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Abstract. The studies were conducted on 2-3-months-old males of C57BL/6 mice
weighing 20-24 g. Obtaining and operating with adipose tissue-derived mesenchymal stem
cell (MSC) culture was performed in a sterile laminar box under conditions of asepsis and
antiseptics. The adipose tissue-derived MSC of the 2, 4, 7 and 12 passages were analyzed.
Morphometric analysis was performed using a light microscopy. Morphometric parameters
such as cell and nucleus area or nuclear-cytoplasmic ratio were calculated using the
Axiovision light microscope (Carl Zeiss, Germany) and Image J 1.45 software. Trypan blue
dye used for investigation of the viability of MSC.

The morphological characteristics of adipose tissue-derived MSC during the process
of cultivation changes: at the first passages of cultivation, the cells are spindle-shaped
with two, at least three, long cytoplasmic processes, which are located bipolar. Near the
nucleus, the Golgi complex is clearly visible — a sign of active cells. At later passages, cells
have a small cytoplasmic processes and the bipolar arrangement of processes changes by
stellar arrangement. Golgi complex is also clearly visualized. The indicator of the nuclear-
cytoplasmic ratio in MSC from adipose tissue is significantly reduced at the 7th passage
to 0.2189 + 0.0122 (P < 0.01), and at the 12th passage to 0.1111 + 0.0086 (P < 0.001)
compared to the 2nd passage. The coefficient of proliferation of adipose tissue-derived
MSC is significantly reduced at 12th passage. The viability of MSC from adipose tissue with
an increasing of a number of passages significantly reduces and at the 12th passage of
cultivation reaches 84.67 + 1.36 (P < 0.05). The content of apoptotic cells that exhibited
sensitivity to serum-free cultivation significantly increased at the 7th and 12th passages
and was 21.33 +1.36 (P <0.05) and 23.67 + 0.97% (P < 0.05), respectively.

Keywords: adipose tissue mesenchymal stem cells, nucleus, nuclear-cytoplasmic ratio,
coefficient of proliferation, viability, apoptosis, early passages, late passages
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Introduction

It is known that mesenchymal stem
cells (MSC) in the bone marrow are
from 0.001% to 0.01% of the total frac-
tion of mononuclear cells, and bone
marrow aspiration is an invasive proce-
dure and has a significant effect on the
donor after the surgical period (Dmitrie-
va et al., 2012). Therefore, other sourc-
es of stem cells, in particular, umbilical
cord blood and placenta, are used in
modern human and veterinary medicine
(Ning et al., 2012). The adipose tissue
is also an excellent alternative source of
MSC, since it contains approximately
500 times more MSC in compare with
bone marrow. It should be noted that the
process of obtaining of adipose tissue is
quite simple and does not harm the body.
Some data are already known about bi-
ological properties of adipose-derived
MSC (AD-MSC). In particular, it is
known about high differential potential
of MSC from adipose tissue in animals
of different species, their immunomod-
ulatory property. Some authors empha-
size that they exhibit stronger immuno-
modulatory effects, due to the fact that
they are characterized by a higher level
of cytokine secretion (Arnhold & We-
nisch, 2015).

Analysis of recent researches
and publications

Certain specific morphological fea-
tures of stem cells, which were deter-
mined by light microscopy, are known.
In particular, it was found that MSC with
high proliferative activity were thick,
and those that had low proliferative ac-
tivity were thin, even if these MSC were
cells of early passages. The diameter of
the nucleus of MSC from the dog and
the horse is determined. Also the indi-

vidual morphological parameters of the
feline MSC in early passages were inves-
tigated (Grzesiak et al., 2011; Maciel et
al., 2014). It was investigated that MSC
from the umbilical cord at the 15th pas-
sage age due to the decrease in metabo-
lism and proliferation activity (Katsube
et al., 2008).

