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ABSTRACT: Two series of pH-responsive biodegradable
interpolymeric (IPN) hydrogels based on chitosan (Ch) and
poly(vinyl alcohol) (PVA) were prepared for controlled
drug release investigations. The first series was chemically
crosslinked with different concentrations of glutaraldehyde
and the second was crosslinked upon g-irradiation by differ-
ent doses. The equilibrium swelling characteristics were
investigated for the gels at 378C in buffer solutions of pH 2.1
and 7.4 as simulated gastric and intestinal fluids, respec-
tively. 5-Fluorouracil (FU) was entrapped in the hydrogels,

as a model therapeutic agent, and the in vitro release profiles
of the drug were established at 378C in pH 2.1 and 7.4. FTIR,
SEM, and X-ray diffraction analyses were used to character-
ize and investigate the structural changes of the gels with
the variation of the blend composition and crosslinker con-
tent before and after the drug loading. � 2006 Wiley Periodi-
cals, Inc. J Appl Polym Sci 103: 2864–2874, 2007
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INTRODUCTION

Characteristics of interpenetrating polymeric net-
works (IPNs) — such as degree of swelling (DS), solu-
ble fraction percent, cumulative release profile of an
entrapped bioactive material, and so forth — depend
mainly on the type and composition of monomers, the
type and degree of crosslinking, and the swelling me-
dium.1 Different hydrogel matrices of precisely
defined structure have been prepared2 and have
served as drug delivery systems.3,4

Chitosan is a cellulose-like polymer produced by
alkaline deacetylation of natural chitin5–9 and usually
refers to a large number of polymers with different
degrees of N-deacetylation (40–98%) and molecular
weight (5 � 104 � 2 � 106 Da). These two characteris-
tics are very important and strongly affect the phys-
ico-chemical properties and, consequently, the biolog-
ical properties of chitosan.10 Chitosan exhibits many
favorable biological properties such as biocompatibil-
ity, biodegradability, and nontoxicity.9 Moreover, it
has good film-forming ability via the casting tech-
nique from dilute acetic acid solutions. It exhibits,
however, limitations in reactivity and processing abil-
ity. Hence, many attempts have been reported to over-
come such limitations by chemical or physical altera-
tion through incorporation in IPNs with poly(vinyl
alcohol) (PVA), which has superior properties such as

water solubility, high hydrophilicity, and good film-
forming ability by solution casting as well.11

Glutaraldehyde is a common crosslinker used in the
crosslinking of polypeptide, protein, chitin, chitosan,
and some polysaccharides such as heparin and hyal-
uronic acid.12 In spite of the good properties of both
chitosan and PVA, little work has been reported
regarding the interpolymeric hydrogel films based on
chitosan and PVA combinations as drug delivery
carriers.13

Irradiation, especially if combined with simultane-
ous sterilization of the product, is a very convenient
tool for the synthesis of hydrogels. Radiation process-
ing has many advantages over other conventional
methods.14 In radiation processing, no catalysts or
additives are needed to initiate the reaction. The
advantages of radiation methods are that they are rel-
atively simple, and the degree of crosslinking, which
strongly determines the extent of swelling of hydro-
gels, can be controlled easily by varying the radiation
dose.15,16 Therefore, these methods are found to be
very useful in preparing hydrogels for medical appli-
cations, where even the slightest contamination is
undesirable.17 Several articles have been published
regarding the g-irradiation of wide spectrum of poly-
mers, and among them is polyvinyl alcohol (PVA).18

In the present work, different interpolymeric network
(IPN) gel films based on chitosan and PVA were pre-
pared and crosslinked either chemically with glutaral-
dehyde or by g-irradiation. The obtained IPNs were
characterized, and equilibrium swelling and the in vitro
cumulated release of 5-fluorouracil (FU), as a model
drug, in different buffer solutions were studied.
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EXPERIMENTAL

Materials

Chitosan of medium molecular weight, 98% hydro-
lyzed PVA, aqueous solution of 25% glutaraldehyde,
5-fluorouracil (FU), acetic acid, and all other reagents
were of pure grade were purchased from Aldrich
(Milwaukee, WI). Chitosan was purified through dis-
solution/precipitation technique using 2% aq. acetic
acid and 1 M NaOH solutions as dissolving and pre-
cipitating agents, respectively. Solution of chitosan
was filtered under suction after dissolution and the
precipitated chitosan was washed repeatedly with hot
distilled water and then dried under vacuum at 258C
for two days. The other chemicals were used as
received without further purification.

