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Abstract

Graft copolymerization of rosin-(2-acryloyloxy)ethyl ester (RAEE) onto chitosan (Cts) was carried out under microwave irradiation
using potassium persulfate as an initiator. The structures, morphology, and thermal properties of the Cts graft copolymer (Cts-g-
PRAEE) were characterized by means of FT-IR, XRD, SEM, and TG. Also, Cts and Cts-g-PRAEE copolymer were used as carriers
of fenoprofen calcium (FC), and their controlled release behavior in artificial intestinal juice were studied. The results show that the rate
of release of fenoprofen calcium from the carrier of Cts-g-PRAEE copolymer becomes very slower than that of Cts in artificial intestinal
juice.
� 2008 Published by Elsevier Ltd.
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1. Introduction

Chitosan is a partially deacetylated derivative of chitin,
and possess the special properties such as biocompatibility,
biodegradability, and biological activities, as a result it has
been widely applied to biomedicals, pharmaceuticals, cos-
metics, and agricultural fields (Goosen, 1997). However,
chitosan is only soluble in few dilute acid solutions due to
its crystalline nature (Majeti & Kumar, 2000), which limits
its wide applications. Recently, the increasing importance
and interest in chemical modification of chitosan by graft
copolymerization to improve its solubility and widen its
applications (Feng & Dong, 2006; Jayakumar, Prabaharan,
Reis, & Mano, 2005; El-Tahlawy, El-Rafie, & Aly, 2006),
because chitosan have both reactive hydroxy and amino
groups that can be grafted. Graft copolymerization of chito-
san with synthetic monomers can introduce desired proper-
ties and extend the field of potential application of them by
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choosing various types of side chains, and research on the
graft copolymerization of vinyl monomers such as acrylic
acid, methyl methacrylate, acrylonitrile, vinyl acetate onto
chitosan using free radical initiation has been reported
(Don, King, & Chiu, 2002; Jayakumar et al., 2005; Pourjav-
adi, Mahdavinia, Zohuriaan-Mehr, & Omidian, 2003;
Prashanth & Tharanathan, 2003; Yazdani-Pedram, Retuert,
& Quijada, 2000). On the other hand, rosin and its deriva-
tives have degradability, excellent solubility, biocompatibil-
ity, and lower polarity compared to chitosan. Therefore,
through grafting rosin and its derivatives onto chitosan, it
is expected that the graft copolymer shows improved solubil-
ity and potential applications to various fields such as bioac-
tive materials, biomedicals, and controlled drug delivery. In
recent years, a number of free radical initiator systems have
been developed to initiate graft copolymerization, such as
ceric ammonium nitrate (CAN) (Caner, Yilmaz, & Yilmaz,
2007; Yilmaz, Adali, Yilmaz, & Bengisu, 2007; Zang & Feng,
1998), potassium persulfate (KPS) (Najjar, Yunus, Ahmad,
& Rahman, 2000; Prashanth & Tharanathan, 2003; Kum-
bar, Soppimath, & Aminabhavi, 2003), and ammonium per-
sulfate (APS) (Sun, Xu, Liu, Xue, & Xie, 2003). And, it is also
reported that graft copolymerization is initiated by c-irradi-
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ation (Casimiro, Botelho, Leal, & Gil, 2005; Li, Liu, Shen, &
Fang, 2005) and microwave irradiation (Ge, Pang, & Luo,
2006; Liu, Li, Fang, & Chen, 2005; Singh, Tripathi, Tiwari,
& Sanghi, 2006).

In this paper, graft copolymerization of rosin-(2-acry-
loyloxy)ethyl ester (RAEE) onto chitosan (Cts) was carried
out under microwave irradiation and in the presence of
potassium persulfate as an initiator. Also, Cts and Cts graft
copolymer (Cts-g-PRAEE) were used as carriers of feno-
profen calcium (FC), and their controlled release behavior
in artificial intestinal juice were studied.
2. Experimental

