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Filmes de poli(estireno) (PS), poli(metacrilato de metila) (PMMA), blenda de PS/PMMA 
(1:1) e copolímero PS-b-PMMA foram preparados e avaliados quanto à adesão celular usando 
fibroblastos de camundongos L929. Embora todos os filmes poliméricos tenham se mostrado bons 
substratos para o crescimento e proliferação celular, estes processos foram levemente favorecidos 
na blenda PS:PMMA. O número e a morfologia foram idênticos para cultura de células nos filmes 
e na lamínula de vidro ou na placa de plástico. A característica química dos filmes poliméricos é 
adequada para suportar o ataque e proliferação das células, sugerindo que esses filmes são bons 
candidatos para usos biomédicos.

Films of pure poly(styrene) (PS), pure poly(methyl methacrylate) (PMMA), a 1:1 PS/PMMA 
blend and a PS-b-PMMA copolymer, were prepared and tested for cell adhesion using L929 mouse 
fibroblasts. All polymer films were found to be good substrates for cell adhesion and proliferation, 
and both processes were slightly favored on films of the 1:1 PS/PMMA blend. The same results 
were obtained in terms of cell number and morphology for cells cultured on films, glass coverslips 
or plastic plates. The chemical characteristics of polymer films make them suitable supports for cell 
attachment and proliferation, indicating that these films are good candidates for biomedical uses. 
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Introduction

Biomaterials are one of the most productive research 
areas in materials science. As a result, a great diversity of 
new classes of materials has been created.1,2 These new 
materials have different compositions and include metal 
alloys, advanced ceramics, polymers and composites.1-10 
The interaction of cells with polymers plays an important 
role in biotechnological and biomedical applications.2 
Biomedical uses for synthetic polymers include vascular 
replacement systems, orthopedic devices and drug 
delivery systems. The physicochemical and mechanical 
characteristics of such polymers are generally designed to 
be appropriate for their proposed function.4

In vitro cell culture assays are commonly used for 
biocompatibility evaluations.11,12 The advantages of cell 
cultures include low price, relatively well-controlled 
variables and quantitative results in short time periods. 
Finally, they are considered a very sensitive means of 
biocompatibility testing.

Commonly, cell affinity includes two important 
factors: cell attachment and cell growth. Cell attachment 
belongs to the first phase of cell/material interactions and 
the quality of this phase will influence the cell capacity 
to proliferate and to differentiate itself on contact with 
the material.13,14 Factors such as the hydrophilicity/
hydrophobicity15 and surface energy16 and charge17,18 of the 
material greatly influence the cell attachment and growth. 
In addition, surface roughness would be enhanced by 
adsorption of the proteins in the culture medium to form 
biofilms,19 which could mediate the cell adhesion. Recently, 
Tsai et al.20 studied the adhesion of NIH 3T3 murine 
fibroblasts on oxidized polystyrene (PS) surfaces 
modified with random copolymers of PS and poly(methyl 
methacrylate). The authors suggested that the adhesion of 
the fibroblast cells was more favorable on the PS than on 
the copolymer surface. 

In the present study, polymeric films of PS, PMMA, 1:1 
PS/PMMA blends and a PS-b-PMMA block copolymer 
were prepared and characterized. The biocompatibility 
of the polymeric films was assessed by studying the cell 
attachment and proliferation of L929 mouse fibroblasts. 
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Experimental

Poly(styrene) (PS), Mw = 300500 g mol-1, and 
poly(methyl methacrylate) (PMMA), Mw =139595 g mol-1, 
were obtained from Aldrich Chemical Co. (St. Louis, USA). 
PS-b-PMMA (Mw = 780000 g mol-1) was kindly supplied 
by Dr. Redouane Borsali (CERMAV, Grenoble, Fr), and 
chloroform (CHCl

3
)

 
was obtained from Nuclear (São Paulo, 

Brazil). All materials were used without further purification. 
L929 mouse fibroblasts were obtained from American Type 
Culture Collection (Manassas, USA). 