There are reports about some mor-
phological characteristics of stem cells.
In the study of MSC from horses and
dogs, it was found that in the first pas-
sages of cultivation, mitochondries are
localized pericentrically and there are
endosomal vesicles in the cell cytoplasm
(Otsu et al., 2009). They were mostly
found in the perinuclear zone, but be-
fore cell proliferation they moved to the
opposite pole. In the non-proliferation
cells, there were endoplasmic vesicles
that moved intensively inside the cell.
It was found that the cultivation process
affects the change of morphological pa-
rameters of stem cells. In particular, it
was investigated that MSC from dogs
and horses changed their length and
diameter, as evidenced by the authors
of the publication. According to these
studies, stem cells at the 19-20th pas-
sages changed their adhesive properties
in the direction of reduction, were more
flattened and “took up more space”. The
number of cells decreased to 1.9 x 106
per cup, indicating a change in their pro-
liferative activity. Their functional state
also changed, which was confirmed by
a decrease in viability to 56% (Grzesiak
etal., 2011; Otsu et al., 2009).

A team of other researchers found
that stem cells from the same culture
had morphological and functional differ-
ences. In particular, in stem cell culture,
there are cells of different thickness, and
the proliferative activity of stem cells
depends on their thickness. Thicker cells
had higher proliferative activity. Cells,
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being small in thickness, expressed
genes associated with cell aging and had
low proliferative activity (Nagano et al.,
2019).

Parallel studies indicate that the mor-
phological parameters of MSC in differ-
ent passages of cultivation have signifi-
cant differences. It was found that MSC
from feline bone marrow had a spin-
dle-shaped shape, a significant amount
of cytoplasm, a length of 106.97 + 38.16
and 177.91 = 71.61 um in the first and
third passages, respectively. The cell
width was 30.79 £16.75 um and 40.18 +
20.46 pm in the first and third passages,
respectively. The length of feline bone
marrow MSC in the first passage was
16.28 um after 24 hours of cultivation
and 21.29 pm after 120 hours of culti-
vation, and in the third — significantly
increased and amounted to 26.35 um af-
ter 24 hours of cultivation and 25.22 pm
after 120 hours of cultivation (Maciel et
al., 2014).

Thus, the purpose of our work was
to determine in vitro the morphological
parameters and functional state of MSC
from adipose tissue of C57Bl/6 mices
during the early and late passages.

Materials and methods
of research

The studies were conducted on
2-3-months-old males of C57BL/6
mice weighing 20-24 g. All studies
were conducted in accordance with the
Rules of Good Laboratory Practice and
Use of Experimental Animals and in ac-
cordance to Compliance with the Law
of Ukraine "On the Protection of Ani-
mals from BrutalCruel Treatment" and
the "International European Convention
on the Protection of Animals Used for
Experimental and Other Scientific Pur-
poses".

MSCs obtaining from mice adipose
tissue of mice (Kladnytska et al., 2016).
Obtaining and processingprocessing
of adipose tissue were carried out in a
sterile laminar box with compliance of
conditions of asepsis and antiseptics.
The mice were euthanized, their adipose
tissue removed, and washed three times
with sterile phosphate buffer solution
with the addition of 1% antibiotic-an-
timycotic  solution  (Sigma-Aldrich,
USA). Adipose tissue was added to cul-
ture dishes filled with DMEM, 10--15%
of fetal bovine serum, 1% of antibiot-
ic-antimycotic solution (Sigma-Aldrich,
USA) and cultured in a CO, incubator at
37 °C and 5% CO.,. The culture medium
was partially or completely changed by
fresh medium every 3 days during cul-
tivation. After formation of cells mono-
layer at 80-90 %, cells were removed
with trypsin-ethylenediaminetetraacetic
acid solution (EDTA), washed with
phosphate buffer and placed in Petri
dishes for cultivation. Passaging the ad-
ipose derived mesenchymal stem cells
(AD- MSCs) provided a reduction of
heterogeneity of cell culture and the
development of biological material for
transplantation.

AD- MSCs of the 2nd, 4th, 7th, and
12th passages were analyzed.

Cells counting was performed us-
ing a light-optical microscope with a
magnification an increase of 200 times
in all squares and is calculated by the
formula:

X=Ax1000-0.9 (1)

X=Ax1000/0,9, where

X — number of cells in 1 cm?;

A — number of cells in all squares;

1000 — number of mm? in cm?;

0.9 — the volume of the Goriaev chamber
camera Goryaev in mm?.
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Calculation of the cell proliferation
index was carried out according to the
formula:

X=a+b (2)
X = a/b, where:
a — the final concentration of the cell/

cm’;
b — seeded cell concentration / cm’.

