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Monolayer and 3D cultures (spheroids, organoids) are widely used for in vitro drug testing, production of ther-
apeutic products, and investigation of disease mechanisms. Cryopreservation is essential for the long-term mainte-
nance of cell lines; Dimethyl sulfoxide (DMSQ) is one of the most commonly used penetrating cryoprotectants for
freezing and storing cells in cryobanks. At the same time, DMSO may exhibit cytotoxicity depending on its concentra-
tion, temperature, and incubation time. Cellular sensitivity to toxic agents differs between 2D and 3D models; how-
ever, direct comparisons of DMSO resistance between suspension cells and spheroids remain scarce. The purpose of
this study was to perform a comparative analysis of DMSO cytotoxicity in 2D and 3D cultures of L929 cells. Following
exposure to DMSO at concentrations of 5-15%, cell adhesion, proliferation, and the proportion of cells with mitotic
abnormalities were evaluated. Model-specific sensitivity was identified: at 15% DMSO, the L929 monolayer culture
exhibited sublethal effects, including reduced metabolic activity, decreased expression of adhesion molecules, and
epigenetic alterations; whereas L929 cell spheroids were resistant to this concentration.
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Connection of the publication with planned re-
search work.

The research was conducted as part of the research
project “Age-related features of the mechanisms of
liver fibrosis formation,” state registration number
0117U004826.

Introduction.

Cell culture technologies contribute to the
advancement of personalized medicine, regenerative
therapy, and efficient drug screening. Monolayer and 3D
cultures (spheroids, organoids) are widely utilized for in
vitro drug testing, production of therapeutic products,
investigation of disease development mechanisms,
among other applications [1-3].

Cryopreservation is an essential step in working
with cell cultures. Prolonged cell culture without this
step is associated with phenotypic drift, genetic and
epigenetic instability, and replicative senescence,
leading to alterations in the biological properties of
the culture. Cryopreservation minimizes the need for
continuous passaging and other culture manipulation
procedures, thereby enabling significant savings in
time, labor, and consumable resources. It ensures long-
term preservation of biological material, allowing for its
certification, standardization, safe transportation, and
use as required. The establishment of frozen stocks of
valuable cell cultures substantially reduces the risk of
irreversible loss of biological material due to technical
failures or microbial contamination.

Dimethyl sulfoxide (DMSQO) is one of the most
widely used penetrating cryoprotectants for cell
cryopreservation in both research and clinical settings.
Its widespread use is attributed to its low molecular
weight and amphiphilic properties, which facilitate rapid
penetration across the plasma membrane and effective
protection of intracellular structures during cooling and
freezing [4-6].

However, despite its high cryoprotective efficacy,
DMSO exhibits cytotoxicity [7-9], which depends on
concentration, temperature, and incubation time. At

increasing concentrations, DMSO may alter membrane
fluidity, affect cellular metabolism, and induce oxidative
stress, particularly during prolonged incubation
at physiological temperatures [9-12]. Therefore,
investigating DMSO cytotoxicity to optimize cell
cryopreservation protocols remains an important task.

In cryopreservation protocols for most cell cultures,
bothin monolayer and spheroid formats, DMSO is used at
concentrations ranging from 5 to 10% [13-15]. However,
current trends in the development of cryoprotective
media emphasize reducing DMSO concentrations to
below 10% [14-17]. It remains unclear whether such an
approach is necessary for spheroid cryopreservation,
as spheroids exhibit increased resistance to toxic
substances compared with monolayer or suspended
cells [18-20]. Nevertheless, direct comparative data on
DMSO resistance between cells treated in suspension
and spheroids are largely lacking.

For the experiments, the L929 cell line was chosen
due to its ability to form spheroids [21, 22] and, in
accordance with the international standard 1SO 10993-
5, is commonly used to assess the biocompatibility and
cytotoxicity of substances [23, 24].

The aim of the study.

To perform a comparative analysis of the cytotoxicity
of dimethyl sulfoxide in 2D and 3D cultures of the L929
cell line.

Object and research methods.

L1929 cells were cultured in basal nutrient
medium  consisting of DMEM/F12 («Biowest»,
France) supplemented with antibiotics (200 U/mL
benzylpenicillin  («Arterium», Ukraine), 200 pg/mL
streptomycin («Arterium», Ukraine)) and 10% FCS at
37°C in a 5% CO, atmosphere. Plastic flasks («SPL Life
Sciences», Korea) were used to establish monolayer
cultures. The seeding density was 2 x 10° cells/mL. To
prepare cell suspensions, cells were detached from
the culture surface using a 1:1 mixture of 0.5% trypsin
(«Sigma», USA) and Versene («PAA», USA). The cells
were incubated in this mixture for 5 minutes at 37°C and
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subsequently washed once with DMEM/F12 medium by
centrifugation to remove the enzymatic solution.

To generate spheroids, L929 cells (2-5 x 10° cells/mL)
were seeded in basal medium in 6-well low-adhesion
plates (Corning, USA). Half of the culture medium was
replaced every 3 days. During the first 3 days, loose cell
aggregates formed, which by day 5 became compact
and assumed a rounded shape. On day 7, spheroids
were collected by centrifugation and used in subsequent
experiments. The diameters of the resulting spheroids
ranged from 150 to 200 um.

For cytotoxicity assessment, DMSO solutions were
prepared at concentrations of 5%, 7.5%, 10%, 12.5%, and
15% using DMEM/F12 as the base medium. To 0.5 mL of
cell or spheroid suspension, 0.5 mL of a solution with
twice the target DMSO concentration was slowly added
and incubated for 20 minutes at room temperature,
followed by centrifugation (300 x g, 5 minutes). The
control group consisted of cells or spheroids subjected
to all treatment procedures in culture medium without
DMSO.

The adhesion capacity of cells or spheroids was
assessed after seeding them in basal medium on 24-well
culture plates with a standard adhesive surface (SPL Life
Sciences, Korea). Twenty-four hours after seeding, the
supernatant containing unattached cells or spheroids
from each well was collected, centrifuged, and the
number of recovered cells or spheroids was determined
using a Goryaev chamber. The relative number of
attached bio-objects (RNAB) was calculated using the
formula:

RNAB = (AB-UB) / AB x 100%

where UB is the number of unattached cells/
spheroids; AB is the total number of cells/spheroids.

To assess proliferative properties followingincubation
with DMSO, cells or spheroids were seeded in 24-well
culture plates with a standard adhesive surface (SPL Life
Sciences, Korea). Monolayer confluency was evaluated
on day 3 as a percentage, following the method
described in [25]. For this purpose, cells were fixed in
4% paraformaldehyde (Sigma, USA) for 15 minutes,
stained with hematoxylin-eosin, and the well bottoms
were scanned using a Kyocera scanner (Japan). The area
of stained monolayer regions within each well and the
total well area were determined using AxioVisionRel. 4.8
software (Carl Zeiss). The relative monolayer area was
calculated using the formula:

S monolayer = 35S stained areas / S well x 100%

For cytological analysis, cells or spheroids treated
with DMSO were cultured for 2 days, after which the
resulting cell monolayers were fixed in
an ethanol-acetic acid mixture (1:1), se-
qguentially immersed in ethanol solutions
of 96%, 80%, and 70%, and stained with

Statistical analysis was performed using Statistica
10 software (StatSoft, USA). The normality of the data
distribution was assessed using the Shapiro-Wilk W test.
Experimental results are presented as mean + standard
deviation. Statistical differences between groups were
evaluated using Student’s t-test, and differences were
considered statistically significant at p<0.05.