Instruments and tools

A Cannon–Fenske Routine Viscometer was supplied
by Cannon Instrument Company (State College, PA).
FTIR was recorded on a Perkin Elmer Paragon 1000
FTIR spectrometer. UV/Vis spectrophotometric anal-
ysis of the FU samples was performed by using HP
UV/Vis 8452A Spectrophotometer at lmax of 268 nm.
Elemental analysis was performed with Carlo Erba
Elemental Analyser EA 1108. Data were the mean of
three replicates. Surface morphology of films was
investigated using a Cambridge Stereoscan S-250 mk 3
SEM from Hort Research (Palmerston North, New
Zealand) while 2D-XRD investigations were carried
out at the Institute of Bioscience, Massey University,

New Zealand. The film specimens were mounted in a
way that X-ray beam directed to their flat surface.

g-Irradiation has been performed in a 60Co gamma cell
at the National Centre for Radiation Research and Tech-
nology (NCRRT), Cairo, Egypt. The dried cast strips
were irradiated under air atmosphere at a dose rate of
6.92 KGy/h and placed in the g-irradiation chamber in
such a way that each one was exposed to the same dose.

Film preparation

Chitosan (Ch) was dissolved in 40 ml of 2% aqueous
acetic acid, stirred for 5 min before casting at room
temperature. In case of Ch/PVA blends the appropri-
ate amounts of 5 wt % solution of Ch was added to a
solution of the predetermined amounts of PVA and
the mixtures were stirred for 20 min before casting at
room temperature. The obtained films after drying in
vacuum at 208C were of �0.2 mm thickness.

For the chemically crosslinked chitosan and its PVA
blends the appropriate amount of glutaraldehyde
(25% aqueous solution) was added and stirred for
25 min before casting while for samples to be cross-
linked by g-irradiation, certain Ch/PVA blend films
were irradiated to the desired dose (10 or 20 KGy).
The composition of all samples is listed in Table I

Entrapment of FU as a model drug

Known amounts of FU (24 mg/g matrix) were added to
the solution of Ch or Ch/PVA blend and stirred vigo-
rously, and then the whole mixture was casted. How-
ever, some samples were also loaded with FU in 14 and

TABLE I
Composition of Ch and Ch/PVA Blend Films

Type Sample
Chitosan
g (%)

PVA g
(%)

Glutaraldehyde
ml (%)

g-irradiation
dose KGy

Chemically crosslinked Ch films CCh1 2.0 (100) — 0.4 (5) —
CCh2 2.0 (100) — 0.8 (10) —
CCh3 2.0 (100) — 2.0 (25) —
CCh4 2.0 (100) — 2.8 (35) —

Ch/PVA blend films Ch 2.0 (100) — — —
ChVA1 1.0 (50) 1.0 (50) — —
ChVA2 0.8 (40) 1.2 (60) — —
ChVA3 0.5 (25) 1.5 (75) — —

Chemically crosslinked
Ch/PVA blend films

CVA1 1.0 (50) 1.0 (50) 0.4 (5) —
CVA2 1.0 (50) 1.0 (50) 0.8 (10) —
CVA3 1.0 (50) 1.0 (50) 2.0 (25) —
CVA4 1.0 (50) 1.0 (50) 2.8 (35) —
CVA5 0.8 (40) 1.2 (60) 2.0 (25) —
CVA6 0.5 (25) 1.5 (75) 2.0 (25) —

Irradiation crosslinked
Ch/PVA blend films

GCV1 1.0 (50) 1.0 (50) — 10
GCV2 0.8 (40) 1.2 (60) — 10
GCV3 0.5 (25) 1.5 (75) — 10
RCV1 1.0 (50) 1.0 (50) — 20
RCV2 0.8 (40) 1.2 (60) — 20
RCV3 0.5 (25) 1.5 (75) — 20
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40 mg/g matrices in order to study the effect of initial
concentration (Ei) of FU on the release behavior. The
desired amounts of glutaraldehyde were incorporated
during film preparation while films were irradiated to
the required dose for the materials to be crosslinked by
g-irradiation. All samples were washed with distilled
water, dried under vacuum at 208C, and then stored
ready for further use.

