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Abstract

KOSTADINOVA, A., N. ZAEKOV and I. KERANOV, 2013. Interaction of cells with modifi ed polyethylenglycol surfaces. 
Bulg. J. Agric. Sci., Supplement 2, 19: 178–181

The uses of a polymer as biomaterials, contacting with the living tissue, blood, proteins and other biological fl uids inside 
or outside of the human body requires solving serious problems with biocompatibility. The problems could be overcome with 
appropriate polymer surface modifi cation, introducing various functional groups, positively charged, negatively charged and 
uncharged. The aim of this work is to improve the surface bio-compatibility of hydrophobic poly (dimethylsiloxane) (PDMS), 
using plasma treatment followed by acrylic acid grafting with different density and PEG coupling with different density and 
chain length. The maximum of cell adhesion and proliferation on the surface with an average density of PEG were observed.
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Abbreviations: PDMS – poly (dimethylsiloxane), PEG – Polyetilenglicol, FN – fi bronectin, XPS – X-ray photoelectron spectroscopy

Introduction

The mechanisms of cell interaction with foreign surfaces 
are not fully studied, but are known to be infl uenced by fac-
tors such as: surface hydrophilic/hydrophobic balance, sur-
face roughness, type and quantity of any surface exposed 
functional groups (Altankov G and Groth Th, 1994). Hydro-
philic surfaces are preferred for creating bioactive bioma-
terials and biohybrides. The hydrophilization is a basic and 
common approach to improving cells interaction. The reason 
for this is not entirely clear, but probably lies in the confor-
mation of adsorbed adhesion proteins (Engwal and Ruolahty, 
1977).

The interaction with cells could be improved by chemical 
introducing on the polymer surface of hydrophilic groups or 
appropriate hydrophilic low molecular weight polymers (oli-
gomers) (Harris, 1992). There are various possibilities, but it 
is very important that the procedure must be carried out so as 
to avoid disruption of biological activity on the surface. The 

immobilization of PEG on the surface of poly (dimethylsi-
loxane) was accomplished throughout acrylic acid spacer. 
The cells respond was observed.

Materials and Methods 

All polymer surfaces were characterized by XPS analysis 
(Vladkova, 1999). 

Fibronectin was obtained, using modifi ed method of af-
fi nity chromatography (Smilenov and Altankov, 1988).

Fibroblasts were received from the biopsy material of hu-
man skin from healthy volunteer (Altankov, 2004).

The morphology of fi broblasts was assessed by phase-
contrast microscopy by invert phase-contrast microscope 
type Axiovert (Carl Zeiss Jena, Germany). 

Study of cellular adhesion was done by classical method of 
“random fi elds”, based on counting the cells average number 
on particular microscopic fi eld, by special eyepiece-micrometer 
Shaver (Zeiss), different scaled and with largest squares.
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Results

The cell interaction with the polymer surface was inves-
tigated on two ways morphological and quantitative assess-
ment of the number of attached cells to the substrates.

Figure 1B presents a substrate surface coated with PEG 
6000, showing better interaction with cells, completely 
normal morphology but the adhesion is less than the sur-
face coated with PEG 2000 (Figure 1A). Finally, on the sur-
faces coated with PEG 20000 (Figure 1C) the cells adhe-
sion and spreading are the best comparing with the samples 
covered with PEG 2000 (Figure 1A) and PEG 6000 (Figure 
1B).This effect has also been reported only in terms of FN 
coating. 

Figure 2A presents a sample covered with the lowest 
PEG density and it is obvious that the cells adhered on that 
surface showed rounded shape and spread on the substrate 
ineffective. Better results were obtained on the sample with 
medium density of the PEG coating (Figure 2B), where the 
cell adhesion and spreading are well expressed, and reveal-
ing normal fi broblasts morphology as well. However, the 
samples covered with the highest PEG density (Figure 2C) 
showed relatively poor properties. Adhesion is the same as 
the PEG coating presented on Figure 2A, B, but the cells ap-
peared smaller and tight, obviously due to ineffi cient interac-
tion with the substrate surface.

Quantitative assessment of the number of attached cells 
to the substrates (cell adhesion) was done, using classic 
method, called the method of “random fi elds”. The results 
are graphically represented in Figure 2 and Figure 3.

The highest cell adhesion was observed on the surface 
coated with PEG 2000 (see Fig. 3), the lowest cell adhesion 
was observed on the surface of PEG 6000, but it must be 
noted that these differences were not statistically signifi cant.

It is obvious that both the lowest and the highest densities 
of PEG, which depends on the time of reaction in the PEG 
solution, infl uence on the cell adhesion, which is lower but 
the optimal PEG density with optimal cells attachment was 
found to be on the surface covered with PEG, obtained at 
reaction time of 6 h (Figure 4).