Research results and their discussion.

L929 cells were incubated in suspension with varying
concentrations of DMSO (fig. 1A). Upon transfer to 2D
culture conditions (monolayer), the cells adhered to the
growth surface, spread out, and began to proliferate.
By day 3 of culture, a monolayer was observed, with
cells exhibiting oval or polygonal shapes, containing a
large nucleus and one or more nucleoli (fig. 1B). Light
vacuoles were visible in the cytoplasm of some cells. A
few cells in the field of view were undergoing mitotic
division. Following incubation with different DMSO
concentrations, the cells showed no morphological
differences compared with the control samples.

Spheroids derived from L929 cells were incubated
with different concentrations of DMSO (fig. 1C).
Incubation did not lead to any loss of the spheroids’
morphological characteristics. When the treated
spheroids were placed onto an adhesive surface, they
adhered, and cell migration followed by proliferation
was observed (fig. 1D). By day 3 of culture, monolayer
foci formed around the spheroids. Morphologically, the
monolayer derived from spheroids was indistinguishable
from that formed by seeding individual cells.

The results on the adhesion capacity of 2D and 3D cell
cultures are presented in table 1. In intact 2D cultures,
the proportion of attached cells was 92.2+2.1%, while the
area of the monolayer formed by day 3 was 94.5+4.7%.
For cells treated with DMSO at concentrations of 5-12.5%,
these parameters did not differ significantly from the
control. However, both measures were markedly reduced
following incubation in medium containing 15% DMSO.

No significant effect on the adhesive properties
of spheroids was observed, as the proportion of
attached spheroids averaged 90-93% across all samples.
Cells began migrating from the attached spheroids;
consequently, by day 3 of culture, the area of the
resulting monolayer was 50.4+6.7% in intact samples,
which did not differ significantly from that of the DMSO-
treated spheroids. Even at the highest tested DMSO
concentration (15%), the area of the formed monolayer
remained comparable to the control.

In the next series of experiments, the effect of DMSO
incubation on the formation of mitotic abnormalities in

Table 1 - Adhesion and proliferative properties of 2D and 3D
cultures of the L929 cell line after incubation with different

concentrations of DMSO

hematoxyl'in. MiFrophotography was per- DMSO  |Attached cellsin 2D| Monolayer |Attached spheroids|Monolayer
formed using an inverted AmScope XYL403 [concentration culture, % area, % in 3D culture, % | area, %
microscope (China). Image analysis was g9 (ontrol) 92.242.1 94.5+4.7 93.1#3.7 50.4+6.7
carried out using AxioVisionRel. 4.8 soft- . "
ware (Carl Zeiss, Germany). In each sam- 5% 96.2+6.7 91.9+8.5 92.5+4.1 49.5+10.8
ple, the total number of cells and the num- |7.5% 97.6%3.1 93.5+10.8 92.3#5.1 51.3+¢7.1
ber of cells eXthItlng mitotic abnormaliﬁes 10% 95.6+4.9 89.1+9.8 93.6+6.9 49.7+11.9
were counted separately across 50 fields of

. P 12.5 96.0£3.3 87.3+13.5 91.0+4.4 47.1+11.1
view at 400x magnification. The result was
expressed as the ratio of cells with mitotic | 15% 72.5¢11.1* 70.145.5% 90.95.2 48.97.9

defects to the total number of cells.

Note: * — values significantly different from the intact control, p<0.05.
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Figure 1 — Representative images of 2D and 3D cultures of the L929 cell line after incubation with DMSO (day 3 after transfer to culture
conditions): A — cells in suspension following DMSO treatment; B — 2D cell culture (monolayer); C - floating spheroids after DMSO
treatment; D — attached spheroids with cells migrating from them and forming a monolayer.

2D and 3D cultures of the L929 cell line was examined

(fig. 2). Among the observed mitotic defects, multipo-

lar mitoses with three or more spindle poles were the

most frequent. Monopolar spindles were also present,

characterized by a compact rosette-like arrangement of
S S —t

Figure 2 — Representative image of the cell culture showing mitotic
defects (arrows indicate multipolar mitoses and chromosomal
bridges).

condensed chromosomes surrounding a single microtu-
bule-organizing center. In some samples, anomalies of
the metaphase plate were detected, including dispersed
chromosomes or chromosomes located far from the
equatorial plane. Anaphase defects were frequently ob-
served, such as chromosomal bridges and lagging chro-
mosomes (condensed chromatin aggregates retained in
the spindle midzone between separated chromosome
masses). Defective cytokinesis was identified in certain
fields of view by the presence of binucleated or multi-
nucleated cells.

Cytomorphological analysis (table 2) showed that in
the intact monolayer culture, an average of 8.5+2.1% of
cells exhibited mitotic defects. The proportion of cells
with mitotic abnormalities increased significantly to
18.5+4.1% following incubation in 15% DMSO. In the
remaining samples, this parameter did not differ signifi-
cantly from the control.

In the culture derived from cell migration from intact
spheroids and subsequent proliferation, the proportion
of cells exhibiting mitotic abnormalities was similar to
that of the intact control. After treatment of spheroids
with all tested DMSO concentrations, this parameter did
not differ significantly.
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The use of DMSO at concentrations of 5-10% for
the cryopreservation of stem cells, cell lines, and
multicellular constructs (spheroids, organoids, tissue-
engineered constructs) is widely adopted in current
protocols [13-15]. Increasing the concentration of DMSO
is undesirable, as it leads to a pronounced decrease in
cell viability and other biological properties [14, 26-28].

The results of this study demonstrate that L929 cells
are relatively resistant to the toxic effects of DMSO, as
their adhesive and proliferative properties were preserved
even at concentrations up to 12.5%. In monolayer cultures
of 1929 cells, the cytotoxic effects of DMSO became
evident at 15%, with a significant reduction in adhesive
and proliferative capacities and an increase in the
frequency of abnormal mitoses. The rise in mitotic defects
induced by DMSO is attributed to its modulatory effect on
microtubules and disruption of the mitotic spindle [29].
In contrast, 3D cultures exhibited greater resistance to
DMSO-induced damage, as cells within spheroids treated
with 15% DMSO retained their adhesive and proliferative
properties, and the incidence of mitotic abnormalities did
not increase.

Several studies have reported differences in
phenotype, cell signaling, migration, and responses
to toxins when the same cells are cultured under two-
dimensional versus three-dimensional conditions [30].
Previous findings indicate that spheroids derived from
various sources exhibit significantly higher resistance
to xenobiotics than individual cells [18-20, 31]. This
increased resistance is thought to result from limited
substance diffusion due to extensive intercellular
contacts and a dense extracellular matrix [31].
Consequently, the compact architecture of spheroids
and the extracellular matrix create diffusion gradients
that substantially affect the tolerance of 3D cultures to
DMSO.

DOI 10.29254/2077-4214-2026-1-180-162-171
YOK 576.32/.36.083.36:576.356
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Table 2 — Cytomorphological analysis of 2D and 3D
cultures of the L929 cell line after incubation with
different concentrations of DMSO (day 2 of culture)

DMSO Cells with .mit.otic Cells with _mit_otic
concentration abnormalities in 2D abnormalities in 3D
culture, % culture, %
0% (control) 8,5+2,1 6,8+1,8
5% 7,5+2,0 8,5%3,2
7.5% 8,5+0,9 7,9+2,3
10% 8,9+2,5 6,5+1,4
12.5 9,4+3,1 8,8+1,5
15% 18,5+4,1* 7,4+2,1

Note: * — values significantly different from the intact control, p<0.05.

