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Aim. Cultivation of mesenchymal stem cells (MSC) under physiological oxygen tensions has beneficial effect
on their properties. The aim of the present work was to examine the effects of mild hypoxic conditions on the
morphologic behavior of MSC from human Wharton jelly (WJ-MSC). Methods. WJ-MSC were obtained by
an explant method and cultured in gas mixtures containing 3 % O,, 4 % CO, and 93 % nitrogen or argon.
At each passage the cultures were fixed and stained with hematoxylin and eosin. The morphometric analysis
of microphotographs was performed, and the nuclear-cytoplasmic ratio (NCR) and the width/length ratio were
calculated. Results. The difference in NCR and the width/length ratio was detected between WJ-MSC cultures
at various passages and between the cultures at the same passage, maintained in different gas mixtures. The
highest level of morphological homogeneity was observed at passage 2. At passage 3, the cells with senescent
morphology can be observed. The degree of heterogeneity in populations cultured at 3 % O, appeared to be
lower than under standard conditions. WJ-MSC, cultured in the nitrogen-based gas mixture were the most
homogeneous. Conclusions. The changes in WJ-MSC culture morphology were observed at early passages.
The level of morphological heterogeneity varied with the cultivation time. The conditions of mild hypoxia had
a positive impact on the cultured cells.
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Mesenchymal stem cells (MSC), a population of
multipotent somatic stem cells, are viewed as an
attractive tool for cellular therapy. MSC, derived
from birth-associated tissues, especially from
Wharton’s jelly (WJ-MSC), are of particular inter-
est. The use of WJ-MSC for therapeutic applica-
tion does not face ethical concerns. Besides, it was
shown, that in comparison with MSC from other
sources, WJ-MSC possess exceptional properties,
such as differentiation potential [1] and paracrine
activity [2], and show unique immune modulatory
effects [3].

Due to low frequency of MSC original occurrence
in tissues, their ex vivo expansion is required for use
in both research and clinical practice. The cultiva-
tion protocols, described in different reports vary in
the choice of cultivation media, growth substrates,
and planting density. Depending on these conditions,
the proliferation rates of cultures may differ even in
the cultures obtained from the same source [4].

Irrespective of the cultivation protocol used, the
cells morphologic behavior is one of the most simple
and available, yet informative parameters to be moni-
tored. A set of standard MSC identification criteria
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includes the morphological characteristics of culture,
stating that fibroblastoid, spindle-shaped morphology
is typical for MSC, regardless of their origin [5]. Thus,
the observed morphological abnormalities can indi-
cate destructive changes in the culture.

It was also shown, that examination of the MSC
morphology allows evaluating the expansion capac-
ity of cultures. Many works describe the correlation
of cells size and shape with their proliferative poten-
tial [6, 7]. Normally, MSC are characterized by fi-
broblastoid morphology and spindle-like shape.
Some works demonstrated that MSC of smaller sizes
and slender spindle-like shape have a higher prolif-
erative capacity [8]. In contrast, the appearance of
cells with altered morphology, for instance, the ones
having irregular shape, can be an indication of the
beginning of destructive process in the culture. Many
works state that the enlarged cell of flattened shape
is typical for the senescent culture [9, 10]. Thus,
monitoring the morphology allows estimating the
preservation of important culture properties in time
to abandon the populations with abnormalities.

In vivo, the major role in preservation of the MSC
properties is played by their natural localization site —
niche. Niches include surrounding cells, extracellular
matrix, and secreted soluble signal molecules, acting
as informational signals [11, 12]. The crucial external
factor regulating the functioning of MSC niche is the
concentration of oxygen that was shown to be lower
than in other sites of the tissue [13].

