of the main characteristics of cortical processes on the content of phosphorus
in the blood of cows is established. Thus, depending on the time of the year,
the content of this element in the blood of cows of the SVR type of BOD is
more by 6.6-15.7 % (p < 0.001) in accordance with the indices of SN cows and
the weak type of VND.

Keywords: cows, types of the higher nervous system, Calcium,
Phosphorus
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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 cultivating of mesenchimal
stem cells (MSCs) were carried out in a sterile laminar box with compliance of
conditions of asepsis and antiseptics. MSCs 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 (NCR) were calculated using the Axiovision light
microscope (Carl Zeiss, Germany) and Imaged 1.45 software. Trypan blue
dye used for investigation of the viability of MSC.

The morphological features of cells during cultivation changes: at first
cells have a spindle-like shape with two long cytoplasmic processes, located
bipolar. In later passages, cells have a significant number of cytoplasm
processes, bipolar arrangement of processes changes to stellar. The NCR
index of MSC significant decreases at the 4 passage by 12,9 % (p < 0,05), at
the 7 passage - by 35,3 % (p <0,001), at the 12 passage - by 76,6 % (p
<0,001) compared to the initial state. The proliferative activity of the MSC of
the bone marrow during -cultivation significantly dereases at the later
passages. Cell resistance to apoptosis induced by cultivation in the serum-free
medium is fairly high. The number of cells in the state of apoptosis was
14,0+1,74 at the 4 passage and was reliably increased at the 12 passage to
22,67+1,65 % (p < 0,05) during cultivation.

Keywords: mesenchimal stem cells, morphometric analysis,
viability, apoptosis

Introduction. The use of mesenchimal stem cells (MSCs) for
therapeutic purposes attracts considerable attention from researchers in
connection with a wide range of diseases of animals and humans, in the
treatment of which they can be effectively used [13]. The mechanism of the
effect of MSC in organism is not fully understood, but it is assumed that they
modulate immune responses through a lot of mechanisms, engage in direct
interaction with damaged cells, secrete paracrine factors that enter the
intercellular fluid, blood, differentiates into cells of damaged tissues [6].

In order to obtain a sufficient number of cells for transplantation, in vitro
cultivation of cells is used. During cultivation a significant number of factors
affects cell culture. As result, in artificial conditions that are different from those
in vivo, cells undergo a lot of mitosis. In addition, cultivation medium contains
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reagents that can changes the biological properties of MSCs, and therefore
their functions [3, 5].

It is known that the cell cycle of MSC during the early and late passages
differs in the cell content in the phase of relative resting and proliferative pool.
Studies show that the time of doubling the cell mass of MSC from bone
marrow and human adipose tissue increases with the number of passages
[10]. In addition, in the process of cultivation, the frequency of formation of
colony forming units, secretion of the growth factors, which synthesize the
cells themselves changes. It was also established that in vitro differentiated
cells (in osteogenic, adipogenic, etc. directions) show different effects on the
functional state of the recipient systems and organs in comparison with non-
differentiated MSCs [2, 8, 12].

Some authors compared MSCs derived from different sources regarding
morphology, the success rate of isolating MSCs, colony frequency, expansion
potential, multiple differentiation capacity, and immune phenotype [10, 11]. No
significant differences concerning the morphology and immune phenotype of
the MSCs derived from these sources were obvious [1, 9]. Differences could
be observed concerning the success rate of isolating MSCs, which was 100 %
for BM and AT, but only 63% for UCB. The colony frequency was lowest in
UCB, whereas it was highest in AT. However, UCB-MSCs could be cultured
longest and showed the highest proliferation capacity, whereas BM-MSCs
possessed the shortest culture period and the lowest proliferation capacity.
Most strikingly, UCB-MSCs showed no adipogenic differentiation capacity, in
contrast to BM- and AT-MSCs. Both UCB and AT are attractive alternatives to
BM in isolating MSC: AT as it contains MSCs at the highest frequency and
UCB as it seems to be expandable to higher numbers [4, 7, 8]..