Morphometric analysis was per-
formed using a light microscopy. For
this purpose, the cells were stained with
Carazzi’s hematoxylin Karatci and eosin
dyes (Alfarus, Ukraine). Morphomet-
ric parameters such as cell and nucleus
area or nuclear-cytoplasmic ratio (NCR)
were calculated using the Axiovision
light microscope (Carl Zeiss, Germany)
and Image] 1.45 (National Institutes of
Health, USA) software.

The viability of the bone marrow
MSCs was assessed using trypan blue
dye, which is unable to penetrate the cy-
toplasm of living cells (Shakhov et al.,
2004). For this purpose, equal volumes
of suspension of bone marrow MSCs
and 0.16-0.20% trypan blue, prepared in
physiological solution, were mixed. The
cells were incubated for 10 minutes at
37 ° C, and the percentage of uncolored
nucleated cells from the total number of
cell elements were counted in the Gori-
aev chamber.

Evaluation of the level of apoptosis
of in MSC caused by their cultivation
in serum-free medium. The MSC at the
2nd, 4rd, 7th and 12th passages were
seeded in a quantity of 2x10° cells in
wells of a 96-well plate, and cultivated
during 72 hours in a serum-free medi-
um. Apoptotic cells were revealed by
using a trypan blue dye. The method is
based on the ability of inanimate cells to
absorb the dye. The percentage of color-

ed (dead) cells was calculated in the
Goryaev Goriaev chamber.

The statistical analysis of the ob-
tained results was achieved by using
Statistica 6.0 (StatSoft, USA) and Orig-
inLab (OriginLab Corporation, USA)
software. Normality of data distribu-
tion was determined by the Kolmogor-
ov-Smirnov test. In order to assess the
validity of the revealed changes, para-
metric (Student t-test for two-samples)
and non-parametric (Mann-Whitney
U-test for the independent groups) meth-
ods of variation statistics were used, the
difference was significant at p P < 0.05.
The obtained results were presented as
the mean + SD mean error (mean M +
standard deviationm).

Results of the research and their
discussion

The cells changed morphology dur-
ing cultivation. Cells at the 2nd and 4th
passages have pronounced morphology
of fibroblasts with two or three long
cytoplasm processes. Cell nucleus was
bean-shaped. Near the nucleus in the
zone of enlightenment, the Golgi com-
plex is clearly defined, which is well
developed in proliferative cells. A small
number of cells with an oval cytoplasm
and a round nucleus were recorded
(Fig. 1).

At the later passages, the morphol-
ogy of MSC from adipose tissue has
changed. MSC had more processes,
they had smaller length, the area of the
cell, which was adhered to the culture
plastic, was increased. A Golgi complex
was registered near the nucleus, indicat-
ing that cell proliferation remain at the
high level (Fig. 2).

This is confirmed by morphometric
indices and functional activity of AD-
MSC at different passages (Table 1).
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Fig. 1. Mesenchymal stem cells of mouse adipose tissue culture, 2nd passage.
Painting according to Carazzi’s hematoxylin and eosin. Micropreparation,
% 900.

Fig. 2. Mesenchymal stem cells from mouse adipose tissue culture at the 12th
passage of cultivation with the calculation of the nucleus area and cell area
using the program Axio visine. Pappenheim staining. Micropreparation, x 320.

As can be seen from the Table 1, the
area of the nucleus at the 2nd and 4th
passages did not significantly changed.
At the 7th passage, there can be seen a
tendency to reduce the area of the nucle-
us. At the 12th passage, a significant de-
crease to 135.78 £ 11.21 um? (P < 0.05)

was recorded in the area of the nucleus
compared to the MSC of the 2nd pas-
sage.

