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Abstract

The effect of c-radiation doses of 12.5–380 kGy on the infrared spectra, gel content, mechanical properties, and the release of oxo-
butyl-5-fluoro-2 0-deoxyuridine (OfdUrd, an antitumor agent) from poly(ethylene-co-vinyl acetate) (EVA) films was studied. The results
showed that the application of radiation doses produced a crosslinking reaction leading to a maximum gel content of about 85% in the
case of 150 kGy. Higher doses did not increase the gel content in EVA films. The mechanical properties (tensile strength, percentage
elongation at break and Young’s modulus) of all studied EVA matrices were affected by the exposure to c-radiation. Irradiation doses
over 50 kGy caused an increase in the Young’s modulus of EVA and at the same time a decrease in the strain per cent. Moreover, the
network structure formed after irradiation reduced significantly the OFdUrd release from EVA films. In this manner, the radiation dose
applied to the polymeric matrix modulated the release of OFdUrd, avoiding the high concentrations that may cause severe systemic
toxicity. The loading of OFdUrd to EVA film triggered a slight hyperemia after implantation, while the inflammatory reaction was only
observed during the first two days.
� 2006 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

5-Fluorouracil (5-fluoro-2,4(1H,3H)-pyrimidinedione)
(Scheme 1) is a potent antitumor agent that has been used
in chemotherapy. 5-Fluorouracil (5-FU) is a pyrimidine
antagonist widely used in the chemoradiotherapy treat-
ment of cancer [1,2].

Several mechanisms of 5-FU action have been proposed,
including inhibition of RNA function and/or processing
and synthesis of thymidylate through inhibition of thymi-
dylate synthetase, an enzyme which is inside the cancer
cells, and thereby exerts its anticancer effect on the cells [3].
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Despite the remarkable progress achieved in the reduc-
tion of incidence in developed countries, cervical cancer is
still one of the major causes of cancer death worldwide.
Previous studies have pointed out that 466,000 women
are reported to develop cervical cancer around the world
each year, and that 225,000 die from the disease. Approx-
imately 80–85% of these deaths occur in women of develop-
ing countries in regions such as sub-Saharan Africa, South
Asia and Latin America [4–8]. Unfortunately the exact
cause of cervical cancer is unknown. But it is well known
that the infection with two types of human papilloma virus,
which is transmitted sexually, is strongly associated with
cervical cancer and is the primary risk factor [9–12].

The administration of 5-fluorouracil in cervical cancer
treatment is accompanied by severe toxic side effects and
vier Ltd. All rights reserved.
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Scheme 2. Structures of 5-FdUrd and their derivative OFdUrd.

Scheme 1. 5-Fluorouracil.
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delivery problems [13–15]. More recently, drug delivery
systems containing a prodrug of 5-FU, (+)-5-fluoro-2 0-
deoxyuridine (5-FdUrd) and derivatives (Scheme 2a), have
been reported to be more effective in terms of avoiding some
of the collateral effects of 5-FU administration [16–18].
Fluorouridine is a deoxyribonucleoside derivative of
5-FU that has been found to be a highly effective com-
pound for the treatment of various solid tumors [19–21].

Chemotherapy using 5-FdUrd prodrugs in conjunction
with radiotherapy has been shown to improve the outcome
in cancer treatment. Radiotherapy generates radicals in cel-
lular DNA and adjacent molecules that lead to the cancer
cell death. Oxygen is important because it intercepts the
short-lived free radicals and enhances DNA damage.
Tumor cells lacking oxygen are radiotherapy resistant, but
drugs that are more toxic to such hypoxic cells can exploit
this deficiency. In the radiotherapy/chemotherapy treat-
ment the 5-FdUrd prodrugs produce drug free radicals to
activate them. Oxygen has a higher electron affinity than
the drug, and rapidly removes the extra electron off the drug
radical. Thus oxygen in normal tissue protects against drug
activation, and selectivity against the tumor is achieved.

In order to obtain good radiochemical yield in a mini-
mal reaction time, some clinical studies have suggested that
the addition of 2-oxoalkyl side chain to 5-FdUrd at the
N(3) position (Scheme 2b) generates 5-FdUrd derivatives
that are more effective in the cancer treatment due to the
higher radiochemical yield (G-value) of these prodrugs
[22,23]. In this sense, the oxoalkylated 5-FdUrd may be
more potent than 5-FdUrd when used clinically in radio-
therapy treatment.