MSCs from different sources (adipose tissue, bone marrow) on different
passages cause a different recipient's immune response. In addition, each
species of animal has its own biological characteristics, which also have their
stem cells [9, 11].

The purpose of the work is to investigate the morphological peculiarities
and functional activity (proliferative activity, nuclear\cytoplasm ratio (NCR),
viability, Serum deprivation-induced apoptosis) of MSC of bone marrow of
C57/BI6 mices during in vitro cultivation conditions

Materials and methods. 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 accordance to Compliance with the Law of
Ukraine "On the Protection of Animals from Cruel Treatment" and the
"International European Convention on the Protection of Animals Used for
Experimental and Other Scientific Purposes”.

MSCs obtaining from bone marrow of mice.

Obtaining and cultivating of MSCs were carried out in a sterile laminar
box with compliance of conditions of asepsis and antiseptics. The mice were
euthanized, their femur, tibia and shoulder bones were removed, and washed
three times with sterile phosphate buffer solution with the addition of 1 %
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antibiotic-antimycotic solution (Sigma-Aldrich, USA). Bone marrow was
washed out from the diaphyses of removed bones by using the Dulbecco's
Modified Eagle's Medium (DMEM). Bone marrow aspirate was added to
culture dishes filled with DMEM, 10-15 % of fetal bovine serum, 1 % of
antibiotic-antimycotic solution (Sigma-Aldrich, USA) and cultured in a CO2
incubator at 37 0OC and 5 % CO2. The culture medium was partially or
completely changed by fresh medium every 3 days during cultivation. After
formation of cells monolayer 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 cells provided a
reduction of heterogeneity of cell culture and the development of biological
material for transplantation [14].

MSCs of the 2, 4, 7 and 12 passages were analyzed.

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

X =Ax 1000/0,9, (1)

where X — number of cells in 1 cm3;

A — number of cells in all squares;

1000 — number of mm? in cm?;

0.9 — the volume of the camera Goryaev in mm®.

Calculation of the cell proliferation index was carried out according to the
formula:

X =a/b, (2)

where a — the final concentration of the cell/cm®;

b — seeded cell concentration / cm?.

Morphometric analysis was performed using a light microscopy. For this
purpose, the cells were stained with hematoxylin and eosin dyes (Alfarus,
Ukraine). Morphometric parameters such as cell and nucleus area or nuclear-
cytoplasmic ratio (NCR) were calculated using the Axiovision light microscope
(Carl Zeiss, Germany) and ImageJ 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 cytoplasm of living cells (Shakhov VP 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 Goriaev chamber.

Evaluation of the level of apoptosis of MSC caused by their cultivation in
serum-free medium. MSC at 2, 4, 7 and 12 passages were seeded in a
quantity of 2 x 10° cells in wells of a 96-well plate, and cultivated during 72
hours in a serum-free medium. 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 colored (dead) cells was calculated in the Goryaev
chamber.
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The statistical analysis of the obtained results was achieved by using
Statistica 6.0 (StatSoft, USA) and OriginLab (OriginLab Corporation, USA)
software. Normality of data distribution was determined by the Kolmogorov-
Smirnov test. In order to assess the validity of the revealed changes,
parametric (Student t-test for two-samples) and non-parametric (Mann-
Whitney U-test for the independent groups) methods of variation statistics
were used, the difference was significant at p < 0.05. The obtained results
were presented as the mean = SD (mean + standard deviation).

Results. Cells at the second passage have a structure characteristic of
fibroblasts. The form of cells is spindle-shaped with a small volume of the
cytoplasm, which forms long thin processes (Fig. 1).

But among these cells there are cells with three cytoplasmic processes.
The nucleus are elongated and contain a lot of heterochromatin. Near the
nucleus in the area of enlightenment the Golgi complex are located, which is
well developed in active cells (Fig. 2).