It is well established that under monolayer
conditions, cells undergo cytoskeletal rearrangements,
acquiring artificial polarity, which leads to aberrant
gene and protein expression [30]. In contrast, cells in 3D
cultures display modified gene and protein expression
and a partial shift toward a hypometabolic state [32,
33]. This heterogeneity within spheroids gives rise to
distinct cellular phenotypes, which may contribute to
the differing sensitivity of 2D and 3D cell cultures to
xenobiotics.

Conclusions.

DMSO at high concentrations (15%) induces
sublethal effects in monolayer cultures of the L929 cell
line, including decreased metabolic activity, reduced
expression of cell adhesion molecules, and epigenetic
modifications. In contrast, spheroids derived from L929
cells are resistant to this concentration of DMSO.

Prospects for further research.

Future studies should focus on elucidating the
primary mechanisms underlying the increased resistance
of 3D cultures of the L929 cell line to the cytotoxic effects
of dimethyl sulfoxide.

NOPIBHANIbHA OLIHKA LUTOTOKCUYHOCTI AUMETUNCYNNIbOOKCUAY
Y 2D- TA 3D-KY/IbTYPAX KNIITUH JTIHIT L929

XapkiBcbKui HauioHanbHUIA yHiBepcuteT imeHi B.H. KapasiHa (m. Xapkis, YKpaiHa)
borozenets@karazin.ua

MoHowaposi ma 3D-Kynemypu (cghepoidu, opeaHoidu) wWUpPOKO 3acmocosytoms 075 in Vitro mecmyeaHHSA
7iKie, 8U20MOBAEHHA MepanesmuyHUX MPoOyKMie i 8UBYEHHA MeXAHi3Mie 3aX80pt08aHb. KpioKoHcepsy8aHHSA
saxcause 0719 00820Mpusasnoi NiOMPUMKU KAIMUHHUX AiHil; dumemuascynsgokcud (AMCO) — 00uH i3 nowupeHux
MPOHUKAbHUX KpionpomeKmopie 0158 3aMOpOXy8aHHA ma 36epi2aHHA KaimuH y KpiobaHkax. BodHoyac AMCO
MoOXce bymu yumomoKCUYHUM 301eMHCHO 8i0 KoHUyeHmpayii, memnepamypu U yacy iHKybayii. Yymausicme KaimuH
00 MOKCUYHUX azeHmig 8idpi3HAEMbCA mixc 2D i 3D modenamu, ane npamux ropisHAHe cmilikocmi do AMCO
MiXC cycrneHsilHUMU KaimuHamu ma cgepoidamu Hebazamo. Memoto docnidxceHHs 6ys8 nopieHAnbHUl aHANI3
yumomokcu4yHocmi AMCO y 2D- i 3D-kynbmypax kaimuH L929. [licna o6pobku AMCO 8 kKoHueHmpauiax 5-15%
OUiHI08aNU ad2e3ito, Nposiphepayito ma Yacmkry KaimuH i3 MimomuYHUMU Namoso2iamu. BcmaHoesneHo crneyugiyHy
yymasausicme modeneli: npu 15% [IMCO moHowaposa Kynemypa L929 susendana cybnemansHi eheKmu — 3HUMEHHSA
mMemaboniyHOI aKMUBHOCMI, 3HUXCEHY EKCIPECito MoseKyn adzesii ma enieeHemMuYHi 3MiHU; Hamomicme cghepoiou
3 KnimuH L929 6ynau pe3ucmeHmHi 00 yiei KoHueHmpauii.

Knwouoei cnoea: dumemusncynegokcud (AMCO), 3D-kynbmuey8aHHA, KaAimuHuU niHii L929,
UUMOMOKCUYHICMb, KPIOKOHCEP8YBAHHH.

cgpepoiou,
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3B8’A30K ny6aiKauii 3 n1aHOBMMM HAayKOBO-AOCAIg-
HUMU poboTamu.

JocniaKeHHA BUKOHAHO B paMKax HayKoBO-AOCAIA-
Hoi poboTn «BikoBi 0co6/AMBOCTI mMexaHi3miB dopmy-
BaHHA $ibpo3y NeviHKn», HoMep AeprKaBHOI peecTpaLii
0117U004826.

Bcryn.

TexHonorii  KAITUHHOIO Ky/NbTUBYBAHHA CRPUAKOTH
PO3BUTKY MepCOHaNi30BaHOI MeauUMHKU, pereHepa-
TMBHOI Tepanii Ta ePeKTUBHOMY CKPUHIHTY NiKapCbKUX
npenapaTis. MoHowaposi Ta 3D-KynbTypu (chepoian,
OpraHoiau) WMPOKO BUKOPUCTOBYIOTLCA ANsA in vitro Tec-
TYBaHHA NiKiB, BUrOTOB/NIEHHA TepaneBTUYHUX MPOAYK-
TiB, BUBYEHHA MeXaHi3MiB PO3BUTKY 3aXBOPHOBaHb TOLLO
[1-3].

KpiokoHcepByBaHHA € HeobxigHMm etanom pobo-
TW 3 KNITUHHUMK KyabTypamu. TpuBane KynbTUBYBaAH-
HA KNiTUH 6e3 Lboro etany nos’ssaHe 3 $eHOTUNOBUM
Apendom, reHeTUYHO Ta enireHeTUYHOol HecTabifb-
HICTIO Ta penfikaTMBHUM CTapiHHAM KyabTypu, LWO
npu3BOAMUTbL A0 3MiH il 6ionoriyHnx BnactusocTen. Kpi-
OKOHCepBYBaHHA MiHiIMi3ye HeobXxigHiCTb nocTilMHOro
nacayBaHHA Ta iHWKX npoueayp poboTu 3 KyNbTypolto,
O CNPUAE CYTTEBOI €KOHOMII Yacy, NOACBKUX Ta BU-
TpaTHUWX pecypciB. BoHo 3abe3neyye gosrotpusane 36e-
perkeHHsi biosoriyHoro martepiany, Haga€ MOXKAMUBICTb
nmoro ceptudikauii, cTaHAapTM3aLii, 6e3neyHoro TpaH-
CMOPTYBaHHA Ta BMKOPUCTAHHA 3a notpebu. CTBOpeH-
HA 3aMOPOXKEHUX Pe3epBiB LiHHUX KAITUHHUX KynbTyp
3HAYHO 3HU¥KYE PU3MK HE3BOPOTHOI BTPaTW BionoriyHo-
ro maTepiany BHacNigoK TEXHIYHNX 36018 ab0 MiKpOBHO-
ro 3abpyaHeHHs.

Oumetuncynbdokreng (AMCO) € ogHMM 3 LLIMPOKO
BMKOPUCTOBYBAHWUX MPOHUKANbHUX KPiONpPOTEKTOpIB
NpPU KPiOKOHCEPBYBAHHI KAITUH AK Y A0CAIAHULBKUX,
TaK i B KAIHIYHMX Linax. Moro wupoke 3acTocyBaHHSA
06YMOBNEHO HM3bKOK MONEKYIAPHOK MACOK Ta am-
bidiNbHUMKM BNACTUBOCTAMM, WO 3abesnedyye LWBUAKE
NMPOHMKHEHHA KpPi3b NAasMaTtuyHy membpaHy Ta edek-
TUBHUM 3aXUCT BHYTPILWHbOKAITUHHUX CTPYKTYP Mig, Yac
OXONOAMKEHHA Ta 3aMOPOXKYBaHHA [4-6].