Characterization

Degree of N-deacetylation and molecular weight
of chitosan

Degree of N-deacetylation of chitosan was determined
with the aid of FTIR spectroscopic analysis. The
absorption peaks at 1655 cm�1 and 3340 cm�1 corre-
sponding to the amide and primary amino groups of
chitosan were considered for estimation of the degree
of N-deacetylation of chitosan.19 Elemental analysis
was also used to determine the degree of N-deacetyla-
tion of chitosan based on the mole fraction concept.20

For determination of the average molecular weight
(Mw) of Ch, 100 mg Ch was dissolved in 100 ml of a
mixture of 0.1 M acetic acid and 0.2 M NaCl to give a
final concentration of 0.1% wt/v. The solution was left
overnight at room temperature and filtered off to
remove insoluble residuals. After that, five diluted Ch
concentrations, 0.02%, 0.04%, 0.06%, 0.08%, and 0.10%
(wt/v), were prepared and the efflux time t for 3 ml of
these solutions and for solvent to were measured,
from which the viscosity of the investigated samples
could be calculated.21

Gel fraction percent of the irradiated Ch/PVA films

A weighed sample of the irradiated film was soaked for
48 h in 2% aqueous solution of acetic acid at room tem-
perature and rinsed with flow water for 10 min. After
that, the sample was kept in distilled water for 24 h at
508C and the remaining gel portion was dried at 408C
under vacuum to constant weight. Gel fraction percent
was then determined using the following equation:

Gel Fractionð%Þ ¼ 100ðWg=WoÞ (1)

where Wo and Wg are the weights of the initial sample
and of the dried gel, respectively.

The entrapped amount of drug

The washings after loading of film or gel with FU
were collected, filtered, and then investigated with the
aid of UV spectroscopic analysis at lmax of 268 nm,
corresponding to FU.22 Both entrapped and free FU
exhibited the same lmax, indicating that the entrapped
drug did not suffer chemical reactions during gel for-
mation. The difference between the initial amount of
drug (24 mg/g matrix) and the drug content in the

washings was taken as a measure of the entrapped
amount of FU.

Equilibrium swelling characteristics

The degree-of-swelling (DS) percent of Ch film and its
blends with PVA was determined at 378C in two
buffer solutions of pH 2.1 and 7.4, corresponding to
those of stomach and intestine, respectively. The
weight of swollen samples was determined after re-
moval of the surface liquid with lint-free tissue paper
at certain time intervals until equilibrium swelling
was attained. The DS was then calculated according to
the following equation:

DS ¼ ½ðWt �WoÞ=Wo� � 100 (2)

where Wo and Wt are the initial and final weights of
the swelled gel, respectively, at time t.

In vitro cumulative release studies

In vitro release of the entrapped FU was carried out by
immersion of the loaded film in a buffer solution of
pH 2.1 and 7.4 at 378C in a shaking water bath incuba-
tor. Concentration of FU in the samples withdrawn at
certain intervals was determined at lmax 268 nm. The
withdrawn aliquots were compensated with equal
volumes of fresh buffer solution.

RESULTS ANDDISCUSSION

Structure investigation

Degree of N-deacetylation of chitosan

As the N-deacetylation percent increases, the solubil-
ity in acidic solutions, the metal ion uptake capacity
and the overall reactivity of Ch increase. This is due to
the high reactivity of the primary amino groups regen-
erated by deacetylation. The degree of N-deacetylation
of Ch was determined by two methods, namely, ele-
mental and FTIR spectroscopic analyses. The degree
of N-deacetylation of Ch was estimated as follows:

Degree of N �Deacetylation ¼ ð1� I=IoÞ � 100 (3)

where I ¼ (A1655/A3340) is the amide index which is
the relative area under absorption peak of the amide
group at 1655 cm�1 to that of the primary amino
group of chitosan at 3340 cm�1. Io ¼ 1.33 and refers to
the amide index of the fully N-acetylated Ch.19 Degree
of N-deacetylation of chitosan was 67.2% which is
nearly similar to that determined by using the elemen-
tal analysis data of chitosan (C, 44.80; N, 7.86; H, 7.02)
based on the mole fraction concept.20

Average molecular weight of chitosan

The average molecular weight (Mw) of Ch was esti-
mated by viscosity measurements, from which the
intrinsic viscosity [Z] can be determined. Conse-
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quently, Mw of Ch can be calculated by using Eq. 4
according to the Mark–Houwink equation:23,24

½Z� ¼ kM
a

W (4)

where k and a are constants independent of MW over a
wide range. In our case, k and a are 1.81 � 10�3 and
0.93, respectively, at 258C21,24 and [Z] ¼ 355.8 ml/g.
Therefore,Mw was found to be 492 KDalton.

FTIR investigations

FTIR spectroscopic analysis of Ch showed the charac-
teristic absorptions related to the saccharide structure
and to amide C¼¼O, N��H, and O��H stretching
vibrations.25 Glutaraldehyde-crosslinked chitosan
(CCh1��CCh4) showed a new peak at about 1642
cm�1 due to the formation of imine bonding (C¼¼N)
upon condensation with glutaraldehyde, and the

Scheme 1 Schematic representation of Ch/PVA interpolymeric hydrogels resulting from chemical crosslinking with glutar-
aldehyde and upon g-irradiation.

Figure 1 SEM micrograph of the surface of (a) ChVA1 film, (b) loaded ChVA1 film with FU (24 mg/g), and (c) ChVA1 after
24 h of FU release in pH 7.4 at 378C.
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signal becomes sharper as the glutaraldehyde content
increases.

This also holds true for Ch/PVA blends as a new sig-
nificant signal at 1646 cm�1 appeared, which strength-
ened as glutaraldehyde content increases. Possible
crosslinking through acetal or hemiacetal formation
between PVA and glutaraldehyde can be excluded, as
the characteristic absorptions at 1140–1190 cm�1 and at
1035–1060 cm�1 are approximately absent.25

FTIR spectra of chitosan, PVA, and ChVA1 blend
showed absorption at 1548–1560 cm�1 assigned for
the symmetric deformation of ��NH3+ formed from
the primary amino groups as Ch was dissolved in ace-
tic acid solution during blend preparation.25 An
absorption was also shown at 3300–3500 cm�1 for
O��H stretching, reflecting the extensive hydrogen
bonding in case of Ch, PVA, and ChVA1. However,
ChVA1 seems to possess relatively higher extent of
hydrogen bonding than the separate components of
the blend.26 The intensity of the O��H band decreases
upon irradiation of Ch/PVA blends up to 20 Kgy,
compared with the nonirradiated films and inversely
related to the irradiation dose, which is in good agree-
ment with results in the literature.26 This means that
radicals are formed on the macromolecules resulted in
self-crosslinking of PVA chains during irradiation and
the extent of these effects depends mainly on the irra-
diation dose.27

It has been suggested that alkoxy radicals formed
by g-irradiation of PVA decay mainly by formation of
a-carbon radicals or by formation of an aldehyde and
terminal alkyl radicals, which can readily converted
into a-carbon radical.18 Such radicals can undergo
intermolecular crosslinking by which both molar mass
and size of the resulting polymer increase and/or
intramolecular crosslinking, causing collapse of a lin-
ear or branched polymer chain.28 Scheme 1 represents
the obtained polymeric network after chemical cross-
linking of chitosan with glutaraldehyde and after g-
irradiation crosslinking (mainly of PVA).

SEM investigations

The surface morphology of the interpolymeric films
prepared from Ch/PVA blends loaded with 24 mg/g
matrix of FU as a model drug has been investigated
with the aid of scanning electron microscopy (SEM).
Three samples were chosen to be investigated includ-
ing a blank sample of 1:1 Ch/PVA blend (ChVA1) and
loaded samples with FU before and after 24 h of the
drug release in pH 7.4 at 378C.

