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The article discusses the development and optimization of a method for forming neural cells in the form of spher-
oids using the hanging drop method. Neural cells obtained from the brain tissue of newborn rats were cultivated in
three-dimensional structures spheroids that can reproduce the complex physiological microenvironment of the brain
in vitro. The use of the hanging drop method enabled the control of cell aggregation conditions, ensuring the for-
mation of stable spheroids of optimal size, which is crucial for maintaining cell viability and facilitating the effective
diffusion of oxygen and nutrients.

Studies have shown that only pre-cultured neural cells that have undergone a recovery phase after enzymatic
and mechanical isolation are capable of forming spheroids. Freshly obtained cells did not form stable three-dimen-
sional structures due to damage to the cell membrane and loss of adhesion molecules. It was found that the optimal
drop volume is 20 ul, which ensures the stability of the drop shape during cultivation. The size of spheroids directly
depends on the initial concentration of neural cells in the drop and reaches optimal values at 2-8x103 cells/drop. The
cultivation time required to achieve a three-dimensional structure is 4-5 days.

Spheroids obtained by the “hanging drop” method consist of viable cells capable of migration, differentiation,
and formation of neuronal networks, confirming their functional suitability for modeling nervous tissue. The devel-
oped model is of great importance for further research into neurodegenerative diseases, toxicological analysis, and

screening of pharmacological drugs.

Thus, the “hanging drop” method for forming spheroids from neural cells is an effective tool for creating 3D mod-

els of nervous tissue with high biological relevance.
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Connection of the publication with planned re-
search works.

This work is part of the SRW “Determining the
role of pre-treatment in improving the effectiveness
of cryopreservation and hypothermic storage of cell
structures at various levels of organization” (state reg-
istration number 0121U113329).

Introduction.

Diseases of the human central nervous system
(CNS) account for a significant proportion of illnesses
and affect up to one billion people worldwide, regard-
less of gender and age [1]. Despite significant advances
in the study of neurodegenerative diseases in recent
decades, there are no effective treatments for most
of them. Therefore, there is a high demand for in vitro
CNS models that can be used to study neurological dis-
orders, injuries, and the toxicity and efficacy of drugs.

In vivo studies using animal models have greatly
contributed to our knowledge of brain function. How-
ever, these methods and models face serious challeng-
es related to the complex interactions between brain
cells [2, 3], which are very difficult to analyze in vivo.
The use of two-dimensional (2D) neural cell cultures as
in vitro models [4] has expanded our understanding of
the processes that occur in the brain, but such mod-
els are not capable of fully imitating the processes that
occur in brain tissue, as they lack the three-dimension-
al microenvironment of cells. The absence of three-di-
mensional intercellular interactions and interactions
between cells and the matrix characterizes cells in a
monolayer. Therefore, recently, scientists have focused

their attention on three-dimensional model systems of
brain tissue, which include spheroids (SPs).

Spheroids are three-dimensional, multicellular
structures formed by cell aggregation, a manifestation
of their ability to self-organise. They are dense clusters
of cells ranging in size from 50 to 500 micrometers,
which may include various cell types, including somatic
and stem cells. During the formation of spheroids, an
intercellular matrix is formed, which becomes an inte-
gral part of their structure. This ensures three-dimen-
sional interactions within the spheroid, both between
cells and between cells and the extracellular matrix.
These properties make spheroids effective in vitro
models of multicellular systems, capable of reproduc-
ing a complex physiological microenvironment similar
to the conditions in tissues and organs [5-7].

However, the process of forming spheroids from rat
brain cells remains insufficiently standardized. The re-
sulting structures can vary significantly in size, cell com-
position, and functional characteristics. Therefore, an
urgent task is to develop optimized methods that en-
sure the uniformity of spheroids in terms of structure,
composition, and biological properties.

The aim of the study.

To determine the optimal conditions for the for-
mation of spheroids in droplets by brain tissue cells of
newborn rats.

Object and research methods.

The experiment involved n=8 newborn rats.

The primary suspension of neural cells (NC) was
obtained from the brain tissue of newborn rats using
an enzymatic-mechanical method. For this purpose,
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brain tissue was removed, washed with sterile saline
solution, incubated for 2 min at 372Cin a 0.25% trypsin
solution (Biowest, France), transferred to DMEM/F12
medium (Biowest, France) enriched with 10% serum,
and mechanically disaggregated into single cells using
vibration [8]. The resulting cell suspension was filtered
through a nylon filter and then washed from trypsin by
centrifugation for 3 min at 100 g. The resulting cell pel-
let was suspended in DMEM/F12 medium containing
10% rat serum [9]. Cell viability was assessed by stain-
ing with 0.4% trypan blue (Sigma, USA) and expressed
as a percentage. The number of cells was counted in a
Goryaev chamber.

A suspension of recently obtained NC cells at a con-
centration of 2x10° cells/well was seeded and cultured
in 24-well plates (TPP, Switzerland) in enriched DMEM/
F12 medium in the presence of 10% rat serum [9]. Cul-
tivation was carried out in a CO2 incubator at 372C in
an atmosphere of 5% CO2 — 95% air. Half of the culture
medium was replaced every 3-4 days.

After reaching NC 70-8% confluent growth, the cells
were detached from the surface of the culture plates.
For this purpose, the NC monolayer was incubated at
37°C in a solution of trypsin (0.25%)/versen (0.05%)
(Biowest, France) for 5 min. The process of cell detach-
ment was monitored microscopically. Five times the
volume of DMEM/F12 medium containing 10% serum
(to inactivate trypsin) was added to the resulting cell
suspension and centrifuged for 4 min at 100 g. The cell
pellet was dispersed in the culture medium, after which
the number of cells and their viability were counted.

Microscopic analysis and microphotography of cul-
tures were performed using an inverted light micro-
scope (AmScope MT3000, USA).

Spheroids were obtained using the “hanging drop”
method [10]. For this purpose, drops containing NC
suspensions were applied to the inner surface of a 10
cm diameter Petri dish lid (SPL Life Sciences, Korea).
The lids with drops were turned over, covered the bot-
tom of the dish containing sterile saline solution with
antibiotics, and cultivated in a CO, incubator at 37°C
in an atmosphere of 5% CO,, 95% air for 6 days. The
medium was not replaced.

The experimental results of the studies were statis-
tically processed using the Origin program (OriginLab
Corporation). The experimental data are presented as
the arithmetic mean % standard deviation. Differences
were considered significant at p<0.05.

Work with animals was carried out in accordance
with the “General Principles of Animal Experiments”
approved by the V National Congress on Bioethics
(Kyiv, 2013), in accordance with the provisions of the IV
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific Pur-
poses (ETS 123, Strasbourg, 1986) and the permission
of the Bioethics Committee of the Institute for Prob-
lems of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine.

Research results and their discussion.

To determine the optimal volume of drops, drops
with volumes of 20, 25, and 30 pL were applied to the
surface of the Petri dish lid, and their condition and
shape were observed during cultivation. The study
showed that drops with volumes of 25 and 30 pul ap-

plied to the lid are too large, which contributes to their
spreading and merging with neighbouring drops during
the process of turning the lid over and subsequent cul-
tivation. At the same time, 20 ul drops consistently re-
tained their shape, did not spread or merge when the
lid was turned over or during cultivation. Thus, 20 pl
was selected as the optimal drop volume. An average
of 33 drops with a volume of 20 ul were applied to the
lid of a Petri dish with a diameter of 90 mm (fig. 1A).

The next step in the study was to determine the role
of the initial state of NC and their optimal concentra-
tion in the formation of spheroids in a drop. We stud-
ied the ability to form SFs with freshly obtained and
pre-cultured NC when cultivated in a drop at concen-
trations of 1x10%; 2x10%; 4x103%; 8x103% 10x103%; 12x10%;
20x10°% and 40x103 cells/drop.