2.1. Materials and equipments

Chitosan (degree of deacetylation >92.6%) and fenopro-
fen calcium (degree of deacetylation >98%) were purchased
from Guangxi Beihai Maogen Chitin Factory (Guangxi,
China) and Jiangsu Nantong Chemical Co., Ltd., (Jiangsu,
China), respectively. Rosin-(2-acryloyloxy)ethyl ester
(RAEE) was synthesized as follows: firstly, p-toluenesul-
fonic acid-(2-acryloyloxy)ethyl ester (TAEE) was synthe-
sized by o-acylation reaction of p-toluenesulfonyl chloride
(TsCl) with 2-hydroxyethyl acrylate (HEA) using NaOH
as catalyst at 0 oC for 2 h, then, RAEE was obtained by
nucleophilic substitution reaction of TAEE with sodium
rosinate at 60 oC for 3 h. Methanol (Chengdu Kelong
chemical reagent Co., China, P99.5%), ethyl acetate
(Chengdu Kelong chemical reagent Co., China, P99.5%),
and tris(hydroxymethyl)aminomethane (Shanghai chemi-
cal reagent Co., China, P99.5%) were used as received.
A Xianghu microwave-induced synthesis/extraction appa-
ratus (XH-100B), produced by Beijing Xianghu science
and technology development Co., Ltd., China, was
employed in the graft copolymerization.
2.2. Graft copolymerization

The Cts-g-PRAEE copolymer was prepared using rosin-
(2-acryloyloxy)ethyl ester (RAEE) as a monomer and
potassium persulfate as an initiator under microwave irra-
diation as shown in Fig. 1 (Prashanth & Tharanathan,
2003). The synthetic procedures are as follows: in a
100 mL one-neck flask, 0.5 g of chitosan were dissolved
in 50 ml of 1%(wt) acetic acid solution. With stirring,
Fig. 1. Synthetic scheme of Cts-g-PRAEE copolymer.
4.0 g of RAEE was added, and the well-proportioned
emulsible solution was obtained. Under nitrogen atmo-
sphere, the solution was pre-radiated with 60Co c-ray for
certain time (the total radiation dosage 300 Gy), and then
transferred to a three-neck flask and 0.2 g potassium per-
sulfate (KPS) was added. Under nitrogen atmosphere, the
three-neck flask was placed in a microwave reactor, setting
microwave reaction time (2 h), temperature (60 oC), power
(70 W). After reaction, with stirring, 100 ml methanol and
80 ml ethyl acetate were added gradually to the reaction
mixture, respectively, and precipitate was isolated. Then,
the precipitate (Cts-g-PRAEE copolymer) was filtered,
washed several times with ethyl acetate and 1% acetic acid
solution, and dehydrated with ethanol, and dried under
vacuum at 70 oC. The grafting percentage (G%) of PRAEE
on Cts was calculated by (Wg �W0)/W0 � 100, where Wg

is the weight in grams of the grafted Cts and W0 is the
weight of native Cts.

2.3. Characterization

FT-IR spectra of chitosan and its graft copolymer were
recorded in the range of wave numbers 4000–500 cm�1

using Nicolet Nexus 470 spectrometer (Nicolet Co., Ltd.,
USA). The X-ray diffraction (XRD) patterns and Scanning
electron micrograph (SEM) images of chitosan and its graft
copolymer were obtained by Rigaku D/max2500 V (Riga-
ku corporation, Japan) and JEM1200-EX/S (JEOL Ltd.,
Japan), respectively. The degradation process and thermal
stability of chitosan and its graft copolymer were investi-
gated using a NETZSCH STA 409PC thermogravimetric
analyzer (TGA, NETZSCH Instrument Co., Ltd., Ger-
many). The TGA measurements were carried out under
an argon atmosphere at a heating rate of 10 �C/min from
room temperature to 800 �C.

2.4. Drug release of Cts and Cts-g-PRAEE

The artificial intestinal juice (Tris–HCl buffer solution,
pH 7.2) was prepared as follows: in a close glass vessel,
500 ml of 0.1 M tris(hydroxymethyl) aminomethane solu-
tion and 447 ml of 0.1 M hydrochloric acid solution were
added, and stirred for equilibration.

Preparation of drug troche: 0.3000 g of dried Cts or Cts-
g-PRAEE powder sample and 0.0200 g of fenoprofen cal-
cium were mixed evenly, and pressed to drug troche and
weighted. Then, the contents of fenoprofen calcium were
calculated.

The standard curve of fenoprofen calcium was drawn as
follows: 0.500 g of fenoprofen calcium was weighed accu-
rately, and put in a beaker in which there was 500 ml of
Tris–HCl buffer solution. Then, the beaker was put into a
shaking bed (at 37 ± 1 oC, 180 rpm) for 24 h to make fen-
oprofen calcium dissolve completely. The solution was
transferred to 1000 ml volumetric flask, to obtain the
0.05 g/L solution, and 100 ml of 0.000, 0.005, 0.010,
0.015, 0.020, 0.025, 0.030, 0.035, 0.040, and 0.050 M feno-
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profen calcium solution was prepared, respectively. Their
absorbency was determined by UV spectrophotometry at
272 nm, respectively, and the standard curve of fenoprofen
calcium was drawn out by the absorbency (A) evolution
with concentration (C), that is, A = 6.319C + 0.0003
(R2 = 0.9955).