From Figure 1, a big difference can be noticed
between the three investigated samples. The surface
morphology of the blank film indicates that it is inte-
grated, dense, and smooth [Fig. 1(a)], while loading
with the drug causes some roughness and surface

Figure 2 2D-XRD patterns of (a) Ch, (b) PVA, (c) ChVA1, (d) the feathery part of ChVA1 loaded with 5% FU, and (e) non-
feathery part of ChVA1 loaded with 5% FU.
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deficiencies, which has been noticed over most of the
sample surface [Fig. 1(b)]. After 24 h of the drug
release in pH 7.4 at 378C, the film surface has been
converted into a highly porous matrix as a result of
releasing the loaded amount of FU over 24 h under
the abovementioned conditions [Fig. 1(c)].

XRD patterns

The crystallinity of FU-loaded Ch/PVA blends has
been investigated with the aid of 2D-XRD, compared
with the unloaded blends in addition to the single
components of the blend (i.e., Ch and PVA). The dif-
fractogram of Ch film showed three major crystalline
peaks at 2y of 8.388, 11.498, and 18.258 in addition to
many weak and broad crystalline peaks. This diffrac-
tion pattern reflects high degree of crystallinity for Ch.
The diffractogram of PVA film has two major crystal-
line peaks at 2y of 11.498 and 19.558 together with two
other broad bands with 2y of 22.808 and 29.788. Inves-
tigation of a 1:1 Ch/PVA blend (ChVA1) indicated
that the main characteristic peaks of the blend compo-
nents are still noticeable in the diffractogram, but suf-
fer some weakness and broadness. This may be attrib-
uted to the H-bonding between amino and hydroxy

groups of Ch in one side with the hydroxy groups of
PVA in the other side, leading to some degree of com-
patibility within the blend. The diffractograms of the
investigated samples are shown in Figure 2.

Upon loading of 5 wt % FU, the resultant film was still
transparent with some uniform feathery aggregations
that tend to refer to a possible formation of H-bonding
between the drug molecules and the polymer chains. In
addition, the characteristic crystalline peaks for single Ch
and PVA were weak or approximately disappeared
reflecting the lower crystallinity of the loaded polymer
blend.13

Equilibrium swelling characteristics

Most of factors affecting the equilibrium swelling
properties are related to mobility restriction of chains
between crosslinks and the polymer composition.1 In
following context, equilibrium swelling is referred to
as swelling percent.

Effect of PVA content

Figure 3(a) shows the direct time dependence of the
equilibrium swelling of the noncrosslinked films pre-

Figure 3 Time dependence of swelling percent of (a) uncrosslinked and (b) crosslinked Ch/PVA blends with different PVA
content in pH 2.1 and 7.4 at 378C.
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pared from Ch/PVA blends of different PVA content
at 378C and pH 7.4. Swelling percent of Ch was
�270% while it increased to 300%, 340%, and 360%
upon blending with 50%, 60%, and 75% PVA, respec-
tively. This is expected, as PVA is a highly hydrophilic
water-soluble polymer which increases consequently
the hydrophilic nature of the blend, leading to higher
swelling at equilibrium. Figure 3(b) shows also the
direct time dependence of the swelling percent
attained for the crosslinked samples of similar PVA
content, namely, CVA3, CVA5, and CVA6 at 378C in
pH 2.1 and 7.4 showing higher swelling percent in pH
2.1 than in pH 7.4. This can be attributed to the tend-
ency of Ch moieties to be more highly dissolved in
acidic medium (pH ¼ 2.1) than in the neutral or faint
alkaline medium (pH ¼ 7.4). The noncrosslinked
blends have not been investigated in pH 2.1, as the
samples are soluble in this acidic medium.

