Journal of the Korean Chemical Society
2013, Vol. 57, No. 1
Printed in the Republic of Korea
http://dx.doi.org/10.5012/jkcs.2013.57.1.88

Preparation and In Vitro Release of Ramose Chitosan-Based-5-Fluorouracil
Microspheres
He-ping Li*, Hui Li, Zhou-dong Wang, Juan-juan Zhang, Man-feng Deng, and San-long Chen
School of Chemistry and Biologic Engineering, Changsha University of Science and Technology,
Changsha 410004, China. *E-mail: lihp@csust.edu.cn
(Received October 2, 2012; Accepted November 30, 2012)

ABSTRACT. In order to construct a controlled release system of drugs and to reduce toxic side effects of 5-fluorouracil, the
novel ramose chitosan-based-5-fluorouracil microspheres (CS-FU-MS) were prepared. Firstly, using chitosan (CS) as carriers
and 5-fluorouracil (5-FU) as a model drug, ramose chitosan-based-5-fluorouracil (CS-FU) was efciently synthesized by chemical crosslinking method through microwave irradiation, drug loading was 10.6%; Secondly, CS-FU-MS were prepared by
CS-FU self-assembled under the dialysis conditions and the free 5-FU was encapsulated further at the same time. The size dispersivity of particles is uniform, and the average diameter of the CS-FU-MS was 4 µm. The drug encapsulation efficiency was
76.1%, and the drug loading was increased to 26.22%. CS-FU-MS maintain the zero-order release time in PBS (pH = 7.4) and
HCl/KCl (pH = 1.2) dialysis medium was 40h and 34h respectively, and the cumulative release were 58.89% and 79.33% in
182 h. The results showed that CS-FU-MS have excellent sustained release properties.
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INTRODUCTION

releasing rate. The embedding system has the disadvantages of weaker mechanical strength of controlled-release
capsule or membrane that its rupture would lead to unsatisfactory release. In order to avoid the defects of simplex
method, chitosan-based-5-fluorouracil (CS-FU) was synthesized firstly, 5-FU could evenly distribution in the carrier interior through chemical binding, and with the slow
degradation of the relevant chemical bonds, the drugs can
be slowly released. Then, chitosan-based-5-fluorouracial
microspheres (CS-FU-MS) were prepared by using CSFU as capsules for encapsulating free 5-FU, more 5-FU was
loaded in the mocrospheres, and the drug loading was
enlarged. CS-FU-MS are the combination of both chemical linking and microspheres embedding, which makes
the system has more ideal properties.

5-fluorouracil (5-FU) has been used as a kind of potent
antitumor drug in clinical practice since the late 1950s.1
Unfortunately, 5-FU exhibited serious toxicity and aroused
many side effects, such as begetting bone marrow depression, nausea, leucopenia, thrombocytopenia, or even heart
toxicosis symptom.2 In addition, it has a short plasma halflife period of 10−20 min in vivo, low bioavailability,3 and
should be administrated duratively by intravenous injection in clinical application. In order to prolong its half-life
period and then reinforce antitumor curative effects as
well as mitigate the side effects, a lot of 5-FU derivatives
were synthesized by chemical modification.4 These derivates are able to overcome the over-mentioned shortcomings. However, their release processes still cannot be
controlled. Therefore, using organic polymer as drug carrier is an important research field in recent years.5
Chitosan (CS) has been widely used in drug carriers for
its biodegradability, biocompatibility and nontoxic properties.6 It can also induce the production of interferon and
tumor necrosis factor, improve immunity and tumor cells
apoptosis through activating immune cells in vivo.7 Consequently, CS plays the role of adjuvant therapy. Usually,
drugs are loaded to chitosan by either chemical linking or
microspheres embedding.8 The chemical linking system has
the shortcomings of lower drug loading and too slower