Films were prepared by dissolving the polymers 
in CHCl

3
 (2% m/v) in a closed flask under magnetic 

stirring for 24 h at room temperature followed by solvent 
evaporation (casting method). 

DSC analysis of the films was carried out in a DSC 50 
instrument (Shimadzu, Kyoto, Japan). Measurements were 
carried out from 50 ºC to 280 ºC in nitrogen atmosphere at a 
flow rate of 50 mL min-1, with a heating rate of 10 ºC min-1. 

The hydrophobic/hydrophilic properties of the film 
surface were assessed by means of static contact angle 
measurements using the sessile drop method with ultra-pure 
deionized water (H

2
O). Five measurements were carried 

out for each sample. 
Micrographs of the films were obtained using a XL 50 

microscope (Phillips, The Netherlands), equipped with a 
tungsten filament as the electron source. Samples were coated 
with a thin layer of gold using a D2 diode sputtering system.

Each of the polymeric films was cut into circular disks, 
soaked in 70% v/v ethanol, placed under UV light for 
30  min for sterilization, and extensively washed with sterile 
phosphate-buffered saline (PBS). For the experiments, cells 
were detached with trypsin, counted in a hemacytometer and 
seeded at a density of 50000 cells/well. Two types of control 
were used: cells seeded directly onto the well of the plastic 
plate or on top of a glass coverslip lying on the bottom of the 
well. After a 24 h incubation period, cell morphology was 
assessed by optical inverted microscopy and SEM.

Results and Discussion

Characterization of the films

The films were first characterized in terms of the thermal 
behavior, morphology and hydrophobicity. 

Single glass transition temperatures (Tg) were observed 
for PS and PMMA (at 90 ºC and 101 ºC, respectively), and 
these values are similar to those reported in the literature.21,22 

Two distinct Tg values were observed for the 1:1 blend 
(82, PS and 98 ºC, PMMA), suggesting that the interaction 
between PS and PMMA is purely physical rather than 

chemical, therefore indicating immiscibility between the 
two polymers. In the case of block copolymers, the Tg of 
each segment should be observed individually. The first T

g
 

value corresponds to the PS block (101 ºC), and the second 
to the PMMA block (122 ºC). The T

g
 (122 ºC) was similar to 

the value determined by Yu et al.23 for syndiotactic PMMA 
(125 ºC), suggesting that the PMMA tacticity (in the 
copolymer) was not the same as that observed for PMMA 
when pure or as a component in the blend. The side chain 
of isotactic PMMA is characterized by high frequency 
in the rotation (high mobility) which is associated with 
a T

g
 lower than the syndiotactic value. The syndiotactic 

conformation of PMMA in the copolymer was confirmed by 
infrared spectroscopy (spectra not showed) by comparing 
the absorption frequencies of the bands at 1270 cm-1 and 
1260 cm-1 which are sensitive to syndiotactic and isotactic 
PMMA, respectively.24 Besides the higher T

g
 value, the 

PMMA in the copolymer also has a higher absorption 
frequency at 1270 cm-1 than the isotactic PMMA. 

The water contact angles of the PS, 1:1 PS/PMMA, 
PMMA and PS-b-PMMA films were 95.0° ± 0.3, 
80.8° ± 0.5, 86.1° ± 0.3 and 82.8° ± 1.8, respectively. 
Results showed that the PS film surface has the highest 
hydrophobicity and the film obtained from the 1:1 PS/
PMMA blend is the most hydrophilic. The contact angles 
for the systems 1:1 PS/PMMA, PMMA and PS-b-PMMA 
ranged from 80-86°, i.e. the values were very close due to 
the presence of PMMA. The lower angle determined for 
the copolymer, in relation to pure PMMA, can be attributed 
to the presence of more PMMA (higher molecular weight) 
than PS in the copolymer and also to the syndiotactic 
conformation discussed above.

