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Abstract. With the rapid development of regenerative medicine in the 21°t century, the study of the therapeutic potential
of stem cells in both preclinical research and clinical trials has become particularly relevant. Preclinical studies on
animals allow for a detailed understanding of the mechanisms of action of allogzeneic cell preparations, exploring their
regenerative activity, pharmacodynamics, and potential side effects. The purpose of the study was to select optimal
conditions for obtaining, cultivating, and cryopreserving mesenchymal stem cells from rats and analyse their interaction
with the lyophilised acellular matrix. The enzymatic method was applied to obtain primary cell cultures from the umbilical
cord, dermis, and muscles of Rattus norvegicus fetuses. Cell cultures were cultivated in vitro, and cell line proliferation rates
were analysed using an inverted microscope. In addition, cryopreservation was performed to store cellular materials. The
interaction of mesenchymal stem cells with an acellular matrix and cryopreservation of the obtained cells was at the 4 and
5th passages. It was shown that the optimal nutrient medium for cultivating the obtained lines of mesenchymal stem cells
from the umbilical cord and dermis of rat fetuses is DMEM/F12 Advanced. It was established that the method of thawing
the cell suspension by 10-fold dilution of dimethyl sulfoxide is more effective than the alternative method of immediate
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removal of cryoprotectant by centrifugation. The lyophilised acellular dermal matrix was found to have a cytotoxic effect
on all cultured rat cells, while the pericardial matrix showed a positive effect on the growth of the investigated cell lines.
Thus, the optimal nutrient medium and conditions for freezing/thawing of rat stem cells were selected, and the effect of
lyophilised acellular matrix, planned for therapeutic use, on the obtained cell lines was determined
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INTRODUCTION

The last 20 years have witnessed increased interest from
biomedical researchers in the use of stem cells (SCs) as an
innovative personalised biotechnological method in regen-
erative medicine. However, before the widespread imple-
mentation of cell therapy in clinical practice, it is necessary
to comprehensively study the characteristics and mecha-
nisms of action of allogeneic SCs in animal models of var-
ious pathologies. Preclinical in vivo studies using labora-
tory animals allow for the collection and analysis of data
on therapeutic effects, pharmacodynamics, and potential
adverse effects of local or systemic administration of SCs.

Both Ukrainian scientists and researchers from many
other developed countries have been exploring the prop-
erties of SC for more than 10 years. In particular, H.V. Bu-
dash & N.M. Bilko [1], S.K.Ray & S. Mukherjee [2], O. Redko
et al. [3] described the ability of different types of SCs to
differentiate into various cells of the body, which is con-
sidered a unique tissue repair system. Other authors re-
vealed the powerful paracrine mechanism of SC secretome
in stimulating regeneration and exhibiting immunomod-
ulatory and anti-inflammatory effects [4-6]. In investi-
gating the interaction of allogeneic mesenchymal stem
cells (MSCs) with genetically foreign immune cells of re-
cipients, M. Lopes-Pacheco et al. [5] and S.S. Chaleshtori
et al. [6] have shown low immunogenicity of these cells
since they weakly express surface human leukocyte anti-
gen (HLA) class I proteins, while HLA class II is only in-
tracellularly expressed and completely absent on the plas-
ma membrane surface. Due to the above characteristics,
MSCs evade recognition by alloreactive T lymphocytes.
The immunomodulatory effect of MSCs is mainly mani-
fested due to their ability to inhibit the function of vari-
ous types of pro-inflammatory immune effector cells and
activate anti-inflammatory immune responses. According
to studies conducted by Chinese scientists, therapeutic ef-
fects of MSCs are manifested through their ability to mi-
grate to damaged areas [7-9] and through the production
of numerous extracellular vesicles filled with cytokines,
growth factors, and microRNAs (miRNAs). It has been
shown that molecules secreted by MSCs play an effective
role as mediators of regeneration, either by directly acti-
vating target cells or by stimulating neighbouring cells
to release active repair factors. They are involved in reg-
ulating important processes in the recipient’s body, such
as immune response, maintaining homeostasis, coagula-
tion, inflammation, cancer progression/regression, angio-
genesis, and antigen presentation. Thus, substances from
MSC-derived extracellular vesicles exhibit their activity
in both physiological and pathological conditions [10-12].