During the past century, advances in polymer chemistry
have resulted in the development of biocompatible polymer
delivery devices that reliably release pharmaceutical com-
pounds in a controlled and continuous fashion [24–26].
Most companies now provide polymer devices for con-
trolled drug delivery based on poly(ethylene-co-vinylace-
tate) (EVA). EVA copolymer is composed of long chains
of ethylene and vinyl acetate groups randomly distributed
throughout the chains. EVA is an inexpensive polymer
with biocompatible properties approved for human use
by Food and Drug Administration [27–30]. The usefulness
of EVA copolymer as a drug delivery system for several
drugs of clinical interest has been well explored in the liter-
ature [31–33].

It is well known that it is necessary to sterilize all bioma-
terials after their fabrication and prior to their surgical
placement to reduce the risk of infections and associated
complications. The most commonly used sterilization tech-
niques utilize heat, steam, radiation or a combination of
these methods [34]. The selection of the correct sterilization
technique for EVA implants is crucial to their physical and
mechanical properties, and hence to their performance in
medicine. Hospital steam sterilization techniques com-
monly use high moisture and temperatures in excess of
100 �C. Such temperatures can approach or exceed the ther-
mal transition temperatures of EVA and potentially alter
their physical and mechanical properties. Chemical sterili-
zation by ethylene oxide is often used for polymers that
are sensitive to heat and moisture. This is particularly true
for EVA copolymers that are thermoplastic in nature and
degrade by hydrolysis. However, chemical sterilization can
potentially leave residues in harmful quantities on the sur-
face and within the polymer. Recent studies regarding the
toxicity of ethylene oxide sterilization have raised serious
questions due to the carcinogenic properties of the residues
left in the polymer [35,36]. These residues may be present in
harmful quantities on the surface and within the polymer. In
this sense, it is crucial that polymeric implants are subjected
to adequate degassing or aeration subsequent to ethylene
oxide sterilization so that the concentration of residual
ethylene oxide is reduced to acceptable levels.

An effective method developed for the sterilization of
materials used in biomedicine is sterilization using ionizing
radiation (c-rays and electron beams) [37]. The biggest
advantage of radiation sterilization over other ethylene
oxide methodology is that the medical device can be steril-
ized after packing, thus avoiding problems of recontamina-
tion [38].

Recently, our interest has been focused on the design of
controlled drug delivery systems based on alkylated fluoro-
uridine derivatives. In this study, we have investigated the
release characteristics of the prodrug oxobutyl-FdUrd
(OFdUrd) from the EVA matrix crosslinked by c-irradia-
tion. In spite of a few studies on the use of EVA as a carrier
for controlled release of 5-FU [39], as far as the authors are
aware, no investigations of the design of OFdUrd delivery
systems based on radiation-crosslinked EVA devices have
been reported yet. A combination of radiation-crosslinked
EVA and OFdUrd, maintaining therapeutic levels for
several days, may be helpful in the treatment of cervical
cancer.
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2. Experimental

2.1. Materials

The EVA random copolymer with vinyl acetate content
of 28% was supplied by Politeno, Brazil. The crystallinity
of the EVA, determined by differential scanning calorimetry,
was about 20% and it had a melting temperature of 78 �C.
The number average molecular weight (Mn) and weight
average molecular weight (Mw) of EVA were 15,600 g mol�1

and 53,000 g mol�1, respectively. The polydispersity
(Mw/Mn) of EVA was 3.5. The drug 5-fluorouridine
(5-FdUrd) was obtained from Sigma and was used without
further purification.
2.2. Prodrug synthesis

The prodrug N-(3-oxobutyl)-5-fluorouridine (OfdUrd)
was prepared by reacting 5-fluorouridine with the appro-
priate chloroformate prepared from the corresponding
alcohol [40]. The solid obtained was purified by recrystalli-
zation from ethylacetate/light petroleum. Elemental analy-
sis and 1H NMR spectroscopy was in agreement with the
expected structures.
2.3. Matrix preparation

A weighed amount of the dry OFdUrd powder (30 mg)
was dispersed in 25 mL of dimethyl sulfoxide (DMSO) in a
glass vial. The EVA copolymer (2.5 g) was dissolved in the
drug suspension at 50 �C. This mixture was poured onto a
siliconed glass plate and the solvent was allowed to evapo-
rate off at room temperature (25 �C) overnight. The mem-
brane was removed from the plate and dried for 48 h at
room temperature under vacuum. The polymer matrix con-
taining the drug was placed in a steel mold and melt-
pressed at 100 �C under 5 MPa in an electrically heated
press for 2 min to obtain films of uniform thickness
(600 lm). The molding was cooled under compression to
maintain the overall dimensional stability of films. Then,
rectangular matrices were cut from the membrane and
weighed accurately. The drug content was calculated from
the weight ratio of drug and copolymer used. The drug
content (OFdUrd) in EVA matrix was analyzed by using
an ultraviolet–visible (UV–vis) spectrometer at 266 nm
(Varian Cary spectrophotometer). A calibration curve of
OFdUrd in DMSO was used as a reference.
2.4. Gamma irradiation