Effect of crosslinker content

Figure 4 shows the direct time dependence of swelling
percent of Ch and Ch/PVA blend films crosslinked
with varying amounts of glutaraldehyde at 378C where
the swelling percent depends inversely on glutaralde-

hyde content but more significant in case of Ch/PVA
blends up to 10% after which the dependence is nearly
similar. In both cases, swelling behavior at lower pH
(2.1) was less sensitive to glutaraldehyde content com-
pared with that at higher pH (7.4). It can be concluded
from Figure 4(a) that by increasing the glutaraldehyde
content from 5% to 35%, the extent of crosslinking
increases and consequently the swelling percent de-
creases from 550% to 450% and from 270% to 150% in
pH 2.1 and 7.4, respectively in case of the crosslinked
Ch films. Figure 4(b) represents a similar behavior for
1 : 1 Ch/PVA blends crosslinked with varying amounts
of glutaraldehyde at both pHs 2.1 and 7.4. It can be
noticed also that crosslinking of Ch with 5% of glutaral-
dehyde has practically slight effect on swelling percent
compared with the noncrosslinked film.

Effect of irradiation dose

The swelling percent of Ch/PVA films of varying PVA
content and crosslinked upon exposure to (a) 10 KGy
and (b) 20 KGy dose of g-irradiation has been deter-
mined. Figure 5(a) shows the time dependence of swel-
ling percent of such samples, and it can be concluded
that, at the same pH, more crosslinking occurs upon

Figure 4 Time dependence of swelling percent of crosslinked (a) chitosan films and (b) 1 : 1 Ch/PVA blends in pH 2.1 and
7.4 at 378C.
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irradiation as the content of PVA increases. This is due
to the mobility restriction of chains between crosslinks,
which leads to a remarkable decrease in the swelling
percent at equilibrium. Such swelling percent (450%,
GCV2) was attained in approximately 3 h in pH 2.1,
while the time required for equilibrium swelling per-
cent (210%, GCV2) increased up to 4 h in case of pH 7.4.
Figure 5(b) behaves similarly for a higher g-irradiation
dose of 20 KGy, but the swelling percent was of lower
limits. The equilibrium swelling percent (380% and
150%, RCV2) was attained after about 4 and 5 h in pH
2.1 and 7.4, respectively. On the other hand, the direct
dependence of the Gel fraction percent representing the
crosslinking extent on both g-irradiation dose and PVA
content in the films confirms that PVA role in crosslink-
ing was predominant (see Table II).

From all the above discussed results, it is noticeable
that the swelling percent was higher at acidic medium
(pH 2.1) than for the slightly alkaline one (pH 7.4).
This sensitivity towards pH can be attributed to the
chemical structure of chitosan where protonation can
occur favorably at the NH2 groups of chitosan in the
acidic medium, leading to dissociation of the hydro-
gen bonds involving these groups. This consequently

facilitates the entrance of swelling fluids into the film
matrix and a higher extent of swelling percent will
be attained. In addition, this facilitates ionization of
amino groups in the acidic buffer solution.22,29 On the
other hand, the swelling process will be hindered at
pH 7.4 due to the increased hydrophobic nature of the
chitosan-based gel films dominating at higher pH
values, thus preventing faster swelling in neutral and
alkaline media.30

Cumulative release measurements

The release patterns of a drug from a polymeric matrix
depend mainly on its swelling behavior. Thus, factors

Figure 5 Time dependence of the swelling percent of (a) 10 KGy and (b) 20 KGy g-irradiated Ch/PVA films of different
blend ratios in pH 2.1 and 7.4 at 378C.

TABLE II
Gel Fraction Percent of g-Irradiated Ch/PVA Films of

Different PVA Contents in pH 7.4 at 37 8C

Irradiation dose (KGy)

PVA content (%)

50 60 75

10 40.2 52.0 59.5
20 51.0 56.0 61.1
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affecting the DS are consequently influencing the cu-
mulative release profile of a drug from such matrix. In
the next subsection, the effect of PVA and crosslinker
contents as well as the irradiation dose is discussed
for samples loaded with a 24 mg FU/g matrix. How-
ever, samples loaded with different amounts of FU (14
and 40 mg/g matrices) were prepared to investigate
the dependence of release percent on the initial con-
centration of FU in the matrix.