Considering that the environment in culture con-
ditions differs from the physiological ones drasti-
cally, ex vivo multiplication of MSC is associated
with the risk of losing their therapeutically relevant
features [14]. During the cultivation period, a pro-
gressive accumulation of damages can be observed
in the cell culture [15, 16]. According to the nume-
rous studies, an oxidative stress is the main reason of
the cell premature senescence [17]. Thus, the ambi-
ent oxygen concentration in CO, incubator, which is
significantly higher, than physiological one, can be
thought as one of the major damaging factors, affec-
ting MSC in culture. In this context, MSC cultiva-
tion under physiological oxygen tensions, or so-

called conditions of mild hypoxia (ranging from
1.5 % to 8 %), resembling the ones in tissues, is con-
sidered to be a perspective approach [18, 19].
Numerous works have demonstrated that MSC
maintenance under reduced oxygen tensions has a
positive impact on many stem cell properties: pres-
ervation of proliferative and differentiation poten-
tials, migratory capacity, etc. The aim of the present
work was to estimate the effect of WJ-MSC cultiva-
tion under physiological oxygen tensions on the
morphological behavior of MSC cultures.

Materials and Methods

MSC isolation. MSC were isolated from human
Wharton jelly (WJ) using the explants method, as de-
scribed in our previous work [20]. Umbilical cords
(UC) were collected from three healthy donors (39—
40 weeks of gestation, normal delivery), after obtain-
ing informed consent. The UC fragment (5-10 cm)
was washed twice with PBS, the blood vessels were
removed. WJ was chopped, and the fragments were
placed in the cultural flacks, 75 cm?, with complete
expansion medium (DMEM with low glucose (PAA
Austria) supplemented with 10 % fetal bovine serum
(PAA, Austria), glutamine 2 mM (PAA, Austria), pen-
icillin 100 U/ml (Arterium, Ukraine), streptomycin
100 pg/ml (Arterium, Ukraine). The attached cells
were observed on the 7-10% day. After approx.
2 weeks, on reaching the size and 70-80 % conflu-
ence, the clones were passed with trypsin-EDTA
(0.1 % trypsin and 0.02 % EDTA) solution.

At passage 1 the surface marker proteins CD90,
CD73, CD105 expression was estimated (over 85 %
positive), using flow cytometry (BD FACS Aria)
with fluorescein- and rhodamine-conjugated anti-
bodies (UsBiological, USA).

Starting from the passage 1, WJ-MSC were re-
plated (as described above) and expanded for 5 sub-
sequent passages (for 7 days at each passage) in
complete growth media. All cultures were replated
simultaneously and at the same cell density, as de-
scribed in our previous work [20].

Gas mixtures preparation. The experimental
groups of WJ-MSC cultures, starting from pas-
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sage 1, were maintained in the gas mixtures based on
nitrogen (3 % of oxygen, 4 % of carbon dioxide,
93 % of nitrogen) and argon (3 % of oxygen, 4 % of
carbon dioxide, 93 % of argon). The cultures main-
tained in CO, incubator (4 % carbon dioxide, ambi-
ent oxygen concentration — 20 %) served as controls
in all experiments. The cultures from all groups were
maintained at 37 °C in a humidified atmosphere.

For the present study, a system for preparation of
nitrogen and argon-based gas mixtures was developed.
The system consists of three gas cylinders with carbon
dioxide, nitrogen and argon, air pump, gas mixing de-
vice and the terminal container. The terminal container
is connected to gas analyzer PGA 200 (JSC “Electron-
standart-pribor”, Russian Federation). Through moni-
toring the data of the gas analyzer on the concentration
of carbon dioxide and oxygen in the gas mixture, with
reductors on the mixing device and air pump, it is pos-
sible to regulate the speed of gas supply from cylinders
and thus prepare the gas mixture of required concen-
tration. From the terminal container through a short
tube the prepared mixture is supplied to the polyethyl-
ene bags with a hermetic clasp.

WJ-MSC cultivation in gas mixtures. The flacks
and Petri dishes with WJ-MSC cultures were placed
into the polyethylene bags with hermetic clasp
(1.5 1). The bags were washed twice with the gas
mixture, containing 4 % of CO, and 96 % of nitro-
gen or argon (depending on the group), after that
were filled with the gas mixture used for cultivation
(see above), and set in the vacuum containers
(Scarlet). The containers with bags were kept incu-
bated at 37 °C. The percentage “liquid media/gas”
for normal gas exchange must be 1:100 [21], the vo-
lume of gas mixture must be not less than 1 1 [20].