Proper and long-term preservation of biological ma-
terials remains an important task for medicine and biol-
ogy. Cryopreservation has been established as a means to
provide such capabilities [13]. Scientists have accumulated

significant information on preserving the viability of SCs
over extended periods of time and the influence of differ-
ent cryoprotectants on cell survival after deep freezing [14,
15]. Cryopreservation of MSCs can also reduce the constant
need for fresh tissues, enable quality control and standard-
isation of the same cell product at different times when the
cellular product is needed.

One important area in regenerative medicine is the
development and modification of materials for controlling
the viability of SCs, which (re)construct the stromal mi-
croenvironment of various human and animal organs and
tissues. In addition to the selection of artificial materials
capable of biomimetic reproduction of the cellular and
tissue microenvironment, the use of decellularised (cell-
free) organs and tissues is also relevant for bioengineer-
ing purposes [16]. A promising way to treat skin injuries of
various etiologies is the use of decellularised pig skin. The
main advantages of this biological material are the compo-
sition and structure of the pig dermis, which is similar to
the human dermis. Skin substitutes have previously been
shown to improve wound healing quality and functional
treatment outcomes, so they are a useful tool in plastic and
reconstructive surgery [16].

This study was conducted as part of the state-funded
fundamental research project “Investigation of the Re-
generative Potential of Cell Therapy Agents in Acute Res-
piratory Distress Syndrome” (2021-2023, state registration
number 0121U100159) [17].

The purpose of the study was to develop effective tech-
niques for obtaining, culturing, cryopreserving, and thaw-
ing rat MSCs and analysing their interaction with dermal
and pericardial lyophilised acellular matrices, which were
created for the treatment of patients with burn injuries.

MATERIALS AND METHODS
The experiment was conducted in 2021 on the basis of the
laboratory of cell cultures of the Ternopil National Medi-
cal University of the Ministry of Health of Ukraine. 3 fe-
male rats Rattus norvegicus were used to obtain primary SC
cultures in the late stages of gestation. The animals were
kept in standard vivarium conditions (12-hour day/night
cycle; t=20-25°C; humidity 50-55%) with free access to
water and food. Euthanasia was performed using thiopen-
tal in compliance with bioethical requirements. Umbilical
cords, pieces of fetal skin and muscle were taken for exper-
iments. Using a sterile HBSS buffer solution (Gibco) with
the addition of 1% penicillin-streptomycin (Sigma), the
material was washed from the blood. An enzymatic meth-
od using 0.1% collagenase I (Sigma) diluted in DMEM/F12
Advanced nutrient medium (Gibco) was used to dissoci-
ate cell mass and produce viable MSCs. Then the material
was pipetted and centrifugal for 5 minutes, at a speed of
3000 rpm. The resulting precipitate was resuspended in
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a nutrient medium with the addition of 10% fetal bovine
serum (FBS)(Gibco) and sown in culture vials, cultured in
a CO2 Incubator at a temperature of 37°C and a concentra-
tion of CO, - 5%. The resulting primary cultures were as-
signed a zero passage (P ). Visual assessment of the forma-
tion of the monolayer density (confluence) was performed
using an inverted Delta Optical NIB-100 microscope.

Celllines were transported by warm trypsinization (Tri-
pleenzymaticsolution (Gibco))whenthe confluencereached
90-100%. Cell counting was performed using a hemocy-
tometer (Goryaev chamber) using the vital dye Trypan blue.

Cryopreservation of MSCs of the umbilical cord, fetal
muscles and skin was performed in passages 4 and 5 after
reaching 90% of the confluence. 50% of the cell suspension
(2 000 000 cells each) was added to cryoprobes in a DMEM
nutrient medium. Then, in 2 steps, a freezing medium was
added (30% DMEM/F12 Advanced, 40% FBS, 20% condi-
tioned medium (CS), 10% dimethyl sulfoxide (DMSO) (Sig-
ma)). Further storage of cellular material was conducted
at a temperature of -80°C (intermediate stage) and liquid
nitrogen (-196°C).