Effect of PVA content

The cumulative release of FU from the noncrosslinked
films of Ch/PVA blends in pH 7.4 at 378C was investi-
gated, and the dependence of the release percent of
FU on the PVA content in the films was realized. A
gradual increase in the released percent of FU was
observed for the PVA-free sample while an initial
burst release in the first hour was observed for sam-
ples containing PVA. Release of FU becomes faster
and the release percent attains higher values at equi-
librium as the content of PVA in the blend increases,
and nearly most of the accessible FU is released from
the films within 2.5 h; hence, the plateau level was
attained. The noncrosslinked chitosan blends have not
been investigated at pH 2.1 as it can be dissolved in
acidic medium. The release percent of FU for the
crosslinked Ch/PVA blends at 378C in pH 2.1 and 7.4
was investigated and the direct dependence on the
content of PVA in the blend and pH of the releasing
medium was remarkable. For instance, the release per-
cent increased from �84% to �96% and from �57% to
�70% for samples released in the medium of pH 2.1
and 7.4, respectively, by increasing the PVA content
from 50% (CVA3) to 75% (CVA6) in the films loaded
with 24 mg FU/g matrix. The time required for release
of most accessible FU was 5 h in both cases (Table III).

Effect of crosslinker content

The equilibrium release percent of FU from Ch and
Ch/PVA films was varied according to the amount of
glutaraldehyde used for crosslinking in pH 2.1 and 7.4.
The inverse dependence on the degree of crosslinking
can be concluded. Table III showed that, for instance,
�95% FU was released up to equilibrium from 5% glu-
taraldehyde-crosslinked chitosan (CCh1), which was
lowered to 80% in the case of 35% glutaraldehyde-cross-
linked chitosan (CCh4) in pH 2.1. A slight or nearly no
difference was observed in the release percent at equi-
librium from the 25% (CCh3) and 35% (CCh4) cross-
linked samples. A similar behavior was observed in pH
7.4 at 378C and all samples attained a state of equilib-
rium release after �6 h, that is, longer than that for the
noncrosslinked films (<2.5 h).

For the crosslinked 1 : 1 Ch/PVA blends, the release
percent of FU up to equilibrium decreased from 94%

to 83% as the amount of glutaraldehyde increased
from 5% for CVA1 to 35% and for CVA4 while no sig-
nificant difference was observed at equilibrium
between CVA3 and CVA4 (25% and 35% glutaralde-
hyde, respectively) at pH 2.1 at 378C. Similar release
patterns were obtained for the same samples (CVA1-
4) in pH 7.4. In both media (pH 2.1 and 7.4), the
release percent from the FU-loaded samples (CVA1-4)
attained its equilibrium value after nearly 5 h, that is,
in less time than that for the crosslinked Ch samples
(�6 h). This can be attributed to the higher swelling

TABLE III
Release Percent (R%) at Equilibrium of FU from Ch and

Ch/PVA Films with Initial Concentration (Ei) of 14, 24, and
40 mg FU/g matrix in pH 2.1 and 7.4 at 378Ca