The rate of release of fenoprofen calcium for two drug
troche of Cts and Cts-g-PRAEE copolymer was deter-
mined as follows: the drug troche and 10 ml of distilled
water were added to dialysis tubing (molecular weight cut
off 7000), and the dialysis tubing was immersed in 490 ml
of Tris–HCl buffer solution. Then, the solution put into a
shaking bed (at 37 ± 1 oC, 180 rpm) for 10 h, and 3 ml of
the solution was sampled at every one hour. Subsequently,
the amount of fenoprofen calcium released from the drug
troche was evaluated by means of UV spectrophotometry
at 272 nm and the standard curve of fenoprofen calcium,
and the rate of release was calculated.
3. Results and discussion

3.1. Preparation and characterization of Cts-g-PRAEE

copolymer

The Cts-g-PRAEE copolymer was prepared using rosin-
(2-acryloyloxy)ethyl ester (RAEE) as a monomer and
potassium persulfate as an initiator as shown in Fig. 1.
Fig. 2 shows the IR spectra of Cts and Cts-g-PRAEE
copolymer. Cts (Fig. 2a) spectrum shows AOH peak,
ANH2 and ANHA peak in the amide groups at about
3424 cm�1; C@O, ANHA, and ACANA peak in the amide
groups at 1652, 1597, and 1322 cm�1, respectively;
ACAOA in the ether groups at 1154 and 1089 cm�1. In
the spectrum (Fig. 2b) of Cts-g-PRAEE copolymer, in
addition to the characteristic peaks of Cts, some new peaks
appeared. The peaks at 1728, 1105, and 1248 cm�1 attri-
bute to C@O, ACAOA, and AOACA peak in the ester
groups from grafted PRAEE, respectively; the CH2 peak
from grafted PRAEE appears at 1456 cm�1. Also, C@O
and ANHA peak in the amide groups shift toward lower
Fig. 2. FT-IR spectra of Cts (a) and Cts-g-PRAEE (b).
wavenumbers, that is, from 1652 and 1597 cm�1 to 1631
and 1525 cm�1, respectively. From the IR spectra, it is con-
firmed that the Cts-g-PRAEE copolymer was successfully
synthesized. According to the G% = (Wg �W0)/
W0 � 100, the grafting percentage of PRAEE on Cts was
72.3%.

The change of Cts structure before and after graft copo-
lymerization was investigated by means of the powder
X-ray diffraction and SEM. Fig. 3 shows the X-ray diffrac-
tion patterns of Cts and Cts-g-PRAEE copolymer, and Cts
sample (Fig. 3a) shows distinct crystalline peaks at around
10o and 20o compared to Cts-g-PRAEE copolymer
(Fig. 3b). This is because plenty of hydroxy and amino
groups exist in the Cts structure, which can form stronger
intermolecular and intramolecular hydrogen bonds, and
the structure of Cts molecules has certain regularity, so that
Cts molecules form crystalline regions easily. However, as
regards Cts-g-PRAEE copolymer, the peak at 10� disap-
peared and the peak at 20� weakened obviously. The rea-
son may attribute to the destruction of the intermolecular
hydrogen bonds and the crystalline regions of Cts, which
indicate that the PRAEE side chains were introduced into
Cts main chains.

The SEM images of Cts and Cts-g-PRAEE copolymer
are shown in Fig. 4. The SEM image of Cts (Fig. 4, left)
shows larger clustered structure, because there are stronger
interactions between Cts molecules. After graft copolymer-
ization of Cts, in the surface of Cts-g-PRAEE copolymer
(Fig. 4, right), fluffy morphology and globular shapes with
some irregularities are clearly observed. It may be attrib-
uted to the polar difference between Cts and PRAEE and
the destruction of the intermolecular hydrogen bonds and
the crystalline regions of Cts, which indicate intuitively that
the PRAEE side chains were introduced into Cts main
chains.

The degradation process and thermal stability of Cts
and Cts-g-PRAEE copolymer were evaluated through
thermo-gravimetric analysis (TGA) experiments, and the
results are shown in Fig. 5. It can be seen in Fig. 5 that
Fig. 3. X-ray diffraction patterns of Cts (a) and Cts-g-PRAEE (b).