The umbilical cord, dermal, and muscle MSCs at Pas-
sages 4 and 5 were used to study the interaction of MSCs
with the acellular Matrix. Lyophilised and decellularised
pieces of pig dermis and pericardium, 0.5 cm? in area, were
added to the wells of 6-well culture plates with seeded SCs
at the rate of 50,000 cells/ml. The experiment was laid ac-
cording to the following scheme: control - the cell suspen-
sion itself; option 1 - cell suspension + a piece of the dry
pericardium; option 2 - cell suspension + a piece of the
soaked pericardium in the CS for 1 hour; option 3 — cell sus-
pension + a piece of the dry dermis; option 4 — suspension
+ a piece of the soaked dermis in the CS for 1 hour. During
soaking of the lyophilised material, the CS was changed
three times. Each experiment was performed in three rep-
etitions, 6 wells for each point. Microscopic analysis of cell
culture growth was performed after 1, 3, and 7 days of the
experiment using an inverted microscope. Statistical data
analysis was performed using Excel.

All interventions were conducted in compliance with
the principles of the “European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and oth-
er Scientific Purposes” and the law of Ukraine No. 3447-1V
“On the protection of animals from ill-treatment” [18, 19].

* RESULTS

Obtaining a primary MSC culture. Cell suspensions ob-
tained by fermentation of pieces of the umbilical cord, skin,
and muscle of rat fetuses were seeded on culture vials to
create conditions for cell adhesion and activation before
proliferation. Microscopic analysis of the state of prima-
ry cell cultures was performed after 48 hours after sowing.
Partial adhesion of polygonal cells was observed in umbil-
ical cord MSC culture (Fig. 1). The cell population density
was less than 10%, and there was a slight change in the pH
of the medium towards acidic (the acidity indicator phenol
red — a mandatory component of the DMEM/F12 Advanced
nutrient medium - turned orange). In the SC variants,
more cells were attached from the muscle and skin of rat
fetuses than in the umbilical cord MSCs variant. The nu-
trient medium was also slightly acidified. In the primary
culture of myogenic MSC cells, the cells were elongated

with two diametrically opposite processes, evenly attached
to the bottom of the culture plastic, and actively prolifer-
ated, covering approximately 70% of the flask area (conflu-
ent, accordingly, =70%). In the case of dermal SCs, the cells
were highly flattened, polygonal in shape, forming clones,
and reached 50% confluence within the first 48 hours of
cultivation (Fig. 2).

Figure 1. Primary culture of umbilical cord MSCs 2 days
after the start of the experiment. Magnification x100

Figure 2. Primary culture of MSCs of muscles and dermis
on the third day of the experiment. Magnification x100

On the third day of cultivation, complete replacement
of the nutrient medium was performed in all cell lines
while maintaining a 10% FBS concentration. The subse-
quent analysis of the primary cultures was conducted four
days after seeding the material. In the muscle and skin cell
lines, the formation of a confluent monolayer (confluence
=100%) was observed, so at this stage, passaging was per-
formed to avoid contact inhibition. In the myogenic cell
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variant, occasional myospheroids began to form among
the typical fibroblast-like MSCs (Fig. 3).

Figure 3. Fusion of myogenic cells with the formation of
myospheroids (indicated by an arrow). Magnification x100

In the umbilical cord MSC culture, after four days of
cultivation, the confluence reached approximately 50%,
while 100% confluence of umbilical cord cells was achieved
only on the 8th day of cultivation. The slow growth rate of
this cell population was associated with a lower initial cell
seeding density. However, during the first passage, these
MSCs increased their proliferation rate to levels compara-
ble to the myogenic cell line. Throughout the first to third
passages, the cell lines were cultured in a medium with a
reduced FBS concentration of 2%.

