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Significant amount of hydrogel membranes for stem cells cultivation has been synthesized on the basis of acrylamide,
acrylonitrile, and acrylic acid by the method of radical copolymerization. The comparative investigations have shown that
the optimal parameters, for the immobilization of human mesenchymal stem cells are inherent to nonionic copolymer
hydrogels on acrylamide and acrylonitrile bases. The use of hydrogels with considerable acrylic acid content is limited by
pH decrease in cultivation medium, which is incompatible with life activity of the cells under investigation.
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Introduction. The development of biotechnologies based for immobilization and cultivation of stem cells and spe-
on cell preparations in transplantology requires the use of  cialized cells in vitro [1].

biocompatible polymeric matrixes and the carriers suitable Copolymeric hydrogels — cross-linked hydrophilic
polymers with three dimensional structure — find a wider
application for medicine and industry in the recent years.
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Depending on chemical nature of monomers, used for the
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synthesis (first of all, hydrophily, polarity and the presence
of ionogenic groups), physico-chemical parameters of the
obtained hydrogels may be changed purposefully in the
wide range. On the basis of different hydrogels the follow-
ing soft lenses were obtained with the improved supply of
eye cornea with oxygen; antiglaucoma ophthalmic films
with the prolonged hypotensive substances liberation,
dense nutrition medium for cultivation of microorganisms,
antiburn material, which combines effective exudation ab-
sorption with prolonged liberation of a wide specter of
chemotherapeutical agents etc [2-6].

Polymeric hydrogels are used for immobilization of
microorganisms and cells. It was demonstrated that the
ethylene production effectiveness was 3.5 times higher by
the yeast cells immobilized on the hydrogel carrier in com-
parison with free cells [7]. The composite material based
on copolymeric hydrogel and cells precursor are used for
the formation of new bone and cartilaginous tissues in re-
habilitative and reconstructive surgery [8]. Acrylic latex
with immobilized Escherichia coli cells is suggested to be
used as biocatalyst [9].

Polyacrylamide gel 1is characterized by high
hydrophility and biological tolerance, which, along with
other operational characteristics, makes it suitable for im-
mobilization of cells and microorganisms. At the same
time it has some disadvantages, among which insufficient
mechanical strength and the absence of ionic groups that
could assist the immobilization of cells on its surface. In or-
der to find the optimal hydrogel matrix content for cells
cultivation a great number of copolymeric hydrogels based
on acrylic monomers were synthesized.

Materials and Methods. The hydrogels were obtained
in water medium at room temperature by the method of
radical copolymerization. The process of gel formation was
induced using potassium persulfate - natrium
metabisulphate oxidation-reduction system. All together
17 hydrogels of different content were synthesized. Mono-
mer ratio was varied — acrylamide, acrylonitrile, and
acrylic acid in the range from homopolyacrylamide gel to
copolymeric hydrogels with 50% copolymer content. Total
monomer content in hydrogel was from 20 to 50%.
Cross-linking with spatial frame was provided using
bifunctional monomer - N,N -methy-
Iene-bis-acrylamide. Cross-linking agent concentration
was varied in the range from 0.188 to 0.75%.

The hydrogel samples of the investigated composition
were poured in special templates, exposed for 1 hour and
then parted. The samples were immerged into significant
amount of distilled water in order to wash off the mixture
components, which did not react and exposed for 10 days
at 651C.
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Fig.1. The kinetics of hydrogels swelling of different content in distilled
water at 201C: 1 — hydrogel copolymer of acrylamide and acrylic acid
(AC); 2 — polyacrylamide based hydrogel; 3 — hydrogel copolymer of AC
and acrylonitrile (AN); 4 — hydrogel copolymer of AA and AN.

