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ABSTRACT: Blends films based on different ratios of
concentrated aqueous solutions of chitosan (CS) and
sodium alginate (AG) in the presence of 1% of glutaralde-
hyde, as a cross-linking agent for chitosan, were prepared
by solution casting and then exposed to gamma irradia-
tion. The formed blends were characterized by IR spectro-
scopic analysis, differential scanning calorimetry (DSC),
and thermogravimetric analysis (TGA). The uptake-release
properties of CS/AG blends, taking ketoprofen as an
example for drug, were also investigated. DSC thermo-
grams of CS/AG blends revealed good miscibility was
sustained between CS and AG. The water uptake and gel
content of CS/AG blends was found to decrease by

increasing the ratio of AG in the initial solution. The IR
spectra indicated the formation of cross-linking and hydro-
gen bonding, while the TGA study showed that the CS/
AG blends displayed higher thermal stability than pure
CS polymer. Based on Fick’s law, it was demonstrated that
the main parameters affecting the release of ketoprofen
drug from the CS/AG blend hydrogels were composition
and pH. © 2011 Wiley Periodicals, Inc. ] Appl Polym Sci 122:
2383-2390, 2011
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INTRODUCTION

There has been an increasing interest in blending
different homopolymers to obtain new products
having some of the characteristic properties of each
component. The demand for compatible blends may
constitute one of the most important attractive
trends in the field of polymer blends. This is because
a wide variety of properties can be tailored from the
simple physical combination of two compatible poly-
meric components. Radiation technique may be con-
sidering a very convenient tool for the modification
of polymer materials through cross-linking, grafting,
or degradation. In this regard, the miscibility of
poly(vinyl alcohol) (PVA)/polyacrylamide blends
before and after gamma irradiation was investigated
by different methods.'

Chitosan, the deacetylated derivative of chitin, is
one of the most abundant naturally occurring poly-
saccharides and has good film forming properties,
excellent biodegradability, biocompatibility, antimi-
crobial activity, and accelerated wound healing
properties.”™ On the other hand, sodium alginate is
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a naturally occurring nontoxic polysaccharide found
in all species of brown algae and is widely used in
food and pharmaceutical industries. It contains two
uronic acids, B-(1-4)-linked p-mannuronic acid (M),
and o (1-4) linked r-guluronic acid (G), and is com-
posed of homopolymeric blocks M-M or G-G, and
blocks with an alternating sequence of M-G blocks.”

A suitable delivery carrier system must be charac-
terized by: (1) the drug is released at the right site, in
the right dose and for the required time, (2) they are
biocompatible or biodegradable, and (3) the drug
is transformed into nontoxic natural or synthetic
polymers that are eliminated harmlessly from the
body.®"” Films of alginate and gelatin, cross-linked
with Ca®", with ciprofloxacin hydrochloride as model
drug incorporated in different concentrations, were
obtained by a casting/solvent evaporation method.""
The results of controlled release tests showed that
the amount of ciprofloxacin hydrochloride released
decreased with an increase in the proportion of gela-
tin present in the film. Moreover, the release rate
of drug decreased as the amount of drug loaded
in the film increased. A series of pH-sensitive com-
posite hydrogel beads composed of chitosan-g-poly
(acrylic acid)/attapulgite/sodium alginate (CTS-g-
PAA/APT/SA) was prepared as drug delivery
matrices cross-linked by Ca®" owing to the ionic ge-
lation of SA."” The results showed that the com-
posite hydrogel beads had good pH-sensitivity. The
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cumulative release ratios of diclofenac sodium (DS)
from the composite hydrogel beads were 3.76% in
pH 2.1 solution and 100% in pH 6.8 solutions within
24 h, respectively. The effect of compatibility on the
structure of the microporous membrane prepared by
selective dissolution of chitosan polymer blends
membrane with poly(vinyl pyrrolidone) (PVP) and
poly(ethylene glycol) (PEG) was investigated."
Results of Fourier transform infrared (FTIR) charac-
terization, differential scanning calorimeter (DSC)
analysis, wide angle X-ray diffraction (WAXD) meas-
urements showed that there are special interactions
between chitosan and the counterpart polymers.
Films of chitosan and PEG, with ciproXoxacin hydro-
chloride as model drug incorporated at different
concentrations, were obtained by a casting/solvent
evaporation method.'"* The results of controlled
release tests showed that the amount of ciproXoxacin
hydrochloride released increased with an increase in
the proportion of PEG and decreased as the amount
of drug loaded in the film increased; however, the
cumulative release amount of the drug increased.
The chitosan/PEG films were also found sensitive to
pH and ionic strength. The diffusion of acetamino-
phen in alginate gels cross-linked with calcium or
zinc ions was studied."” Recently, chitosan based
hydrogels sensitive to changes of external conditions
such as pH ' temperatures,'” and electric currents '®
are receiving increasing attention as drug delivery
carriers. The effect of preparation method on the
release behavior of brilliant blue from calcium al%—
nate gel beads coated by chitosan was investigated."

