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Abstract

Background: We investigated the possibility of using ion-beam processing to create biomatrix which is used to produce
monolayer for cell cultures on a photo glass. Methods: Experimental setup with the Kaufman type ion source which
produces beams of inert gases and nitrogen in diameter of 100 mm, with an energy in the range of 0.1-1.7 keV, ion
current density to 500 mA/cm?has been used. Results: Hepatocytes of mice, which deposited on the glass surface after
ion-beam treatment better adsorbed (2.8 + 0.2 times higher) than the control (untreated) and exhibited the formation of
cell aggregates. The number of human fibroblasts, which adsorbed on the matrix, in (1.5 + 0.5) times exceeds number
of cells than on a smooth glass. It has been established that fibroblasts have a normal configuration for this type of cell
onto modified glass. It has also been shown that cells “Candida albicans” are 5 times more adsorbed onto the modified
glass than on the control glass. Novelty: Extract of the hepatocytes of mice, which is incubated on a modified glass,
contains protein fractions with molecular weights of 30, 43 and 120 kDa which are not present on the control sample.
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1. Introduction

Matrix materials are necessary and perspective in the
field of biomedical cell technologies. Correctly designed
and organized matrix can't be an inert environment and
will be an active medium, which regulates basic processes
of living cells: Survival, proliferation, metabolism and
differentiation’.

Growing tissue or individual cells of animal and
vegetable origin has not only theoretical but also great
practical significance. This is precisely what led to the
intensive development of this trend in biotechnology.
Cell culture is a relatively simple and convenient model
for studying the mechanisms of genome expression, bio-
genesis of cellular organelles and other theoretical and
practical problems of cell biology. Cell culture of higher
plants is an alternative way to obtain a plant raw material
for medicine, veterinary medicine, cosmetics and food
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industry. Culture of animal cells, especially of human,
may be used in the diagnosis of disease, determining the
toxicity of various substances, transplantation medicine
and other fields.

Matrices which used to obtain monolayer cultures
have several advantages. They require a smaller number
of cells, allow the observation of morphological changes
and do not require complex culture systems?.

Therefore, the aim of this work was to create bioma-
trices by using ion-beam processing techniques with an
inert material for culturing cells from different sources.

Based on the objectives the following tasks were set:

o To determine the effectiveness of the matrix for cul-
turing cells.

o To determine the factors enhancing the adhesive
properties.

o Exclude toxicity and oncogenicity of the substrate.
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2. Materials and Methods

Experimental samples were obtained by setting up of
ion-assisted deposition (working gas - Xe). Experimental
setup with the Kaufman type ion source produces beams
of inert gases and nitrogen in diameter of 100 mm, with
an energy in the range of 0.1-1.7 keV, ion current density
to 500 mA/cm? to create a matrices that was used as photo
glass (All Union State standard 683-85), the size of 1 X
1-1, 5 x 1.5 cm®*°.

Process of surface treatment is performed under vac-
uum, at a residual pressure in the chamber 0f 6,5-107° Paand
subsequent operation of the magnetron at a gas pressure of
0.1-0.4 Pa. Ion bombardment was carried perpendicularly
to the surface within 5, 10, 20 and 30 minutes.

The culture of hepatocytes was obtained from liver of
male and female SPF CD-1 mice and the line Balb/c. was
performed for perfusion with collagenase during 15 min-
utes at 37° C. Thereafter, liver extrapolated and hepatocytes
were obtained® for the deposition after centrifugation for
10 minutes at 1500 rev/min. Cell viability was assessed by
staining with trypan blue. Cell viability was on average
95%’. Hepatocytes were cultured for 5 days in a CO, incu-
bator at 37° C. Fibroblasts were cultured to 8th cell cycle in
a CO, incubator at 37° C. Culture “Candida albicans” was
grown on thioglycolic medium in which microorganisms
exhibit the greatest growth rate. Incubation took place in
an incubator at 37° C for two days.

Allocation of proteins from hepatocytes was carried
by removing cells from the surface of glasses and their
deposition in a centrifuge at 1500 rev/min for 10 min-
utes. The cells were treated with lytic buffer and boiled
for 5 minutes. The tubes were placed on ice for 5 minutes
and disrupted by sonication in the cold, adding a prote-
ase inhibitor. DNase was then added to destroy DNA and
placed in a water bath at 37° C. The composition of lysing
buffer: 0.25 M Tris, pH = 6.8; 6% SDS; 40% glycerol;
0.04% BFS; dH,O. The protein concentration was mea-
sured by NanoDrop 2000. Electrophoresis of proteins of
hepatocytes was performed by polyacrylamide gel with
SDS. During the electrophoresis, 4% concentrating and
13% separating gels were used. The resulting solution of
separating gel was poured into electrophoresis chamber.
To this was added a thin layer of dH,O gel. Polymerization
took place in 20 minutes.

Duration of electrophoresis was in general 1 hour at
a current of 10 mA until output samples from the wells,
100 V and 25 watts. Then, the current amounted to 23 mA
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until the arrival area of the dye to the lower edge of the
gel, 150 V and 24 watts. Proteins were detected in the
gel by staining with silver, which is more sensitive dye in
comparison with coomassie.