Formation of SFs from freshly obtained NC. The
viability of freshly obtained NC was 55+12%. During
cultivation for 6 days in a drop, freshly obtained NC
spheroids did not form in any of the concentrations
studied, although the formation of small aggregates
was observed (fig. 1B). This was probably due to mi-
crodamage to the plasma membrane of the cells, which
formed during their isolation, and the loss of a signifi-
cant number of adhesion molecules, which prevented
the cells from forming stable intercellular bonds. Thus,
when cultured in a drop for 6 days, freshly obtained
NC spheroids did not form in all studied cell seeding
concentrations.

Formation of SFs by pre-cultured NC. Freshly ob-
tained NC, which were previously cultured until they
formed a monolayer (fig. 2A), were used as pre-cul-
tured cells. The viability of such cells after their sep-
aration from the substrate was 90+5%. In all concen-
trations studied, on the first day of cell cultivation in
a drop, the formation of a single three-dimensional
structure was typically observed (fig. 2B), character-
ized by an irregular shape and loose cell packing. At
concentrations of 1-12x103 cells/drop, the size of these
structures ranged from 130 to 290 um and was directly
proportional to the cell concentration (table).

During further cultivation, the size of the three-di-
mensional structures remained virtually unchanged
(table), but the packing density of cells within them
increased, leading to the formation of classic spher-
oids (fig. 2B, D). If there were several structures, they
merged. On the fifth day of cultivation, the size of the
spheroids, depending on the seeding concentration of
cells, ranged from 115 um (1x103 cells/drop) to 270 um
(12x103 cells/drop). That is, the size of the spheroids
was greater, the higher the concentration of cells in the
drop. Further cultivation of NC in the drop did not lead
to the formation of new spheroids and had practically
no effect on the size of the formed ones.

When the seed concentrations were increased to
20x10° and 40x103 cells/drop, three-dimensional struc-
tures were observed already 3 hours after the start of
cultivation. After 1 day of cultivation, irregularly shaped
three-dimensional structures with loose (non-dense)
cell packing were observed, measuring 350 and 560
um, respectively (fig. 3A, B, table). During further cul-
tivation, the density of cell packing in three-dimension-
al structures increased with a slight decrease in their
size, and they acquired a spherical shape (fig. 3B, D).
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It should be noted that the
size of spheroids formed by
cells with a concentration
of 40x10° cells/drop on the
4th and 5th days of cultiva-
tion significantly decreased
compared to spheroids on
the 2nd and 3rd days of cul-
tivation (table), which the
compaction of the degree
of cell packing can explain.

Assessment of spheroid
cell viability. Transferring
spheroids formed in a drop
at all concentrations stud-
ied to an adhesive surface __
resulted in their 100% at- [
tachment already on the
first day of cultivation.
After attachment, the cells
of these spheroids formed
long  processes, along
which undifferentiated cells
migrated, followed by their
differentiation (fig. 4A) and
the formation of a mono-
layer of cells with neuronal
and glial morphology (fig.
4B). At the same time, cells
with neuronal morphology
were able to form a “neuro- |
nal” network with the help
of processes. Such behav-
ior in culture indicates that
spheroids consist of viable
neural cells.

The results clearly
demonstrate that prelim- |
inary NC cultivation is a |
critical step in obtaining °
high-quality spheroids.
The pre-cultivation pro-
cess likely allows cells to
recover from the stress of
enzymatic-mechanical isolation, repair damaged mem-
branes, and synthesize adhesion molecules necessary
for aggregation. In addition, this stage acts as a selec-
tive factor, leaving the most viable and proliferatively
active cell population in the culture, as evidenced by an
increase in their overall viability from 55% to 90% [11].

The study also showed that the formation of NC
spheroids occurred in two stages, which included
preliminary rapid cell aggregation fol-
lowed by compaction and “matura-
tion” of the formed three-dimensional

Figure 1 — Features of the formation of neural cell aggregates in a drop on a Petri dish lid: A — drops with
NC, volume 20 pl, applied to the surface of a Petri dish lid; B — clusters of small aggregates formed by
freshly isolated NC on the 6th day of cultivation in a drop of NC with a concentration of 4x10° cells per
drop. Scale: 100 um.

Figure 2 — Cultivation of neural cells: from monolayer to 3D structures: A — formation of a monolayer
during the cultivation of freshly obtained neural cells; Formation of three-dimensional structures by
pre-cultured NCs at a concentration of 2x103 cells/drop after 1 (B), 3 (C), and 5 (D) days of cultivation.

Scale: 100 um.

cells, which increases the probability of intercellular
contacts and contributes to an increase in the size of
the final structure. Therefore, if the goal is to obtain
three-dimensional structures as quickly as possible,
high seeding concentrations are the obvious choice. At
the same time, the high rate of spheroid formation is
accompanied by their large size. The problem with large
three-dimensional structures is the insufficient supply
of oxygen and nutrients to the cells of the central lay-

Table — Dependence of spheroid diameter (um) on cell
concentration and cultivation time in a drop (n=12)

structure. The process was finally com- |cultivation Seeding concentration of cells, x10*/drop
leted on the 5th day of cultivation, |time,d
P N ¥ 1on, | time, days 2 4 8 10 | 12 | 20 40
even at minimum cell concentrations
. . 1 130+10|206+10|209+10|262+12|297+35 | 256117 | 347127 | 567t46

[12]. At the same time, the size of the

. . . 2 120+10|184+19|200+30|235+26|275£30(282+30|358+25| 550+50
spher0|ds was dlreCtly proportlonal to 3 125411 |167+20 (190417 [ 220416 | 272+40|270+£28 |342+50| 562+16
the concentration of cells in the drop, 4 118;11 188:-17 187*_-13 267:24 299;16 322;23 335;29 483+;3*#
which is an expected result. The higher T 1ie:8 10100 ieer30 503 8 Res D70 1133953 1445308

the cell concentration, the greater the
likelihood of physical contact between

Notes: * — p<0.05 compared to SFs formed on the 2nd day of cultivation; #—p<0.05 compared
to SFs formed on the 3rd day of cultivation.
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Figure 3 — Formation of three-dimensional structures by precultured NCs at a concentration of 20x10°
cells/drop after 1 (A) and 4 (B) days and at a concentration of 40x103 cells/drop after 1 (C) and 4 (D) days
of cultivation. Scale: 100 pm.

Figure 4 — Transfer of spheroids to an adhesive surface: A — Migration and differentiation of spheroid
cells after attachment; B — Formation of a monolayer by cells of neural and glial morphology.

Scale: 100 pum.

ers of the 3D structure, which occurs through passive
diffusion from the culture medium. When a spheroid
becomes too large (usually 300-500 um in diameter),
diffusion to its central part becomes significantly more
difficult. This leads to hypoxia with the subsequent de-
velopment of apoptosis and necrosis due to a lack of
oxygen and nutrients [13]. The observation that the
size of spheroids formed with the highest concentra-
tion (40x103 cells/drop) significantly decreased on the
4th and 5th days of cultivation may indicate that the
initially formed large aggregate (560 um) begins to suf-
fer from necrosis in the center. The death of these cells
and the subsequent compaction of the structure lead
to a decrease in its overall diameter [14].

Thus, the optimal conditions for obtaining high-qual-
ity spheroids with a size of 150-200 um (which is the
optimal size in terms of diffusion) are 2-8x103 cells/
drop.

o5 y The
are of considerable prac-
tical importance. The cre-
ation of standardized neu-

results obtained

ral spheroids is key to the
development of 3D models
~ of nervous tissue in vitro.
Such models mimic native
tissue much better than tra-
ditional 2D monolayer cul-
tures and are indispensable
for studying the processes
of neurogenesis, synapto-
genesis, and myelination,
screening
pharmaceuticals, modeling
neurodegenerative diseas-
es (Alzheimer’s disease,
Parkinson’s disease), and

neuroactive

studying the mechanisms
of neurotoxicity.