OfHaK Hes3BaXatouM Ha BUCOKY KpiosaxucHy edek-
TMBHicTb IMCO, uel KpionpoTeKTop MNPOSBAAE LUTO-
TOKCUYHICTb [7-9], AKa 3anexuTb Bi4, KOHUEHTpaLii,
TemnepaTypu Ta 4yacy iHKybauji. Mpu NigBULLEHHI KOH-
ueHTpauii AMCO moKe 3MiHIOBATU MJIMHHICTb MeMO6-
paH, BN/AMBaTK HAa KNITUHHWIA MeTaboi3m Ta BUKAMKATK
OKWC/ItOBaIbHUI CTpec, 0cobanBO Npu TpMBanil iHkyba-
uii npu disionoriyHmx Temnepatypax [9-12]. OTxe, Bu-
BYEHHA TOKCMYHOCTI AMCO gna onTMmisaLii npoToKonis
KPiOKOHCEepPBYBaHHA KAITUH € aKTya/IbHOO 334a4eto.

Y NpoTOKo/Max KpiOKOHCepBYBaHHA OifblwocCTi KAi-
TUHHWUX KYABTYP K Y BUFAALI MOHOLLAPY, TaK Wy BUrAAL
coepoigis, JMCO BMKOPUCTOBYETLCA Yy KOHLEHTPaLiax
Big 5 oo 10% [13-15]. OaHaK cy4yacHi TeHAeHLUii y pos-
pobLi Kpio3axmMCHUX cepefoBuULL, AR KNITUH NOAATATb
Yy peayKuii KoHueHTpauii AMCO Huxkue 10% [14-17].
OCTaTOYHO HEACHO, YM MOTPebYETLCA TakWU Niaxia ana
KpiOKOHCepBYBaHHA chepoiaiB, OCKiIbKM BOHU AEMOH-
CTPYHOTb MiABULLEHY CTIMKICTb A0 TOKCUYHWUX PEYOBMH
NMopiBHAHO 3 MOHOLWApPOM abo cycneHAOBaHUMU KAi-
TvHamu [18-20]. OgHaK npsami NOpiBHANbHI AaHi WoAo
cTirikocTi o AMCO KniTvH, 06pobneHux y cycneHsii no-
PiBHAHO 3i chepoigamm NPaKTUYHO BiACYTHI.

[Ons npoBeaeHHs ekcnepumeHTiB 6y10 06paHo Kii-
TUHHY NiHito L929, aka ma€e BNacTMBOCTI yTBOPHOBATH
coepoian [21, 22] Ta BIANOBIZHO 4O MiXKHApPOAHOTO
ctaHaapTy ISO 10993-5 BMKOPUCTOBYETLCA A/1A OLLHKK
6iocymicHOCTI Ta LUMTOTOKCUUYHOCTI pevyoBuH [23, 24].

MeTta gocnigKeHHs.

MpoBecT NOpPiBHANBHUI aHanNi3 LUTOTOKCUMYHOCTI
anmetuncynbdokengy y 2D- Ta 3D-KynbTypax KAiTUH
Ninii L929.

O6’eKT i meTOoAU AOCNIAKEHHA.

KniTHKW niHil L929 KynbTMByBann y 6a3oBOMY Ku-
BUAbHOMY cepefoBsulli, faxke mictuno DMEM/F12
(«Biowest», ®paHujia) 3 AogaBaHHAM aHTMbBioTUKIB (200
Oa/MM 6eHsunneHiumniny («Arterium», Ykpaina), 200
MKr/mn ctpentomiuunHy («Arterium», Ykpaina) ta 10%
®TC npun 37°C B atmocdepi 3 5% CO,. [ina oTpUMaHHs
MOHOLIAPOBOI  KyAbTYypU BUKOPWUCTOBYBA/IM NAACTU-
KoBi ¢dnakoHn («SPL Life Sciences», Kopes). MocisHa
KOHLEHTpaLiA KNITUH ANA OTPMMAHHA KyAbTypu CTaHO-
Buna 2x10° kKn/mn. Onsa oTPUMaHHA CyCneHsil KAITUHK
BIOKPINAANW Big, NOBEPXHi KyNbTUBYBAHHA LWAAXOM 06-
pobkn cymiwwio (1:1) 0,5% TpuncuHy («Sigma», CLUA)
Ta BepceHy («PAA», CLUA). BuTpumyBanu 5 xBUAMH npu
TemnepaTypi 37°C Ta BigMMBaANM O4HOPA30BO Big, pep-
MEHTHOro po3YnHy cepenosuitem DMEM/F12 wasxom
LeHTpUdYryBaHHs.

[na oTpumaHHa cdepoiais knitnHm L929 (2-5x10°
KAITWH/MAN) BUCIBaNU Ha 6a3oBOMY cepesoBULL Y 6-yH-
KOBi MnaHweTn 3 HM3bKot agresieto (Corning, CLUA).
MoNOBUHY KUBUBHOTO CEPefOBULLA 3MIHIOBANIN KOXKHI
3 pobu. Y nepuwi 3 Aobu cnoctepiranocs yTBOPEHHSN
NyXKUX arperaTiB KNiTWH, Nicna 4yoro Ha 5 foby BOHM
ywinbHioBanncs Ta Habysanu oKkpyrnoi ¢dopmu. Ha 7
806y coepoign 36upann LeHTpUdyryBaHHAM Ta BUKO-
pUCTOBYBa/N Yy MNOJA/NbLUNX eKcnepumeHTax. [iameTp
oaeprKaHux chepoigis ctraHoBuB 150-200 MKMm.

[Ona BMBYEHHA LMTOTOKCMYHOCTI FOTYBa/N PO3YMHU
OMCO B KoHuUeHTpauiax 5%; 7,5%; 10; 12,5%; 15% Ha
ocHoBi cepegosuwa AMEM/F12. o 0,5 mn cycnewsii
KNiTMH abo cdepoigis nosinbHO gogasanu 0,5 mna pos-
UYMHY 3 NoABiliHOW KoHLUeHTpauieto AMCO Ta BUTpUMY-
Basv npotarom 20 XBUIMH NPU KiMHaTHIN TemnepaTypi,
nicns Yyoro 3aincHoBanu ueHTpuoyrysaHHa (300 g, 5 xB).
KoHTponem 6ynu KnitnHu abo chdepoigu, aki 6yau nig-
AaHi ycim npoueaypam o6pobKu y KUBUIbHOMY cepes-
osuw,i 6e3 AMCO.

34aTHiCTb KNiTUH abo cdepoigis oo aaresii BU3Ha-
Yyanu nicns nocisy ix Ha 6a3ose cepegosulle y 24-1yH-
KOBi Ky/bTypanbHi NIaHLWETH 3i CTaHAAPTHO afresms-
Hoto nosepxHeto (SPL Life Sciences, Kopes). Yepes 24
rof, nicna nociBy 3 KOXKHOI /IyHKK 3ibpanv HagocadoK
3 KniTmHamu abo cdhepoigamu, WO He NPUKPINUAKCS,
ueHTpudyryBanm Ta 3a AONOMOrot Kamepu lopsesa
BM3HAYa/IM KifbKiCTb OTPUMaHUX KNiTUH abo chepoiais.
BiAHOCHY KinbKicTb npuKpinaeHnx 6ioo6’ekTis (BKIB)
BMpaxoByBanu 3a Gopmynoto:

BKNB = (36-HB)/36 x 100%

Ae HB — KiNbKicTb HenpukpinaeHux KnituH/cdepoi-
4is; 3C — 3aranbHa KinbKicTb KAiTMH/chepoiais.

