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In vitro study of the effect of doxorubicin released from
EVAL membrane on vesical cancer cells
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Abstract
A mixture of poly(ethylene-co-vinyl alcohol) (EVAL), dimethyl sulfoxide (DMSO) and doxorubicin was precipitated from the 1-octanol
to form membranes with particles bonded to each other. The drug release profile from the EVAL membrane was investigated for 96 h.
Results showed that the release behavior of doxorubicin was increasing with time and a two-step release behavior, a fast and a slow releasing
pattern was revealed. It was also found that the number of cancer cells could be significantly decreased by released doxorubicin from the
EVAL membrane. It is concluded that the EVAL copolymer could be an ideal encapsulating material for drugs to treat chronic diseases.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
Despite the rapid development of medicinal and pharmaceutical chemistry in recent decades, chemotherapy is
still a major challenge to the cancer patients. Any potent
drug to treat the cancer can be very toxic and often less
than 1% of the injected drug molecules can reach their
target cells, whereas the rest may damage healthy cells and
tissues [1]. To improve this disadvantage, drug delivery
system which can change pharmacokinetics and biodistribution of encapsulated agents, reducing toxic side effects
and increasing efficacy of the therapy can be a very useful
apparatus.
In preprogrammed drug delivery system, drug reservoir
can be prepared by homogeneously dispersing drug particles in a diffusion control of polymer matrix [2]. The drug
dispersion in the polymer matrix is accomplished by either
blending a therapeutic dose of finely ground drug particles
with a liquid polymer, followed by cross-linking of polymer
chains, or mixing drug solids with a rubbery polymer at
an elevated temperature [3,4]. It can also be fabricated by
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dissolving the drug and the polymer in a common solvent,
followed by solvent evaporation at an elevated temperature
or under a vacuum condition [5].
As discussing the material membrane used to control
the drug release, Loeb and Sourirajan was the first group
to develop a method to produce asymmetric membrane
[6] and since then, the field of membrane has experienced increasing growth. In 1979, Yamashita et al. utilized
poly(ethylene-co-vinyl alcohol) (EVAL) copolymer to produce membranes having improved permeability characteristics for the dialysis of blood [7]. It was found that the EVAL
membrane consisted of particles bonded to each other with
an average diameter within the ranges between 100 and
1000 Å. Further, the EVAL can be also prepared by phase
inversion from dimethyl sulfoxide (DMSO) solvent and
coagulated in the bath of 1-octanol [8,9]. Young et al. have
successfully used this new type of membrane structure for
drug delivery that offers a biphasic release behavior lasting for 8 h [10]. In their study, the drug release in the first
step was rapid since the membrane was macroscopically
porous and the drug outside the EVAL particles diffused
out rapidly. In comparison, the drug release in the second
step was slow and prolonged. This is probably because the
released drugs in this step were those entrapped inside the
particles as the membrane was formed. Therefore, it was
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more difficult for those encapsulated drugs to diffuse out of
the membrane and into the surrounding medium.
It has been found in recent studies that doxorubicin is a
potent antineoplastic agent, used either as the sole agent or
in combination chemotherapy against solid tumors [11–13].
In addition, it is known that the doxorubicin is a hydrophilic
molecule and can dissolve in DMSO. In this study, we tried
to use the EVAL copolymer dissolved in DMSO as the drug
carrier to encapsulate the doxorubicin and to investigate the
drug-releasing pattern and the effect of released doxorubicin
on vesical cancer cells.
2. Materials and methods
2.1. Membrane preparation
The membrane material studied in this work was the
EVAL copolymer, which was kindly supplied by Kuraray
Co. Ltd. (Japan). The EVAL contained ca. 56 mol% vinyl
alcohol (intrinsic viscosity = 0.87 dl/g, measured Mη =
56 000 g/mole) [14]. EVAL membranes were prepared using the phase inversion method described as follows [15].
An appropriate amount of EVAL was dissolved in DMSO
at 60 ◦ C to form 25% homogeneous polymer solution.
The EVAL solution was kept at 25 ◦ C for 24 h and spread
using an autocoater on a glass plate to form a thin film
with a uniform thickness about 100 m. Subsequently, the
polymer-coated glass plate was immersed into a coagulation bath with 1-octanol to obtain a membrane called ‘R-1’.
Similar procedures were used to fabricate the EVAL ‘R-2’
membrane. First, 2 mg/ml of doxorubicin (Farmitalia Co.
Ltd., Italy) dissolved in DMSO at room temperature was
prepared. This mixture was then mixed with the EVAL in a
weight ratio of 1:20. After coating and casting procedures
of the copolymer, both the R-1 and R-2 membranes were
removed from the laminate under a vacuum condition. The
morphology of the membranes was then examined using an
SEM (JEOL-840A) after it was freeze-dried.
2.2. Drug release study
In vitro drug release behavior of the EVAL R-2 membrane
was determined using 24-welled tissue culture polystyrene
plates (Costar, USA) at 37 ◦ C filled with 1 ml of de-ionized
water. The prepared membranes with 15 mm in diameter
were placed in the tissue culture plates. A Teflon ring of
15 mm diameter was then placed on each of the tested membranes in the wells to prevent them from floating. At selected
intervals of time, 200 l of de-ionized water were removed
from the sample well. The concentration of released doxorubicin in de-ionized water was measured homogeneously
using an UV spectrophotometer at 233 nm [16]. After the
drug concentration was determined, 200 l of de-ionized
fresh water was placed back to the well to keep the same volume of receptor. The behavior of drug release was observed