Conclusions.

1. To form spheroids
using the hanging drop
method, pre-cultured neu-
ral cells must be used, as
freshly obtained cells are
| not capable of aggregation.

2. The optimal drop vol-
ume that ensures its stabil-
ity is 20 pl.

3. The size and rate of
spheroid formation in the
drop depend on the initial
concentration of neural cells and the duration of cul-
tivation.

4. The optimal time for obtaining mature spheroids
when cultivated in a drop is 4-5 days, and the optimal
NC concentration is 2-8x103 cells/drop

5. Spheroids formed during NC cultivation in a drop
consist of viable cells capable of migration, differentia-
tion, and formation of neuronal networks.

Prospects for further research.

Further research may focus on detailed immunocy-
tochemical characterization of the cellular composition
of spheroids, analysis of gene expression at different
stages of their maturation, and application of the de-
veloped model to solve specific pharmacological and
toxicological problems.

100

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)

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



BIONOrIA / BIOLOGY

DOI 10.29254/2077-4214-2025-3-178- 97-106
YAK 611.018.82.082.2:567.7
Bcesonodcbka C. O.

OCOB/IMBOCTI ®OPMYBAHHA COEPOIAIB Y KPAMNJTI HENPAZIbHUMU KNITUHAMMU

HOBOHAPOAXEHUX LLYPIB
IHCTUTYT Npo6nem Kpio6ionorii Ta KpiomeauumHu HAH Ykpainm (m. XapKis YKpaiHa)
vsevolodskayal1993@gmail.com

Y cmammi po3anadaemoca po3pobka ma onmumisayis memoody (hopmMy8aHHA HelipasnbHUX KAimuH y 8u2naoi
cgpepoidis i3 3acmocysaHHAM MemoOy 8ucsa4oi kpanai. HelipanbHi KAimMuHuU, ompuUMaHi 3 MKAGHUHU 20/108HO20 MO3KY
HOBOHAPOOIEHUX Wypis, Kyanbmueysaauca y mpusumipHUXx cmpykmypax — cgpepoioax, wo maroms 30amHicme
gidmeoprosamu cKknadHe (izionociyHe MIKPOOMoYeHHA MO3KY in vitro. 3acmocy8aHHAa Memoody «8UCAYOI Kparsi»
00380/1U710 KOHMPOAO8AMU yMO8U az2pe2auii KaimuH, 3abe3neuyrodu Gopmys8aHHAa cmabinbHUXx cgepoidis
ONMMUMQAbHO20 PO3MIPY, W0 € 8AXAUBUM 018 MIOMPUMKU HUMMEIOAMHOCMI KAimuH ma epekmusHoi oucghysii
KUCHIO | MOYUBHUX PEYOBUH.

JlocnioxeHHA noKasanu, Wwo minbKu npeKkynbmueosaHi HelipasnbHi KAimMuHU, Aki npolwau eman 8i0HO8/MEeHHA
nicaa ghepmeHmMamueHO-MexaHiYHo20 8UdineHHsA, 30amHi ymeoprosamu cepoiou. Csixe ompumaHi KaimuHu
He hopmysanu cmabinbHUX MPUBUMIPHUX CMPYKMYypP Yepe3 MouKOOMeHHA KAimuHHOI membpaHu ma smpamy
mosekyn adzesii. BuasneHo, ujo onmumansHum ob6’emom kpanni € 20 Mk, wo 3abesneqye cmabinbHicms popmu
Kpansinio yac KysemuegysaHHA. Po3mip cghepoidie Hanpamy 3aaexcums 8i0 Mo4amKkosoi KOHUeHmpayii HelipanbHux
KAimuH y Kpanai i docazae onmumansHUX NOKA3HUKie npu 2-8x10% knimuH/kpansaw. Tpueasicms KysbmueyeaHHs
0719 0ocA2HEeHHA MPUBUMIPHOI cmpykmypu cmaHosums 4-5 0i6.

Cepepoiou, ompumaHi memooom «8uUCAYO0I KParsi», CKAAOAOMbLCA 3 HUMME3IOAMHUX KAIMUH, AKi 30amHi
0o mizpauii, dugpeperyiauii ma popmysaHHA HelpOHAAbHUX Mepex, WO nidmeepoxye iXx YyHKUIOHANbHY
npudamuicme 0715 MOOesnto8aHHA HepP8080I MKAHUHU. Po3pobsieHa MoOesb MAE 8esuKe 3HaYeHHS 014 Noodanbuux
docnidmceHb Helipode2eHepamuBHUX 30X80PHOBAHbL, MOKCUKOMO02IYHO20 OHAI3Y MA CKPUHIHeY hapMaKono2iyHuUxX

npenapamis.

TaKUM YUHOM, MemoO «8UCAYOI Kpanai» 019 hopmMys8aHHA cghepoidis i3 HelipanbHUX KAIMUH € egheKmusHUM
iHcmpymeHmom 0214 cmaopeHHA 3D-modeneli Hepsosoi MKAHUHU 3 8UCOKOO 6ion02iYHO0 penesaHmMHicmio.

Knrouosicnoea: HelipanbHiKaimuHu, cchepoiou, Memoo 8UCAYOIKpansi, MpeKynbmuey8aHHs, 3D-Kyabmuey8aHHS.

38’A30K ny6aiKauii 3 n1aHOBMMU HayKOBO-A0CAIA-
HUMMK poboTamu.

Pobota € pparmeHtom HAP “Bu3HayeHHA poni none-
peaHboi 06po6KM Ans MiaBULLEHHA edEeKTUBHOCTI Kpio-
KOHCEpPBYBaHHA i rinoTepmiyHoro 36epiraHHA KAITUHHUX
CTPYKTYp Pi3HOro piBHA opraHisauii” (Homep aeprkasHOi
peecTpauii 0121U113329).

Bcryn.

3axBOPIOBAHHA  LEHTPasibHOI HEepBOBOI  CUCTEMM
(LLHC) ntogMHKM CcTaHOBAATL 3HAYHY YacTMHY XBOpPOb Ta
3a4inaloTb A0 OA4HOrO MinbApAa Nogen B YCbOMY CBITi
He3a/ie}KHO Bif, cTaTi Ta BiKy [1]. He3Barkatoum Ha 3HaYHi
yCnixu, AOCATHYTI B OCTaHHI AECATUNITTA Y BUBUYEHHI Hel-
poAereHepaTUBHUX 3aXBOPHOBaHb, ANA BiNbLIOCTI 3 HUX
epeKTUBHI cnocobu nikyBaHHA BiacyTHI. Tomy icHye BUCO-
Kui nonut Ha mogeni LLHC in vitro, aKi MoXKHa BUKOPUCTO-
BYBaTW /19 BMBYEHHA HEBPOJIONYHMX PO3/1afiB, TPaBM,
OOCNIAXKEHHA TOKCUYHOCTI Ta eeKTUBHOCTI NiKiB.

LocnigKeHHsa in vivo, Ha TBapUHHUX MOLENAX, 3po-
61N BENVMKUIA BHECOK Y Hali 3HAHHA WOoAO0 OYHKLio-
HyBaHHA MO3Ky. OfHaK Ui meToam i moaeni CTUKatoTbcA
3 ceplo3HMMKM npobnemamu NoB’si3aHMMK 3i CKNagHu-
MM B3aEMOAIAMM MiXK KNiTMHaMKM MO3Ky [2, 3], AKi ayke
CKNAZHO aHani3yBaTu in vivo. BUKOPUCTaHHA B AKOCTI in
vitro mogenein aBoBMMIipHUX (2D) KynbTyp HelpanbHUX
KNITUH [4] po3WMpPUAO Halle PO3yMIHHS MPOLECiB, AKi
BigOyBatoTbCA B MO3KY, ane Taki mozeni He 34aTHi nos-
HicTIO iMiTyBaTM Mpouecu, fKi BigbyBaloTbCA B TKaHUHI
MO3KY, TaK AK Y HUX BiCYTHE TPMBUMIPHE MIKPOOTOYEHHSA
KNTUH. KNiTUHW y CKNagi moHOLWapy XapaKTepusyoTbea
BiZCYTHICTIO TPMBUMIPHUX MIKKNITUHHUX B33aEMOAiN, Ta
B3AEMOJ|l KNITUH 3 MaTpuMKcom. TomMy, OCTaHHIM Yacom

yBara BY4EHMX 30Ccepeamnnacb Ha TPUBUMIPHUX MOLENbHUX
cUCTeMax TKaHWHM MO3KY, AKMMMU, 30Kpema, € chepoian
(Co).