The 60Co-c-irradiation source was performed using a
22,000 Ci activity 60Co source (Nuclear and Energetic
Research Institute, IPEN/CNEN-SP). The EVA samples
were c-irradiated at 25 �C at a dose rate of 12.15 kGy s�1

in polyethylene bags under a nitrogen atmosphere. The
doses of gamma radiation ranging from 12.5 to 380 kGy
were measured using a Perspex dosimeter red type 4034
BM (Harwell� Laboratory, UK).

2.5. Determination of gel fraction

In order to investigate the influence of gamma irradia-
tion on the gelation of EVA, samples were immersed in
o-xylene at 80 �C for 72 h, then refluxed in a Soxhlet extrac-
tor for 24 h. The remaining insoluble sample was rinsed
with methanol and dried in a vacuum oven at 70 �C to a
constant weight. The equilibrium swelling time was deter-
mined from the experiments and the gel fraction was calcu-
lated gravimetrically from the weight of the sample before
and after swelling as follows:

Gel ð%Þ ¼ m
m0

� 100 ð1Þ

where m0 is the initial weight of the film and m is the weight
of the insoluble part of the film. The results of the gel frac-
tion reported in this work represent the average of three
samples.

2.6. Stress–strain measurements

Uniaxial stress–strain experiments were conducted at
room temperature on an Instron 4301 Universal Testing
Machine. The tensile tests were carried out according to
ASTM D638 standard recommendations, using a cross-
head displacement rate of 50 mm/min. Self-tightening grips
were used in tensile tests. The grips self-tighten as tension
increases and no appreciable displacement was observed
in the assayed samples. A minimum of five specimens from
each batch were mechanically tested.

2.7. Infrared spectroscopy

Attenuated total internal reflectance–Fourier transform
infrared (ATR–FTIR) spectra of thin films were performed
using a Perkin Elmer Spectrum One infrared spectrometer
equipped with an ATR accessory. The FTIR spectra were
measured with a 45� multiple reflection ZnSe crystal. Each
spectrum was based on 16 scans.

2.8. In vitro drug release studies

The release behavior of EVA films loaded with OFdUrd
was studied in phosphate-buffered saline pH 7.4 at 37 �C.
The loaded polymer was placed into thermostatized cells
and phosphate buffer pH 7.4 was circulated through the
cells at the rate of 10 mL h�1, and collected every hour
using an automatic fraction collector. The total volume of
the solution in the vessel was 100 mL and the stirring rate
was always constant. At intervals, 50 lL samples were
drawn from the solution in order to follow the change in
the concentration of OFdUrd. A maximum of 40 aliquots
were taken so the vessel volume was considered constant.
Drug release was maintained under sink conditions, which
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Fig. 1a. Variation of the gel content as a function of irradiation dose for
EVA samples irradiated by gamma rays from 60Co at room temperature
(25 �C) and N2 atmosphere.
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means that the amount of OFdUrd released should not
exceed 10% of its solubility in the medium. The concentra-
tion of the drug was determined by UV–vis spectroscopy
(Cary 50) using a 1 cm path length microcuvette (50 lL vol-
ume) at 266 nm. Standards of 0.1–50 lg mL�1 in saline
solution were used to obtain a calibration curve.

2.9. In vivo evaluation

The Ethical Committee of the Institutional Animal
Care and Use Committee (IAUC) of IPEN-CNEN/USP
approved the animal experimentation. Anesthesia was
induced using intraperitoneal injection of a mixture contain-
ing xylazine hydrochloride, 10 mg/kg (Rompum, Bayer)
and ketamine hydrochloride, 75 mg/kg (Ketanest 50,
Parke-Davis). Before implantation, films were sterilized by
c-radiation (25 kGy). The biocompatibility of drug-loaded
films was investigated subcutaneously and in the cage-
implant system, according to the procedure described in
the literature [41,42]. Loaded dishes of 5.0 mm in diameter
were implanted subcutaneously in the back of Wistar rats
between 7 and 9 weeks old, weighing 200–250 g at the level
of panniculus carnosa, and the exudates surrounding the
implanted material within the cage system were collected
for the quantification of the inflammatory components.
Samples were taken and histopathological observations
were made at 3, 7, 14 and 21 days after implantation.
Medical grade silicone was used as control.