Fig. 4. SEM images of Cts (left) and Cts-g-RAEE (right).

Fig. 5. TGA thermograms of Cts (a) and Cts-g-PRAEE copolymer (b).

Fig. 6. The rate of release of drug troche of Cts (a) and Cts-g-PRAEE (b)
in artificial intestinal juice.
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three consecutive weight loss steps were observed in the Cts
and Cts-g-PRAEE copolymer. For the TGA curve of the
Cts (Fig. 5a), the first stage showed a loss of absorbed
and bounded water of 6.3wt% at 55–191 oC, indicating its
hygroscopic nature; the second weight loss occurred in
the range 230 to 327 oC, and weight loss was about
45.7%, which corresponded to the scission of the ether link-
age in the Cts backbone; the third stage showed a weight
loss of 35.0wt% in range of 327–703 oC, which is responsi-
ble for the thermal decomposition of glucosamine residue.
However, the Cts-g-PRAEE copolymer (Fig. 5b) has differ-
ent course of the thermal degradation compared to Cts.
The first stage shows that a loss of absorbed water started
at 30 �C and continues up to 153 �C, and weight loss was
about 3.0wt%; the second stage was from 196 to 328 �C,
and weight loss was about 12.5wt%, which corresponded
to the scission of the ether linkage in the Cts backbone.
The onset temperature of both the dehydration and the
thermal degradation was lower than the Cts, that is, the
thermal stability of Cts decreased slightly after graft copo-
lymerization. This is because more hydroxy and amino
groups exist in the Cts structure and crystalline regions
form easily compared to Cts-g-PRAEE copolymer. The
third stage from 400 to 470 �C, showed a weight loss of
55.5wt%, which is contributed to the thermal decomposi-
tion of PRAEE side chains.
3.2. Drug release behavior

The rate of release of fenoprofen calcium for two drug
troche of Cts and Cts-g-PRAEE copolymer was deter-
mined by dialysis method against the artificial intestinal
juice, and the results are shown in Fig. 6. For Cts sample,
the release of fenoprofen calcium increased rapidly up to
59% within an hour, which may be attributable to the sol-
ubility of fenoprofen calcium in water. Then, the rate of
release increased slowly until 6 h, and the release kept in
about 65%. However, the rate of release of Cts-g-PRAEE
copolymer increased gradually from 10% to 55% in the
determination of time, which indicates that the controlled
release of fenoprofen calcium from Cts-g-PRAEE copoly-
mer is better than that from Cts in artificial intestinal juice.
The reason may be related to the fact that the PRAEE side
chain surrounded fenoprofen calcium and played an
important part in the controlled release. In order to inter-
pret these phenomena, the FT-IR spectrum of the drug tro-
che of Cts-g-PRAEE copolymer was determined and
shown in Fig. 7. Compared with the FT-IR spectrum of
Cts-g-PRAEE copolymer, the peak of the carbonyl groups
in the drug troche of Cts-g-PRAEE copolymer slightly
shifts toward lower wavenumbers, which indicates that
very slight coordination between the carbonyl groups and
calcium ions maybe exist, that is, calcium ions act as a



Fig. 7. FT-IR spectra of Cts-g-PRAEE (a) and the drug troche of Cts-g-
PRAEE (b).
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bridge between the carbonyl groups in Cts-g-PRAEE
copolymer and fenoprofen calcium (Socrates, 1994). On
the other hand, there are hydrophobic bonds between the
hydrophobic groups in PRAEE and fenoprofen calcium.
Above reasons all lead to the controlled release of fenopro-
fen calcium from Cts-g-PRAEE copolymer.

4. Conclusions

The Cts-g-PRAEE copolymer was prepared by a graft
copolymerization of rosin-(2-acryloyloxy)ethyl ester
(RAEE) onto chitosan (Cts) under microwave irradiation
and using potassium persulfate as initiator. Cts and
Cts-g-PRAEE copolymer were characterized by means of
FT-IR, XRD, SEM, and TG, and it is confirmed that the
RAEE monomer was grafted onto Cts chain and the graft-
ing percentage of PRAEE on Cts was 72.3%. Furthermore,
the rate of release of fenoprofen calcium for Cts and Cts-g-
PRAEE copolymer was determined by dialysis method
against the artificial intestinal juice, and the results showed
that the controlled release of fenoprofen calcium from
Cts-g-PRAEE copolymer is better than that from Cts.
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