Polysaccharides such as cellulose, starch, chitin/chi-
tosan and their water-soluble derivatives have been
known as degradable type polymers under action of
ionizing radiation.”® It was found that water-soluble
polysaccharides derivatives such as carboxymethyl
cellulose (CMC), carboxymethyl starch (CMS), and
carboxymethyl chitin (CMCT), carboxymethyl chitosan
(CMCTS) lead to radiation cross-linking at high
oncentrated aqueous solution (more than 10%, paste-
like state). The effect of temperature and pH on the
degree of swelling in water was also studied. A series
of excellent hydrogels were prepared from PVA and
carboxymethylated chitosan (CM-chitosan) with
electron beam (EB) at room tempera’cure.21 Electron
spectroscopy analysis of the blend hydrogels revealed
that good miscibility was sustained between CM-chi-
tosan and PVA. Blend hydrogels based on the CMC
and carboxymethyl chitosan (CMCts) were prepared
by y-irradiation of a high concentrated CMC/CMCts
aqueous solution.” Properties of the hydrogels, such
as gel fraction, swelling ratio, gel strength, and metal
adsorption for Pb and Au were investigated.

In previous studies, we were interested in hydro-
philic hydrogels based on natural polymers. In this
respect, hydrogels of PVA and AG were produced
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by exposure to EB irradiation.”® Hydrophilic hydro-
gels based on poly(acrylic acid) as synthetic polymer
and sodium alginates as natural polymer (AG) were
prepared by gamma irradiation.** Recently, the swel-
ling and drug release properties of acrylamide/CMC
networks formed by gamma irradiation have been
studied.” The objective of this work was to explore
the formation of hydrogels by gamma irradiation of
aqueous concentrated solutions of blends based on
chitosan and sodium alginate. The structural proper-
ties of blend hydrogels were characterized by dif-
ferent spectroscopic techniques. In addition, the
uptake-release characters of ketoprofen as a model
drug were studied.

EXPERIMENTAL
Materials

Sodium alginate (AG) used in this study was a labo-
ratory grade chemicals high viscosity obtained from
Aldrich Chemical Co. (Milwaukee, WI) and used as
received. Chitosan with 85% degree of deacetylation
and molecular weight of 30,000 was purchased from
Koyo Chemicals, Japan. Glutaraldehyde, pure grade
chemicals was used as a cross-linking agent for
chitosan.

Preparation of CS/AG blends films

The CS/AG blends films, in the presence of glutaral-
dehyde (1 wt %) as a cross-linking agent for CS, was
prepared by solution casting as follows: Concen-
trated aqueous solution of CS (20%) was dissolved in
equal ratios of methanol and distilled water, whereas
AG was dissolved in distilled water. The CS and AG
solutions were mixed with continues stirring until
homogenous solutions were obtained. The different
CS/AG blends were prepared such that to obtain
ratios of 80/20, 60/60, and 50/50 wt %. The blend
solutions were poured into Petri dishes and dried at
37°C. The films were washed thoroughly with dis-
tilled water and dried again at 37°C. The sample
films were put in polyethylene pages, made air free
by purging nitrogen for 5 min at least and sealed.
The blends samples were gamma irradiated at a dose
rate of 10 kGy/h at room temperature. The blends
films were washed with excess distilled water to
remove unreacted polymers. Gamma irradiations
were carried out using ®Co y-ray source at the
National Center for Radiation Research and Technol-

ogy, Cairo, Egypt.