3. Results and discussion

3.1. Radiation-crosslinking and polymer characterization

Gelation in polymers is generally referred to as cross-
linking of macromolecules by means of covalent bonds.
Crosslinking most likely occurs due to combinations of
the macromolecular EVA radicals created during 60Co irra-
diation. One of the proposed mechanisms for the radiation
crosslinking of EVA is presented in Scheme 3 [43].

Fig. 1a shows the relationship between the gel content
and irradiation dose for EVA. Unirradiated samples were
Scheme 3. Radiation crosslinking mechanism of EVA chains: rad
found to be soluble in hot xylene, but the solubility of irra-
diated samples was reduced significantly. It is shown in
Fig. 1a that gel content of EVA increased rapidly up to
dose of 50 kGy and doses greater than 100 kGy led to a
slow increase of the gel content. This suggests that the
increase in the irradiation dose up to 100 kGy leads to an
increasing of the crosslinking density in EVA chains
[44,45].

According to the classical Charlesby–Pinner equation
the relationships between the sol fraction s and adsorbed
dose (D) may be expressed by the equation [46]:

sþ
ffiffi
s
p
¼ p0

q0

þ 2

q0u2;0D
ð2Þ

where p0 and q0 are constants which indicate sensitivity of
dissociation and crosslinking to radiation, respectively.

The relationship between s + s1/2 and 1/D shown in
Fig. 1b is basically linear (regression coefficient, r = 0.962).
iation crosslinking by gamma rays (c) or electron beam (e�).
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This results suggests that radiation crosslinking of EVA
matrix follows a random crosslinking law. However, the
data points in Fig. 1b depart slightly from a straight line
and this may be due to the fact that the molecular weight dis-
tributions in EVA may be not random prior to irradiation.
From the plot of the dependence of s + s1/2 on 1/D, it is pos-
sible to obtain the gelation doses (DG) and the ratio of prob-
ability of dissociation and crosslinking (p0/q0). In this work
the DG and p0/q0 values for EVA matrix are 23 kGy and
0.53, respectively. The p0/q0 results suggests that EVA has
a tendency to form crosslinks rather than scission, since
p0/q0 = 0.53.

The Young’s modulus of the c-irradiated films as a func-
tion of the irradiation dose is shown in Fig. 2. It can be
seen that Young’s modulus also increased rapidly up to
dose 50 kGy. A clear linear relationship was observed
between irradiation dose and Young’s modulus, indicating
an increased stiffness of EVA matrix probably due to the
formation of crosslinked EVA chains as confirmed by gel
content results (Fig. 1).

Fig. 3 shows the stress–strain curves of EVA membranes
as a function of irradiation dose. It was found that the
strength of EVA increased gradually with increasing irradi-
ation dose up to 114 kGy, while the strain per cent
decreased with the radiation treatment. The behavior of
EVA matrices after c-irradiation is related to the formation
of a crosslinked EVA structure as confirmed by gel content
analysis. However, higher radiation doses produced a brit-
tle film displaying a low strain per cent and may be a con-
sequence of the high crosslinking density and the expected
damage of the EVA structure [45].

The ATR–FTIR spectra of unirradiated and irradiated
EVA films with 12.15 kGy s�1 dose rates are shown in
Fig. 4a and b. The spectra of pure EVA shows absorption
peaks at 1740 cm�1 due to carbonyl stretching (C@O) for
ester carbonyl groups of vinyl acetate, 1470 cm�1 due to
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C–H bending of CH2, 1370 cm�1 due to C–H bending of
CH3, 1244 cm�1 and 1030 cm�1 due to C–O–C group.
These peaks are in good agreement with the literature
values [47].