Coepoign — ue TpUBUMIpPHI BaraToKNITUHHI CTPYKTY-
pu, Wwo GOPMYHOTLCSA LUASXOM arperauii KiTuH, AKa € Npo-
ABOM IXHbOIi 34aTHOCTI 10 CaMOOpraHi3auii. BoHu ABnAOTL
C06010 LLiNIbHI CKYMYEHHS KAiTMH po3mipom Big 50 ao 500
MKM, 10 CK/IaZy AKMX MOXKYTb BXOAUTW Pi3Hi TUMW KNITUH,
30Kpema comaTu4Hi Ta cToBbyposi. Y npoueci dopmysaH-
HA chepoifiB YyTBOPIOETLCA MiXKKAITUHHUIA MATPUKC, AKUIA
CTa€E HEBiA' EMHOI YaCTUHO iXHbOT CTPYKTYPU. 3aBAAKM
upomy y chepoigi 3abe3neyyoTbca TPUBMMIPHI B3aeMog;i
AK MiXK KNITUHAMWM, TaK i KNITUH 3 MO3aKNITUHHUM MaTPUK-
com. Lli BnactmBocTi pobnatb chepoian epekTMBHUMM in
vitro mogensimm 6araTokNiTUHHMX CUCTEM, 34aTHUMM Bia-
TBOpPIOBATK CKNagHe ¢disionoriyHe MiKpOOTOUEHHS, Nosai6b-
He 0 YMOB Y TKaHWHax i opraHax [5-7].

OpHak, npouec ¢opmyBaHHA chepoiais i3 KAITUH ro-
JIOBHOTO MO3KY LLYpPIiB 3a/IMLIAETLCA HEAOCTAaTHbO CTaH-
Aaptmu3oBaHum. OTpUMaHI CTPYKTYpU MOXKYTb 3HAYHO
BiAPI3HATUCA 3@ PO3MIPOM, KNITUHHUM CKNAAOM i PYHK-
LiOHaNIbHUMM  XapPaKTEPUCTUKaMU. TOMYy aKTyalbHUM
3aBAA@HHAM € po3pobKa ONTUMI3OBaHMX METOAMK, WO
3abe3nevyoTb OA4HOPIAHICTL cPepoiaiB 3a CTPYKTYpOLo,
CKNagoMm i 6ionoriyHMMM BNacTUBOCTAMMU.

Merta gocnigKeHHs.

Bu3HaueHHA ONTUManbHUX yMoB dopmyBaHHA coe-
poiaiB y Kpanai KNiTMHaMM TKAHUHW FOIOBHOFO MO3KY HO-
BOHAPOAKEHMX LLYPIB.

O6’€eKT i meToAUN AOCNIAKEHHS.

B eKkcnepumeHTi Byn0 BMKOPUCTOBAHO N=8 HOBOHa-
POLMKEHUX LLYPIB.
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MepBMHHY cycneHsito HelpanbHux KnitnH (HK) oT-
pUMyBann 3 TKAHWHMW FOSIOBHOTO MO3KY HOBOHApOAKe-
HUX LWypiB pepmeHTaTUBHO-MexXaHiYHUM meToZom. Ana
LbOro TKaHWHY FOIOBHOTO MO3KY BUAYYaan, MPOMMUBAIN
cTepuibHUM }i3ioNorYHUM PO3YMHOM, iHKYOYyBann 2 xB
npu 372C B 0,25% po3uunHi TpUNcKuHy («Biowest», ®paH-
ujisa), nepeHocunu B cepeaosuie DMEM/F12 («Biowesty,
®paHuin), 36arayeHe 10% cMpOBATKM i MexaHiYHO Ae3a-
rperyBasv Ha MNOOAMHOKI KNiTUHW 33 gonomoroto Bibpa-
uii [8]. OTpMmaHy cycneHsito KniTH $inbTpyBanun yepes
Helo0HOBMI GiNbTP Nicns Yoro BiAMMBAAM Bif, TPUNCUHY
ueHTpndyryBaHHsaM Ha npoTasi 3 xB. npu 100 g. OTpuma-
HWI ocaf KAITUH cycneHayBanun B cepeaosulli DMEM/
F12, ake mictuno 10% cupoBaTKu KpoBi wypiB [9]. HKut-
TE3AATHICTb KNITWMH oOuiHOBann no ¢apbysaHHio 0,4%
TpunaHoBMM cuHiIm (Sigma, CLUA) i Bupaxkanu y Bigco-
TKax. MigpaxyHOK KifbKOCTi KAITUH NPOBOANAN B Kamepi
lopaesa.

CycneHsito cBixke oTpumMaHmx HK y KoHueHTpauii 2x10°
KNITUH/NYHKY BUCiBanW i KynbTUBYBaAU B 24-NYHKOBUX
nnaHweTtax (TPP, LWBseliuapis) y 36araueHomy cepezo-
Byl DMEM/F12 y npucytHocTi 10% CMpOBaTKM KPOBI
wypie [9]. KynsTneyBaHHa nposoguan B CO, iHKy6aTopi
npu 372C B atmocdepi 5% CO, — 95% nosiTpA. MonosuHy
obcAry cepefoBULLA KyAbTUBYBAHHA 3aMiHIOBA/IN KOXKHI
3-4 pobu.

MNicna pocarHeHHs HK 70-8-% 311TOro pocTy, KAIiTUHK
BiJOKPEM/IIOBANM Bif, NOBEPXHi Ky/bTYPanbHUX MNAaH-
weTiB. [Ana uboro moHo wap HK iHkybyBanu npm 372 C
y po3umHi TpuncuH (0,25%)/sepceH (0,05%) («Biowest»,
®paHuin) npoTtarom 5 xB. MNpouec BigKpinAeHHA KAITUH
KOHTPO/IOBA/IM MIKPOCKOMiYHO. [Jo OTpMMaHOi cycneHsii
KNiTUH AogaBanm 5-kpatHuii 06’em cepegosua DMEM/
F12, ake mictuno 10% cupoBaTkM (4na iHakTMBaL,i
TpUncuHy) i ueHTpuoyrysanm 4 xs npu 100 g. Ocag KAiTUH
AMcneprysann B cepefoBuLLi KyabTUBYBaHHSA, NiCAA YOro
NiapPaxoByBa M KiNbKICTb KNITUH i iX }KUTTE3AATHICTD.

MiKpOCKONiYHNI aHani3 Ta MiKpodOTO3MOMKY Ky/b-
TYp NPOBOAWNN Ha CBITN0BOMY iHBEPTOBAaHOMY MiKPOCKO-
ni (AmScope MT3000, USA).

Coepoian oTprmyBanum MeTOAOM «BMCAYOI Kpani»
[10]. 1 uboro Ha BHYTPILLHIO MOBEPXHIO KPULLKM YalLKK
MeTpi giametpom 10 cm («SPL Life Sciences», Kopes) Ha-
HOCUAW Kpani, AKi mictuaun cycneHsii HK. Kpuwku 3 Kpa-
NASAMW NepeBepTanu, HAKPUBAIN HUMU HUMKHIO YaCTUHY
YallKK, AKa MICTMNa CTepUbHUIA §i3ioNorivyHMIA PO3UMH
3 aHTMbioTMKamu 1 KynbTuByBaam B CO, iHKy6aTOpi Npw
37°C B atmocdepi 5% CO,, 95% nositps Ha npoTasi 6 4i6.
3amiHy cepefoByLLA HE MPOBOANMN.