Selection of optimal conditions for MSC culture
growth. To compare the effects of different nutrient me-
dium compositions on cell growth intensity, two types of
culture media, DMEM/F12 and DMEM/F12 Advanced, were
used. The experiment was performed on passages 2 and 3.
Microscopic analysis of the proliferation rates of cell lines
was performed before the formation of 100% confluence.
The results of the experiment are presented in Table 1.

Table 1. Dependence of the influence of nutrient media
on the intensity of cell proliferation rates, (cell population density, %)

Cell | Experimental 1 2 3 4 5 6 7 8 9
culture group days days days days days days days days days
MSC DMEM/F12 . N .
umbilical Advanced 35.0+3 50.0%5 85.0%5 100
cord DMEM/F12 30.0£5 40.0£5 60.0+8 80.0%5 95.0+3 100
DMEM/F12
MSC of Advanced 35.0%8 55.0+5 85.0+5 100
muscles
DMEM/F12 35.0+10 50.0%5 65.0%5 85.0+7 100
DMEM/F12
lzlﬁesrgq(i)sf Advanced 20.0£5 35.0%5 40.0£5 50.0%5 65.0£8 80.0%5 95.0+3 100
DMEM/F12 25.0%8 30.0£7 35.0%5 45.0+5 | 55.0+10 | 65.0%5 80.0+5 90.0+3 100

Source: compiled by the authors

As evident from the data presented in Table 1, the
DMEM/F12 Advanced medium proved to be more effec-
tive for the growth of MSC cell populations compared to
DMEM/F12. In the umbilical cord MSC line, the first var-
iant reached 100% confluence on the 4th day of cultiva-
tion, while the second variant formed a 100% cell mon-
olayer only on the 6th day. In the muscle MSC line, the
DMEM/F12 Advanced variant achieved 100% confluence
after 4 days of cultivation, while the DMEM/F12 variant
reached it on the 5% day. The skin MSC line proliferated
significantly slower than the previous two, as indicated
by the results. In the DMEM/F12 Advanced variant, 100%
confluence was achieved only on the 8™ day after the start
of the experiment, while in the DMEM/F12 experiment, it
occurred on the 9™ day.

In addition to examining the influence of nutrient
media, the impact of various serum concentrations in the
culture medium (DMEM/F12 Advanced + 2%, 5%, 10% FBS,
and serum-free medium containing a protein similar to
plasma albumin) on the activity of cell lines regarding their
growth and proliferation was also investigated. The study
was conducted during the 2™ and 3" passages of the cell
lines until 100% confluence was reached.

In the serum-free medium, the peak growth of um-
bilical cord MSCs was observed on the 7 day, reaching a
maximum confluence of 40%. However, the cell line grad-
ually started to die off without reaching 100% monolayer

formation. When 2% FBS was added, the cells proliferated
smoothly and evenly, achieving a monolayer on the 4™ or
5% day of cultivation. Higher serum concentrations in the
growth medium promoted accelerated cell proliferation
but also induced the formation of spheroids on the 3 day
of cultivation (Fig. 4).

Figure 4. Formation of spheroids in umbilical cord MSC
culture under high FBS concentration (10%).
Magnification x100

For muscle MSCs, the optimal serum concentration for
culture was also found to be 2% FBS. At 5% and 10% serum
concentrations in the growth medium, the proliferation
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results were similar to those observed in umbilical cord
MSCs at equivalent concentrations. In the serum-free me-
dium, the cell line exhibited unexpected results. On the 11t
day of cultivation, it reached 80% confluence, which re-
mained unchanged for 5 days. These findings suggest that
the muscle MSC cell line is relatively insensitive to the stim-
ulating effects of serum additives in the growth medium.

The analysis of dermal MSC cell line growth showed
that the optimal serum concentration was 5%. At 2% FBS,
the cell line proliferated too slowly, with a monolayer form-
ing only on the 9" day. At a concentration of 10%, rapid cell
differentiation and acquisition of mature fibroblast mor-
phology were observed.

In the serum-free medium, the cell line paused its
proliferation on the 9% or 10th day of cultivation, reaching
60% confluence, and eventually started to die off. There-
fore, it can be considered that the optimal FBS concentra-
tion is 2% for umbilical cord and muscle MSCs, while it is
5% for dermal MSCs.

