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Sig nif i cant amount of hydrogel mem branes for stem cells cul ti va tion has been syn the sized on the ba sis of acrylamide,
acrylonitrile, and acrylic acid by the method of rad i cal copolymerization. The com par a tive in ves ti ga tions have shown that
the op ti mal pa ram e ters, for the im mo bi li za tion of hu man mesenchymal stem cells are in her ent to nonionic co pol y mer
hydrogels on acrylamide and acrylonitrile bases. The use of hydrogels with con sid er able acrylic acid con tent is lim ited by
pH de crease in cul ti va tion me dium, which is in com pat i ble with life ac tiv ity of the cells un der in ves ti ga tion.
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In tro duc tion. The de vel op ment of biotechnologies based
on cell prep a ra tions in transplantology re quires the use of
biocompatible poly meric ma trixes and the car ri ers suit able

for im mo bi li za tion and cul ti va tion of stem cells and spe -
cial ized cells in vi tro [1].

Copolymeric hydrogels – cross-linked hy dro philic
poly mers with three di men sional struc ture – find a wider
ap pli ca tion for med i cine and in dus try in the re cent years.
De pend ing on chem i cal na ture of mono mers, used for the
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syn the sis (first of all, hydrophily, po lar ity and the pres ence
of ionogenic groups), physico-chem i cal pa ram e ters of the
ob tained hydrogels may be changed pur pose fully in the
wide range. On the ba sis of dif fer ent hydrogels the fol low -
ing soft lenses were ob tained with the im proved sup ply of
eye cor nea with ox y gen; antiglaucoma oph thal mic films
with the pro longed hypotensive sub stances lib er a tion,
dense nu tri tion me dium for cul ti va tion of mi cro or gan isms, 
antiburn ma te rial, which com bines ef fec tive ex u da tion ab -
sorp tion with pro longed lib er a tion of a wide spec ter of
chemotherapeutical agents etc [2-6].

Poly meric hydrogels are used for im mo bi li za tion of
mi cro or gan isms and cells. It was dem on strated that the
eth yl ene pro duc tion ef fec tive ness was 3.5 times higher by
the yeast cells im mo bi lized on the hydrogel car rier in com -
par i son with free cells [7]. The com pos ite ma te rial based
on copolymeric hydrogel and cells pre cur sor are used for
the for ma tion of new bone and car ti lag i nous tis sues in re -
ha bil i ta tive and re con struc tive sur gery [8]. Acrylic la tex
with im mo bi lized Esch e richia coli cells is sug gested to be
used as biocatalyst [9].

Polyacrylamide gel is char ac ter ized by high
hydrophility and bi o log i cal tol er ance, which, along with
other op er a tional char ac ter is tics, makes it suit able for im -
mo bi li za tion of cells and mi cro or gan isms. At the same
time it has some dis ad van tages, among which in suf fi cient
me chan i cal strength and the ab sence of ionic groups that
could as sist the im mo bi li za tion of cells on its sur face. In or -
der to find the op ti mal hydrogel ma trix con tent for cells
cul ti va tion a great num ber of copolymeric hydrogels based
on acrylic mono mers were syn the sized.

Ma te ri als and Meth ods. The hydrogels were ob tained
in wa ter me dium at room tem per a ture by the method of
rad i cal copolymerization. The pro cess of gel for ma tion was 
in duced us ing po tas sium per sul fate - natrium
metabisulphate ox i da tion-re duc tion sys tem. All to gether
17 hydrogels of dif fer ent con tent were syn the sized. Mono -
mer ra tio was var ied – acrylamide, acrylonitrile, and
acrylic acid in the range from homopolyacrylamide gel to
copolymeric hydrogels with 50% co pol y mer con tent. To tal 
mono mer con tent in hydrogel was from 20 to 50%.
Cross-link ing with spa tial frame was pro vided us ing
bifunctional mono mer – N,N -meth y -
lene-bis-acrylamide. Cross-link ing agent con cen tra tion
was var ied in the range from 0.188 to 0.75%.

The hydrogel sam ples of the in ves ti gated com po si tion
were poured in spe cial tem plates, ex posed for 1 hour and
then parted. The sam ples were im merged into sig nif i cant
amount of dis tilled wa ter in or der to wash off the mix ture
com po nents, which did not re act and ex posed for 10 days
at 651C.