[Ons ouiHKM nposnidepaTUBHUX BAACTUBOCTEM nicns
iHKyb6auii 3 AMCO KnituHM abo cdepoian BuciBanu y
24-NyHKOBI KyNbTypanbHi NaHLWeETH 3i CTaHAAPTHOL aa-
reausHoto nosepxHeto (SPL Life Sciences, Kopen). KoH-
GNIOEHTHICTb MOHOLWAPY OLiHIoBaAW Ha 3 foby y Biaco-
TKax 3a meTogom [25]. [ina uboro KAituHu dikcyBann y
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4% po3unHi napapopmanbgeriay (Sigma, CLUA) snpo-
noBX 15 xB, 3a6apBatoBaAN reMaToOKCUAIHOM-E€03MHOM
Ta CKaHyBa/M AHO NAaHLWeTy Ha cKaHepi Kyosera (Ano-
Hin). Maowy 3abapBaeHUX AiAHOK MOHOLWAPY B NyHL
Ta 3aranbHy NAOLLY JIYHKWM BM3HA4Yaau 3a SOMNOMOrOH
nporpamu «AxioVisionRel. 4.8» («CarlZeiss»). BigHocHy
N0LLYy MOHOLLAPy PO3paxoByBan 3a GOpMyoHo:
S MoHolwapy = S 3a6apBaeHUx AiNAHOK/S NYHKK X
100%

[Ona unToNoriYHOro aHanisy NpoBOAUAN KyNbTUBY-
BaHHA 06pobneHnx AMCO KniTuH abo cdepoigis Bnpo-
0oBX 2 Ai6, nicna 4yoro yTBOPEHi KNiTMHHI MOHOLWapu
dikcyBanmn y cymiwi etaHonosuii cnupt-ouet (1:1), no-
CNifl0BHO 3aHYPIOBaAN Y €TaHON0BI PO3UNHK (96%, 80%,
70%) Ta 3abapsnatoBanuM remaTokcuaiHom. Mikpodo-
TO3MOMKY 3AiMCHIOBANIN 3@ AONOMOrOK iHBEPTOBAHOTO
mikpockony AmScope XYL-403 (KHP). AHnani3 nposoau-
v 3a mikpodoTorpadiamm 3 BUKOPUCTAHHAM Nporpamm
«AxioVisionRel. 4.8» (CarlZeiss, HimeuyuunHa). Y KoxkHOMyY
3pasky y 50 nonax 3opy Ha 36inbweHHi X400 nigpaxosy-
Ba/IM 3arasibHy KiNbKiCTb KNITUH Ta OKPEMO KNITUHM 3 Na-
Tonoriamu noginy. PeaynbtaT BU3HaYaAM AK BiAHOLWEHHA
KiNbKOCTI KNiTUH 3 AedeKTaMmn miTosy 40 3aranbHoi Kinb-
KOCTi KJTiTUH.

[na cTaTMCTUYHOro aHanisy faHuWx BMKOPUCTOBYBa-
v nporpamy Statistica 10 («StatSoft», CLLIA). Hopmanb-
HiCTb PO3MoAiny BU3Havyanu 3a gornomoroto W-kputepito
LWanipo-Yinka. Pe3ynstaT ekcnepumeHTiB npeacTaBie-
Hi y BUINAA4I cepefHbOro 3Ha4yeHHA + cTaHAapTHe Big-
XuneHHA. CTaTUCTUYHY 3HAYMMICTb BiAMIHHOCTEN MiX
rpynamu OUiHIOBa/M 3a Jonomoroto t-kputepito CTbio-
AeHTa. BigMmiHHOCTI BBaXKain CTAaTUCTUYHO 3HAYYLLMMU
npu p<0,05.

Pe3ynbTatu gocnigeHHs 1a ix 06roBopeHHs.

KnitnH ninii L929 iHKybyBanu y cycneHsii 3 pisHumm
KoHUeHTpauiammn AMCO (puc. 1A). MNicna npumilleHHA
iX 40 YMOB Ky/nbTUBYBaHHA B 2D-dpopmati (MoHowWwap)
BOHW NPUKPINAAANCA A0 POCTOBOI NOBEPXHi, PO3NaacTy-
Ba/nCA Ta NoYnHanu nponidepysatu. Ha 3 goby KynbTu-
BYBaHHA CMOCTEPiraBCcA MOHOLLAP, KNITUHU AKOrO Manu
0oBanbHYy abo nosiroHanbHy GopmMy 3 KPyNHUM ALPOM Ta
ogHUM abo aekinbkoma agepuamu (puc. 1B). Y uuton-
Na3mi AeAKUX KNITUH PO3PI3HANMCA CBiTAI BaKyoAi. Y noni
30pYy crnocTepirannca Aeaki KAiTMHU y CTaHi MITOTUYHOTO
nogineHHs. Micna iHKy6aLii 3 Pi3HUMKM KOHLEHTpaLiaMuM
OMCO KnitTMHK mopdoNoriyHO He Bigpi3HANMUCA y NopiB-
HAHHI 3 KOHTPOJIBHUMM 3pa3KaMu.

Coepoign, oTpumaHi 3 KAiTUH NiHii L929, iHKkybyBa-
N1 3 Pi3HUMMU KoHueHTpauismu AMCO (puc. 1B). IHKy-
bauis He Npu3BoAMAa A0 BTPATU MOPPONOTriYHUX OCO-
6ausocTelt coepoigis. Micna NnpumilLeHHA
06pobneHnx chepoigis Ha agresnBHy no-

6yna 92,2+2,1%, Togi AK naowa cbopmoBaHoro Ha 3 goby
MOHoOLWapy cTaHoBuna 94,5+4,7%. Ona KniTuH, obpobne-
HUX KOHLUeHTpauiamm AMCO Big 5 no 12,5%, ui nokasHu-
KM 3Hauylle He 3MiHIOBA/IMCA MOPIBHAHO 3 KOHTPONEM.
OfHaK NMOMITHO, WO BOHWM ByAM 3Havylle MeHLe nicna
iHKy6aUji y cepegoBuLi 3 15% AMCO.

3HaYyHOrOo BN/MBY Ha aZre3vBHI BAacTMBOCTI chepoiais
He By/10 BUABNEHO, OCKi/IbKM KiNbKiCTb MPUKpinaeHux cde-
poiais ctaHoBwmAa Big 90 oo 93% B cepegHLOMY B YCiX BU-
BYEHMX 3pa3Kax. 3 NpuKpinaeHmx chepoigis noYMHaNmn mi-
rpyBaTV KAITUHW, OT}Ke Ha 3 fo6y Ky/bTMBYBAHHSA Nialla
cbopmoBaHOro MoHowapy ctaHoBmna 50,416,7% B iHTaK-
THWX 3pa3Kax, Lo 3HAYyLLe He Biapi3Hanoca Big obpobne-
HUx AMCO coepoigis. HaBiTb y HaliBULLMI BUKOPUCTaHIM
KoHUeHTpauji AMCO (15%) nnowa chopmoBaHOro mo-
HOLWAPY He BiApPi3HANACA Bif, KOHTPONbHMUX 3HAYEHb.