OTpuMaHi  eKcrnepuMeHTa/ibHi  pe3yabTaTh  A0Chi-
OKeHb 06p0o6aAnn CTaTUCTUYHO 3a AONOMOrOH0 Mporpa-
mu «Origin» (OriginLab Corporation). EKcnepumeHTabHi
OaHi npuBefeHi AK cepefHE apudMeTUUHe t cepegHe
KBaZpaTUUHE BiAXMNEHHA. 3HAUYLLMMM BBaXKaau BigMiH-
HocTi npu p<0,05.

PoboTa 3 TBapuMHamu npoBoAMnaca BigMNoBigHO [0
«3arasibHUX MPUHLUMMIB €KCNEPUMEHTIB Ha TBApUHaxy,
cxBaneHnx V HauioHanbHUM KOHrpecom 3 6ioeTrku (m.
Kuis, 2013), y3roaskeHux i3 nonoxkeHHam «lV €sponeit-
CbKOI KOHBEHLLT NPO 3aXWUCT XPebeTHUX TBapWH, AKi BU-
KOPUCTOBYIOTBCA ANA €KCMEPUMEHTANIbHUX Ta iHLWMX Ha-
yKkoBux uinen» (ETS 123, Ctpacbypr, 1986) Ta fo3Bosiom
KomiTeTy 3 6ioeTuKu IHCTUTYTy npobnem Kpiobionorii Ta
KpiomeanunHu HAH Ykpainu.

Pe3ynbrati gocniaKeHHs Ta ix 06roBopeHHs.

[OnAa BM3HAYEHHA ONTMManbHOro ob6’emy Kpanenb
Ha MOBEPXHIO KPULLKM YawKu [eTpi HaHocuan Kpanni
06’emom 20, 25 Ta 30 MK/ 1 cnocTepiraam 3a iX CTaHOM i
dopmoto B npoueci KynbTUBYBaHHA. JOCNiAXKEHHA NOKa-
3a/11, Wo Kpanai o6’emom 25 Ta 30 MK NpU HaHeceHi ix
Ha KPULLKY € 3aBE/IMKMMMU, LLO CNPUAE iX PO3TIKAHHIO Ta
3/IUTTIO 3 CYCIAHIMM B NpoLeci nepeBepTaHHA KPULLIKK Ta
HaCTYMHOTO Ky/bTMBYBAHHA. Mpu Lbomy Kpanai 06’emom
20 mKn cTabinbHo 36epiranun ceoto Gopmy, He Po3TiKaau-
CA Ta He 3/IMBA/INCA AK NPU NEePeKUAAHHI KPULLKK, TaK i
B MPOLLECi KyNbTUBYBAHHA. TaKMM YMHOM, ONTUMAbHUM
06’emom Kpanni 6yno obpaHo 20 MKA. Ha KpULLKY YaLlKu
MeTpi giameTpom 90 MM HaHOCKAM B cepeaHboMy 33 Kpa-
nni 06’emom 20 mkn (puc. 1A).

HacTynHUM KpoKom AocnigyKeHHsa 6yn0 BU3HAYEHHA
poni BuxigHoro ctaHy HK Ta onTmmanbHOI iX KOHUEeHTpaLi
npu popmysaHHi cdhepoigis y Kpanni. BuB4anu 3gaTtHicTb
dopmyBaTn CP cBixke OTpMMaHMMM Ta MNpe KyNbTUBOBA-
HUMM HK npw ix KynbTMBYBaHHI y Kpanai B KOHLEHTpaLi-
ax 1x10% 2x10% 4x103% 8x10% 10x103% 12x103% 20x10%i
40x103 kniTnH/Kpanio.

®dopmysaHHsa CP cairce ompumaHumu HK. Mutrespat-
HicTb cBixke oTpumaHmx HK cknagana 55+12%. B npoueci
Ky/IbTMBYBAHHA Ha NpoTA3i 6 4i6 y Kpanni csixke oTpuma-
Hi HK codepoigis B *KoOHIM 3 AOCNIAKEHUX KOHLEHTPAL,iN
He ¢dopmyBann, Xoya YTBOPEHHA HEBE/NIMKWUX arperatis
cnoctepiranoca (puc. 1B). MMOBIPHO, NPUYMHOIO LbOTO
6ynn  MIKpOMOLUKOAMKEHHA MNAa3MATUYHOT MeMbpaHu
KNITWUH, AKi yTBOPUANCA B NPOLECI iX BUAINEHHSA, Ta BTpa-
TW 3HAYHOI KiIbKOCTI MOMIEKYN aaresii, Wo He A403BONAN0
KNiTMHaM GopMyBaTU CTilKi MiMKKNITUHHI 3B"A3KKN. Takum
YMHOM, MPU KyNIbTUBYBAHHI Y Kpanni Ha npoTasi 6 4i6 csi-
»eoTpumaHi HK chepoigis He yTBOptoBann y BCix Aocni-
OXKEHUX NOCIBHUX KOHLEHTPALLAX KITUH.

®dopmysaHHa CP npeKynemusosaHumu HK. B akocTi
npe KynbTMBOBAaHUX BWKOPUCTOBYBa/IM CBiXKEe OTpMMa-
Hi HK, aKki nonepeaHbo KynbTMBYyBanu A0 GopmyBaHHA
HUMMK MoHoLwapy (puc. 2A). XUTTE3AATHICTb TAKMX KNITUH
nicna ix BilOKpeMNeHHs Big, NiaKNaAKKM cknagana 901£5%.
Y BCix A0CNIAKEHMX KOHLEHTPALLAX BXe Ha neplly aoby
KYNbTUBYBAHHA KAITUH Yy Kpanai 3a3BM4Yail crnoctepira-
nocb GopMyBaHHA OAHIEI TPMBUMIPHOI CTPYKTYpU (puc.
2B), AKa xapaKTepu3yBaaucb HenpasuibHOL dopmoto
Ta MYXKUM NaKyBaHHAM KITUH B Hil. [py KOHLEHTpaLiax
1-12x103 KNiTUH/Kpano PO3Mmip LMX CTPYKTYP 3HAXOAMB-
cs B MmexKax 130-290 MKM, i npsiMo NponopLiiHO 3a/1eXKaB
Bif, KOHLEeHTpaLii KNiTuH (Tabn.).

B npoveci nofanblworo KyabTMBYBaHHA PO3Mip TPUBHU-
MiPHUX CTPYKTYp NPaKTUYHO He 3miHtoBaBcA (Tabn.), ane
npv LUpOMYy BifOYBaNocaA yLLiIbHEHHA NaKyBaHHA KAITUH
B HUX 3 HAaCcTyNHMM GOPMYyBaHHAM Knacu4HuX chepoiais
(puc. 2B, I). AKwWoO cTpyKTYp 6YN0 AeKinbKa, BOHM 3/1MBa-
nvcs. Ha 5 poby KynbTmByBaHHA po3mip chepoiais B 3a-
NEeXHOCTI BiZ NOCIBHOI KOHUEHTpaLLi KNiTUH cknagas 115
MKM (1x103 KnitTnH/Kpanato) - 270 mKkm (12x103 KnitnH/
Kpanto). TobTo po3mip cdepoinis O6yB TMM BinbLIMm, Yum
6inbwa 6yna KoHUEHTpaLia KAiTMH y Kpanni. Noganblue
KynbTuByBaHHA HK y Kpanni go yTBOpeHHA HOBUX chepoi-
AiB He NpU3BOAMIO i Ha 3MiHY PO3MIipiB YTBOPEHUX NPaK-
TWUYHO He BMNJIMBANO.