During the cultivation, the area of
the cytoplasm has no significant differ-
ences at the 2nd and 4th passages, and
a tendency to increase it can be seen at
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1.The morphometric indices and functional activity of adipose-derived
mesenchymal stem cells at different passages (M + m, n =5)

Passages

Parameters

2 4 7 12
Nucleus area (im?) 161114565 | 161.56+5.48 151.67 +3.51 13578 + 11.21%
Cells area (um?) 759.56£28.42 | 748.11+2590 | 841.56+46.96 [1416.90 + 151.97%%*
NCR 0.2689 % 0.0046 | 0.2756 % 0.0042 | 0.2189 % 0.0122%* | 0.1111 + 0.0086%**
Coefficient 2.92+0.02 3.02+0.03 2.79+0.09 255+ 0.01%+*
of proliferation
Viability (%) 9633136 | 96.67+0.97 93.67+0.97 84.67 = 1.36*
Serum deprivation- 14.33 +1.94 18.67+0.77 2133+ 1.36* 23.67 +0.97 *
induced apoptosis, %

Note: * P <0.05, ** P<0.01, *** P<0.001 in comparison with the 2nd passage.

the 7th passage. At later passage, a sig-
nificant increase in the area of the cell to
1416.90 + 151.97 um? (P < 0.001) was
recorded.

During the cultivating, the prima-
ry material from adipose tissue, une-
qual proliferative activity of MSC and
the rate of the monolayer formation at
different passages were registered (Ta-
ble 1). The monolayer formation de-
pends on many soluble factors, in par-
ticular, from those that synthesize cells
themselves in the culture medium. Since
the primary material was processed with
new technique, it can be assumed that
a significant amount of cytokines and
growth factors have been introduced
into the culture medium from adipose
tissue, which cause a high rate of prolif-
eration. This coincides with the studies
of many authors, which emphasize the
fact that adipose tissue contain a lot of
soluble growth factors.

During cultivation, the rate of a
monolayer formation decreases and, in
our opinion, it is explained exactly by
the reduction in the synthesis of solu-
ble stimulating factors, which are ex-
creted by cells in the culture medium.

The coefficient of proliferation with
the increase of a number of passages
decreases, and at the 12th passage, this
indicator is significantly lower in com-
pare with the 2nd passage (P < 0.001),
although it remains high (2.55 £ 0.01).

The viability of MSC from adipose
tissue during cultivation reaches high
rates, but with an increase in a number
of passages, it significantly reduces. At
the 12th passage of cultivation, viabil-
ity reaches 84.67 £ 1.36% (P < 0.05),
but remains high. In our opinion, this
may be due to the biological aging of
the cells and the influence of chemical
reagents on them.

Cell resistance to apoptosis induced
by cultivation in the serum-free medium
decreases with the increase of a number
of passages. A significant increase in the
number of apoptotic cells has been reg-
istered at the 7th passage —21.33 +1.36
(P <0.05), and at the 12th passage their
number has increased to 23.67 + 0.97%
(P <0.05).

Thus, during the cultivation of MSC
from adipose tissue, there are significant
changes in morphological parameters of
cells, which are reflected in their func-
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tional state. In particular, the changes
in cell morphology are accompanied by
a decrease in the nuclear-cytoplasmic
ratio by increasing the area of the cy-
toplasm. Also, a significant decrease in
the cell proliferation coefficient and the
viability of MSC at later cultivation pas-
sages were determined. The content of
apoptotic cells that exhibited sensitivi-
ty to cultivation in serum-free medium
was significantly increased at the 7th
and 12th passages.

Considerable attention was paid to
the morphology of MSC. It is known that
today there are two main morphological
forms of MSC: small, round or spin-
dle-shaped, rapidly proliferating cells
and large spreading cells (mature, slowly
proliferating cells). That is, differences
were observed depending on the rate of
MSC proliferation (Grzesiak et al., 2011;
Cheng et al., 2012). At the same time,
such patterns were inherent in MSC of
different origin and no significant differ-
ences depending on the species and tis-
sue origin of MSC were found (Martin et
al., 2002; Webb et al., 2012).

Several researches have been con-
ducted to study age-related changes in
the morphology and functions of human
MSC both in vivo and in vitro. Most au-
thors focused on the influence of donor
age on the morphofunctional properties
of MSC. It was found that MSC from
older donors have significantly worse
characteristics, including proliferative
activity, rate of population doubling,
the efficiency of colony formation and
the ability to differentiate (Baxter et al.,
2004; Miyoshi, 2016; Yang et al., 2018;
Yamazaki et al., 2020).