Y HacTynHin cepii eKCcnepumeHTiB BMBYEHO BMNAWB
iHKRybauii 3 MCO Ha dopmyBaHHA NaTosori nodiny B
2D- Ta 3D-KkynbTypax KAiTMH AiHii L1929 (puc. 2). Cepea
nedekKTiB MiTo3y HanuacTile 3ycTpiyanuca MmynbTuno-
NAPHI MiTO3K 3 TpbOMa abo binblie nontocamm BepeTeHa
noAiny. Y 3paskax Takox 6yan NpuUCyTHi MOHOMONAPHI
BepeTeHa nofAiny, nNpeacraBiaeHi AK KOMMNaKTHe po3erT-
KOMNoZibHe po3TallyBaHHA KOHLEHCOBaHUX XPOMOCOM,
LLLO OTOYYBa/IN OAMH LLEHTP OpraHisau,ii mikpoTpyb0oYyoK.
Y peskux 3paskax BUABNAAUCA aHOManii meTadasHoi
NAACTUHKKN Y BUINALI PO3CIAHMX XpOMOCOM abo Xpomo-
com, siKi Bynn po3TalloBaHi AafeKko Bif ekBaTopianbHOI
naowmHun. Yacto 6ynm npucytHi aHomanii aHadasm —
XPOMOCOMHi MOCTM i XpOMOCOMM, WO BiACTatoTb (KOH-
[EeHCOBaHi XpomMaTuHOBI arperatu, wo 3b6epiranunca B
cepeHili 30HiI BepeTeHa noainy Mix posgineHnmm ma-
camu xpomocom). JedeKkTHUN UUTOKiHe3 ineHTUIKy-
BaBCA Y AEAKMUX MONAX 30pYy 33 HAABHICTIO ABOAAEPHUX
abo baraToagepHUX KNITUH.

LnTomopdonoriyHnin aHanis nokasas (tabauua 2),
WO B iHTAKTHI MOHOLIAPOBIN KynbTypi B cepeaHbo-
My 8,5£2,1% KAITUH MatoTb MIiTOTMYHI aedekTn. Kinb-
KiCTb KNITUH 3 gedeKkTam MiTO3y 3Hauylle 3pocTana go
18,5%+4,1% nicna iHkyb6auii y po3unHax 3 AMCO B KoH-
ueHTpauii 15%. Y pewTi 3paskis Lei NOKa3HUK 3HauyLle
He BifPi3HABCA Big, KOHTPOIO.

Y KyAnbTypi, OTPUMAHOI NicnA mirpau,ii KNiTUH 3 iHTaK-
THUX chepoiais Ta ix nponidepalii, KiNbKiCTb KNITUH 3 Na-
TO/IOTiEND MiTO3Yy 6yNa NoAibHOK A0 iIHTAaKTHOIO KOHTpPO-
no. Nicna 06pobKku chepoinis 3 ycima BUKOPUCTaHMMMU
KoHUeHTpauiamm AMCO Lei NOKa3HUK 3HaYYLLE He 3Mi-
HIOBaBCA.

3actocyBaHHA IMCO y KoHueHTpauiax Big 5 o 10%
A7 KpiOKOHCepBYBaHHA CTOBOYPOBUX KAITUH, KNITUHHWUX

Tabnuusa 1 — AaresusHi Ta nponidpepaTMBHi BNACTUBOCTI
2D- 1a 3D-KynbTyp KAITUH ANiHii L929 nicna iHKy6au,ii 3 pisHumun

BEPXHIO, BOHM MPUKPINAOBAAMCA. 3 HUX .
noymMHanaca Mirpauia KAiTMH Ta nopaasb- — KOHugHTpa""mM" ,D,IVI.CO. i
wa ix nponidpepauia (puc. 1r). Ha 3 poby | KonueHTpauis K'g::':;i:ﬁn:p\',n- S MmoHoLwa- ﬁz::;(cg;:g;;?;"\; S MoHoLwa-
1 o, 0,
KY/IbTUBYBAHHA CMOCTepiranocs yTeopeHHs AMCO D e, o py, % BT py, %
c'\’/fsggﬂﬁ':rmsgo”“:22\2522“2“;0;%‘1‘:?% 0 % (KoHTponb) 92.242.1 94.5+4.7 93.143.7 50.446.7
3i chepoiais, He BiAPI3HABCA Bif MOHOLIA- 5% 96.216.7 91.9+8.5 92.5+4.1 49.5+10.8
pY, AKMI1 GopMyBaBCA NPU NoCisi NOOAUHO- | 7.5% 97.6%3.1 93.5+10.8 92.345.1 51.347.1
RMX RNITUH. ) | 10% 95.6+4.9 89.1+9.8 93.646.9 49.7+11.9
Pe3ynbTaT WOAO BUBYEHHS 34i6HOCTI " N N N
2D- Ta 3D-KyAbTYp KAITMH A0 aaresii npo- 12.5 96.0+3.3 87.3113.5 91.0+4.4 47.1+11.1
AeMoHCTpoBaHo y Tabnuui 1. KinbKictb npu- | 15% 72.5%11.1* 70.1+5.5* 90.945.2 48.9%7.9

KPIiNAeHMX KAITUH B iHTAKTHIN 2D-KynbTypi

MpumitKa: * — gaHi 3HauyLLi B NOPiBHAHHI 3 iIHTaKTHUM KOHTponem, p<0,05.

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuuxn — 2026 — Bun. 1(180) / Bulletin of problems in biology and medicine - 2026 - Issue 1 (180)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

167



BIONIOrIA / BIOLOGY

PucyHok 1 — PenpeseHtatueHi potorpadii 2D- Ta 3D-KynbTyp KAITUH AiHii L929 nicnsa iHKy6auii 3 LMCO (Tpeta aoba nicns npumilleHHA B
YMOBM KyNbTUBYBaHHA): A — KNITUHM Y cycneHsii nicna 06po6ku JMCO; b — 2D-KynbTypa KnituH (MoHowap); B — pnoTytoui chepoigu nicna
06po6kun AMCO; I — npukpinneHi chepoian 3 KniTMHamu, WO MirpytoTb 3 HUX Ta GopmMyIOTb MOHOLIAP.

NiHiN, 6araTokNiTMHHMX 06’ eKTiB (cdepoinis, opraHoiais, HasegeHi y ubomy AOCNiAXKEHHI pe3ynbTaTi AeMOH-
TKaHMHO-iHXeHepHMX 6IOKOHCTPYKLIA) € LUIMPOKO MOLWIK-  CTPYHOTb, WO KAITUHM AiHIT L929 € focuTb CTiKMMK [0

PeHUM y cydacHux npotokonax [13-15]. MigBuiwerHHa ToKcuuHoi aii AMCO, ocKinbku agresmsHi Ta nponidpepa-
KoHUeHTpauii AMCO € HebakaHMM, OCKiNbKM MpU3Bo-  TUBHI BAACTMBOCTI ix 36epiranvca HasiTb Npu NiABULLEHHI
AWTb [0 Pi3KOro NafiHHA XMUTTE3AATHOCTI Ta iHWMX Bio-  KOHUEeHTpauii A0 12,5%. 1A MOHOLIaPOBOi KyNbTYpU KAi-

JIOTIYHMX BNACTUBOCTEN KAiTWH [14, 26-28]. ; e i A o :

Tabnuusa 2 — LlutomopdonoriuHmii aHanis 2D- Ta : :