Gel content determination

Dry samples of the prepared blends were accurately
weighed (W,) and then extracted with distilled
water using soxhlet system for 6 h. After extraction,
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the samples were removed and dried in vacuum
oven at 80°C to constant weight (Wg). The gel content
was calculated according to the following equation:

Gel content (%) = (Wg)/W,) x 100

FTIR spectroscopic analysis

The IR spectra of the different polymers were per-
formed over the range 500-4000 cm '. The IR spec-
tra were acquired by transmission FTIR with a Matt-
son 5000 FT-IR spectrometer. The spectra were taken
with resolution of 4 cm™' and were averaged over
16 scans.

Differential scanning calorimetry

DSC measurements were performed using a Shi-
madzu DSC calorimeter (Kyoto, Japan) equipped
with data station. A heating rate of 10°C/min was
utilized and the scans were carried out under a
flowing nitrogen gas at a rate of 20 mL/min.

Thermogravimetric analysis

The TGA thermograms were performed on a Shi-
madzu instrument (Kyoto, Japan) at a heating rate of
10°C/min under flowing nitrogen (20 mL/min)
from room temperature to 500°C.

Swelling studies

Swelling studies were conducted on CS/AG blends
films as a function of time, in which a dry weight of
insoluble blend (W) was immersed in water at 25°C
and pH of 7 for different intervals of time durations
up to 24 h. After each time interval, the sample was
withdrawn and blotted on filter paper to remove
excess water and weighed (w,), in which the swelling
was calculated according to the following equation:

Swelling (%) = [(W; — W1)/W1] x 100

Loading and release of ketoprofen drug

Ketoprofen was used as a model drug for the drug
controlled release studies. Dry weight of gels films
(0.5 g) of CS/AG blends were immersed in different
aqueous solutions (0.2-0.8 g/L) of ketoprofen at pH
7 and at room temperature for 72 h until saturation.
The drug-loaded gels were dried at room tempera-
ture. The uptake of ketoprofen was estimated in
terms of g drug/g gel (%). Ketoprofen drug was
allowed to release in 50 mL buffer solutions of dif-
ferent pH values™® at room temperature. At various
time intervals, aliquots of 3 mL were drawn from
the medium to follow the release of ketoprofen and

returned into the vessel so that the solution volume
is kept constant. Ketoprofen release was determined
by a spectrophotometric method using a Unicam
8625 UV /visible spectrophotometer at Amax 272 nm.

RESULTS AND DISCUSSION
Formation of CS/AG blend gels

Different substances have been used to cross-link
chitosan; the most usual compounds are glutaralde-
hyde, formaldehyde, and other dialdehydes.**>®
Glutaraldehyde has two aldehyde groups, separated
by a flexible chain of three methylene bridges
(OHC—(CH;);—CHO). The mechanism of cross-
linking of chitosan by glutaraldehyde is well-
documented; the aldehyde groups form covalent
imine bonds with the amino groups of chitosan, due
to the resonance established with adjacent double
ethylenic bonds %’ via a Schiff reaction. In this work,
gamma irradiation was used in situ with glutaralde-
hyde for two reasons; to avoiding using concen-
trated solutions and to minimize irradiation dose
and hence avoiding the degradation of alginate com-
ponent. Preliminary experiments were carried out to
explore the most suitable conditions to obtain ho-
mogenous blend hydrogels based on different ratios
of CS/AG: (1) By using gamma irradiation individu-
ally up a dose of 40 kGy, cross-linked CS/AG based
on different ratios of AG up to 50 wt %, transparent
films were obtained with low gel contents, (2) when
the same experiment was carried out in the presence
of 3 wt/vol % of glutaraldehyde in situ of gamma
irradiation, cross-linked CS/AG blend films were
obtained. This finding indicates that the cross-link-
ing agent glutaraldehyde enhanced the cross-linking
of CS by gamma irradiation. The cross-linking
enhancers during irradiation is reported, in which
these materials do not directly enter into cross-link-
ing reactions but enhance secondary reactions that
lead to the formation sites.*” The formation of free rad-
icals on the backbone of alginate upon gamma irradia-
tion will eventually leads to oxidative degradation to
some extents, however, it cannot leach out due the for-
mation of CS network structure. Thus it may suppose
that CS/AG blends form semi-interpenetrating net-
work structure, in which AG polymer chains were
included inside the cross-linked CS.