EXPERIMENTAL
Materials and Instruments
CS was purchased from Zhejiang Yuhuan Ocean Biochemistry Co, Ltd.(Zhejiang, China), underwent further
deacetylation through microwave irradiation in our laboratory so as to gain a deacetylation degree of 98.87% as
determined by acid-base titration and viscosity-average
molecular weight of 411 kDa (MW = 411 kDa). 3-Bromopropanoic acid, N-hydroxysuccinimide (NHS) and 1(3-(dimethylamino)-propyl)-3-ethylcarbodiimide hydro-88-
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chloride (EDC) were purchased from Sinopharm Chemical Reagent Co, Ltd. (Shanghai, China); 5-FU (99%) was
purchased from J&K Chemical Ltd. (Beijing, China); 1,3-bis
(hydroxymethyl)-5-fluorouracil (HMFU) was synthesized
by our lab; All other reagents were analytical grade and
used without further purification. The dialysis tubes (Mw
cut-off 8 kDa) were purchased from Ding States Biotechnology Limited Liability Company (Beijing, China).
Freeze Dryer (FD-1A type, Beijing Medical Kang Bo
Experimental Instrument Co, Ltd, Beijing, China); Microwave oven (H6318-type, Guangdong, China); Infrared spectrometer (Avatar FT/IR-360, Nicolet, the United States,
KBr tablet method); Laser particle size analyzer (winner
2000, Jinan Winner Instruments Co, Ltd.); Scanning electron microscope (JSM-6400F, Japan’s Hitachi Ltd.); UV-Vis
double beam spectrophotometer (TU-1901 type, Beijing
general analysis of GM).

Synthesis of N,N-dicarboxyethyl Chitosan (CECS)
The synthesis of CECS was according to the literature. 9
Briefly, CS (0.4 g, 2.3 mmol of free −NH2) and 3-bromopropanoic acid (5.3 g, 15 eq. –NH2) were dissolved in
distilled water (30 mL), moderate amount of NaHCO3 was
added to adjust pH value to 8.5. The solution was intermittently radiated by microwave (xed power of 550 W) at
60 ± 3 oC for 50 min, and NaHCO3 was added cautiously
to keep pH value at 8.5. After cooled to 0, the nal solution
was poured into anhydrous alcohol (40 mL) and then light
yellow precipitates were separated out. The precipitates
were dissolved in water (10 mL), acidied to pH 1−2 with
concentrated HCl, dialyzed against deionized water for 3
days, and freeze-dried to get CECS. IR(KBr): the strong
absorption peak was at 1715 cm−1 (C=O).
Synthesis of Chitosan-based-5-uorouracil (CS-FU)
The synthesis of CS-FU was according to the literature.9
Briefly, CECS (0.0500 g) was dissolved in distilled water
(2 mL) followed by adding EDC (0.3834 g, 2 mmol) and
NHS (0.0460 g, 0.4 mmol), and then the mixture was activated with ultrasonic for 1 h at 0, After that, HMFU (0.1000 g)
was added, and the mixture was stirred for 24 h at 25 oC.
The solution was dialyzed against deionized water in the
dialysis tube for 3 days and freeze-dried to get CS-FU. IR
(KBr): the strong absorption band was at 3081 cm−1 (the C-H
stretching connected with the C=C contained in 5-FU).
Preparation of Chitosan-based-5-fluorouracil Microspheres (CS-FU-MS)
CS-FU (20 mg) and moderate amount of 5-FU were dis2013, Vol. 57, No. 1
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solved in HCl (10 mL, 1 mol·L−1) heat for 5 min at 70 oC,
then the solution was dialyzed with deionized water in the
dialysis tube, until the liquid of dialysis tube appeared
opalescence phenomenon firstly, high-speed centrifugation
and then removed the supernatant, the residue product
was freeze-dried finally.