Analysis of MSC viability after cryopreservation.
One day after thawing samples of the three rat cell lines,
it was observed that many cells got attached to the flask
surface and acquired the typical morphology characteristic
of MSCs. Thawing was performed using two methods: a 10-
fold dilution of the cell suspension with freezing medium
or immediate removal of the DMSO by centrifugation. In
the first thawing method, the cell population density after
24 hours was 15% in all cell lines. At this time, a medium
replacement was performed to fully neutralise the effect of
the cryoprotectant on the cell populations. In the second

thawing variant, the confluence of the umbilical cord MSC
line reached approximately 5%, which was the lowest con-
fluence rate. The confluence of the muscle and skin MSC
lines was 8% and 10%, respectively. On the 5th day after
thawing, the confluence in the case of 10-fold dilution of
the cryoprobe content was: 75% for dermal SCs, 55% for
skeletal muscle MSCs, and 35% for the umbilical cord MSCs
line, and in the variant with centrifuged cells of the same
lines — 70%, 60% and 30%, respectively. In the case of 100%
diluted cells, a confluence was observed: for skin MSCs cell
lines — on the 7 day after defrosting; and for umbilical cord
and muscle MSCs — on the 9% day of the experiment. In the
variant with centrifuged cells, the dermal MSC population
reached a monolayer on the 8" day of cultivation, while the
muscle MSCs reached it on the 9" day, and umbilical cord
MSCs on the 11% day of the experiment. Thus, the meth-
od of thawing cryopreserved cells affects the proliferation
rates of MSC cell populations.

Interaction of MSCs with acellular matrix. Analysis
of the interaction between extracellular matrix (ECM) and
umbilical cord MSCs showed that in the control and pieces
of soaked dermis variants, only a small fraction of cells at-
tached on the first day of cultivation. On the third day, cell
growth continued in the control wells, and it was observed
that cells began to proliferate in the variants with pieces
of dry, soaked pericardium and dry dermis. On the 7" day
of the experiment, active cell growth was observed in the
control, dry pericardium, and soaked pericardium variants.
However, in the case of pieces of dry and soaked dermis, the
umbilical cord cell line died off (Table 2).

Table 2. Interaction of matrix with MSC cell lines of rats (cell density in wells, %)

Cell line Expepment Control, % . Dry .Soak.ed Dry dermis, % | Soaked dermis, %
variants pericardium, % pericardium, %
MSC 1stday 15+2.7 no attached cells | no attached cells | no attached cells 5%2.8
umbilical 3 day 30+4.2 18+3.0 25+3.0 10£2.0 15%5.1
cord 7™ day 44+3.6 42+3.73 51%£3.9 cells are dead cells are dead
15t day 15£2.4 10£2.1 15£3.0 no attached cells 10£4.2
MSC of 3 day 30+4.5 25+3.9 35+5.1 7+2.3 15+2.7
muscles
7" day 5134 47+4.3 58+4.7 cells are dead cells are dead
15t day 23+3.6 15+2.7 20+3.2 5 5+3.2
121/[esrfn(i)sf 3 day 36+3.7 25+3.8 35£5.6 cells are dead 8+3.6
7™ day 52%6.3 33+3.7 47+3.9 cells are dead 5%2.5

Source: compiled by the authors

In the variant with muscle MSCs, the experiment with
pieces of dry and soaked pericardium also showed a rela-
tively favourable effect on the cell line. On the first day of
the experiment, cell proliferation began in the control and
experimental variants with pericardium and soaked pieces
of dermis. By the third day of cultivation, cells proliferated
in both the control and all experimental wells. The best re-
sult was observed on the 7" day in the variant with soaked
pericardium pieces, followed by the control variant and
wells with dry pericardium. However, in the case of pieces
of dry and soaked dermis, the muscle SC cell line also died
off by the end of the experiment (Table 2).