Morphology analysis. Morphology analysis was
performed at passages 1 to 3. After the first replating,
at each passage, some of the expanded MSC were sep-
arated and seeded on plastic Petri dishes (d=35 mm),
50x10* per dish and cultured for 3 days. After cultiva-
tion, dishes were fixed with paraformaldehyde vapours
for 7 min at room temperature, and stained with hema-
toxylin and eosin. Microscopy of the cultures was per-
formed with the microscope Leica DMIL. Images
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were taken from different areas of each dish, by cam-
era Cannon PowerShot 640A, x100, zoom x1,4.

Using Image J software, the following parameters
were measured on microphotographs: cell area, nu-
clear area, cell width (in the nuclear area) and length
(the length of the line crossing three points: peak of
“spindle pole” Nel, centre of nucleus, peak of “spin-
dle pole” Ne2). The values were assessed for 100 cells
from each group on 3 images. For each cell analyzed,
nuclear-cytoplasmic ratio (NCR) and the “width\
length” ratio were calculated in Excel. The last pa-
rameter reflects, whether the cell’s shape resembles a
“spindle-like” one. In present study, the ratio value
0.3 appeared to be optimal to characterize the “clas-
sic” spindle-like shape.

The NCR was calculated as: NCR = An/Ac, An —
nuclear area, Ac — cell area. The “width\length” ratio
was estimated by dividing the value of cell width by
cell length.

Statistics. Three independent experiments were
performed. Coefficient of variation (CV) was calcu-
lated as the ratio of the standard deviation to the
mean. Statistical significance was determined using
Mann-Whitney U-test at P < 0.05.

Results and discussion

In the present study, at passages 1-3, the morphology
of fixed stained WJ-MSC cultures was analyzed.
The areas of nuclei and cell, as well as width and
length were estimated on the culture images. The
NCR, “width\length” ratio for each measured cell,
and CV for experimental groups were calculated.
The analysis showed the change in morphological
behaviour of the cultures from the same cultivation
conditions during the time of in vitro cultivation, as
well as the difference between the groups, cultivated
in different gas mixtures (Fig. 1).

Figure 1 shows the microphotographs of WJ-MSC
cultures at passages 1-3, cultivated under standard
conditions in CO,-incubator, and in two different hy-
poxic gas mixtures, containing 3 % oxygen, based on
argon or nitrogen. Visually, at the first two passages,
the morphology in all groups appeared to be similar.
However, slight differences could be noticed. The
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Nitrogen

Argon

Passage 2 Passage 1

Passage 3

passage 3 in all groups was characterized by appear-
ance of the cells with altered morphology. These cells
were larger in size and had a so-called flattened
shape, with poorly discernible “spindle’s” peaks and
relatively high “width/length” ratio. Though no
marked production of vacuoles and granules (typical
for senescent cells) was observed in the cytoplasm,
such phenotype can be considered a senescent one
according to literature. The control group, maintained
under atmospheric oxygen concentration, contained
the largest number of altered cells.

The scatter plots (Fig. 2) demonstrate the NCR and
“width/length” ratio in populations, each point show-
ing the value for single cell. Considering the data, two
conclusions can be made. First, despite the visual
similarity, the evaluation of morphometric parameters
revealed pronounced differences in the level of het-
erogeneity between MSC, cultured in the same gas
mixture at different passages, and between popula-
tions at the same passage, maintained in different gas
mixtures. The highest level of morphological homo-
geneity could be observed at the passage 2.

Next, the influence of the conditions of mild hy-
poxia concentrations was demonstrated. Concerning
the morphology, MSC cultures from both gas mix-

Atmospheric

Fig. 1. Morphology of WJ-MSC cultures at
passage 1 to 3, after three days of cultivation,
stained with hematoxylin and eosin. “Nitro-
gen” — nitrogen-based gas mixture (3 % oxy-
gen, 4 % carbon dioxide, 93 % nitrogen), “ar-
gon” — argon-based gas mixture (3 % oxygen,
4 % carbon dioxide, 93 % argon), “atmo-
spheric” — CO, incubator conditions, x100,
camera zoom x1.4.