Fig. 2. MSCs, 2-nd passage

At the 4-th passage cells have morphology of fibroblasts. These cells
are spindle-shaped, the area of the cell's cytoplasm increases and forms two
or more processes, as a result of that some cells become satellite. Oval
nucleus contains 1-2 nucleoli and chromatin. Near the nucleus, Golgi complex
are determined as an oval enlightenment of the cytoplasm (Fig. 3.).
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Fig. 3. MSCs at the 4-th passage

At the 7-th passage, the formation of a large number of cytoplasm
processes is recorded. The size of cells significantly increases due to the
cytoplasm area. In most cells the Golgi complex is located in the enlightened
area. The oval nuclei have 1-2 nucleoli. According to an immunocytochemical
study, a significant amount of actin is present in the cells (Fig. 4)..

Fig. 4. MSCs on the 7 passage: 1 — most of the cells have more than two
processes, the area of the cell is enlarged due to cytoplasm, 2 — the mitosis

At the 12 passage, a significant increase in cell area is observed, which
is due to increase in the volume of the cytoplasm. Cytoplasm forms a large
number of processes. Nuclei of the cells are rounded, have 1-2 nucleoli. Such
cells spreads on the surface of the culture dishes (Fig. 5.).

The morphometric indices of the cells during cultivation does not remain
stable. The area of cells does not change during the cultivation up to 7
passage, 7% = 0,70 (p < 0,05), but on 12 passage it is significantly lowered
compared to 2 passage, 7% = 0,80 (p < 0,01) (Table 1). Such changes can
relate with cell proliferation.

Unlike the nucleus, the area of MSC significantly increases at the 4
passage by 13,9 % (p < 0,05), on the 7 passage - by 32,6 % (p < 0,001), on
the 12 passage - by 291 % (p < 0,001) compared to the initial state (2
passage). This, accordingly, leads to a significant decrease of the NCR index
at the 4 passage (p < 0,05) - by 12,9 %, at the 7 passage - by 35,3 % (p <
0,001), at the 12 passage - by 76,6 % (p < 0,001) compared to the initial state.
Consequently, the NCR index during cultivating of MSC is reduced due to an
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increase of the area of the cell cytoplasm, which coincides with the
morphological characteristics of MSCs at different passages.

Fig. 5. MSCs at the 12 passage with the indices of the square of the
nucleus and the whole cells area

1. Morphological peculiarities and functional activity of MSC during in
vitro cultivation condittions, M = SD

Passages

Parameters > ‘ a | v ‘ 12
Nucleus area 123,11 +
(pmz) 154,44 + 6,23 156,22 +4,42 142,44 + 5,05 10,507
Cells area 853,78 + 993,11 + 2304,40+280,1
(”mz) 749 i 21,16 36,71* 36,17*** 2***
NCR 0,2598 + 0,2262 + 0,1682+0,0042 0,0608+0,0066

0,0068 0,0074** el fal
Coefficient of -, g5 4 (.01 274403 231402 21402

proliferation
Viability (%) 95,33+ 1,55 96,33 + 1,36 88,33 + 1,94’ 86,33 + 1,94’
Serum
deprivation- 4451474  19,0£058 20,67 +1,55% 22,67 +1,55*
induced
apoptosis, %

*p =0.05, **- p < 0,01, **- p < 0,001 in relation to 2-nd passage.

During cultivation of the primary material from the bone marrow unequal
proliferative activity and rate of cell monolayer formation at different passages were
recorded (Table 1). Formation of the monolayer depends on many soluble factors,
in particular from those that synthesize cells themselves in the culture medium.
During cultivation, the rate of formation of a monolayer decreases and, in our
opinion, it is explained exactly by the reduction in the synthesis of soluble
stimulating factors, which excretes by cells in the culture medium.

The viability of cells during cultivation reaches high rates, but with an
increasing of a number of passages it is significantly reduces. This may be due
to the biological aging of the cells and the influence of chemical reagents on
the cells. The viability of MSC significantly decreases on the 7 passage, but
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remains at a rather high level (89 £ 0,12 %, p < 0,05). At the 12 passage
viability was 87 £ 0,14 % (p < 0,05).