Mpu 36inblueHHI NOCIBHUX KOHUEHTpaLi Ao 20x103 i
40x10° KniTMH/Kpanao cnoctepiranoca yTBOPeHHA Tpu-
BMMIPHMX CTPYKTYp BXKe Yepe3 3 roAuHM nicaa novyaTky
KyNbTMBYBaHHA. Yepe3 1 f06y KynbTMBYBAHHA CrnocTe-
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piranocb GopmMyBaHHA Tpu-
BMMIPHUX CTPYKTYp Henpa-
BUAbHOI GOpMM 3 MyXKUM
(HewjinbHMUM)  NakyBaHHAM
KNITUH B HMX, po3mipom 350
i 560 MKm BignosigHoO (puc.
3A, B, Tabn.). B npoueci no-
OANblUOro  Ky/bTUBYBaAHHA
LWiNbHICTb NaKyBaHHA KNITUH
B TPUBMMIPHUX CTPYKTypax
36inblyBanace Npu AesKo-
MY 3MEHLLEHHI X po3mipiB 11
BOHW HabyBanu chepuyHoi
dopmu (puc. 36, T). Cnig sig-
MITUTK, WO po3mip cdepoi-
4is, cdopmoBaHMX KNiTUHa-
MM 3 KOHUeHTpaLieto 40x10°
KNiTWH/Kpanao Ha 4 i 5 noby
KYNIbTUBYBAHHA [0CTOBIpHO
3MEHLUYBaBCsA, MOPIBHAHO 3
chepoigamu 2-3 fib KynbTH-
ByBaHHA (Tabn.), WO MOXKHa
NOACHWUTU YLLLIIbHEHHAM CTY-
NeHH NaKyBaHHA KNITUH.
OuiHka  #ummesoam-
Hocmi KaimuH cgpepoidie.
MNepeHeceHHA cohepoigis,
YTBOPEHMWX B Kpan/ii Npu BCiX &S
OOCNIAXKYBaHUX KOHLIEH-
Tpauiax, Ha aaresvBHy no-
BEPXHIO NpU3BOAMAO A0 iX
100% npuvKpinaeHHsA BXe Ha
nepLy Aoby KyNbTUBYBaHHSA.
Micna NpUKpinaeHHA KAiTu-
HU Lmx chepoiais popmyBsa-
NN pOBri BiAPOCTKN, AKMMU
mirpyBanm HeaudepeHLino-
BaHi KNITUHM 3 HACTYNHOIO iX
andepeHujauiero (puc. 4A)
1 dopMyBaHHAM MOHOLIapy
KNiTUHAMWU HEWpPOHaNbHOI i
rnianbHoi mopdonorii (puc.
4B). Mpu UbOMY KNITUHU 3
HelipoHanbHOK  Mopdono-
rieto 6ynn 3paTHi 3a gono-
MOTOH BiZpOCTKiB popmyBaTh “HelpoHanbHy” Mepey.
Taka noBepjiHKa B KyNbTypi CBig4MTb NPO Te, Wo chepoiam
CKNAZA0TbCA 3 XKUTTE3AATHUX HEMPANIbHUX KNITUH.
OTpuMaHi pe3ynbTaTu YiTKO 4EMOHCTPYHOTb, LWL none-
peaHe KynbTnByBaHHA HK € KpUTUYHO BaXKAMBMM eTanom
AN OTPUMaAHHA AKicHUX cdepoiais. Mpouec NpekynbTU-
BYBaHHs, MMOBIPHO, [A03BO/AE KNiTMHaM BigHOBUTUCA
nicna crpecy GbepmMeHTATUBHO-MEXAHIYHOIO BUAINEHHS,
BIAHOBUTW NOLWIKOAMKEHI MemMbpaHu Ta
CUHTe3yBaTM HeobXxigHi Ana arperauii

PucyHoK 1 — Oco6auBocTi popmyBaHHA KNITMHHUX arperaTis HelipanbHUX KNITUH Yy Kpani Ha KpuLiLi
yawkwu Metpi: A — Kpanni 3 HK, 06’emom 20 MK, HaHeCeHi Ha NOBEPXHIO KPULIKK YaLwKku Metpi; b — ckyn-
YEHHA HeBeJIMKUX arperaris, yTBOPEHUX cBiXke i3onboBaHuMu HK Ha 6 f06y KynbTuBYBaHHA y Kpanai HK

3 KOHUeHTpauieto 4x10% KnituH Ha Kpanat. MacwTa6: 100 mkm.

PUcyHOK 2 — KynbTUBYBaHHA HEWpPaNbHUX KNITUH: Big MoHowwapy Ao 3D-cTpykTyp: A — popmyBaHHA
MOHOLLAPY B NPOLLECi KYIbTUBYBAHHA CBiXKe OTPMMAHMX HEWpPaNbHUX KNITUH; YTBOPEHHA TPUBUMIPHUX
CTPYKTYp npekynbtueoBaHumu HK B KoHueHTpauii 2x10° kaituH/kpanaio uepes 1 (B), 3 (B) Ta 5 (I) ai6

KynbTuBYBaHHA. MacwTab: 100 mkm.

nonepesHto WBUAKY arperau,ito KNiTUH 3 HACTYMHOK KOM-
NaKTM3aLi€E Ta «403PiBAaHHAMY» YTBOPEHOI TPUBMMIPHOT
CTPYKTypy. lpouec ocTaToyHO 3aBepllyBaBCA Ha 5-Ty
[00Yy KyNbTMBYBaHHA HaBiTb 33 MiHIMaNIbHUX KOHLEH-
Tpauin KnitnH [12]. NMpu upomy posmip chdepoiais npamo
NPONOpPLINHO 3anexkaB Big, KOHLLEHTpaLii KNiTUH y Kpa-
nAi, WO € OYiKyBaHUM pe3ynbTaToM. Ym BULLA KOHLEH-
TpaLis KAITUH, TUM Bibloo € BiporigHicTb ix ¢isnyHoro
KOHTAKTY, WO 36i/bluye MMOBIPHICTb YTBOPEHHA MiXKKi-

Tabnuua — 3anexHictb giamerpa chepoigis (MKM) Big KOHUEHTpaLi
K/IITUH Ta yacy iX KynbTUBYBaHHA y Kpani (n=12)

mosiekynu agresii. Kpim Toro, uei etan

Bigirpae ponb cenekTMBHOro aktopa, T::C:!::; MociBHa KOHLEHTpaLiA KAiTUH, X10%/Kpanio
3a/IMLLIAK0UM B KY/IBTYPi HAMBINbLL KUT- ZOGa 1 1 2 a 3 10 12 20 20
TE3AATHY Ta NPONidepaTBHO aKTUBHY 1 130410 | 206+10 | 209+10 | 262+12 | 297+35 | 256+17 | 347+27 | 567+46
2O;'Z::H""::MK".:;::&.I!J*ga':g::g@:f:e? 2 120410 | 184+19 | 200+30 | 235+26 | 275+30 | 28230 358+25 | 55050
AF;THOCTHSW 20 90% [11] 3 125+11 | 167420 | 190+17 | 220+16 | 272+40 | 270+28| 342450 | 562+16
(] (] .
. 4 118+11 | 188+17 | 187+13 | 267+24 | 299+16 | 322423 | 335429 [483+23*#
lpoBeaeHe AOCIAKEHHA TakokK No- 5 115:8 [191+201186230120318(236225 (270221 (332+32 [444%30%#

Kasano, wo ¢opmyBaHHsA chepoigis HK
BigOyBaBcA y ABa eTanwu, AKi BKAKOYAAN

Mpumitku: * — p<0,05 nopisHAHO 3 CP, yTBOpEHUMHU Ha 2 f06Y KynbTUBYBaHHA; # — p<0,05
nopisHAHO 3 CP, yTBOPEHUMHU Ha 3 LOBY KyNbTUBYBAHHSA.
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PUCYHOK 3 — YTBOPEHHA TPUBUMIPHUX CTPYKTYP npeKynbtusosaHumu HK B KoHueHTpauii 20x10° KnituH/
Kpanato yepes 1 (A) i 4 (B) Ta B KoHUeHTpawii 40x10° kKaituH/Kpanio yepes 1 (B) i 4 (I') Ao6u KynbTUBY-

BaHHA. MacwTtab: 100 MKm.