tures were obviously less heterogeneous, than the
ones under standard CO,-incubator conditions. Fig 1
and 2 show that, at the passage 3, the number of se-
nescent cells under 3 % O, was significantly lower
comparing to ambient oxygen concentration. WJ-
MSC populations, cultured in nitrogen-based gas
mixture were the most homogenous ones. MSC cul-
tivated in CO,-incubator appeared to have the high-
est level of diversity, which was indicated by the
largest number of cells with altered shape. It needs to
be further investigated whether this effect was ob-
served due to the selection of rapidly-growing sub-
population, under physiological oxygen tension, or
due to the prevention of early senescence in culture.
Fig. 3 shows the coefficients of variation, calculat-
ed independently for NCR and “w\I” ratios, to com-
pare the parameter variabilities in different groups.
The highest level of homogeneity, of both shape and
NCR values, was observed in the cultures from hy-
poxic mixtures, at the passage 2. WJ-MSC from nitro-
gen-based mixture appeared to be the most homoge-
nous ones. It should be noted, that, despite the same
O, concentration, the difference between the effects
of mixtures was obvious. The mechanisms, that un-
derlie this effect, needs to be investigated further.
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Fig. 2. Morphology analysis. NCR and “width/length” ratio. MSC cultures at passages 1-3, “Nitrogen” — nitrogen-based gas mixture
(3 % oxygen, 4 % carbon dioxide, 93 % nitrogen), “argon” — argon-based gas mixture (3 % oxygen, 4 % carbon dioxide, 93 % argon),

“atmospheric” — CO2 incubator conditions
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Cell morphology can be viewed as an indication
of cell’s internal physiological processes, for in-
stance, status of cytoskeleton. In this context, it can
be considered even as some kind of regulatory fac-
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and “width/length” ratio. The data are ex-
pressed as a percentage.

tor. There are studies demonstrating an influence of
the plating density (and the way these conditions
modulate a cell shape) on the proliferative capacity
and commitment in cultures. According to these
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works, the shape adopted by MSC, depending on the
substrate properties, can even act as a signal for the
differentiation itself [22, 23].

Recent studies have revealed that the cultivation
conditions, for example, the media chosen, affect the
morphology and dynamics of its change [4]. This is
an important fact to be noted, because MSC from the
same tissue source can be visually different, when
exposed to different cultivation conditions. Long-
term cultivation can increase the level of such diver-
sity. The morphology analysis is one of the most in-
formative criteria to examine the peculiarities of
these processes. Combined with other parameters its
results can give the full picture of the cell culture
life, and work as a quick but significant criteria for
developing the optimal conditions for ex vivo MSC
multiplication. The appearance of the cells with al-
tered phenotypes serves as an important signal for
further decisions considering the fate of culture.

Fibroblastoid morphology and spindle-like shape
were confirmed to be a norm and a distinguishing
characteristic of MSC [24]. A little is known about
the WJ-MSC morphologic behaviour during long-
term cultivation, but our data can be compared with
those for MSC from other tissue sources.

It was demonstrated that MSC of smaller size,
having “classic” slender spindle-like shape usually
possess a higher proliferative potential. On the con-
trary, the proliferative capacity is lower in the cul-
tures that include a lot of cells with flattened shape.
This finding allows viewing such morphological pe-
culiarities as a mark of culture senescence [6—10].

The process of MSC aging is complex. In vitro, it
depends on many factors and can be exhibited in dif-
ferent ways. The cultures can undergo both “classic”
replicative senescence, and premature, stress-in-
duced senescence. However, regardless of the rea-
son, senescence is usually associated with morpho-
logic changes: the appearance of enlarged cells with
irregular flattened shape, with many inclusions and
vacuoles in cytoplasm. Some researchers note the
formation of debris [7].

Various studies demonstrated different terms of
appearance of morphological senescence-associated

changes. Some researchers described an in vitro
MSC cultivation for more than 10 passages without
any sign of aging. Others noted a large number of
senescent cells already at passage 7 [25]. Such diver-
sity obviously depends on the tissue source of MSC,
individual donor features [25-27] the cultivation
protocol applied, as well as other factors not revealed
yet. When varying the initial plating density, the dif-
ference in pace of senescence can be observed even
for the cells from the same source.