Cell resistance to apoptosis induced by cultivation in the serum-free
medium is fairly high. The number of cells in the state of apoptosis was 11,4-
18,2 % during cultivation.

Thus, during cultivation of MSC changes in cell morphology parameters
manifestes in their functional state. In particular, the changes in cell morphology is
accompanied by a decreasing of NCR during cultivation. As a result, the coefficient
of cell proliferation decreases and the percentage of apoptotic cells that show
sensitivity to cultivation in serum-free medium increases.

Conclusions

1. The morphological features of cells during cultivation changes: at
first cells have a spindle-like shape with two long cytoplasmic processes,
located bipolar. In later passages, cells have a significant number of cytoplasm
processes, bipolar arrangement of processes changes to stellar.

2. The NCR index of MSC significant decreases at the 4 passage by
12,9 % (p < 0,05), at the 7 passage - by 35,3 % (p <0,001), at the 12 passage
- by 76,6 % (p <0,001) compared to the initial state.

3. The proliferative activity of the MSC of the bone marrow during
cultivation significantly dereases at the later passages.

4. Cell resistance to apoptosis induced by cultivation in the serum-free
medium is fairly high. The number of cells in the state of apoptosis was
14,0+£1,74 at the 4 passage and was reliably increased at the 12 passage to
22,67+1,55 % (p < 0,05) during cultivation.
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®YHKUIOHAJIbHA AKTUBHICTb TA MOP®OJIOIN4YHI OCOBJIUBOCTI
ME3EHXIMANNIbHUX CTOBBYPOBUX KNITUH 3A YMOB
KYNIbTUBYBAHHA IN VITRO

N. B. Knagnuukka, A. N. MasypkeBuy, B. T. Xomuy, T. A. MasypkeBuy,
XK. I'.Cternen, M. O. Maniok, J1. B. FTapmaHuyk, C. B. Benuuko,
B. b. AaHunos, K0. O. XapkeBuy, [1. B. WWenecT, B. C. Benu4yko

AHomauyis. [JocrniOxeHHs npoeoouu Ha 2-3-Mic4YHUX camuysix muuiel
C57BI/6 sacoto 20-24 2. ObpobkKy nepguHHO20 Mamepiasy ma yci MaHInynsayii
3 Me3eHXiMalbHUMU cmoebyposuMu KrimuHaMmu poe8oousniu 8 siaMiHapHOMY
60Kci 8 ymogax acenmuku ma aHmucenmuku. [locrnioxysanu Me3eHXiMalrlbHi
cmosbyposi knimuHu 2-, 4-, 7- i 12- nacaxie. Mopghomempu4Huli aHani3
rnpoegodusiu 3a 00romMo20K €8ims108020 Mikpockorna Axiovision (Carl Zeiss,
Himeuy4yuHa) ma npoepamHoz20 3abesnevyeHHs Imaged 1.45 ma obyucnrosanu
s0epHo-yumornnasmamu4He gioHoweHHs (NCR).

MopdagborioaiyHi 03HaKu KrimuH 8 rpoueci KyribmueyeaHHs 3MiHIOMbCS:
Ha repwux rnacaxax KyrbmueygaHHs KllimuHa Mae eepemeHornolibHy ¢popmy
3 0soma Ooga2uMU supocmKamu yumoriasmu, po3mawosaHumMmu 6ironspHo.
Ha ni3Hix nacaxax peecmpyembcsi ymeOpPeHHs1 3Ha4YHOI KiflbKocmi aupocmie
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uumonnasmu MeHWoi 008XUHU, bironispHe po3mawlyeaHHsl 8upocmie
3MIHIOEMBCS  Ha  3ipyacme. [Moka3Huk  A0epHOUUMONIasmMoeo20
Crig8IOHOWEHHS ~ Me3eHXiMarlbHUX cmoebyposux  KrimuH  00Ccmoe8ipHO
3HUXyembcs Ha 12,9 (p < 0.05) Ha 4 nacaxi, 35,3 (p < 0,001 Ha 7 nacaxi,
ma 76,6 % (p < 0,001) Ha 12 nacaxi NopieHSIHO 3 Opy2auM fnacaxem.