Generally it is accepted that the hydrophobicity of the 
substrate (Table 1) is one of the indicators that play a crucial 
role in the interaction with living cells (Andrade and Hlady, 
1986). It has also been found that hydrophobicity does not 
directly affect on the cells but alter the protein structure, fol-

Fig. 1. Morphology 
of human fi broblasts at-

tached to: 
A / surface coated with 

PEG 2000, 
B / surface coated with 

PEG 6000, 
C / surface coated with 
PEG 20000. Bar 10 μm

Fig. 2. Morphology of 
human fi broblasts at-

tached to PEG surfaces 
with different densities: 

A / surface low density in 
PEG, B/ average surface 
density of PEG, C / high 
surface density of PEG. 

Bar 10 μm
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Fig. 3. Cell adhesion on surfaces with different PEG 
chain length
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lowed by changing of the adhesion proteins biological ac-
tivity, adsorbed on the substrate surface (Grinnell and Feld, 
1981).

Discussion

The use of polymers as biomaterials (Szicher, 1983) re-
quires resolving of serious problems. Biocompatibility is a 
concept that is not entirely defi ned in the literature. In most 
of the cases, the chosen material must be biodegradable, 
non-toxic and well tolerated by the living tissues without 
compromising their biological functions. For some recent 
bioengineered developments, such as the construction of ar-
tifi cial organs and tissues it is accepted the concept of bio-
integratibility, which means proper interaction of the mate-
rial with living tissue. Gradually was accepted the concept 

that the interfacial problems between tissue/material could 
be minimized if the surfaces of biomaterials possess specifi c 
physicochemical properties, which in some cases could be 
favorable and on others, could minimize the tissue/material 
interaction. For example, materials that stimulate the inter-
action with living cells usually show good tissue compat-
ibility. On the other hand, materials that interact weakly with 
blood proteins and coagulation cascade (clotting) are blood 
compatible. Such interfacial control could be achieved by 
appropriate chemical or physic-chemical modifi cations of 
biomaterials, leading to an alternation of surface tension, 
surface hydrophobicity and followed by the changing of wa-
ter contact angle, electrical charges and adsorption proper-
ties in aqueous medium. The fact is that on the hydrophobic 
surfaces, the cells can reorganize and adsorbed FN, which 
is one of their constitutive properties (Altankov and Groth, 
1994, 1996). This is related to the strong interaction between 
the substrate and FN and cells cannot recognize it.

Therefore the search for approaches hydrophilization 
surface of biomaterials is a step towards improving their bio-
compatibility. Despite the very low adsorption of proteins, 
PEG coatings allow interaction with cells (Vladkova et al., 
1999), which depends on both structure of PEG polymer 
(long chain, short-chain, branched) and the density of the 
cover (Altankov et al., 2000). This gave reason to search for 
biological effects of this cover also in PDMS substrates. Our 
studies have shown that the longer PEG chains offer better 
conditions for cell attachment, and apparently FN is the one 
who determines this interaction, since the lack of FN leads 
to low adhesion. This research has been confi rmed by Vlad-
kova et al. (1999), as well as those of Altankov et al. (2000). 
Therefore, PEG side chains exert a stabilizing effect on the 
conformation of adsorbed proteins due to the hydrophilic na-
ture. This stabilization process, however, should depend on 
the density of the PEG graft. Indeed, our data showed that 
the density of PEG chains also showed an effect, which is in 
agreement with previous studies, but in another system (Al-
tankov et al., 2000). It seems that exists an optimum emerg-
ing at the surface of the medium density PEG coating, which 
clearly improves cell interaction.

Conclusion

In conclusion, we can summarize that the effi ciency of 
cell interaction can be judged by cell adhesion and changes 
in overall cell morphology. When on the surface is pre-ad-
sorbed FN, the surfaces are ranked in the following order: 
average surface density of COOH-groups > surface density 
of COOH-groups > non-modifi ed PDMS, PEG -coated sur-
faces, although weakly adsorbed FN, interact well with cells, 
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Fig. 4. Cell adhesion on surfaces with different densities 
of PEG

Table 1
Changes in the water contact angle of the modified 
surfaces

Samples Contact 
angle, (H2O)

1. PDMS, control (untreated) 101.0

2. PDMS, treated with Ar + plasma
laser at 1200 W / 60 min

39.6

3. PDMS, treated Plasma of Ar + at 1200 W/1 min 
and Acrylic acid grafting for:

3 h 62.4

6 h 66.2

12 h 73.6
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but it depends on the structure and density of the polymer. 
Optimum was found on the surface covered with PEG 6000. 
The analysis of the results shows that the initial interaction 
of cells with substrates is determined by the effi ciency of the 
cell adhesion, which depends on the surface properties of the 
substrate and structure of adsorbed fi bronectin.
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