3D-KyAbTyp KAITUH niHii L929 nicna iHKy6awii

3 pisHUMU KOHUeHTpauiamu JMCO

(2 po6a KynbTMBYBaAHHA)

KoHueHTpauis [KinbKicTb KAITUH 3 gedeKkTa- M e KAITvH
AMCO MU MiTo3y y 2D-KynbTypi, % T MITO3y'y
! 3D-kynbTypi, %
0 % (KOHTpOAb) 8,5%2,1 6,8+1,8
5% 7,5+2,0 8,5%3,2
7,5% 8,5+0,9 7,9+2,3
10% 8,9+2,5 6,5+1,4
12,5 9,4%3,1 8,8+1,5
15% 18,5+4,1* 7,4+2,1 . .
- - - - — PucyHoK 2 — Penpe3eHTatuBHa ¢portorpadia KynbTypu KNiTuH 3
Mpumitka: * — aaHi 3HauyLLi B NOPIBHAHHI 3 IHTAKTHUM KOHTpONeMm, Aedekramm mitosy (cTpinkammu No3HaueHO MyNbTUNONAPHI MITO3MU
p<0,05. Ta XPOMOCOMHi MOCTH).
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TUH NiHiT L929 ymToTOKCMYHa aia OMCO npoasnanaca y WO CYTTEBO BMJ/IMBAE HA TONEPAHTHICTb 3D-KynbTypu Ao
KoHUeHTpauii 15%. Mpu upomy crnoctepiranoca 3Havywe  AMCO.

3HUMKEHHA aAresvBHUX Ta MponipepaTMBHUX BACTUBOC- BiZOMO, WO Yy MOHOLIAPOBUX YMOBAX KAITUHWU 3a-
Te KAITUH, @ TAKOXK MiABULLYBANACA KiNbKICTb AEPEKTHUX  3HatOTb NepebyAoBM LMTOCKeNeTa, AOCATaloUM LWTYUHOT
MiTO3iB. 36iNblUeHHA KiNIbKOCTI MNaToNOrYHMUX MITO3iB I'IO}'IﬂpHOCTi, O NpU3BOAMUTbL A0 Hel'lpMpO,EI,HO.I. eKcnpe-
nig, snansom IMCO 06ymoB/ieHO 10ro MOANGIKYIOUMM (i renis Ta 6inkie [30]. Ha BigMiHy Bif LbOro, KAITUHM

ed)e.KTOM Ha MiKpPOTPYBOUKM Ta NOPYLUEHHAM BEPeTeHa v 3D-kynbTypi A4EMOHCTPYIOTL MoandiKaLlilo eKcrpecii
noAiny [29]. Mpu upomy 3D-kynbTypa BuABMAaCcA BinbW  repig Ta Ginkis, a TakoX YaCTKOBMI Nepexia, 4o rinome-
CTiiKOto A0 nowKoakytouoi Ail IMCO nopiBHAHO 3 MO~ 1360 niunoro craHy [32, 33]. MoaibHa reTeporeHHicTb y

HoLIaposoto, (?..C'II;;KM nicaA 06pobky chepoipis HasiTb chepoigax NnpU3BOAMTL A0 NOABU Pi3HUX KAITUHHUX de-
KOHLeHTpaLji KNITUHM He BTpayann agresvBHUX . L
Y HerTpal, % P A HOTWMIB, L0 TAaKOX MOXKe MPU3BOAUTM A0 Pi3HOT YyTau-

Ta nponipepaTMBHUX BNACTUBOCTEMN, PiBEHb MATO/OrIN . . . .
. ) BOCTi 2D- Ta 3D-KynbTyp KNiTMH 40 KCeHOBIOTHUKIB.
noainy He nigsuLLyBaBcs.
BUCHOBKM.

ICHYEe HM3Ka JoCNiAXKeHb, AKi ONUCYOTb BiAMIHHOCTI .

CbEHOTZI'Ii, KNITUHHIN curHanisay;i, Mir;au,i'l' KNITUH Ta peY ﬂ'MCQ Y BUCOKNX KOH”'eHTpaL!"f'X (15%) ?MKI_MKae cy-
AKLiAX HA TOKCUHU, KON Ti CaMi KNITUHM BUPOLLYIOTbCA B GnetanbHi egektin y MoHoWapOBil Ky"bTyp'"K"'TMH ZHI
yYMOBaX ABOBUMIPHOI 260 TPUBMMIPHOT KyAibTypy [30]. Mo- 1929, BKAKOHAI0UM SHUMEHHA ._METaG(i’”qHO' AKTUBHOC-
nepeaHi aaHi cBiaYaTh, WO chepoinn, oTpUMaHi 3 pisHux T EKCMIPECil MONeKYN KNITUHHOT aaresii Ta  enireHeTUYHi
[KEpen, AeMOHCTPYIOTb 3HaYHO BULLY pesucTeHTHicTb  3MiHM. Ha BiamiHy Big Lboro, cdepoian, chopmosaHi 3 Kni-
[10 KCEHOBIOTMKIB, HiK MOOAMHOKI KAiTMHYM [18-20, 31].  TMH L929, € pe3ncTeHTHMMM A0 TaKoi KoHLeHTpaLii AMCO.
MepenbayaeTbes, WO Lie BiAOYBAETLCA 3aBAAKM O0bMe- MepcnekTMBK NoAANbLINX AOCNIAMKEHD.

YKEHHIO ANdY3ii peyoBUH BHACNIAOK PO3BUHEHUX MiXK- Y nofanblinx AOCNIAMKEHHAX aKTya/lbHUM € BM3Ha-
KMITUHHMX KOHTaKTIB Ta LLi/JIbHOrO MO3aKAITUHHOTO Ma- Y€HHSA OCHOBHMX MeXaHi3MiB, fKi NexkaTb B OCHOBI peHo-
Tpukcy [31]. OT)Ke, KOMNAKTHa apXiTeKkTypa chepoigis Ta  MeHy NiABULLEHHA pe3nUCTeHTHOCTI 3D-KynbTypu KAiTUH
MIMKKAITUHHUI MaTPUKC CTBOPIOIOTb FPadieHTn andysii,  AiHii L929 A0 UMTOTOKCUYHOI AiT AnmeTnacynbdoKcuay.
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NMOPIBHAIbHA OLIIHKA TOKCUYHOCTI AUMETUNCY/IbAOKCUAY Y 2D- TA 3D-KYNILTYPAX K/TITUH NIHITL929

boposeHeup B. B.