The DeterminatIon Of Drug Loading and Encapsulation Efficiency
Series of standard solution of 5-FU were prepared,
which absorbency was measured at 265 nm. Standard
curve was plotted according to the absorbency, and equation was obtained in linear regression as follows:
Abs = 0.36646C/mg·L−1 + 0.00331 (R = 0.9993)

(1)

Absorbency of CS-FU (having unknown drug loading)
solution was measured at 265 nm. The data were embedded in Eq. 1 to obtain the content of 5-FU. The drug loading was calculated as follows:10
Drug loading =

the content of 5-FU in CS-FU
× 100% (2)
the amount of CS-FU

CS-FU-MS (15 mg, freeze-dried) was dissolved in 10 mL
water and measured absorbance at 265 nm, and the data
were embedded in Eq. 1 to obtain the content of 5-FU, the
drug loading of CS-FU-MS was calculated as the same
way of Eq. 2, and the encapsulation efficiency was calculated as follows:
Encapsulation efficiency =
the content of 5-FU in CS-FU-MS − 5-FU in CS-FU
the amount of 5-FU
× 100%
(3)

Particles Size Analysis and SEM
Put CS-FU-MS suspension into ultrasonic for 5 min,
then the particles size and size distribution of microspheres were determined by a laser particle size analyzer,
and the morphology was measured by scanning electron
microscope (SEM).11 The dispersion of microspheres were
added to the sample dispersion unit, and stirred in order to
reduce the aggregation between the microspheres, the laser
obscuration range was maintained between 3% and 15%.
The size distribution and mean particle size were measured
after performing the experiment in triplicate. The shape
and surface of the microspheres were evaluated by SEM.
The samples were mounted directly onto the SEM sample
holder using double-sided sticking tape and images were
recorded at the required magnification at the acceleration
voltage of 5 kV.
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In Vitro Release
CS-FU-MS (5 mg) was dispersed in 5 mL phosphate
buffer solution (PBS, pH = 7.4) and placed in dialysis tube
membrane, tied and placed into 100 mL PBS medium as
above at 37 oC ± 0.5 oC in a jar with stirring (50 rpm/min),
5 mL dialysis medium was taken out at each certain interval
followed by replenishing the same volume of fresh medium.
The concentration of 5-FU was obtained as mentioned
above in Eq. 1.12 The in vitro release of CS-FU-MS in HCl
/ KCl solution (pH = 1.2) was performed using the same
way. The cumulative release was calculated as follows:13
t–1

V 0 × ct + V × ∑ c
n=1
- × 100 %
Cumulative release = -----------------------------------W×X

(4)

where V0 is the volume of PBS medium at the first t time,
V is the volume of sampling PBS medium taken out at
each certain interval, ct is the concentration of 5-FU in
PBS medium at the first t time, c is the concentration of 5FU in sampling PBS medium, W is the amount of CS-FUMS, X is the drug loading of CS-FU-MS.

ing the adverse reactions and so on. In the synthetic process of CECS, compared to traditional heating way,
microwave irradiation can significantly accelerate to 50
times.14 But in the synthetic process of CS-FU, the microwave irradiation can speed up the crosslinking reaction,
bring on the gel formation. In this work, using the EDC /
NHS as catalysts, CS-FU was synthesized successfully at
room temperature.9 It was found that reaction time was the
most important influence factor in this reaction. The influence of reaction time on the drug loading and gel formation were shown in Fig. 1 and Fig. 2 respectively.
It can be seen from the Fig. 1 that drug loading was
increased with the reaction time prolonging, drug loading
reached 10.60% after 24 h, and only reach 10.67% after
28 h. From Fig. 2, it was seen that the formation of the gel
was affected significantly by the reaction time, after 28 h,
the gel got to 61.54% of the total product and affected the
yield seriously.

RESULTS AND DISSCUSIONS
Synthesis of CS-FU
The synthetic route of CS-FU was showed in Scheme 1.
Microwave irradiation has the advantages of significantly
speeding up the reaction rate, increasing yield and reduc-

Fig. 1. The drug loading of CS-FU at different reaction time.

Scheme 1. Synthetic route of CS-FU.

Fig. 2. The amount of gel at different reaction time.
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Fig. 3. FTIR spectra of CS-FU and gel (a: CS-FU of reaction 8 h; b: CS-FU of reaction 12 h; c: CS-FU of reaction 16 h; d: CS-FU
of reaction 20 h; e: CS-FU of reaction 24 h; f: gel of reaction 24 h; g: gel of reaction 28h).