The present study was focused on the events at
early passages. The calculation of NCR and “width/
length” ratio revealed that, even when, visually, the
examined cultures shared a high level of similarity, it
was possible to detect the differences using the mor-
phometric analysis. The enlarged cells which have
flattened shape (though without noticeable presence
of granules and vacuoles in cytoplasm), reflecting
typical senescent morphology, were observed in sig-
nificant amounts at the passage 3. This correlated
with the drop of proliferation rate demonstrated in
our previous works [20]. Notably, plating density
used in the present study can be considered as rela-
tively low [28, 29]. Therefore, the cultures under-
went several population doublings within the term of
maintenance at each passage.

The interesting effects were observed in MSC,
cultivated in the conditions of mild hypoxia, under
3 % of oxygen, in the nitrogen- and argon-based
mixtures. In general, the overall number of cells with
altered morphology, predominantly the ones with a
broad flattened shape, at the passage 3 was lower in
gas mixtures, than in CO,-incubator. Furthermore, in
gas mixtures the cultures underwent more popula-
tion doublings (PD), comparing to the control group
under standard conditions [20, 30]. The work by Ren
et al. [31] describes the prominent senescence-asso-
ciated morphologic changes in the cultures under
mild hypoxic conditions. This effect is suggested to
be connected with a larger number of PD. In the
present work, the WJ-MSC cultures with the highest
multiplication rates were the most homogenous by
size, shape and NCR, resembling the ones from the
earliest stages of in vitro maintenance. Such benefi-
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cial effect was most pronounced in the nitrogen-
based gas mixture. Our results, thus, are in line with
the known data from literature that showed the posi-
tive impact of physiological oxygen tensions on the
MSC cultures [32].

When working with the MSC cultures, it is neces-
sary to take into account the changes in the heteroge-
neity level during the whole cultivation period. The
present study also revealed a few interesting peculiar-
ities of morphological behaviour of the MSC cultures.

First, WJ-MSC displayed a certain morphological
heterogeneity at the passage 0, and at the passage 1,
its level remained surprisingly high. The fact of mor-
phological homogenization at the passage 2 was an
interesting finding. Notably, this effect could not
been revealed by visual observation, it became ob-
vious only after morphometric calculations. In our
previous study, the passage 2 appeared to be a
“threshold” one: from the passage 2, the prolifera-
tive potential of cultures dropped [20]. No similar
effect is described in the available scientific litera-
ture. However, the work by Angelucci ef al. [33] has
shown that a spectrum of proteins is not expressed
after the passage 2. Considering this, the question of
a hypothetical “threshold” passage remains unclear.

Next, it was demonstrated, that the level of hete-
rogeneity in the cultures, maintained under physio-
logical oxygen tensions, was lower, than under the
standard CO,-incubator conditions. This concerns
both NCR and “width/length” ratio. Many works
had reported the correlation between a cell shape and
its proliferative capacity. In this context, concerning
the data about a higher level of the WJ-MSC multi-
plication rate under 3 % of O,, demonstrated in our
previous works, we suggest that the preservation of
such morphological type can reflect the preservation
of other MSC-specific features.

It is essential to note that the effects of gas mix-
tures differed obviously. The morphological homog-
enization in the MSC cultures maintained in the ni-
trogen-based gas mixture was more pronounced.
The prominent cytoprotective effects of inert gases
are described in some publications [34]. In the pres-
ent study, the cultivation of WJ-MSC in the argon-
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based gas mixture with 3 % of O, also had a positive
impact on both the culture multiplication and the
preservation of morphological type characteristic of
initial passages, comparing to the CO,-incubator
conditions. However, an enhancing effect in the ni-
trogen-based mixture was more pronounced. The
underlying mechanisms of such effect need to be
further investigated.

Conclusions

During in vitro maintenance of WJ-MSC, the chang-
es in their morphology are observed at early pas-
sages. The evidence of senescence can be noted at
the passage 3. The conditions of physiological oxy-
gen tensions had a positive impact on preservation of
the cell properties.

The level of morphological heterogeneity in the
WIJ-MSC cultures varied during a cultivation period.
The values of NCR and “width/length” ratio appeared
to be most homogenous at the passage 2. The level of
morphological heterogeneity was lower in the cul-
tures, maintained under 3 % of oxygen, comparing to
the ones under ambient oxygen concentration.