To test hydrogel mem branes (as in ves ti gated cell line
car ri ers) Petri dish sur face was cov ered by mem brane sam -
ples and poured over by the cul ti va tion me dium for not less
than 5-6 hours for hydrogel swell ing. Me dium sur plus was
re moved and cell sus pen sion was ap plied (105 cells into 2
ml of cul ti va tion me dium). Cell sus pen sion was pre pared
on the ba sis of mesenchymal stem cells of B4L2 line, ob -
tained pre vi ously from peripheric do nor blood. The
monolayer of cells was treated by tripsin and versen so lu -
tions. The stan dard method of cells cul ti va tion is de scribed
in [10]. B4L2 cells were cul ti vated in vi tro in stan dard me -
dium DMEM (Sigma, USA) add ing 5% of new born calf
se rum (Sigma) and an ti bi ot ics of pen i cil lin and strep to my -
cin (100 units/ml each). The cells were cul ti vated with the
monolayer for ma tion on the sur face of glass vial or Petri
dish (Anumbra), d=35mm.

The cells were sown on glass sur face of stan dard Petri
dishes. Fur ther ob ser va tions of cells were per formed us ing
in verted mi cro scope ev ery day for 1 week. Dur ing this time
the cells ca pa bil ity to im mo bi li za tion on the in ves ti gated
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Fig.1. The ki net ics of hydrogels swell ing of dif fer ent con tent in dis tilled
wa ter at 201C: 1 – hydrogel co pol y mer of acrylamide and acrylic acid
(AC); 2 – polyacrylamide based hydrogel; 3 – hydrogel co pol y mer of AC
and acrylonitrile (AN); 4 – hydrogel co pol y mer of AA and AN.



hydrogel mem branes, ad he sive prop er ties, the abil i ties for
growth, re pro duc tion, and mor phol ogy were eval u ated.

Re sults and dis cus sion. One of the fun da men tal fea -
tures of hydrogels is the sorp tion ca pa bil ity to wa ter so lu -
tions, which de ter mines their sat u ra tion by nu tri tion me -
dium for cells and mi cro or gan isms cul ti va tion.

The swell ing of sam ples Q was cal cu lated ac cord ing to
the for mula

                   

                                   Q
m m

m
=

-2 1

1

,                              (1)

m1 – dry sam ple weight, m2 – swol len sam ple weight
The ki net ics of syn the sized hydrogel swell ing in dis -

tilled wa ter is shown in Fig.1. The ex per i men tal data are
rep re sented by marker-dots. As it is seen from the data pre -
sented, ki netic de pend en cies look like sat u ra tion curve and 
may be rep re sented by the math e matic model

           Q Q T C G M a
t t

= × - × -
-

max ( , , , ) ( exp( ),1 0

t
       (2)

Qmax – max i mum pos si ble swell ing at cur rent con di -
tions in cer tain me dium de ter mined by the gel con tent and
prop er ties; T, C, G, M – gen er al ised mark ing for con di -
tions pa ram e ters, gel con tent etc; a, t0, ф – the pa ram e ters,
which char ac ter ise the sat u ra tion pro cess; t - time.

The de vi a tion be tween the ex per i men tal data and the -
o ret i cally (us ing the men tioned for mula) cal cu lated one
was de ter mined by the small est square method. Its value
did not ex ceed 5% of the max i mum value. Equa tion (2) co -
ef fi cients are pre sented in the Ta ble.

It is ev i dent that gel 1 is ca pa ble of ad sorb ing the sol -
vent (Qmax) more, but with the lower ad sorp tion speed
(1/ф), at the same time gel 4 ad sorbs less liq uid but with the 
higher speed. The ma jor part of sol vent, in which the
hydrogel swell ing takes place, is sorbed dur ing 5-6 hours.

Qmax swell ing de creases at the in crease of cross-link ing
agent con cen tra tion. Re place ment of acrylamide links for
acrylonitrile links in polyacrylamide gel also de creases
hydrogel swell ing. The de pend ence of swell ing on acrylic
acid links con tent has a more com pli cated char ac ter,
more over max i mal swell ing cor re sponds to 25% acrylic
acid hydrogel.

The me chan i cal strength of hydrogels in creases in ac -
cor dance to the re place ment of acrilamide links for acrylic
acid links in polyacrilamide gel and es pe cially for hy dro -
pho bic acrylonitrile links. How ever, re gard less of the im -
prove ment of me chan i cal char ac ter is tics of copolymeric
hydrogels with high acrylonitrile con tent, due to high het -
er o ge ne ity they lose trans par ency, which makes it dif fi cult
to use them for cul ti va tion and to con trol the growth of
cells and mi cro or gan isms on them. The hydrogels with
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Cal cu la tion pa ram e ters of hydrogel math e matic 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

Fig.2. Gen eral ap pear -
ance of hydrogel mem -
branes af ter swell ing in
cul ti va tion me dium
DMEM.
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Fig.3. The im mo bi li za tion of cells and the for ma tion of con glom er ates on hydrogel mem branes (No.1-5) and glass sur face of vial in con trol.



sigFig.3. The im mo bi li za tion of cells and the for ma tion of
con glom er ates on hydrogel mem branes (No.1-5) and glass
sur face of vial in con trol.nificant acrylic acid con tent
turned out to be un us able for life ac tiv ity main te nance of
cells due to acid re ac tion spe cific to them, which led to
abrupt pH change of cul ti va tion me dium.