Knro4yoei  cnoea: Me3eHXiManbHi  cmoebypoei  KnimuHu,
MopghoMempuY4Hi MOKa3HUKU, s10epHO-yumornsia3moee CcrieiOHOWeHs,
Xumme3odamHicmb, anornmoa3

®YHKUNOHAJIbHAA AKTUBHOCTb U MOP®OJIOM'MYECKUE
OCOBEHHOCTU ME3EHXUMAIIbHbIX CTBOJIOBbIX KITETOK
B YCNOBUAX KYNIbTUBUPOBAHUA IN VITRO

J1. B. KnagHuukas, A. U. MasypkeBud, B. T. Xomuy,T. A. Ma3ypkeBuu,
X. I.Cternen, M. O.Mantok,, J1. B. NTapmaHuyk, C. B. Benuuko,
B. b.JJaHunos, 0. O. XapkeBuy, [1. B.lLlenecrT, B. C. Benuuko, U. A. Ctynak

AHHOmMauus. VccrnedoeaHusi npoeoounu Ha 2-3-MeCsiYHbIX camuax
Mmbiwelt C57BI/6 secom 20-24 2. ObpabomKy rnep8u4yHO20 Mmamepuarna u ece
MaHUnynsayuu ¢ Me3eHXumarsbHbIMU CMmeO0sI08bIMU KriemKamMu rnposoousnu 8
namuHapHoMm 60Kce 8 ycrosusix acenmuku u aHmucenmuku. Uccnedosanu
Me3eHXUMasrlbHble Ccmeosioeble Kriemku 2-, 4-, 7- u 12 naccaxedl.
Mopgpomempuyeckull  aHanu3 npoeoousiu €  OMOWbBK  C8EMmMo8020
Mukpockona Axiovision (Carl Zeiss, 'epmaHusi), npogpaMmHo20 obecrieqyeHusi
Imaged 1.45 u ebiqucnsnu 0epHO-yuMoriasmamu4eckoe COOMHOWEHUE .

Mopdgpornioeuyeckue npusHaku KriemoK 8 rpouecce KyrnbmueuposaHusi
MEHSIIOMCS: Ha nepebix rnaccaxax KybmueupoeaHUsi KrAemku umMerm
gepemeHoobpasHyro popmy ¢ d8yMsi OrIUHHbIMU OMPOCMKaMu Yyumoriia3mel,
pacronoxeHHbIMU burnonspHo. MeHbwee Konu4ecmeo Knemok umeem mpu
ompocmka. Ha no3d0HuUx naccaxax peaucmpupyemcsi obpa3soeaHue
3Ha4YumesnibHoO20 Kosiudecmea OmpoCmKo8  yumoriasmbl  Hebosbuwoz20
pasmepa. burnonspHoe pacrofioxeHue ompoCcmKos MeHsemcsi  Ha
38e304amoe. lMokasamenb  A0epHOUUMOMNIa3Mo8020  COOMHOWEHUS
Me3eHXUMaslbHbIX CMeE0Js108bIX KI1lemok 00Cmo8epHoO CHUXaemcs Ha 12,9 (p <
0.05) Ha 4-m naccaxe, 35,3 (p < 0,001) Ha 7-m naccaxe, u Ha 76,6% (p <
0,001) Ha 12-m naccaxe rno cpagHEHUK CO 8MOPbLIM MacCaxem.

Knroyeeblie cnoea: Me3eHXxumMasibHble CMeOoJsio8ble K/emkKu,
MopghomMempuyeckue rnokasameinu, s10epHO-yumonsia3amoeoe
COOCMHOWeHUe, XUu3HecnocobHocmb, arnonmo3s
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