Unlike the previous two MSC cell lines, fetal dermal
cells showed a positive result in the variant with soaked
pieces of dermis. On the first day after the experiment was

initiated, cell proliferation was observed in both the control
and all experimental wells. The only difference was that in
the presence of acellular dermal matrix, cells were located
at the edges of the wells. By the third day, cells in the dry
dermis variant had completely died off and detached. The
best result was obtained on the 7th day of cultivation in the
control and soaked pericardium variants.

DISCUSSION
The obtained results indicate that both types of tested nu-
trient media, DMEM/F12 and DMEM/F12 Advanced, have
a favourable impact on the proliferation of rat MSC cell
lines. The difference lies only in the fact that at the same
concentration of FBS, cell lines grown in DMEM/F12 me-
dium exhibited slightly slower growth compared to those
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cultivated in DMEM/F12 Advanced. This result is obviously
due to the special components that are present in the com-
position of the latter. DMEM/F12 Advanced additionally
contains insulin, transferrin, glutathione, ethanolamine,
ascorbic acid, and additional protein sources, so it can be
used with minimal concentrations of xenogeneic embryon-
ic serum, providing optimal conditions for MSC cultivation.
For the cultivation of rat MSCs, an increase in FBS concen-
tration is required when using DMEM/F12 medium. Since
the growth rates of dermal SCs were slower compared to
umbilical cord and muscle MSCs, it was decided to culti-
vate dermal cells using DMEM/F12 Advanced supplement-
ed with 5% FBS, while 2% FBS was found to be optimal for
myogenic and umbilical cord MSCs.

V.G. Dzhyvak et al. [20] outline that blood serum
serves as a source of hormones, hormone-like growth
factors, and transport proteins for their transfer. In addi-
tion, it contains molecules necessary for the formation of
the extracellular matrix, facilitating cell adhesion to the
culture vessel in in vitro cultures [21]. Therefore, for cell
cultivation in in vitro conditions, the addition of embry-
onic bovine serum rich in biologically active substances is
required [22].

The experiment aimed at determining the optimal FBS
concentration in the growth medium revealed that at 2%
FBS, cell line proliferation occurred smoothly and gradu-
ally. 5% of the serum showed faster cell proliferation and
differentiation. This concentration can be used for rapid
scaling of MSCs since it accelerates the mitotic division
process under the influence of growth factors present in the
serum. However, a concentration of 10% FBS proved to be
less suitable as, despite achieving full confluence quickly,
the investigated SCs started forming specific structures —
spheroids (Fig. 4). Similar spheroid formation under the
influence of human blood serum was also observed in an-
other study [21]. It is known that elevated concentrations
of FBS promote SC differentiation towards adipogenic, os-
teogenic, or chondrogenic lineages. Therefore, if the goal is
to obtain a stable and long-lasting MSC cell line, the use of
blood serum should be minimised [23-25]. However, it has
been demonstrated that low concentrations of added FBS
to the culture medium contribute to the formation of flat-
tened cell monolayers on the culture plastic and prevent
spheroid formation [21].

Based on the analysis of scientific sources regarding
the cryopreservation of rat MSCs, a freezing medium was
selected consisting of 30% DMEM/F12 Advanced, 40% FBS,
20% CS, 10% DMSO, and containing minimal amounts of
cryoprotectant [13, 14]. From a detailed review by M. Awan
et al. [15], it is known that although DMSO is a widely used
and effective cryoprotectant, it exhibits toxic effects on
cultured cells during prolonged exposure in the thawed
state. However, a study by A. Mitchell et al. [26] demon-
strated that a high concentration of FBS in the freezing
medium mitigates the harmful effects of DMSO. CS also
possesses protective properties for MSCs as it contains
exosomes with SC secretome in addition to the products
of cell metabolism [27]. Since the freezing medium was
mixed with the cell suspension at a 1:1 ratio, the final
concentration of cryoprotectant decreased to 5%, and its
potential toxic effects were minimised by the higher con-
centration of FBS. As a result, the survival rate of rat MSCs

in this study exceeded 85-90% after thawing. The method
of thawing cell suspensions by 10-fold dilution of the cry-
oprotectant was found to be more effective than the al-
ternative method of immediate removal of DMSO by cen-
trifugation. Consequently, centrifugation of MSCs in the
presence of DMSO proved to be more detrimental to the
cells than their cultivation for 24 hours in the presence of
a highly diluted cryoprotectant solution.