The gel content and swelling in water of different
ratios of CS/AG blend gels prepared at different
doses of gamma irradiation is shown in Figure 1. It
is clear that the gel content decreases with increasing
the ratio of AG in initial solutions and increases
with increasing irradiation dose. However, the swel-
ling was found to increase with increasing AG ratio
and decreases with increasing irradiation dose.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 1 Gel content and swelling in water at room tem-
perature (pH 7) of different ratios of CS/AG blends pre-
pared at different doses of gamma irradiation.

IR spectroscopic

To determine the formation of the CS/AG (CS/AG)
blend hydrogels, the IR spectra of the formed gels at a
dose of 20 kGy of gamma irradiation, after extraction
of sol part, were studied as shown in Figure 2. For the
hydrogel based on pure chitosan, the sharp band at
1560 cm ™' corresponds to the carboxyl group and
—NH; % confirms the contribution of chitosan into the
gel structure. Pure alginate was reported to show two
characteristic absorption bands at 1627 and 1409 cm ™"
attributed to the asymmetric and symmetric stretching
vibration of COO group, respectively,'’, while wide
absorption band around 3421 cm™' was due to the
stretching vibration of O—H bonded to N—H. As
shown in Figure 2, the IR spectra of pure chitosan and
the different (CS/AG) blends showed intensive bands
with increased intensity within the rang 2865-2957
cm ™! due to the stretching absorption band of C—H
groups, like almost organic compounds. This band
was shifted to 2976-2883 cm™ ' and 2957-2865 cm™ ' in
the IR spectra of CS/AG blends containing 20 and
50% AG, respectively. It can be also noticed that band
at 1560 cm ' was shifted to 1606 cm ! in the IR spectra
of CS/AG (80/20%) blend and to 1569 cm ! in the
CS/AG (50/50%) blend due to the formation of hydro-
gen bonding between CS and AG. The stretching
vibration of N—H group bonded to O—H group, was
shifted from 3282 to 3338 cm ' in the IR spectrum of
pure CS to a lower wavenumbers within the rang
3374-3430 cm ™' and 3485 cm ™ in the IR spectra of the
blends containing 20 and 50% AG, respectively. This
finding suggests an increase in the hydrogen bonding.
All those changes show a strong evidence of the inter-
molecular interactions and good molecular compatibil-
ity between AG and CS.
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Differential scanning calorimetry

Figure 3 and Table I show the DSC curves and
kinetic parameters of gels based on pure CS and
CS/AG of different ratios prepared by gamma irra-
diation at a dose of 20 kGy, respectively. The curves
of all gels showed an endothermic peaks with onset
around 150°C corresponding to the crystalline melt-
ing temperature (T),). It can be seen that the aria
under these peaks (heat of fusion AHj) increases
with increasing AG ratio up to 50%. However, the
T,, was found to decrease with increasing AG ratio.
The decrease of T,, and AHy values may be due to
the stiff molecular chains of AG, which have a sig-
nificant effect on the overall chain mobility in the
mixture and retards the rate of crystal growth.** In
these DSC scans, the glass transition temperature
(T,) of neither pure CS or AG can be detected indi-
cating the compatibility between them in their
blends. In addition, the decrease in T,, and increase
in AH associated with increasing the ratio of AG
indicates that CS and AG form a strong hydrogen-
bonding interaction between them.

Thermogravimetric analysis

The dissociation energies of the covalent bonds
C—H, ¢—C, C=0, C—O, C—N, C=N, and O—H
were reported to be 414, 347, 741, 351, 293, 615, and
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Figure 2 IR spectra of different ratios of CS/AG (CS/
AG) blend hydrogels formed by gamma irradiation at a
dose of 20 kGy.
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Figure 3 DSC curves of gels based on pure CS and CS/
AG of different ratios prepared by gamma irradiation at a
dose of 20 kGy.