At different time the infrared spectrum of CS-FU and
gel were presented in Fig. 3.
In the Fig. 3, the absorption peak at 1650 cm−1 is due to
C=C stretching vibration of 5-Fu ring; The peak at 1669
cm−1 is due to C=O stretching vibration of crosslinking
acylamide. From Fig. 3a to Fig. 3g, the peak at 1669 cm−1
is strengthening, which indicates that the reaction between
–NH2 and –COONa was happened and crosslinking was
increased. After 28h, the peak of acylamide was obvious,
which indicates that the amount of gel was increased. Considering the factors of drug loading and gelating side reaction, the most suitable reaction time is 24 h.

Preparation of CS-FU-MS
The preparation of CS-FU-MS can be concluded from
the presence of opalescence phenomenon in dialysis. The
particle size of CS-FU-MS was found to be dependent on
the time of dialysis. In fact, the more time of dialysis was
given, the more obvious the opalescence phenomenon
appeared, and the larger diameter of CS-FU-MS was obtained.
When the time of dialysis was excessively long, CS-FU
would be converted to the shape of flocculation agglomerate. The drug loading and encapsulation efficiency of
CS-FU-MS were 26.22% and 76.1% respectively. The particle size distribution pattern of the CS-FU-MS was shown
in Fig. 4. The size distribution of CS-FU-MS was 95% with
2013, Vol. 57, No. 1

Fig. 4. Particle size distribution curve of CS-FU-MS.

the diameter of 3-6 µm. The particle size dispersivity was
uniform, and the average diameter of the CS-FU-MS was
4 µm. SEM images of the CS-FU-MS were shown in Fig.
5. SEM studies indicated that the surface of CS-FU-MS
was smooth, without hollows or deformation, and the diameter was 3−5 µm.

In Vitro Release of CS-FU-MS
Release of 5-FU from CS-FU-MS involves three dif-
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Fig. 5. SEM photograph of CS-FU-MS.

than that of the first stage, which was attributing to the
combination of diffusion and hydrolysis (controlled release).
Later, the third stage of release (60−180 h) was very slow
from CS-FU-MS (controlled release), which may be result
from the slow hydrolysis of CS-FU molecules into the
solution. The CS-FU-MS in PBS (pH=7.4) and HCl / KCl
(pH=1.2) dialysis medium could maintain the zero-order
release time was 40 h and 34 h respectively, and the percentage of cumulative release were 58.89% and 79.33%
in 182 h. The burst release in first stage may help to reach
the effective concentration of 5-FU rapidly in plasma, whereas
the controlled release would maintain the effective concentration of 5-FU in plasma for a long time. The results
suggested that the effective concentration of 5-FU could
be supplemented by encapsulation methods, and thus prolonged its biological half-time in vivo.

CONCLUSIONS
(1) CS-FU-MS were prepared with the self-assembly
method of dialysis, the average size of particles is 4 µm.
CS-FU-MS was proved to have higher drug loading and
encapsulation efficiency.
(2) CS-FU-MS exhibited excellent releasing effect to
meet application in clinic.

Fig. 6. Cumulative release of CS-FU-MS in PBS (pH=7.4) and
HCl/KCl (pH=1.2) at 37 ± 0.5 oC.

ferent mechanisms: (a) releasing from the surface of microspheres, (b) diffusion through the swollen rubbery matrix,
and (c) releasing due to chemical bond hydrolysis.15 In
order to simulate the medicine release performance of CSFU-MS in the small intestine and the gastric juice pH environment, the release behaviours and stages of 5-FU from
CS-FU-MS in PBS (pH=7.4) and HCl/KCl solution (pH=1.2)
were shown in Fig. 6.
The release of 5-FU was dependent on pH value of
medium conditions, with slower release kinetics at higher
pH conditions, which was attributed to –NH2 and –OH of
chitosan protonation resulting in a soluble, and positively
charged chitosan leading to faster swelling in acidic medium.
The release data revealed that there were three stages for
the release of 5-FU from CS-FU-MS. The first stage of
release (within 6 h) was initially rapid (burst release),
which may be result from the rapid diffusion of 5-FU onto
the surface of CS-FU-MS from the initial swelling of the
spheres. The second stage of release (6−60 h) was slower
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