Sample Ei; mg/g E %

R %

pH 2.1 t, h pH 7.4 t, h

Ch 14 78.0 — — 72.5 2.5
24 70.9 — — 76.0 —
40 73.2 — — 77.8 —

ChVA1 14 73.5 — — 76.9 —
24 68.0 — — 80.4 —
40 66.4 — — 82.1 —

ChVA2 14 82.3 — — 85.0 —
24 69.7 — — 87.0 —
40 71.6 — — 88.2 —

ChVA3 14 69.4 — — 88.0 —
24 67.8 — — 91.6 —
40 74.7 — — 90.8 —

CCh1 14 83.0 92.1 6.0 76.1 6.0
24 82.1 95.0 — 76.0 —
40 83.3 96.8 — 76.8 —

CCh2 14 86.7 81.3 — 60.2 —
24 86.9 83.2 — 61.0 —
40 85.1 83.7 — 61.7 —

CCh3 14 86.4 76.1 — 48.4 —
24 85.1 80.0 — 50.2 —
40 87.5 84.5 — 50.0 —

CCh4 14 91.7 80.7 — 45.3 —
24 92.4 80.0 — 46.0 —
40 90.8 82.3 — 46.1 —

CVA1 14 85.1 92.6 5.0 62.8 5.0
24 86.0 94.0 — 63.0 —
40 85.3 95.3 — 64.1 —

CVA2 14 87.4 87.1 — 63.9 —
24 88.2 87.0 — 63.5 —
40 88.9 89.0 — 65.2 —

CVA3 14 87.3 83.2 — 54.7 —
24 88.0 84.0 — 57.0 —
40 87.1 84.6 — 59.3 —

CVA4 14 88.5 81.4 — 50.0 —
24 87.2 83.0 — 51.2 —
40 85.8 85.2 — 53.0 —

CVA5 14 92.3 95.0 — 61.1 —
24 90.9 95.0 — 63.0 —
40 90.7 96.6 — 65.2 —

CVA6 14 94.2 96.9 — 76.8 —
24 93.0 96.0 — 70.0 —
40 94.8 98.2 — 74.6 —

a E % is the percent of FU entrapped in the matrix.
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ability of the crosslinked Ch/PVA films relative to
that for Ch films.

Effect of irradiation dose

The cumulative release behavior of FU from Ch/PVA
films subjected to a dose of 10 KGy and 20 KGy of g-
irradiation in pH 2.1 and 7.4 at 378C was investigated.
Figure 6 shows the direct time dependence of the
release percent of FU on the PVA content in the film.
The inverse effect of PVA content on the release percent
of FU at equilibrium is recognizable as well. This can
easily be explained by the fact (derived in the subsec-
tion ‘‘Effect on irradiation dose’’ above) that more radia-
tion-induced crosslinking occurs by increasing the g-
irradiation dose and/or the content of PVA in the film.
This will lead, of course, to swelling and consequently
the release percent of FU will be dimensioned.

Effect of initial concentration of loaded FU

The release percent of FU from all the investigated
films irrespective their composition was much higher

in acidic medium (pH 2.1) than that in the neutral or
weakly alkaline one (pH 7.4). This may be attributable
to the dependence of the release rate on the degree of
swelling of the gel, where the release is mainly diffu-
sion-limited. This conclusion can be supported by the
results obtained by investigating the release patterns
of FU from samples loaded with different amounts
(14, 24, and 40 mg/g matrix) of FU. From Table III, it
can be noted that the release percent of FU was
directly related to the initial concentration of FU
loaded in the matrix. This may tend to refer to the role
played by the hydrophilic nature of the entrapped
materials in increasing the rate of release. However,
the variation in the released amount of the drug upon
increasing its initial concentration is not significant
enough to reflect a strong role of drug hydrophilicity.
At the same time, it confirms that the mechanism of
release is mainly diffusion-limited through the swol-
len gel. Moreover, a marked effect of the pH of the
release medium over the effect of the PVA content in
the gel was revealed. This may be attributed to the
chemical structure of chitosan, where the amino
groups are responsible for such pH sensitivity.

CONCLUSIONS

1. Chemical crosslinking of Ch blends can be
achieved through the formation of imine bonding
upon condensation with glutaraldehyde, with
the exclusion of the possible acetal or hemiacetal
formation between PVA and glutaraldehyde.

2. Irradiation of Ch/PVA blends resulted in self-
crosslinking of PVA chains; therefore, more
crosslinking occurs as the content of PVA
increases leading to a remarkable decrease in the
equilibrium swelling.

3. Equilibrium swelling of all films depends directly
on time and increases with the content of PVA,
while it depends inversely on the crosslinker
content.

4. The release percent of FU depends directly on
the content of PVA and more significantly on the
pH of the releasing medium, where it was faster
in an acidic medium than in a neutral or weakly
alkaline one.

5. For g-irradiated samples, the irradiation dose has
an inverse effect on the release percent of FU
from Ch/PVA blends; hence, more crosslinking
occurs with increased g-irradiation dose.

The authors would like to cordially thank Dr. DRK Harding
at IFS, Massey University, Palmerston North, New Zealand
for facilitating the SEM investigations, elemental analysis,
and XRDmeasurements through gainful collaboration.

Figure 6 Release percent of FU from g-irradiated Ch/PVA
films of different PVA contents in pH 2.1 at 378C.
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