464 kJ/mol, respectively.31 According to these values,
the average complete dissociation energy of sodium
alginate and chitosan polymers is calculated to be
487.7 and 403.1 kJ/mol, respectively. These values
indicate that alginate possesses higher dissociation
energy than chitosan. Thus, it may be expected that
the formation of blends based on different ratios of
chitosan and sodium alginate will results in materials
with higher thermal stability than pure chitosan com-
ponent. Thermogravimetric analysis (TGA) was used
to investigate experimentally the thermal stability of
CS/AG blend hydrogels formed by gamma irradia-
tion at a dose of 20 kGy as shown in Figure 4. The
different TGA kinetic parameters taken from these
curves are shown in Table IL It can be seen that the
thermal decomposition against heating temperatures
for the hydrogels based on pure CS and CS/AG
blends displayed similar behavior, in which CS/AG
based blends showed higher thermal stability than

TABLE 1
DSC Kinetic Parameters of CS/AG Blends Prepared by
Gamma Irradiation at a Dose of 20 kGy

Chitosan/alginate blends T, (°C) AH (J/g)
CS (100%) 164.2 34.83
CS/AG (80/20%) 154.9 39.14
CS/AG (60/40%) 124.7 444 .48
CS/AG (50/40%) 127.9 403.23
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Figure 4 TGA thermograms and the corresponding rate
of thermal decomposition reaction curves of hydrogels
based on pure CS and CS/AG blends of different ratios
prepared by gamma irradiation at a dose of 20 kGy.

pure CS hydrogel. According to the derivative of the
TGA thermograms (DTGA) curves and the different
temperatures (Tonsetr Tendset aNd Tpear), the thermal
stability of blends are higher than the CS hydrogel,
in accordance with the theoretical calculations based
on the average complete dissociation energies. The
existence of single Tpeai in the rate of reaction curves
of pure CS and CS/AG blends indicates the occur-
rence of compatibility between the two components
in their blends.

Ketoprofen uptake and release studies

Ketoprofen is a nonsteroidal anti-inflammatory, anal-
gesic, and antipyretic drug. The chemical name for
ketoprofen is 2-(3-benzoylphenyl)-propionic acid
with the following structural formula:

0

Il
C CHCOOH
|
O O,
First, a standard curve representing the UV absorb-

ance of different concentrations of ketoprofen (at
Amax = 272 nm) was constructed and the relation

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE II
TGA Kinetic Parameters of the Thermal Decomposition
of CS/AG Blends Prepared by Gamma Irradiated at a
Dose of 20 kGy

Chitosan/alginate blends  Tonset (°C)  Tendset (°C)  Tpeak (°C)

CS (100%) 210 336 280
CS/AG (80/20%) 236 347 300
CS/AG (50/50%) 238 379 301

correlating this curve (not shown) can be written as:
Concentration (mg/L) = absorbance/0.0147.

From this relation, the concentration of unknown
sample can be determined. Before the release experi-
ment, the uptake (%) of different concentrations of
ketoprofen was measured as shown in Figure 5. In
general, it can be seen that the uptake increases with
increasing the concentration of ketoprofen. However,
the uptake was found to decrease with increasing
the ratio of alginate in the initial solution. As shown
in Figure 1, the swelling was found to increase with
increasing the ratio of AG in the blends. It seems
that the increase swelling of solutions impedes the
uptake of ketoprofen drug.

The accumulated release (%) profile of ketoprofen
at different pH values as a function of time from
CS/AG blend hydrogels, prepared by gamma irradi-
ation at a dose of 20 kGy, is shown in Figures 6 and
7. It can be seen that the release from the hydrogel
increases substantially with time up to 100 min and
then tends to level off, in which the release at pH 8
is almost ~ 2 times at pH 2.