Pestome. MoHowwaposi Ta 3D-KynbTypw (chepoiam, opraHoigm) LUIMPOKO BUKOPUCTOBYHOTLCSA AJ1A in Vitro TecTyBaH-
HA NIKAPCbKUX NpenapaTiB, BUTOTOBIEHHA TePaneBTUYHUX NPOAYKTIB, BUBYEHHA MEXaHi3MiB PO3BUTKY 3aXBOPIOBaHb
Towo. KpioKoHCcepByBaHHA € BaXKIMBMM €TanoM AOBFrOTPMBAOI NIATPUMKMN KAITUHHUX NiHIA. JumeTuncynbdoKeuna,
(AMCO) € oaHUM 3 NONYAAPHUX NPOHUKAZIbHUX KPIONPOTEKTOPIB A/1A 3aMOPOXKYBAHHA Ta AOBroTpMBanoro 36epi-
raHHA KAITUHHUX KYAbTYp Y KpioBaHKax. OgHaK LA peqyoBMHA NPOSABAAE LUTOTOKCUYHICTD, AKA 3a1€XMUTb Bif KOHLEH-
Tpauii, TemnepaTtypu Ta 4Yacy iHKybauji. Biaomo, wo B 3anexkHocTi Big, Tmny Kynbtypu (2D abo 3D) yyTamBicTb KAITUH
[0 TOKCUYHUX areHTiB MoKe 3miHoBaTMcA. OaHaK Npsami NopiBHANbHI AaHi woao criikocTi 4o AMCO KniTuH, ob6po-
6neHnx y cycneHsii NopiBHAHO 3i chepoigammn NpPakTMUHO BiacyTHI. MeToto poboTu 6yno NpoBecTy NOopiBHANAbHUI
aHani3 UMTOTOKCUYHOCTI AnmeTuacynbdoKkemay y 2D- Ta 3D-KyabTypax KAiTuH AiHii L929. MNicna 0bpobkn AMCO vy
KOHUeHTpauiax Big 5 20 15% y 2D- Ta 3D-KynbTypax BMBYAAM 34i6HICTb KNITUH A0 aaresii Ta nponidepadii, a Takox
KiNbKICTb KNITWMH 3 NaTonoriamu mitosy. BctaHoBneHO, Lo obpaHi moaeni KynbTMBYBaHHA NPOAEMOHCTPYBaIN CneLm-
obiyHy uyTamBicTb 8o aji AMCO. Y BUCOKMX KOHLEeHTpaLiax (15%) AMCO BUKNUKaB cybneTanbHi ehekTy y MOHOLLAPOBii
KYNbTYpPi KAITUH NiHii L929, BKAOYAOUM 3HUMKEHHA MeTaboNiuHOi aKTUBHOCTI, eKCrpecii MoNeKyn KNiITMHHOT aaresii Ta
enireHeTUYHi 3miHW. Ha BigmiHy Big, uboro, cdepoign, cdopmoBaHi 3 KnitnH L929, Bynn pesucTeHTHUMM A0 TAaKOi KOH-
ueHTpauii AMCO.

Knrouosi cnosa: gumetuncynspokeng (AMCO), 3D-KynbTUBYBAHHSA, KNITUHM NiHii L929, chepoian, ULMTOTOKCHY-
HICTb, KPIOKOHCEPBYBaHHA.

COMPARATIVE ASSESSMENT OF DIMETHYL SULFOXIDE TOXICITY IN 2D AND 3D CULTURES OF L929 CELL LINE

Borozenets V. V.

Abstract. Monolayer and 3D-cultures (spheroids, organoids) are widely used for in vitro testing of drugs,
production of therapeutic products, study of mechanisms of disease development etc. Cryopreservation is an
important stage of long-term support of cell lines. Dimethyl sulfoxide (DMSO) is one of the popular penetrating
cryoprotectants for freezing and long-term storage of cell cultures in cryobanks. However, this substance exhibits
cytotoxicity that depends on the concentration, temperature, and incubation time. It is known that depending on
the type of culture (2D or 3D), the sensitivity of cells to toxic agents can change. However, direct comparative data
on the resistance to DMSO of cells processed in suspension compared to spheroids are practically absent. The aim
of the work was to conduct a comparative analysis of the cytotoxicity of dimethyl sulfoxide in 2D and 3D cultures of
cells of the L929 line. After treatment with DMSO in concentrations from 5 to 15% in 2D and 3D cultures, the ability
of cells to adhere and proliferate, as well as the number of cells with mitotic defects, was studied. It was established
that the selected cultivation models demonstrated specific sensitivity to DMSO. In high concentrations (15%), DMSO
released sublethal effects in a monolayer culture of L929 cells, including a decrease in metabolic activity, expression
of cell adhesion molecules, and epigenetic changes. In contrast, spheroids formed from L929 cells were resistant to
this concentration of DMSO.

Key words: dimethyl sulfoxide (DMSO), 3D-culture, L929 cell line, spheroids, cytotoxicity, cryopreservation.
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USE OF POLYVINYL ALCOHOL AS A COMPONENT OF CRYOPRESERVATIVE

SOLUTION TO CRYOPRESERVE HUMAN ERYTHROCYTES
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of Ukraine (Kharkiv, Ukraine)
poliakova79ann@gmail.com

Cryopreservation of erythrocytes is the main method for long-term storage of blood cell components, but the ef-
fectiveness of this process is limited by damage caused by the formation and recrystallization of ice crystals. A prom-
ising approach to reducing cryodamage is the use of macromolecular impermeable cryoprotectants, in particular
polyvinyl alcohol (PVA). The aim of the study was to investigate the effect of PVA with a molecular weight of 9 kDa at
different concentrations on ice recrystallization processes and to evaluate its effectiveness in cryopreserving human
erythrocytes. The study's objective was to examine human erythrocytes obtained from donor blood. PVA solutions
in phosphate-saline buffer at concentrations ranging from 0.1 to 1.5% were used. Phase transformations and ice
recrystallization were studied using thermomechanical analysis. The cryopreservation modes used differed in cooling
rates and had the same heating rate. The preservation of human erythrocytes was assessed by hemolysis levels. It
was found that an increase in PVA concentration contributes to the effective inhibition of ice recrystallization, and at
a concentration of about 1%, this process is almost completely suppressed. It was shown that uncontrolled cooling
leads to complete erythrocyte hemolysis. The best cell preservation was achieved with slow, controlled cooling at 3
degrees/min in a 1% PVA solution. Polyvinyl alcohol exhibits cryoprotective activity and is a promising component of
cryopreservation media for human erythrocytes under slow, controlled cooling conditions.

Key words: cryopreservation, phase transition, ice recrystallization, polyvinyl alcohol, human erythrocytes.

Connection of the publication with planned re-
search works.

The proposed study is a fragment of SRW “The influ-
ence of naturally occurring gel-forming polysaccharides
on the cryoprotective effect of cryoprotective solutions”
(state registration number 0125U004150) of the Insti-
tute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine.

Introduction.

The preservation of biological material remains a
fundamental focus for modern biotechnology and prac-
tical medicine. The basic principles of most preserva-
tion methods are usually based on lowering the tem-
perature, which ensures long-term storage by slowing
down the temperature-dependent metabolism of living
organisms [1]. The fact remains that biological objects
are mainly water, which forms ice crystals at low tem-
peratures. This, in turn, leads to dehydration and lethal
damage to biological material, which is currently one of

the biggest problems in cryopreservation of cells, tis-
sues, and organs [2].

Cryopreservation, as one of the modern methods
of preserving biological objects, is important for fur-
ther practical application. However, the formation and
growth of ice crystals during the freezing-thawing pro-
cedure decrease the viability of the biomaterial, which
is the dominant factor in damage and the biggest prob-
lem in cryopreservation. Therefore, the introduction of
methods to control the growth of ice crystals during
cooling and inhibit their recrystallization during heating
is crucial for minimizing cell damage [3].

To preserve the structural integrity and biological
activity of the material being frozen, it is important to
select highly effective cryoprotective solutions that con-
tain modern cryoprotective agents [4]. The chemical
composition of the cryoprotective solution plays an im-
portant role in the successful cryopreservation of vari-
ous biological samples [5].

ISSN 2077-4214. Bichuk npo6nem bionorii i megnuunn — 2026 — Bun. 1(180) / Bulletin of problems in biology and medicine — 2026 - Issue 1(180)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

171