The biological effects in various gas mixtures
were found to be significantly different. The mor-
phology of WJ-MSC, cultured in nitrogen-based
mixtures, was the most homogenous in both shape
and NCR values.
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MopdoJioriuni XapakTepUCTHKH Me3eHXiMaaIbHUX
cTOBOYPOBUX KJIITHH BapToHOBa CTYIH#, 1110 KYJIbTHBOBaHI
npu (isiosorivHNX KOHIEHTPaLisIX KHCHIO Y Pi3HUX
ra3oBHX cymimax

H. C. lllysanosa, B. A. Koparom

Merta: KynbruByBaHHS Me3€HXIMaJIbHHX CTBOOYPOBHX KIIITHH
(MCK) 3a 3HWKEHHX KOHIIEHTpAIilf KUCHIO Ma€ CIPUSTIMBUN
BILUTMB Ha X BIAaCTUBOCTI. MeTOr0 AaHOi poOoTH OyI0 TOCITiIUTH
BILUTMB YMOB IOMIPHO TiIOKcii Ha 0cOOMMBOCTI MOPQOIIOTii Kyib-
typ MCK Bapronosa crymus (MCK-BC) mogunu. Metonu:
MCK-BC 6ynu oTpriMaHi METOIOM SKCIUIAHTIB 1 KYJIbTHBOBAHI B
ra3oBHX cymimax, mo mictim 3 % O,, 4 % CO, 193 % a3zoty abo
aprony. Ha koxHOMy macaxi KyasTypH Oyio (ikcoBaHO Ta 3a-
0apBIICHO TEMATOKCIIIIHOM 1 €03MHOM. 32 JJOTIOMOTO0I0 MOp(hoMe-
Tpii BU3HAYANM SICPHO-IUTOILIA3MATHYHE CITiBBIIHOIICHHS
(SA1IC) i xoedillieHT «IMPUHA/IOBKHUHAY, KU PO3pax0OBYBaIH
SIK BIZIHOIICHHS IIMPUHU KIITHHH /0 11 JOBXHUHU. Pe3yapraTn:
Pizanmo o SLC i xoedimienTy «mmpuHa/I0BKHHaY) OyI0 BU-
SIBJICHO SIK MiXk KynsTypamu MCK Ha pi3HuX macakax, Tak Mix
KYJAbTYpaMH OIHOTO IIACaKy 3 PI3HHUX Ta30BHX CyMIIICH.
HaiiBummii piBeHp MOPQOJIOTIYHOT TOMOTEHHOCTI MOXHa Oyi10
criocTepiratd Ha japyromy rnacaxi. Ha Tperbomy macaxi mouasnu
3’SIBISITUCH KIIITHHH, 10 MaJIM cTapitounii penorun. PiBenb Mop-
(hOJIOTIYHOT TeTEePOreHHOCTI B IIOMYJISIIISIX, KYJIBTHBOBAHHX 32
3 % O,, 6yB HXIUM, HDX B yMoBax CO,-iHKyOaropa (arMocep-
Ha KOHIEHTpamis kucHi0o ~20 %, Bymiekucimii raz — 4 %).
Haii6inpm romorenanmu Oynu MCK, KynsTHBOBaHI B CyMilli Ha
OCHOBI a30Ty. BucnoBku: Y mpoueci kynsruByBanus MCK-BC
Ha PaHHIX MacaXkax CrocTepiraloThest 3MiHu Mopdororii o SALC
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u QopMi KiTiTHH. Y TIpolieci KyJIbTHBYBaHHS PiBEHb MOP(OIIOTid-
HOI TeTepOreHHOCTI B KYJIBTYpaX 3MiHIOBaBCs. YMOBH (hizioioriu-
HMX KOHIIGHTPALiil KHCHIO MaJIi MO3UTHBHUN BIUIMB Ha KyJIBTH-
BOBaHI KJIITHHH.