The major species produced by the irradiation induced
structural changes of EVA have been identified from their
characteristic infrared absorption bands [48]. These species
are: hydrogen-bonded hydroxyls (alcohols, hydroperoxides,
carboxylic acids) at 3100–3600 cm�1, carbonyls (ketones,
acids, esters, etc.) at 1700–1800 cm�1 and unsaturated car-
bon–carbon bonds (C@C) at 1600–1700 cm�1. The increase
of the broad band between 3000 and 3600 cm�1 may be
associated with an increase in the amount of hydroxyls. Fur-
thermore, the peak at 3330 cm�1 clearly identifies the
increasing hydrogen-bonded hydroperoxides. The hydro-
peroxide band has a markedly higher intensity for the
EVA samples having more than 100 kGy doses than for
the original (unirradiated) sample. For comparison, the
FTIR spectra of EVA samples having 0, 38, 78, 114 and
152 kGy doses are shown in Fig. 4a where the changes of
the broad band between 3000 and 3600 cm�1 may be clearly
observed. For the carbonyl band (Fig. 4b), the unirradiated
EVA sample have very weak (nearly at the level of detection
limit) carbonyl and carboxyl peaks in the region at
1680 cm�1, probably due to slight oxidation during the sam-
ple preparation. An increase in the dose to 100 kGy causes
an increase in the absorbance peaks at 1680 cm�1 (Fig. 4b).

It is well known that the higher irradiation doses may be
able to promote other competitive reactions in EVA matrix
and not only the crosslinked chains [44,45]. Our FTIR
results suggest that at microscopic levels the changes in
the ATR–FTIR spectra of irradiated EVA may be attribut-
able to structural changes such as macromolecular chain
splitting, creation of low mass fragments, production of
free radicals, oxidation and crosslinking as result of the
higher gamma radiation doses.

3.2. 5-Drug release

In order to study the effect of the EVA crosslinking on
drug release kinetics, the release of OFdUrd dispersed in
EVA matrices irradiated at different radiation doses was
investigated. For a controlled diffusion process, the
OFdUrd diffusion through EVA matrix can be expressed
by the following equation [49]:

ocðx; tÞ
ot

¼ D
o2cðx; tÞ

ox2
ð3Þ

where c represents the concentration of the drug at distance
x from the contacting surface and D represents the diffu-
sion coefficient.

The above equation has several solutions, depending on
the boundary and, consequently, experimental conditions.
The most commonly method used for determining the dif-
fusion coefficient (D) is the gravimetric method or weight
gain. The weight gain method consists of the study of the
kinetics of liquid sorption by a polymer sample under iso-
thermal and isobarical conditions. If the liquid-sorbing
sample is a plate of thickness L, under the boundary con-
ditions 0 < x < L and 0 < C < Cequilibrium, Fick’s second
law after integration gives [50]:

Mt

M1
¼ 4

L
DOFdUrd:t

p

� �1=2

or x ¼ 4
DOFdUrd:t

p

� �1=2

ð4Þ

where L(Mt/M1) may be replaced by x, the position of the
solution/polymer interface.

It is known that for polymers that are above their glass
transition temperature (Tg) at the experimental conditions,
as is the case for the EVA used in this work, the diffusion of
the solvent is slower than the relaxation time of the poly-
mer. In this case, the transport mechanism is denominated
Fickian when the position of the penetrant front versus
time is described by

x ¼ kt1=2 ð5Þ
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where k is a proportional constant that is related to the
square root of the diffusion coefficient, D.

Fig. 5a shows the OFdUrd release results, expressed as
the cumulative amount of the drug OFdUrd released ver-
sus the square root of time (t1/2). The variation of the drug
released from the c-irradiated and unirradiated EVA
matrix was characterized by three phases (Fig. 5a): (i) an
initial period of rapid release of OFdUrd (burst effect)
due to the release of drug molecules at the matrix surface;
(ii) a period where release of the OFdUrd drug was approx-
imately linear with respect to t1/2 and (iii) a final period
when release tapered off, due to the increased difficulty of
diffusion of drug occluded inside the matrix with decrease
of the initial drug concentration in the membranes.

The OFdUrd release dependence of the gel content on
the irradiation dose in c-irradiated EVA matrix is given
in Fig. 5b. As expected, the release rate decreased with
increasing gel content. This can be explained by the
decreased mobility of the EVA chains due to the increase
in the crosslinking density. In this sense, the free volume
available for the diffusion of drug molecules decreases,
restraining the mobility and lowering the coefficient diffu-
sion values of the OFdUrd drug through the EVA matrix.

Fig. 6 shows the apparent diffusion coefficient of
OFdUrd drug through EVA films. The diffusion coefficient
of OFdUrd decreased with the increase in the gel content
indicating that the increase in the crosslinking density of
the polymer matrix reduces the mobility of the aqueous
medium in the EVA films. The reduction in the mobility
of the EVA chain due to the radiation-crosslinking leads
to the decrease in the diffusion coefficient values of
OFdUrd. However, because the above data treatment
method is quite simplified, it must be emphasized that the
results of these calculations are only meant for comparative
purposes within a given drug delivery system study, not to
provide absolute values of diffusion coefficients.