To test hydrogel membranes (as investigated cell line
carriers) Petri dish surface was covered by membrane sam-
ples and poured over by the cultivation medium for not less
than 5-6 hours for hydrogel swelling. Medium surplus was
removed and cell suspension was applied (10’ cells into 2
ml of cultivation medium). Cell suspension was prepared
on the basis of mesenchymal stem cells of B4L2 line, ob-
tained previously from peripheric donor blood. The
monolayer of cells was treated by tripsin and versen solu-
tions. The standard method of cells cultivation is described
in [10]. B4L2 cells were cultivated in vitro in standard me-
dium DMEM (Sigma, USA) adding 5% of new born calf
serum (Sigma) and antibiotics of penicillin and streptomy-
cin (100 units/ml each). The cells were cultivated with the
monolayer formation on the surface of glass vial or Petri
dish (Anumbra), d=35mm.

The cells were sown on glass surface of standard Petri
dishes. Further observations of cells were performed using
inverted microscope every day for 1 week. During this time
the cells capability to immobilization on the investigated
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Calculation parameters of hydrogel mathematic model

Gel No. Qmax a 1/t t0
1 47.5 0.68 0.234 1
2 16.5 0.58 0.434 1
3 5.5 0.38 0.984 1
4 1.5 0.99 4.0 0

hydrogel membranes, adhesive properties, the abilities for
growth, reproduction, and morphology were evaluated.

Results and discussion. One of the fundamental fea-
tures of hydrogels is the sorption capability to water solu-
tions, which determines their saturation by nutrition me-
dium for cells and microorganisms cultivation.

The swelling of samples Q was calculated according to
the formula

m, —m,
0= ; M

m,

m, — dry sample weight, m, — swollen sample weight

The kinetics of synthesized hydrogel swelling in dis-
tilled water is shown in Fig.1. The experimental data are
represented by marker-dots. As it is seen from the data pre-
sented, kinetic dependencies look like saturation curve and
may be represented by the mathematic model

t—t,

T

0=0,,T,C.G,M)-(I-a-exp(———), (2)

Q,... — maximum possible swelling at current condi-
tions in certain medium determined by the gel content and
properties; T, C, G, M — generalised marking for condi-
tions parameters, gel content etc; a, t,, & — the parameters,
which characterise the saturation process; t - time.

ance of hydrogel mem-
branes after swelling in
cultivation medium
DMEM.

The deviation between the experimental data and the-
oretically (using the mentioned formula) calculated one
was determined by the smallest square method. Its value
did not exceed 5% of the maximum value. Equation (2) co-
efficients are presented in the Table.

It is evident that gel 1 is capable of adsorbing the sol-
vent (Q,,) more, but with the lower adsorption speed
(1/d), at the same time gel 4 adsorbs less liquid but with the
higher speed. The major part of solvent, in which the
hydrogel swelling takes place, is sorbed during 5-6 hours.

Q,... swelling decreases at the increase of cross-linking
agent concentration. Replacement of acrylamide links for
acrylonitrile links in polyacrylamide gel also decreases
hydrogel swelling. The dependence of swelling on acrylic
acid links content has a more complicated character,
moreover maximal swelling corresponds to 25% acrylic
acid hydrogel.

The mechanical strength of hydrogels increases in ac-
cordance to the replacement of acrilamide links for acrylic
acid links in polyacrilamide gel and especially for hydro-
phobic acrylonitrile links. However, regardless of the im-
provement of mechanical characteristics of copolymeric
hydrogels with high acrylonitrile content, due to high het-
erogeneity they lose transparency, which makes it difficult
to use them for cultivation and to control the growth of
cells and microorganisms on them. The hydrogels with
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Fig.3. The immobilization of cells and the formation of conglomerates on hydrogel membranes (No.1-5) and glass surface of vial in control.
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sigFig.3. The immobilization of cells and the formation of
conglomerates on hydrogel membranes (No.1-5) and glass
surface of vial in control.nificant acrylic acid content
turned out to be unusable for life activity maintenance of
cells due to acid reaction specific to them, which led to
abrupt pH change of cultivation medium.

General appearance of hydrogel membranes after their
swelling in cultivation medium DMEM is shown in Fig.2.