Gen eral ap pear ance of hydrogel mem branes af ter their 
swell ing in cul ti va tion me dium DMEM is shown in Fig.2.

In or der to de ter mine cells com pat i bil ity with the ob -
tained hydrogel mem branes, the at tach ing and spread ing
of cells on new sub strates were in ves ti gated us ing in verted
mi cro scope. The cells growth and reproducibility at these
con di tions were de ter mined af ter their cul ti va tion in vi tro
for sev eral days. In one day af ter sow ing cells onto
acrylamide based hydrogel mem branes, the ma jor part of
sam ples showed the at tach ing of the cells to their sur face,
par tial spread ing, as well as the ag gre ga tion of cells into
con glom er ates of dif fer ent size with fur ther re leas ing from
sub strate and trans form ing into sus pen sion state (Fig.3,
No.1, 3-5). The strength of at tach ing was tested by me -
chan i cal stir ring the mem branes to gether with the im mo bi -
lized cells in the me dium. The most ef fec tive cell spread ing
in the pro cess of cul ti va tion was ob served for the mem -
branes which con tain the big gest amount of cross-linked
poly mer in gel and max i mal cross-link ing fre quency
(Fig.3, No.2). The pic ture of cells spread ing on the sub -
strate in this vari ant is sim i lar to monolayered cells on the
glass sur face of stan dard vi als in con trol (Fig.3, con trol).

The char ac ter is tics of intercellular in ter ac tions and the 
in ter ac tion of cells with the sub stra tum at cells im mo bi li za -
tion on the hydrogel mem branes are the im por tant qual i ta -
tive mark of in ves ti gated ob jects biocompatibility. If
hydrogel mem brane con tent is not com pat i ble with the cell 
ad he sive prop er ties, the cells try to avoid the con tact with
the base, first of all, to de crease the con tact area, which
leads to the cell ag gre gates for ma tion. The cell ag gre gates
de part from the mem brane and turn to sus pen sion while
ad he sive force de creases. And vice versa when hydrogel
con tent is com pat i ble with cell ad he sion prop er ties ap -
pear ance, they spread on sub strate and mul ti ply, like the
con trol sam ples.

Con clu sions. There fore, the copolymeric hydrogels
based on ac ryl row mono mers may be char ac ter ized by the
set of pa ram e ters, the de ter mi na tion of which sim pli fies
the pro cess of their ob tain ing and set tling com pat i bil ity
with im mo bi lized cells. Hydrogel mem branes may be used
not only for im mo bi li za tion of mi cro or gan isms, but also
for the cells of higher eukaryotes, which has been shown by
us on the ex am ple of hu man stem cells. It is pos si ble that at
cer tain mod i fi ca tion of hydrogel struc tures, they may be
stored for a long time un der cryo pre ser va tion.

The es ti ma tion of cul ti vated cells state al lowed de fin -
ing that the op ti mal op er a tional pa ram e ters, from the point 
of view of life ac tiv ity main te nance, im mo bi li za tion and
ad he sion of cells on mem branes sur face, are spe cific to
hydrogels based on high con cen tra tion acrylamide. The
us age of hydrogels with sig nif i cant con tent of acrylic acid is 
lim ited by de creas ing of pH cul ti va tion me dium, which is
in com pat i ble with the vitability of the in ves ti gated cells. In
the next ar ti cle there will be a new data con sid er ing the
tech no log i cal con di tions, which are nec es sary for ef fec tive
and long-last ing cells cul ti va tion on the hydrogel mem -
branes sur face with the im proved op er a tional prop er ties.
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Кополимерные гидрогелевые мембраны для иммобилизации и

культивирования стволовых клеток человека

Резюме

На основе акриламида, акрилонитрила и акриловой кислоты методом
радикальной кополимеризации синтезированы гидрогелевые мембраны
для культивирования стволовых клеток. В результате сравнительных 
исследований установлено, что оптимальные параметры,
определенные иммобилизацией мезенхимальных стоволовых клеток
человека, присущи неионогенным кополимерным гидрогелям на основе
акриламида и акрилонитрила. Использование гидрогелей со
значительным содержанием акриловой кислоты ограничено
снижением величины рН культуральной среды, что несовместимо с
поддержанием жизнедеятельности исследуемых клеток.

Ключевые слова: гидрогель, стволовые клетки, иммобилизация,
питательная среда.
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