showed that the beads prepared at the 
weight ratio of N-succinyl chitosan to 
alginate(1.5/2.0), weight ratio of drug to
polymer (4/5),CaCl2 concentration(3.5%), the 
volume ratio of N-succinyl chitosan/alginate to
CaCl2(1/3), crosslinking time(30min), the weight 
ratio of Fe3O4 to polymer(1/3) demonstrated the 
best swelling characteristic and pH sensitivity.
The beads swelled slightly at pH 1.5 and the drug
released is 47.93%, however, they swelled more 
at pH 6.8 and the drug released is 93.91%.In this 
study, N-succinyl chitosan/alginate beads 
containing magnetic nanoparticles and 5-FU
were prepared to obtain magnetic pH-sensitive 
hydrogel. The results showed the beads possess 
pH sensitivity in swelling ratio and 
superparamagnetic property as well as fast
magnetic response, which indicated the potential
applications of these beads as a magnetic 
targeting system in the gastrointestinal tract.
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