In the cultivation of MSCs of various
origins in the second passage, the cells
adapted to in vitro conditions, formed a
monolayer at the bottom of the culture
vessel, dead cells and cells that did not

belong to the mesenchymal stems were
eliminated. The shape of the vast ma-
jority of cells was spindle-shaped with
a small volume of cytoplasm, which
formed long thin outgrowths. During
further cultivation, the morphology of
the cells changed in the direction of in-
creasing cell size and cytoplasm size,
the appearance of spread cells with
a large number of cytoplasmic out-
growths. This coincides with the data of
the vast majority of researchers. Thus,
Maciel et al. (2014) when culturing
MSC from feline bone marrow when
comparing cells of the 1st and 3rd pas-
sages, an increase in length from 106.97
+ 38.16 um to 177.91 = 71.61 pm and
width from 30.79 + 16.7 um to 40.18 +
20.48 pm.

Morphofunctional — properties  of
MSC from bone marrow and adipose
tissue cultures at different passages of
cultivation in combination with other
obtained data testified in favor of their
gradual replication aging. It was man-
ifested by an increase in cytoplasmic
volume r = 0.73 (P = 0.01); decrease in
the nuclear-cytoplasmic ratio r = —0.87,
(P = 0.001); increasing the number of
growths of the cytoplasm; decrease in
the proliferation coefficient (P < 0.01)
and cell viability (r = —0.70; P < 0.05);
gradual decrease in the number of cells
in the phases G2/M and S of the cell
cycle (P < 0.001); increased sensitivity
to apoptosis induced by the absence of
growth factors r = 0.81; (P =0.001); in-
creasing the level of secretion of 1L-6
(P < 0.01). The number of diploid cells
decreased, although in all cases it was
not less than 95%. It is known that sig-
nificant MSC aneuploidy is associat-
ed with an increased risk of malignant
transformation (Ben-David et al., 2018;
Saalbach & Anderegg, 2019). The data
obtained in the complex indicate in fa-
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vor of replicative aging of cultures and
determine the feasibility of using in
subsequent experiments MSC cultures
from adipose tissue and bone marrow
in the early stages of cultivation (Klad-
nytska et al., 2020). Similar results
were obtained by Yang et al. (2018)
in the study of morphological features
and proliferative activity of bone mar-
row MSC at the 4th and 8th passages of
cultivation. The problem of replicative
aging is an important obstacle to the
application of MSC of late cultivation
passages. Therefore, there are attempts
to delay the development of this process
(Yang et al., 2018). For example, Heo
et al. (2016) indicate a significant delay
in the aging of MSC cultures when cul-
tured on plates coated with poly-L-ly-
sine, other authors — when neutralizing
IL-6 (O'Hagan-Wong et al., 2016).

Conclusions and future
perspectives

1. The morphological characteristics
of mesenchymal stem cells from adi-
pose tissue during the process of culti-
vation changed: the cells at the first pas-
sages of cultivation are spindle-shaped
with two, at least three, long cytoplas-
mic processes, located bipolar. Near the
nucleu,s the Golgi complex is clearly
visible — a sign of active cells. At later
passages, cells have a small cytoplasmic
processes and the bipolar arrangement
of processes changes by stellar arrange-
ment. The Golgi complex is also clearly
visualized.

2. The indicator of the nuclear-cyto-
plasmic ratio in MSC from adipose tis-
sue is significantly reduced to 0.2189 +
0.0122 (P <0.01) at the 7th passage and
at the 12th passage to 0.1111 + 0.0086
(P < 0.001) compared to the 2nd pas-
sage.

3. The coefficient of proliferation of
MSC from adipose tissue is significant-
ly reduced at the 12th passage.

4. The viability of mesenchymal
stem cells from adipose tissue with an
increasing of a number of passages sig-
nificantly reduces and at the 12th pas-
sage of cultivation reaches 84.67 + 1.36
(P <0.05).