The surface of the samples before and after ion beam
treatment was studied by scanning electron microscope
MERLIN Carl Zeiss (Germany). To do this, in the process
of sample preparation Pl-Au coating was applied by mag-
netron sputtering on the matrix.

Analysis of the matrix surface with adsorbed hepa-
tocytes of mice was performed by using atomic force
microscope Bruker (Germany). In the process of sample
preparation the samples were fixed in glutaraldehyde in
phosphate buffer, then the samples were washed with
phosphate buffer two times for 10 minutes, dehydration
was conducted in alcohol at a concentration of 30 to 100%
by 2 times from 10-20 minutes.

To determine the cytotoxicity matrices and the cells
were plated in 96-well plates at a concentration of 0.5 *
105 cells/ml (2000 fibroblast cells/ml). After 24 hours
MTT solution was added to wells and after 4 hours of
incubation was removed. Then was added DMSO to dis-
solve the product and to restoration of MTT by viable
cells - formazan. Control group consisted of cells in the
usual plastic and on the control glass. Analysis was per-
formed on a microplate photometer (STAT FAX 2100),
wavelength - 545 and 630 nm.

3. Results and Discussion

The results obtained after microscopic 2D-matrix in
the SEM (Figures 1, 2) have shown that the matrix has
a certain relief (ordered honeycomb structure) and it is
possibly provide its adhesive properties. We found that
on glasses which treated for 30 minutes, the cells grow

Figure 1. The surface of the glass before the treatment
(50 000 magnification).
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Figure 2. The surface of the glass until a treatment after the
ion beam treatment (50 000 magnification).
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Figure 3. Cultivation of hepatocytes on the control glass
(Zoom 40).

much better than on the slides treated with 5, 10 and 20.5
minutes.

Work of analyzing the effectiveness of cultivation of
cell lines on artificial storage media has been done. After
4 days of culture revealed that the number of hepatocytes
grown on the matrix after ion beam treatment (2.8 + 0.2)
times higher than that of the reference glass (Figures 3, 4).
Furthermore, it was proved that on third day the cells
begin to form aggregates (Figure 4).

Hepatocytes have a diameter less than 1 micron and
question arises about the proof of attachment cells to
the matrix surface®. Due to the low resolution of light
microscopes we can't observe a significant change in cell
shape of hepatocytes during attachment to the surface.
To solve this problem, we conducted a study on the AFM
and found that the cells attached to the surface are really
due to the flattening and changing the shape of the cells
(Figures 5, 6).

The amount of fibroblasts on the matrix after ion beam
treatment (1.5 + 0.5) times higher than the glass without
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Figure4. The cultivation of hepatocytes to the matrix after
ion beam treatment (Zoom 40).
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Figure 5. 'The attachment of hepatocytes to the glass surface.
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Figure 6. Attachment of hepatocytes to the glass surface.

treatment (Figures 7, 8). It has been found that fibroblasts
adsorbed onto modified glass had normal configuration
for this type of cell’.

To see the difference between the protein composition
of cells after isolation and cell taken from 2D-matrix, it was
necessary to apply the electrophoresis. Electrophoresis of
proteins in polyacrylamide gel with SDS showed differ-
ences in the protein composition of cells (Figure 9):
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Figure 7. The cultivation of fibroblasts on the smooth glass
(Zoom 20).
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Figure 8. The cultivation of fibroblasts on 2D matrix
(Zoom 20).
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Figure 9. Electrophoregram of proteins in polyacrylamide
gel with SDS: 1. Of hepatocytes proteins after separation; 2.
Proteins of hepatocytes taken from a control glass; 3, 4, 5, 6.
Proteins of hepatocytes taken from 2D-matrix with different
processing time; 7. Marker.
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It can be assumed that the cell extracts of hepato-
cytes, which intubated on 2D-matrix, contained proteins
of adhesion and proteins of intercellular contacts with
molecular weights of 30, 40 or 120 kDa.

4. Findings

Surface treatment of photoglass by means of ion-beam
method is suitable for preparing biomatrix, which is used
to accelerate the growth of various cell cultures, in experi-
mental setup with the Kaufman type ion source which
produces beams of inert gases and nitrogen in diameter
of 100 mm, with an energy in the range of 0.1 - 1.7 keV,
ion current density to 500 mA/cm?.

5. Conclusion

Based on the results of scanning electron microscopy
it is observed that the occurrence of an orderly cellular
structure on the surface of the matrices after ion-beam
treatment which increases cell adhesion. Toxicological
tests showed the absence of cytotoxicity and carcinoge-
nicity of glasses after the ion-beam treatment.

Hepatocytes of mice, which deposited on the glass
surface after ion-beam treatment, adsorbed in an amount
of (2.8 £ 0.2) times higher than before the treatment and
observe the formation of cell aggregates. The number of
human fibroblasts, which adsorbed on the matrix, in (1.5
+ 0.5) times exceeds number of cells than on a smooth
glass. It has been established that fibroblasts have a nor-
mal configuration for this type of cell onto modified glass.
It has been shown that cells “Candida albicans” a 5 times
more active adsorbed onto modified glass than on the
control glass. Extract of the hepatocytes of mice, which is
intubated on a modified glass, contains protein fractions
with molecular weights of 30, 43 and 120 kDa which are
not present on the control sample.
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