Takum  4mMHOM, oONTU-
MaZibHUMWM  YMOBamMW AnA
OTPUMaHHSA AKICHUX chepoi-
Ais po3mipom 150-200 mkm
(Lo € onNTMManbHUM PO3Mi-
poMm 3 TouKM 30py andysii) €
2-8x10® KniTvH/Kpanio.

OTpumaHi  pe3ynbratu
MalTb 3HayHe MpaKTU4He
3HaueHHA. CTBOpPEHHA CTaH-
[apPTU30BaHUX HeMnpasnb-
HUX chepoigis € KAOYOBUM
ons po3sutky 3D-mopenei
HEepPBOBOI TKAHWHW in vitro.
TaKi mogeni 3Ha4yHO Kpalye
iMITYIOTb  HaTMBHY TKaHMHY
NOPIBHAHO 3 TPaAAULUIMHUMMK
2D-MOHOLWApOBMMN  KyAb-
TYypamu i € He3aMiHHMMK
ONA [AOCAIAXEHHA npouecis
HelporeHesy,  CUHanTore-
He3y Ta MiIeniHi3auii, ckpu-
HIHIYy HeWpOoaKTUBHMX dap-
MaLEeBTUYHMX MpenaparTis,
MOZENIOBAHHA Helipoaere-
HepaTMBHMX 3aXBOPOBaHb
(xBOpOGA Anbureimepa,
MapKiHCOHAa) Ta BMBYEHHA
MEeXaHi3MiB  HeMpOTOKCUY-
HOCTI.

BucHoBKwu.

1. Ana dopmyBaHHA cde-
poigiB  meTogom  «BUCAYOI
Kpanni» HeobXigHO BUKO-
pucToByBaTH NPeKyAbTU-

PucyHoK 4 — NepeHeceHHn cdepoigiB A0 aaresnBHoi noBepxHi: A — Mirpauis i audepeHuiauis KniTuH
chepoiga nicns npuKkpinaeHHs; b —PopmyBaHHA MOHOLLAPY KNITUHAMKU HEePanbHOI i riianbHOi Mopdo-
norii. Macwra6: 100 mkm.

TUHHUX KOHTAKTIB Ta CNpuAE 36iNblEHHIO PO3MIPIB KiH-
LeBoi CTPYKTypu. OTKe, AKLLO METOH € AKHalLBMUALLe
OTPUMAHHA TPUBUMIPHUX CTPYKTYP, BUCOKI MOCIBHI KOH-
LeHTpau;ji € o4eBNAHUM BMBOpPOM. BogHouac, npu Lbomy
BMCOKa LWBMAKICTb YTBOPEHHA chepoiais CcynpoBOAKY-
€TbCA IX BEIMKUM po3mipom. Mpobaemoto TPUBUMIPHUX
CTPYKTYP BE/NMKMX PO3MIpiB € HeAoCTaTHE 3abe3neyer-
HA KNITUH UEHTPanbHUX Wapis 3D-CTPYKTYpM KMCHEM Ta
NMOXMBHWMM PEYOBMHAMM, LLO BiAOYBAETLCA LUIAXOM
nacmeHoi anoysii 3 KynbTypanbHoro cepegosuila. Konm
cdepoig, ctae 3aHaATO BEAMKMUM (3a3BMyait 300-500 MKm
B AjameTpi), Andysia 40 MOro LEeHTPaIbHOI YaCTUHM 3HaY-
HO YCKaaHIETbCA. Lle npmM3BOAUTb A0 rinokcii 3 HacTyn-
HUM PO3BUTKOM anonTo3y i HEKPO3y Yepe3 HpaK KUCHIO
Ta NOXMBHUX pevoBuMH [13]. CnocTeperkeHHs, WO Po3mip
chepoiais, chopmoBaHMX 3 HAMBULLOIO KOHLEHTpaLLiEo
(40x103 KniTMH/KPaNIO), 4OCTOBIPHO 3MeHLLIYBaBCA Ha 4 i
5 n06y KynbTUBYBAHHA, MOXKe BKa3yBaTW Ha Te, L0 no4aT-
KOBO CPOPMOBAHMUIA arperaT BEJIMKOro po3mipy (560 MKm)
NMOYMHAE CTPAXKAATHU Bif, HEKPO3Y B LEHTpIi. 3arnbenb umx
KNITWH Ta Nofasblue yUiNbHEHHA CTPYKTYPU NPU3BOAATb
[0 3MEHLUEeHHs i 3arasbHoro giametpa [14].

BOBaHi HeMnpasnbHi KAITUHWK,
OCKi/IbKM CBi’>KOOTPMMaHi
KNITUHW He 34aTHi go arpe-
raui.

2. OnTMmanbHUI 06’em Kpanni, Wwo 3abesneyye ii cTa-
6inbHicTb, cTaHOBUTL 20 MKA.

3. Po3mip Ta wenakictb popmysaHHs chepoigis y Kpa-
NAi 3a/1eXKaTb Bif, NOYATKOBOI KOHLEHTPALl HelpanbHUX
KNITUH Ta TPMBANOCTI KyNbTUBYBaHHS.

4. ONTUMaNbHUIA Yac ANs OTPMMaHHSA 3pinnx coepoi-
AiB NpW KyNbTUBYBAHHI Yy Kpani ctaHoBuTb 4-5 Ai6, onTtu-
MafibHa KoHUeHTpauia HK craHoButb 2-8x10® KnituH/
Kpano

5. Coepoian, chpopmoBaHi B NpoLLeci Ky/bTUBYBAHHA
HK 'y Kpanni cknafgatoTbCa 3 XKUTTE3ZATHUX KAITUH, 34aT-
HUX A0 Mirpauii, andepeHuiaLii Ta popmyBaHHs Helipo-
HaJIbHUX MEepeX.

MepcneKTUBM NOJANbLUMX AOCNIAXKEHD.

Mopanblui foCNiAKEHHA MOXKYTb ByTW cnpAMOBaHI Ha
AeTanbHYy IMyHOLMTOXIMIYHY XapaKTEPUCTUKY KAITUHHOTO
cknagy cbepoiais, aHani3 ekcnpecii reHiB Ha pi3HMX eTa-
nax ix f03piBaHHA Ta 3aCTOCyBaHHA po3pobaeHoi mogeni
ON5 BUPILWEHHA KOHKPETHUX GapMaKo/IoriYHMX Ta TOKCU-
KONOFYHUX 3aBAAHb.
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OCOBJINBOCTI ®OPMYBAHHA CHEPOIAIB Y KPAMAI HEMPANIBHUMUW KNITUHAMU HOBOHAPOMEHUX
LLYPIB

Bcesonogcbka C. O.