The analysis of the interaction between xenogeneic
lyophilised acellular matrix and umbilical cord, muscle,
and dermal MSCs revealed that for all cell lines, pericar-
dium exhibited the most favourable interaction, particu-
larly when it was rinsed three times in the growth medium
beforehand. However, in the variants with the addition of
decellularised dermal tissue fragments to the culture me-
dium, the survival of rat SCs was observed to decline. This
indicated a toxic effect of this material on the cell cultures.
Studies by D.D. Mathew et al. [28] and R. Nassiri Mansour
et al. [29] have shown that for the creation of bioengi-
neered constructs for tissue and organ regeneration, au-
tologous, allogeneic, or xenogeneic MSCs can be success-
fully cultured in acellular matrices. Such acellular matrices
typically provide the necessary support for cell adhesion,
proliferation, phenotypic differentiation of SCs, and of-
fer favourable biochemical and biophysical conditions for
tissue modelling and formation of neotissues. Therefore,
based on a careful analysis of the method of obtaining the
used acellular dermal matrix, it was presumed that its cy-
totoxic effect arises from the presence of detergents [16].
The conducted experiment revealed the necessity of mod-
ifying the protocol for obtaining acellular dermal matrix
before its application in burn care practice.

CONCLUSIONS

Thus, this study demonstrates that the enzymatic meth-
od using 0.1% collagenase I is suitable for obtaining pri-
mary cultures of MSCs from umbilical cords, muscles, and
dermal tissue of rat fetuses. For the cultivation of the ob-
tained umbilical cord and dermal MSC lines, DMEM/F12
Advanced medium is optimal due to the presence of effec-
tive additives that are absent in DMEM/F12 medium. Since
the culture of rat myogenic cells exhibited higher prolifer-
ative potential compared to other investigated MSC lines,
it can also be cultivated in DMEM/F12 medium. It was also
determined that a 2% concentration of FBS is optimal for
efficient proliferation of umbilical cord and muscle MSCs,
while a 5% FBS concentration is optimal for the dermal
MSC line. In some cases, muscle MSCs can be cultured in a
growth medium without the addition of serum.

Thawing the cell suspension by 10-fold dilution of
DMSO was found to be a more effective method, as the
alternative method of immediate removal of the cryopro-
tectant by centrifugation slowed down the growth of rat
MSCs. Thus, centrifugation of MSCs in the presence of
DMSO was more harmful to the cells than their cultivation
for 24 hours in the presence of a highly diluted cryopro-
tectant solution. The analysed lyophilised acellular matrix
in the form of fragments of dry dermal tissue exhibited a
toxic effect on all investigated MSC cell lines. Conversely,
dry and rehydrated lyophilised pericardium, when cultured
in a growth medium, not only had no harmful effect but
sometimes even stimulated the growth of SCs. Therefore,
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Iyophilised pericardium is recommended for the treatment
of skin defects.

Fortheclinicaluse of decellularised porcine dermal ma-
trix,itisnecessary toimprove the methodology of obtaining
thismaterial byincreasingthenumber of washesafterdeter-
gent treatment to reduce or eliminate its cytotoxic effects.