The nature of ketoprofen transport mechanism
from CS/AG blend hydrogels was analyzed accord-

100
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S 80
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=
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2
2 60 [~
Q
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40
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Figure 5 Uptake of different concentrations of ketoprofen
drug by different ratios of CS/AG blends, gamma pre-
pared at a dose of 20 kGy.
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Figure 6 Release profile of ketoprofen drug at pH 2 from
different ratios of CS/AG blends, prepared by gamma
irradiation at a dose of 20 kGy.

ing to the Fick’s law according to the following
equation®”: F = M,/M, = Kt"
= . =

or
InF=InK+nlnt

where M,;/M, is the fraction of drug released (mg

drug/g gel) at time t (min) and drug released at
equilibrium, K is a constant related to the drug
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Figure 7 Release profile of ketoprofen drug at pH 8 from
different ratios of CS/AG blends, prepared by gamma
irradiation at a dose of 20 kGy.
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TABLE III
Kinetic Parameters of Ketoprofen Release at Different
pH Values from Pure Chitosan (CS) and Different
Ratios of Chitosan/Alginate (CS/AG) Blends
Prepared by Gamma Irradiation at a Dose
of 20 kGy (by applying Fick’s law)

pH=2 pH =38
CS/AG blend (%) K n s K n 2
100/0 0.0126 0.92 0.9456 0.0133 0.91 0.9240
80/20 0.0947 0.74 09662 0.0033 1.18 0.9565
60/40 0.0027 122 09478 0.0022 1.25 0.9812
50/50 0.0204 0.77 0.9519 0.0400 0.64 0.9771

release and “n” is the diffusion exponent describing
the drug release mechanism. When In F is plotted
against In f, it gives a straight line from which the
intercept determines the constant K and the slope
gives the number n. In this regard, a value of n =
0.5 indicates a Fickian diffusion mechanism, in
which the release is diffusion controlled, whereas a
value of 0.5 n n > 1 indicate Super Case II transport
mechanism, implying swelling and relaxation of
hydrophilic polymer chains help to transport.

Fick’s equation was plotted for the Ketoprofen
release from pure CS and different compositions of
CS/AG blend gels at different pH values (not
shown). However, the kinetic parameters calculated
from the release plots are shown in Table III
The release of Ketoprofen at pH of 2 showed the
non-Fickian mechanism. The increase of AG ratio
could be accompanied with an increase in pH-
responsive character of the blend gels and this in
turn increases the electrostatic interactions between
the hydrogel and ketoprofen. At pH of 8, the release
process showed “n” values greater than 1 indicating
Super Case II transport mechanism, implying that
the swelling and relaxation of hydrophilic polymer
chains enhances the transport. On the other hand, the
release from pure CS the value of “n” was not affected
by change in pH values. At low pH, most carboxylate
groups in AG are in the form of COOH, no dissocia-
tion occurs, the gel structure is devoid of charge, and
collapsing is observed because of hydrogen-bonding
formation. As the pH of the medium increases, the
carboxylic groups become ionized, and the resulting
electrostatic repulsion in the network causes the
hydrogel to swell.'’ Therefore, it may be concluded
that the diffusion of ketoprofen from the hydrogel net-
works at low pH value is not controlled but it
depends on sorption process, which in turn depends
on the structure and pathways through the networks.

CONCLUSIONS

Polysaccharides such as cellulose, starch, chitin/chi-
tosan, and their water-soluble derivatives and so-

dium alginate have been known as degradable type
polymers under action of ionizing radiation. In this
work, it was tried to prepare blend hydrogels based
on CS/AG by gamma irradiation of concentrated
aqueous solutions (20%) of different ratios of chito-
san (CS) and sodium alginate (AG) in the presence
of glutaraldehyde, as a cross-linking agent. It was
proposed that the formation of blend hydrogels
were based on semi-interpenetrating network struc-
ture, in which AG polymer was enclosed in cross-
linked CS. The CS/AG blend hydrogels exhibited
high water swelling due to the presence of hydro-
philic groups along the structure and displayed
higher thermal stability than the individual CS
hydrogel. Also, CS/AG blend hydrogels showed pH
responsive release character of ketoprofen drug, in
which the release in higher pH values was greater
than in lower pH values.
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