Pestome. Y cyyacHilt ekcnepumeHTanbHiin Heipobionorii TPUBMMIPHI KyNbTYpUY KNITUH, 30Kpema HelipanbHi che-
poiau, geaani yacTiwe po3rnaaaoTb AK GisioNoriyHo peneBaHTHI Mogeni A8 BUBYEHHA MIXKKNITUHHUX B3AaEMOZIN,
andepeHuiauii Ta HeliporeHesy. MpeacTaBneHa CcTaTTa NPUCBAYEHA AOCNIOAKEHHIO KOYOBUX NapameTpis dopmy-
BaHHA cdepoigis i3 HeMpanbHUX KNITUH HOBOHAPOAKEHMX LLYPIB METOLOM «BUCAYOI Kpanai» 3 MeTo onTuMmisaLii
YMOB OTPMMAHHA KUTTE3AATHUX TPMBUMIPHUX CTPYKTYP, WO BiAKPUBAE HOBI MOXKNMBOCTI ANA BUBYEHHA ¢isionorii
Ta NaToNOrii HEPBOBOI cMcTEMU. MeTa AOCAiAKEHHA NONATaNa y BUSHaUYEHHI Ta onTuMmi3aLii ymos ans ¢opmyBaHHA
XUTTE3NATHUX HelpanbHuX chepoigiB (CP) 3 KNITUH HOBOHAPOAKEHUX LLYPIB METOAOM «BUCAYOT Kpani».

Y poboTi ouiHtoBanM BnamMe 06’emy Kpanni (20, 25, 30 MKA), BUXiAHOTO CTaHy KAITUH (CBiXKO OTpMMaHi Ta npe
Ky/IbTMBOBAHI) Ta iXHbOI NMOCIBHOT KOHUeHTpaUii (Big, 1x10% o 40x103 knituH/Kpano) Ha npouec GopmyBaHHA che-
poigis. UTTE3AATHICTL OTPMMAHUX CTPYKTYP NEPEBIPANN LLIAAXOM iX KyNbTUBYBAHHA Ha aAre3nBHIN NOBEPXHI.

BcTaHoBNEHO, WO ONTUMabHUM 06’emom Kpanai € 20 MKA, OCKiIbKK Kpani 6inbworo o6’emy posTikanuca Ta
3nmBanuca. MokasaHo, WO KAYOBMM (GAKTOPOM YCMiXy € nonepeaHe KyNbTUBYBAHHA HelpanbHUX KAiTuH (HK),
OCKIZIbKM CBI*KOOTPMMaHI KAITUHU 3 HU3bKOK KUTTE3AaTHicTi0 (55+12%) cdepoigis He dopmyBanun. HatomicTb
npekynsTnBoBaHi HK 3 xutrespaTHicTio 90£5% ycnilwHO yTBOPOBAaAN TPUBUMIPHI CTPYKTYPU Y BCIX AOCNIAMKEHUX
KOHLEeHTpaujiax. Po3mip Ta weuakictb popmyBaHHA CP npamo 3anexanu Bifg, NOCIBHOT KOHLEHTPaL,i KNITUH: BULLL
KOHLEHTpaLjii NnpMCcKoptoBanuM npouec arperauii Ta NpusBoAuAM A0 YTBOPeHHA bBinblimnx chepoiais. ChopmosaHi
chepoian NpoAeMoHCTPYBaIN BUCOKY HKUTTE3AATHICTL , WO NiATBEpAKYBaNOCA iX 34aTHiCTO A0 100% npuKpinieH-
HA, NoAanbloi mirpauii KNiTMH Ta Andeperuiauii y KNiTMHX HEMPOHANbHOI 1 rnianbHOT Mopdoorii 3 GopmyBaHHAM
HeWpPOHHOI Mepexi.

MpeKyNbTUBYBAHHA HEMPANbHUX KNITUH € 060B’A3KOBOK YMOBO AN GopmMyBaHHA chepoinis MeToLoM «BUCS-
yoi Kpanni». ONTUManbHUMM YMOBAMM 151 OTPUMAHHA CTabiNbHUX Ta KUTTE3AATHUX chepoiais poamipom 150-200
MKM € BUKOPUCTaHHA NpekynbTmBoBaHux HK y KoHueHTpauiax Big 2x10% go 8x103 kaiTuH Ha Kpanato o6’emom 20
MK npoTArom 3-4 aib KynbTUBYBaHHA.

Knto4oBi cnoBa: HelpasbHi KNiTUHKM, chepoigm, MeTos, BUCAYOT Kpani, MpeKynbTMBYBaHHS, 3D-KybTUBYBaAHHS.

FEATURES OF SPHEROID FORMATION BY NEURAL CELLS OF NEWBORN RATS IN DROPS

Vsevolodska S. O.

Abstract. In modern neurobiology, three-dimensional cell cultures —particularly neural spheroids — are increas-
ingly used as physiologically relevant models for studying intercellular interactions, differentiation, and neurogene-
sis. This study focused on optimizing the formation of viable neural spheroids (SPs) from newborn rat cells using the
“hanging drop” method. The aim of the study is to determine optimal conditions for creating viable neural spheroids
using this method.

The study examined the effects of droplet volume (20, 25, 30 pl), cell condition (fresh vs. pre-cultured), and
seeding concentrations (1x103 to 40x10° cells/drop) on SP formation. Spheroid viability was assessed by subsequent
culturing on adhesive surfaces.

The optimal drop volume was 20 pl; larger volumes caused drops to spread and merge. Freshly isolated neural
cells (viability 55£12%) failed to form spheroids. In contrast, pre-cultured cells (viability 90+5%) successfully formed
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spheroids at all concentrations tested. Higher cell concentrations accelerated aggregation and resulted in larger
spheroids. Viable spheroids showed 100% attachment, active migration, and differentiation into neuronal and glial
cells, forming neural networks.

Pre-culturing neural cells is essential for successful spheroid formation via the hanging drop method. Optimal
conditions include using pre-cultured cells at 2x10® to 8x103 cells per 20 pl drop, with cultivation over 3-4 days.
This approach yields stable, viable spheroids of 150-200 um, offering valuable models for studying nervous system
physiology and pathology.

Key words: neural cells, spheroids, hanging drop method, pre-cultivation, 3D cultivation.
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ANALYSIS OF THE RESULTS AND ASSESSMENT OF PHYSICAL PERFORMANCE OF

ADOLESCENTS WITH SCOLIOSIS
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2\Jolodymyr Vynnychenko Central Ukrainian State University (Kropyvnytskyi, Ukraine)
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The aim of the study is to analyze the results of the assessment of physical performance of adolescents with sco-
liosis compared to practically healthy peers at the age range of 11 to 14 years. There are 43 examined adolescents:
19 with scoliosis and 24 healthy adolescents. To assess physical performance and adaptive capabilities of the body,
the type of blood circulation, parameters of the cardiovascular and autonomic nervous systems, as well as maximum
oxygen consumption in response to physical exertion are studied. It is found that adolescents with scoliosis have a
predominant hypokinetic type of blood circulation (88.9% in boys and 90.0% in girls) and sympathicotonia (77.8%
and 90.0%, respectively), while healthy peers have a predominant eukinetic type of blood circulation. Despite the
compensatory increase in minute blood volume during exercise, the general working capacity and maximum oxygen
consumption in children with scoliosis are significantly lower than in the control group. Thus, the identified functional
changes indicate a decrease in the adaptive and compensatory capabilities of the body of adolescents with scoliosis,
which emphasizes the need to develop specialized rehabilitation programs.

Key words: scoliosis, adolescents, physical performance, cardiovascular system, autonomic nervous system,
physical activity, rehabilitation.

Connection of the publication with planned re-
search works.

etc. In maintaining homeostasis and its regulation, the
most important role belongs to the interactions of the

The study is a fragment of the research project “Study
of adaptive reactions of the organism, formed under the
influence of various factors of nature and society”, state
registration number 0115U003314.

Introduction.

A person’s ability to physically and socially adapta-
tion is complex and diverse. It is determined by many
factors, including somatic condition, ability to tolerate
physical and psycho-emotional stress, level of fitness,

cardiovascular, nervous, muscular, respiratory and im-
mune systems, endocrine glands, sensory organs, as well
as the hypothalamic-pituitary and limbic systems of the
brain [1,2,3,4,5,6,7,8,910].

One of the severe types of adaptation disorders that
lead to social defects and social inadequacies is muscu-
loskeletal disorders [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. Taking
into account the specifics of the development of chil-
dren with scoliosis, as well as the causes of their pathol-
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