The next stage of comprehensive research is planned
toinvestigate the mechanisms of the therapeutic effects of
systemicallyadministered allogeneic MSCsinrats with ex-
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AHoTauif. Yepes cTpiMKMiT pO3BUTOK pereHepaTMBHOI Meguuyuu y XXI CTOMITTI 0cO6IMBOI aKTyaabHOCTI HaGyBalOTh
BUBYEHHS TE€PANeBTUYHOTO MOTEHIialy CTOBOYPOBMUX KIITUH SIK Y AOKIIHIUHUX MOCTIIKEHHSIX, TaK i B KIIHIYHUX
Tpaiinax. JJoKIiHiuHi JOCTiIsKeHHS Ha TBAPMHAX JAI0Th 3MOTY B JE€TaJSNX 3’ICYyBATH MeXaHi3MM il AJIOTeHHUX KITITUHHUX
mpernapariB, BUBUUTH iXHIO pereHepaTUBHY aKTUBHICTb, dapMaKkogMHAMIKy Ta MOXIMBI mobiuHi edextn. MeToro
OOCTiIKEeHHST OyB Migbip ONTMMaAbHUX YMOB [JII OTPMMAaHHS, BUPOIIYBaHHS Ta Kpio36epiraHHsS Me3eHXiMaabHUX
CTOBOYPOBMX KJIITHH IILyPiB Ta aHa/Ii3 iXHbOI B3aeMoii 3/1i0dini3oBaHMM alLleTIOISIPHUM MaTPUKCOM. Y X011 JOCTiAKEeHHSI
6y70 3aCTOCOBaHO (hepMEHTATUBHMII METOM ISl OTPMMAHHS MEePBUHHUX KYIbTYP KIITUH 3 TYMOBMHM, J€PMU Ta
M’s13iB TUIoAiB Rattus norvegicus. KynbTypu KaiTMH 6y KyJAbTUBOBAHI in vitro, a TeMIu miposidepanii KiIiTMHHUX JTiHii
6yaM aHaTi30BaHi 3a JOMTOMOTOI0 iHBEPTOBAHOTO Mikpockoma. Kpim Toro, 3.iiicHIOBAIOCS KpiOKOHCEPBYBAHHS JIJIS
36epiraHHs KJIITMHHMUX MaTepianiB. B3aeMonito Me3eHXiMaJbHUX CTOBOYPOBUX KITITHUH i3 al[eTIOSIPHUM MaTPUKCOM Ta
KpioKOHCepBallilo OTPMMaHMUX KJIITVH ITPOBOAM/IM Ha 4 Ta 5 macaykax. [TokasaHo, 110 JJIs BUPOILYBaHHS OTPUMaHMX JTiHiii
Me3eHXiMaJbHUX CTOBOYPOBMX KJIITUH 3 MYIMOBUHU Ta JePMU IUIOAIB IIYPiB ONTUMATbHUM € TOXWBHE CEepelOBUIIe
DMEM/F12 Advanced. BcTaHOBJIEHO, 1[0 CHOCI6 PO3MOPOKYBAaHHSI KIITMHHOI cycrmeH3ii mnuisixom 10-KpaTHOTO
PO3BeIeHHS IUMeTUICYIbGOOKCUITY € eDeKTUBHIIINMM 3a aIbTePHATUBHMIA CITOCiO HETATHOTO YCYHEHHS KPioTIpOTeKTopa
3a IOMOMOT0I0 IeHTPUbYTyBaHHS. 3’sICOBAHO, 110 JIiodili30BaHNT alleTIONSPHUIL TepMaTbHU I MATPUKC IUTOTOKCUIHO
BIUIMBAE HA YCi KyJIbTUMBOBAHI MIypsIUi KIITUHM, B TOI YaC, K MepUKapAiabHUIT MATPUKC ITPOSIBJISB MO3UTUBHMIT e(eKT
Ha piCT AOCTiMKYBaHMX KIITUHHUX JIiHili. TAKMM YMHOM, Tii6paHO ONTUMAabHE XUBUIbHE CEPeIOBUIIE Ta YMOBU JIJIst
3aMOPOKYBaHHS/PO3MOPOXKYBaHHS CTOBOYPOBMX KJIITUH IYPiB, @ TAKOX BM3HAUEHO BIUIMB HA OTPMMaHi KJIiTMHHI JTiHii
JiodinizoBaHOrO aleTIASIPHOTO MATPUKCY, IO IVIAHYBABCS JJ151 TEPArieBTUYHOTO BUKOPUCTAHHS

KniouyoBi cnoBa: KyibTypa in vitro; KpiokoHcepBallist; TyIIOBMHA; M's131; fiepMa; TiodinizoBaHMii MaTPUKC; TepUKap/,
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