for 96 h. All the data were averages of six independent
measurements.
2.3. Cancer cell culture
The cancer cell used in this study was the ‘T24’ vesical
cell line. Culture was maintained in a 37 ◦ C water-jacketed
incubator equilibrated with 5% CO2 and kept at approximately 99% relative humidity. The cells were routinely
grown in RPMI-1640 medium containing 10% fetal bovine
serum (Gibco, USA) and 1% antibiotic–antimycotic (Gibco,
USA) in a 75 cm2 cell culture flask (Costar, USA.). The
prepared membranes, sterilized in 70% alcohol overnight
and rinsed extensively with distilled water, were placed
in 24-welled tissue culture polystyrene plates. A 15 mm
diameter of sterilized Teflon ring was placed on each of
the tested membranes in the wells to prevent them from
floating. All the membranes were then washed twice with
Dulbecco’s PBS. After aspiration of PBS, 1 ml medium of
cell suspension at a density of 1 × 105 cells/ml RPMI-1640
medium was placed in each of the well and maintained in
a humidified atmosphere with 5% CO2 at 37 ◦ C.
2.4. MTT assay
After cell culturing for 4, 24, 48 and 96 h, the viability
of fibroblasts was determined by MTT assay. The method
described by Mosmann [17] was modified and used in this
study. At each period of culturing time, 100 l of MTT
solution (Sigma, USA) were added to each well. After
3 h incubation at 37 ◦ C, 200 l of DMSO were added to
dissolve the formazan crystals. The combination solution
was then jogged homogeneously using a shaker for 15 min.
The optical density of the formazan solution was read on
an ELISA plate reader (ELx 800, Bio-Tek) at 570 nm.
All experiments were repeated four times, and results are
expressed as mean ± standard deviation. The differences
between R-1 and R-2 membranes were evaluated using the
Student’s t-test. Significance was assessed at the P < 0.01
level of confidence.

3. Results and discussion
3.1. Morphology of membranes
Macroscopically, both the R-1 and R-2 membranes appeared opaque. As shown in Fig. 1, the structure of R-1
membrane was uniform and EVAL particles (ca. 0.4 m in
diameter), which fused with each other, were seen on the
membrane surfaces to form an interconnected solid phase.
In comparison, the structure of R-2 membrane was similar
to that of the R-1 membrane (Fig. 2). The particles on both
the R-1 and R-2 membranes did not coalesce completely to
form a skin layer. Therefore, there should be no difference
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Fig. 1. SEM photographs of the R-1 membrane: (a) top surface; (b)
cross-section.

for porosity on the surfaces between these two membranes
used for cell culture test.
3.2. Drug release study
The releasing gradient of doxorubicin through the R-2
membrane was shown in Fig. 3. Accumulation of released
doxorubicin was increasing for the first 72 h. We believed
that this was because that the EVAL particles on the
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Fig. 2. SEM photographs of the R-2 membrane: (a) top surface; (b)
cross-section.

membrane surface did not coalesce completely. Therefore,
doxorubicin could easily penetrate through the membrane
and diffuse into the medium. Another finding is that a
plateau-releasing pattern of doxorubicin was seen at the
point of 2 h of experimental period and this phenomenon
lasted for nearly 3 h. If this release experiment was stopped
at this point, most people could believe that doxorubicin
was released in a simple and steady manner. However, another significant increase in drug delivery took place after
the plateau-releasing stage and lasted for the next 68 h.
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Fig. 4. MTT-tetrazolium assay for EVAL R-1 and R-2 membranes.
Fig. 3. Releasing gradient of doxorubicin through the EVAL membrane.

The total release amount of doxorubicin was approximately
640 ng over the 72 h of experimental period.
Based on these results, a biphasic releasing pattern was
noted for the doxorubicin, which could be probably due
to non-homogeneity of drug distribution in the membrane.
The first phase of drug release was a rapid response, which
is assumed that some of the loaded drugs were accumulated in the voids among EVAL particles on the membrane
surfaces. In comparison, the second phase was slow and
prolonged which is probably due to the fact that drugs were
encapsulated inside the EVAL particles as preparing the
membranes. Therefore, the first phase of drug release was
a rapid but transient response. With continuous exposure
to medium, this first response phase faded, later to be followed by a slower and prolonged second phase. All these
results demonstrated that the R-2 membrane could release
the doxorubicin continuously at least for 72 h.
3.3. Cancer cell culture
MTT reagent is a pale yellow substrate which can produce
a dark blue formazan product as incubated with viable cancer cells. Therefore, the formazan reduced from the MTT is
a useful index to reflect the level of cell metabolism. Fig. 4
shows the time course of formazan accumulation (percentage of control) for R-1 and R-2 membranes, whereas the
control group was the tissue culture polystyrene dish with
a silicon ring only. Formazan absorbance seen in this figure
was an indication of the cancer cells seeded onto the R-1
and R-2 membranes, which were able to convert the MTT
into a blue formazan product. It was found that the cell number on the R-1 membrane was significantly higher than that
on the R-2 membrane (P < 0.01) at the point of 24, 48
and 96 h. Approximately 70–90% of cells relatively to the
control adhered on the R-1 membrane. In comparison, the
number of cancer cells on the R-2 membrane was decreasing with time where only 10–20% of cells relatively to the

control were detected on the R-2 membrane after 96 h of experimental period. This result suggested that the growth of
cancer cells was inhibited by the released doxorubicin from
the R-2 membrane.
In conclusion, the EVAL is an ideal polymer matrix for
the purpose of drug delivery, which can control the drug
release in a two-step pattern. In addition, the doxorubicin
encapsulated in the EVAL membrane can decrease the viability of cultured cancer cells.
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