Kao4doBi caoBa: Me3eHXuMaNbHI cTOBOYpOBi KIIiTHHH, Bap-
TOHIB CTY/ICHB, TIIIOKCisT, MOP(OJIOTisl, aproH

Mopdoiiornyeckne XapakTepHCTHKH Me3¢HXHMAaJIbHbIX
CTBOJIOBBIX KJI€TOK BAPTOHOBA CTYAHS, KYJIbTHBHPYEMbIX
npu GU3NOJOTHYeCKHX KOHIIEHTPAMSIX KHCI0poaa

B Pa3/IMYHBIX I'a30BbIX CMeCAX

H. C. llysanosa, B. A. Kopatom

Lenn: KymsTuBHpOBaHHME ME3EHXMMANBHBIX CTBOJOBBIX KIIETOK
(MCK) np¥ MOHM)XSHHBIX KOHLICHTPAIHUSIX KUCIOposa Oaromnpu-
SITHO BJIMSICT Ha MHOTHMC WX CBOWCTBA. 3ajaveil JaHHOW paboThI
OBUTO WICCIENIOBATh BIMSIHHE YCIIOBHH YMEPEHHOH THIIOKCHH Ha
ocobeHHoctn Mopdomorun Kyaeryp MCK BaproHoBa crymHs
(MCK-BC) uenoseka. Metoabr: MCK-BC 0bU11 OITy4€HBI METO-
JIOM 9KCIITAHTOB M KyJBTHBHPOBAHBI B FA30BBIX CMECSX, COZIEpIKa-
mux 3 % O,, 4 % CO, u 93 % aszora nubo aprona. Ha kaxaom
naccaxe KyJsTypbl (PHKCUPOBAIIH ¥ OKPAIIMBAIIN [eMaTOKCHITHHOM
1 203uHOM. C TIOMOIIIBI0 MOP(OMETPUH OPEAEISUTN SIIEPHO-IIN-
Tormrasmarudeckoe coorHotenue (SLIC) u xoaddunment «mmpu-
Ha/JUTMHHA», KOTOPHIH PACCUMTHIBATIN KaK OTHOIICHWE MIMPHHEI
KJ1eTKH K e€ mimHe. Pesyabrarbi: Pazmmuns no SILC u koahdurm-
SHTY «IMPHUHA/JUTHHHAY ObLTH OOHAPYKEHBI KaK MEXKTy KYJIBTypa-
MU MCK Ha pa3HbIX Maccakax, TaKk ¥ MEKI1y KyJIbTypaMu OTHOTO
raccaxxa U3 pasHbIX Ia30BbIX cMeceil. CaMblil BEICOKHI YPOBEHb
MOP(OIOTrHIecKo TOMOTEHHOCTH MOXKHO OBUIO HAOIIomaTh Ha
BTOpOM Maccake. Ha TpeTsem maccake CTanu MOSIBISTHCS KIIETKH
CO cTaperomuM (HeHOTUIIOM. YPOBEHb MOP(OIOTHYECKOH reTepo-
TeHHOCTU B MOIYJIILMAX, KyJIbTUBUPOBaHHBIX 1pu 3 % O,, Obl1
Hike, 4eM B ycnoBusix CO,-uHKyOatopa (aTMocdepHas KOHIICH-
Tpauus kuciopoza, <20 %, ymexucislii raz — 4 %). CambiMu ro-
moreHHbIMI ObuT MCK,, KyIITHBHPOBAaHHEIE B CMECH Ha OCHOBE
azora. BeiBoabl: B porniecce kynsruBupoBanns MCK-BC na pan-
HHX Taccakax Habmomaercst usmeHeHne Mopgomnorun mo SLC u
(dopme kieTok. B mporiecce KysTHBHPOBaHHS YPOBEHb MOP(OIIO-
TMYECKOW TeTEpPOreHHOCTH B KYJIBTYpaxX U3MEHSIICS. YCIIOBHs (-
3MOJIOTMYECKUX KOHIIEHTPAIMH KHCIIOPO/Ia, IIO3UTHBHO BIMSUIA Ha
KyJTETUBAPOBAHHBIE KITCTKHL.

KiwueBble CJO0BA: ME3CHXHMAJIbHBIC CTBOJIOBBIC KJICTKH,
BapTOHOB CTYAE€HDb, F'MITIOKCHUA, MOp(bOJ'[OFI/IH, aprox
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