In a previous study,25 hydrophilicity was found to be an 
important factor in defining the cell affinity for polymeric 
membranes. Based on the results obtained for the contact 
angles, the 1:1 blend has the most hydrophilic surface when 
compared with the other polymeric films tested, and, as 
will be discussed later, a more efficient cell adhesion was 
observed for this blend. 

The surface micrographs (not shown) for the pure 
polymer films show characteristically dense systems, as 
well as the absence of domains and roughness. In the 1:1 
blend micrograph, the presence of domains was observed, as 
would be expected for immiscible blends, which corroborates 
the data obtained using DSC. In the block copolymer film 
micrograph, discrete roughness was observed. 

Cell adhesion analysis 

As can be seen in Figure 1, L929 cells attached to and 
spread over the surface of all polymeric films and the results 
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Figure 1. SEM pictures of L929 fibroblasts on the surface of pure PS film (A and B), PS/PMMA blend film (1:1) (C and D), pure PMMA film (E and F), 
PS-b-PMMA copolymer film (G and H) and control (I and J) after 24 hours of cell culture. 50 x magnification (A, C, E, G and I) and 1000 x magnification 
(B, D, F, H and J).
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for cell number and morphology did not differ from those 
of the control wells. Several attachment processes can be 
seen in all images, verifying that the L929 cells adhered 
strongly to the polymeric films. 

The results of the quantitative analysis revealed that 
there were no significant differences regarding the number 
of cells adherent to the polymeric films when compared to 
the control (Figures 1I and 1J), although it can be seen that 
cells seeded onto 1:1 film exhibited a greater number of 
attachment processes.

On the pure polymer films (Figures 1B and 1F) and on 
the block copolymer film (Figure 1H), fewer cells were 
seen when compared to the 1:1 blend film (Figure 1D). In 
addition, on the pure polymer films the cells are round or 
slightly stretched whereas on the blend, they have a star-
like morphology. 

Our results are similar to those described by Tsai et al. 20 
considering the PS surface. However, as observed in our 
study, cell adhesion was slightly favored in the 1:1 PS/
PMMA blend, when compared to PS and the PS-b-PMMA 
copolymer. According to Yang et al.,25 hydrophilicity is 
a relevant factor in defining cell adhesion. Polymeric 
films with moderate hydrophilicity are more efficient at 
promoting cell adhesion, which may explain the greater 
adherence and the morphological variety observed for 
the cells on the 1:1 blend film. The contact angle for this 
specific surface was found to be lower than for the other 
films studied, which reveals the 1:1 blend film to be that 
with the most hydrophilic character. Hydrophobicity 
can also explain the slight adherence observed on the 
PS film (Figure 1B), as suggested by the contact angle 
experiments.

According to Rogero et al.,26 an in vitro cytotoxicity 
assay should be the first method used to check the 
biocompatibility of any material to be used in biomedical 
devices. All films allowed cells to adhere and proliferate 
in a manner indistinguishable from control groups. 
Since the general morphology and the adherence and 
proliferation patterns were identical to the control, we 
decided not to conduct systematic cytotoxicity assays. 
None of the films studied showed toxic effects (numerically  
represented as a ‘0’ level of toxicity). Taking into 
consideration the standard deviation, very similar results for 
the number of cells were obtained for the films as compared 
to the negative control (170 cells / field).

The films described herein may be useful in applications 
such as burned skin coverage as they would prevent water 
loss by perspiration and would allow fibroblast attachment 
and proliferation. However, before their application more 
studies with other cell types are necessary to ensure their 
safe use.

In summary, the films studied presented characteristics 
that are highly desirable in biomaterials for biomedical 
applications. All films are suitable for promoting cell 
adhesion and proliferation, without the need for any surface 
modification.

It seems advantageous to use the 1:1 blend in future 
experiments, since this material has an additional benefit, 
its cost-effectiveness. In vivo cytotoxicity and cell adhesion 
tests are necessary to establish a more precise and direct 
evaluation of the advantages and disadvantages of PS/
PMMA systems.
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