5. The content of apoptotic cells that
exhibited sensitivity to serum-free me-
dium significantly increased at the 7th
and 12th passages and was 21.33 + 1.36
(P<0.05) and 23.67 £ 0.97% (P < 0.05),
respectively.
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AHomayia. [locnioreHHsa npoeodunu Ha camysax muweli C57BL/6 eazoro 20-24 2 gikom 2-3
micayi. ObpobKy nepsuHHO20 Mamepiany ma pobomy 3 Me3eHXiMan6HUMU CmosbyposumMU Ki-
MUHAamMU Kyabmypu #uposoi MKAHUHU po8oousu 8 cmepusbHOMY AamiHapHomy 6oKci 3 dompu-
MGHHAM yMOE acenmuku ma aHmucenmuku. KynbmueyeaHHs npogodunu y CO, iHky6amopi 3a
memnepamypu 37 °C ma emicmy CO, 5%. [poeodunu 00cAiOxeHHA Me3eHXiManbHUX cmoebypo-
8UX KAIMUH Kynbmypu #upo8oi mkaHuHu 2, 4, 7 ma 12 nacaxcie. MopgomempuyHuli aHani3 npo-
800UAU 30 00MOMO20K €8ims080i MiKpockonii. MopgomempuyHi napamempu, maki, AK naoua
KAimuHu, A0pa 8U3Ha4aau 3a 00MOMO20K €8ima08020 MiKpockona Axiovision (Carl Zeiss, Himey-
YuHa) ma npozpamHozo 3abe3neverHHs Imagel 1.45. [1na npurcummego2o ¢hapbysaHHsA Me3eHXi-
MasIbHUX CMoebyposux KAimuH 8ukopucmosysanu 6apeHUK mpunaHosuli cuHili 08 0ocnioeH-
HA iXHbOI }umMme3soamHocmi.

MopdgponoziyHa xapakmepucmuKa Me3eHXiManbHUX cmoebyposuX KAIMUH Kyabmypu #upoeoi
MKAHUHU 8 MPOUECH KyanbmuByB8aHHA 3MIHIOEMbCA: HA NepWUX NACAHAX KYAbmuBy8aHHA KAIMUHU
maroms eepemeHonodibHy ¢popmy 3 08oma, WoHalimeHwe mpbsomMa 0082UMU YUMONAA3Mamuy-
HUMU 8i0pocmKamu, po3mawosaHumu 6binonspHo. bina adpa dobpe 8UOHO KoMIseKc [0160M —
03HAKA GKMUBHUX KAIMUH. 3a Mi3HiX 1acaxie KAimuHU Marome 8esnuKy KinbKicmb KOpomxux yumo-
NAA3MaMmuYHUX 8i0POCMKI8 i3 3ipyacmum po3mawy8aHHAM. Y HUX MAKOMC YimKo 8i3yanizyemecsa
KomnseKc [0160x4¢i. [TOKA3HUK A0epPHO-4UMONAA3MAMU4YHO20 CrliB8IOHOWEHHA 8 Me3EeHXIMabHUX
CcMo8bYpPOBUX KAIMUHAX KysbMmypu HUpOo80i MKAHUHU 3HAYHO 3HUXYEMbCA Ha 7 nacaxci 0o 0,2189
+0,0122 (P < 0,01), a Ha 12 nacaxi — 0o 0,1111 + 0,0086 (P < 0,001) nopigHtoto4u 3 2 nacamcem.
KoegpiuieHm nponigpepayii me3eHximanbHUx cmosbyposux KAIMuH i3 Hupo8oi MKAHUHU 3HAYHO
3HUMCYEMbCA Ha 12 nacaxi 0o 2,55 (P < 0,001). } \umme3damHicme me3eHXimasnbHUx cmoebyposux
KAIMUH i3 #Up080I MKAHUHU 30 Mi3HiX NaCaxie Kyabmueys8aHHA 3HaYHO 3HUMyemeocA U Ha 12 naca-
Hi KynemueysaHHsA docszae 84,67 + 1,36 (P < 0,05). BMicm anonmomu4HUX KAimuH, AKi 8uaenanu
yymausicme 0o 6e3cupo8aMK0OB020 Kysbmueys8aHHs, 00cmosipHo 36inewysasca Ha 7 ma 12 naca-
Hax i cmaHosus gidnosioHo 21,33 + 1,36 (P < 0,05) ma 23,67 + 0,97% (P < 0,05).

Kntouosi cnoea: meseHximanbHi cmosbyposi KaimuHU Kyaemypu #upo8oi mKaHUHU, Adep-
HO-YuMonAa3MamuyHe CriesiOHoOWeHHs, KoegiyieHm nponigepauil, HummesoamHicms,
anonmos, paHHi nacaxu, nisHi nacaxcu
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