The morphology and appearance of the OFdUrd parti-
cles dispersed in EVA matrix were examined by scanning
electron microscopy (SEM). Cross-sections of the EVA
membranes were made using a microtome to study their
inner structure. The SEM micrographs of the EVA and
drug-loaded EVA matrices are shown in Fig. 7. The SEM
micrograph of cross-sections of EVA matrix (Fig. 7a)
revealed a smooth and compact structure without any
noticeable pinholes or cracks within the conventional
SEM resolution. Fig. 7b shows the presence of OFdUrd
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crystals that may be associated with recrystallization of
OFdUrd dissolved initially in the polymer matrix. Most
probably the recrystallization of the drug occurs in the
amorphous domains of the EVA and it may be severely hin-
dered by the polymer matrix. In this case, it is expected that
not all OFdUrd will crystallize in monodisperse form. As a
consequence, the size of particles is polydisperse with a total
range of 5–30 lm, as shown by SEM micrographs.

3.3. In vivo results

The implantation of synthetic materials in the human
body is a procedure with a high risk of infection. It is well
known that the potential for using of a polymer is strongly
dependent on its biocompatibility. Accumulated experimen-
tal evidence suggests that a marked inflammatory reaction
would counter the effect of the wound healing inhibitors.
EVA biocompatibility has been extensively investigated
and markedly improved by purifying the polymer of
residual monomers and oligomers, and also by producing
the polymer aseptically. In view of tissue response and
biocompatibility, it is extremely important to consider the
biological activity of the therapeutic agents incorpo-
rated into the carrier, especially if the bioactive agent has
cytotoxic or anti-inflammatory characteristics. The inherent
toxicity of therapeutic agents must be considered as having
the potential of altering the inflammatory (phase I) and
foreign body reaction (phase II) [51,52]. In this sense, ISO
standards 10993 regarding the biological evaluation of
medical devices require various tests on the polymers or
polymer carriers containing therapeutic agents.

Inflammation is the most potent effect of immune
defense. It is recognized as swelling, pain, heat, and redness
in the affected tissue. Immune cells within the biological tis-
sue release specific mediators that control local circulation
and cell activities, producing inflammation. Under the
microscope, an inflamed tissue is seen to be invaded by a
variety of immune cells. The rejection of implantable mate-
rials represents a chronic inflammatory process and inflam-
matory cell population markers like lymphocytes and
release enzymes as alkaline phosphatases provide an adjunc-
tive method for global assessment of biocompatibility.

Fig. 8 shows the hyperemia score after implantation of
sterilized OFdUrd/EVA films. The concentrations of
polymorphonuclear cells and lymphocytes as well as the
extra- and intracellular activities of acid and alkaline
phosphatases were not significantly different from the
control. The loading of OFdUrd to EVA film triggered a
slight hyperemia. However, the inflammatory reaction
was only present during the first two days. No irreversible
changes occurred in the tissues, indicating an overall good
biocompatibility.

4. Conclusions

c-Irradiation produced a crosslinked network in EVA
films, as shown by the presence of a gel fraction, the con-
tent being increased with the irradiation dose. The change
in the polymer structure had an important effect on the
mechanical properties, as evidenced by the observed elastic
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modulus and the ultimate strain values. The crosslinked
network modulated the release of OFdUrd from the EVA
films, avoiding the high concentrations that may cause
severe systemic toxicity. Loaded EVA film showed a non-
significant hyperemia, displaying a low inflammatory reac-
tion after implantation. The results obtained in this work
are promising for the design of drug delivery systems in
which is necessary to control both the total amount of
the drug released and the kinetic profile.

Acknowledgements

G.A. Abraham thanks CONICET and ANPCyT
(Argentina) for the partial financial support of this work.
The authors would like to thank the CYTED network sub-
program VIII. J ‘‘Biomateriales para la salud’’.

References

[1] Truter EJ, Santos AS, ELS WJ. Assessment of the antitumour
activity of targeted immunospecific albumin microspheres loaded
with cisplatin and 5-fluorouracil: toxicity against a rodent ovarian
carcinoma in vitro. Cell Biol Int 2001;25(1):51–9.

[2] Kurtz JE, Andrès E, Natarajan-Amé S, Noel E, Dufour P. Oral
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