In order to determine cells compatibility with the ob-
tained hydrogel membranes, the attaching and spreading
of cells on new substrates were investigated using inverted
microscope. The cells growth and reproducibility at these
conditions were determined after their cultivation in vitro
for several days. In one day after sowing cells onto
acrylamide based hydrogel membranes, the major part of
samples showed the attaching of the cells to their surface,
partial spreading, as well as the aggregation of cells into
conglomerates of different size with further releasing from
substrate and transforming into suspension state (Fig.3,
No.1, 3-5). The strength of attaching was tested by me-
chanical stirring the membranes together with the immobi-
lized cells in the medium. The most effective cell spreading
in the process of cultivation was observed for the mem-
branes which contain the biggest amount of cross-linked
polymer in gel and maximal cross-linking frequency
(Fig.3, No.2). The picture of cells spreading on the sub-
strate in this variant is similar to monolayered cells on the
glass surface of standard vials in control (Fig.3, control).

The characteristics of intercellular interactions and the
interaction of cells with the substratum at cells immobiliza-
tion on the hydrogel membranes are the important qualita-
tive mark of investigated objects biocompatibility. If
hydrogel membrane content is not compatible with the cell
adhesive properties, the cells try to avoid the contact with
the base, first of all, to decrease the contact area, which
leads to the cell aggregates formation. The cell aggregates
depart from the membrane and turn to suspension while
adhesive force decreases. And vice versa when hydrogel
content is compatible with cell adhesion properties ap-
pearance, they spread on substrate and multiply, like the
control samples.

Conclusions. Therefore, the copolymeric hydrogels
based on acryl row monomers may be characterized by the
set of parameters, the determination of which simplifies
the process of their obtaining and settling compatibility
with immobilized cells. Hydrogel membranes may be used
not only for immobilization of microorganisms, but also
for the cells of higher eukaryotes, which has been shown by
us on the example of human stem cells. It is possible that at
certain modification of hydrogel structures, they may be
stored for a long time under cryopreservation.

The estimation of cultivated cells state allowed defin-
ing that the optimal operational parameters, from the point
of view of life activity maintenance, immobilization and
adhesion of cells on membranes surface, are specific to
hydrogels based on high concentration acrylamide. The
usage of hydrogels with significant content of acrylic acid is
limited by decreasing of pH cultivation medium, which is
incompatible with the vitability of the investigated cells. In
the next article there will be a new data considering the
technological conditions, which are necessary for effective
and long-lasting cells cultivation on the hydrogel mem-
branes surface with the improved operational properties.
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KOHOJ'II/IMCDHLIC TUAPOICJICBbIC MCM6paHLI IUISE UMMOOWIM3aUMU U
KYJbTUBUPOBaHN CTBOJIOBBIX KJIETOK Y€JIOBCKa

Pestome

Ha ocnose axpunramuoa, akpuronumpuna u aKpunogoll KUciomol Memooom
PAOUKANbHOU KONOAUMEPUZAUUU CUHME3UPOBAHDL 2UOPO2ENE8ble MEMOPAHbL
04151 KyAbMUBUPOBAHUSI CMBOA0BbIX KAemOoK. B pezynvmame cpagnumenshuix
uccnedoBaHull  YCMAHOBACHO, — YMO  ONMUMAAbHbIC — NAPAMEMpPbL,
onpedeneHnble UMMOOUAU3AUUCH ME3EHXUMANLHBIX CIMOBOA08bIX KACMOK
uenoeexa, NPUCYULU HeUOHOLEHHbIM KONOAUMEPHbIM 2UOPOLeASM HA OCHOGEe
akpusamuda u  akpunsonumpuaa. Hcnoav3oeanue  eudpoezeneii  co
SHAYUMEAbHbIM — COOEPAHCAHUEM — AKPUAOBOL  KUCAOMbL  02PAHUUEHO
CHUdIceHueM eeaununsl pH Kyabmypaivhoil cpedbl, ymo Heco8Mecmumo ¢
no00epicanuem JHcu3HedesmeabHOCmu UCcaedyembliX KAemok.

Kuiouesvie cnoea: eudpoeens, cmeonogvie Kiemiu, UMMOOUAUIAUU,
numamenvHas cpeoa.
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