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The search for simple, non-invasive and non-toxic methods of visualizing neural cells as part of three-dimensional
structures is an urgent problem in cell biology and biotechnology. As such a method, in vivo autofluorescence can
be used to provide information about the viability, morphological, and physiological state of neural cells in three-di-
mensional structures.

The aim is to investigate the possibility of using NAD(P)H and flavin autofluorescence to visualize and assess the
viability of neuronal cells within aggregates and spheroids.

In the experiments on three-dimensional aggregates and spheroids of neural cells obtained from the brain tissue
of newborn rats, the autofluorescence of cells was studied depending on their viability.

It was found that the use of a laser with a wavelength of 405 nm leads to the excitation of neural cell autofluo-
rescence in the green region of the spectrum, which allows for non-invasive, in vivo visualization of living cells as part
of three-dimensional structures and estimation of their number and packing density. Analyzing the intensity of green
autofluorescence of neural cells in three-dimensional structures opens opportunities for monitoring their metabolic

state in real-time.

Key words: aggregates, spheroids, neural cells, autofluorescence, visualization.

Connection of the publication to planned research
works.

The work is a fragment of the research work “Cryo-
preservation of three-dimensional cell structures of dif-
ferent degrees of heterogeneity based on physical and
mathematical modelling” (state registration number
0123U102365).

Introduction.

Self-assembled three-dimensional cellular structures
(spheroids and organoids) have recently been increas-
ingly used in biomedical, pharmacological, and bio-
technological research [1-5]. This is due to their greater
resemblance to tissues in terms of their actual charac-
teristics (physiological, biochemical, genetic) in vivo [6,
7] compared to single-layer cell models.

When working with three-dimensional structures, it
is important for researchers to visualize the cells within
them and assess their viability and metabolic activity.
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For this purpose, immunofluorescence staining of fixed
three-dimensional structures is usually used. However,
this method is laborious, time-consuming, and expen-
sive.

In addition, both immunofluorescence staining of
three-dimensional structures and the use of traditional
methods for determining cell viability, such as the MTT
assay, the neutral red absorbance assay, or the ATP bio-
luminescence assay, do not allow for the assessment
of cellular status throughout the entire volume of a
three-dimensional structure without destroying it (dis-
aggregation into single cells or preparation of sections).
Therefore, there is a need for noninvasive methods that
will allow both visualization of cells within three-dimen-
sional structures and assessment of their viability and
metabolic activity. At the same time, it is known that a
large amount of information about the morphological
and physiological state of cells can be provided by their
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Figure 1 — Aggregates formed during the cultivation of freshly obtained neural cells of newborn rats for 6 hours: A — loose, irregularly shaped
aggregates; B — spherical aggregates with densely packed cells. Scale bar: 200 um.
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Figure 2 — A — Migration and differentiation of cells of an attached aggregate;
B — Formation of a network by migrating cells. Scale bars: A - 100 um, B — 200 pm.

autofluorescence (AF), which is lifelong, and its registra-
tion is a simple procedure that does not require the in-
troduction of expensive labels. At the same time, NAD(P)
H and flavins are practically the only ones responsible for
the AF signal of cells [8].

The aim of the study.

To determine the possibility of using NAD(P)H and
flavin autofluorescence to visualise and assess cell via-
bility in three-dimensional structures.

-

Figure 3 - A —Spheroid formed by culturing NCs in a drop; B
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Object and research methods.

Neural cells (NCs) were isolated from the brain tissue
of newborn rats. For this purpose, the tissue was incu-
bated for 2 minutes in a 0.5% trypsin solution at 37°C,
after which it was mechanically disaggregated into single
cells using vibration [9]. The resulting suspension was fil-
tered through a nylon filter and then washed from tryp-
sin by centrifugation at 100g for 2 min. Cell viability was
assessed by staining with 0.4% trypan blue (Sigma, USA).

e

- Cell migration of an attached spheroid formed in a drop;

C - Disruption of the packing density of a spheroid subjected to triple freeze-thaw. Scale bar: 100 um.
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The number of cells was counted

¥4 in a haemocytometer.
1 Cells with viability above 70%
0 were seeded at a concentration
] of 4x10° cells/ml in a 24-well
70 - plate (TPP, Switzerland) and cul-
- tured in DMEM/F12 medium
60 (Biowest, France) supplemented

with 10% serum until aggregates
were formed [10]. The resulting
aggregates were reseeded in a
minimal volume of medium and
further cultured in the same me-
dium. Cultivation was carried out

Fluorescence intensity, c.u.
Lh
[
1

30 in a CO, incubator at 37°C in an
1 atmosphere of 5% CO,, 95% air.
20 Half the volume of the culture

medium was replaced with fresh
medium every 4-5 days.

10 T T . T T .
500 550 600 650 700 750 After 70% monolayer for-
s mation, the NCs were removed
Emission wavelength, nm . .
using trypsin (0.25%)/versene
Figure 4 — The autofluorescence spectrum of NCs of three-dimensional structures. (0.05%) solution (Biowest
. 7

Figure 5 — Three-dimensional image of green AF spheroids (A) and densely packed aggregates (B) of neural cells obtained
by layer-by-layer confocal laser microscopy; C — Staining of native spheroid cells with fluorescein diacetate (green) and propidium iodide
(red). Scale bar: 50 um.
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Figure 6 — Confocal z-stacks (scans) of green fluorescence of spheroid cells with a scanning step of 7.2 um:
A —spheroids, B — aggregates. Scale bar: 50 um.

France), washed by centrifugation and resuspended in
culture medium.

NC spheroids were obtained using the hanging drop
method. For this purpose, drops of the suspension of
precultured NCs were applied to the inner surface of
the Petri dish lid, followed by turning and covering the
bottom of the dish, which contained sterile saline, to
prevent the drops from drying out. The volume of drops
was 20 pL. Each drop contained 2.5x10° cells. Petri dish-
es with drops were cultured in a CO, incubator at 37°Cin
an atmosphere of 5% CO, and 95% air for four days. The
resulting spheroids were transferred to 24-well plates
for further cultivation.

Autofluorescence was recorded using a laser scan-
ning microscope LSM 510 META manufactured by Carl
Zeiss (Germany).

Cell viability in spheroids was determined by com-
bined staining with fluorescein diacetate (FDA) and
propidium iodide (PI) [11]. The fluorescence of FDA and
Pl was recorded using a laser scanning microscope LSM
510 META.

The destruction of spheroids was performed by a
triple cycle of freezing (by immersion in liquid nitrogen)
— heating (at +38°C) in the culture medium without cryo-
protectors.

The experiments were conducted in accordance with
the “General Principles for Experiments on Animals” ap-
proved by the Il Congress on Bioethics (Kyiv, 20.09.07)
and the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1985).

Research results and their discussion.

The AF was evaluated on three-dimensional struc-
tures (spheroids and aggregates) formed by the NCs of
newborn rats.

During cultivation for 2-4 hours in the serum-en-
riched medium [10], some of the freshly obtained NCs
were combined into aggregates that could be divided
into two types: loose, irregularly shaped, with loose
packing of cells in them (fig. 1A), and spherical, with
densely packed cells (fig. 1B).

During reseeding, loose aggregates usually did not
attach to the substrate, and their cells died during fur-
ther cultivation. Almost 100% of the densely packed
aggregates were attached to the substrate, after which
their cells migrated, differentiated, and formed areas of

the monolayer consisting of cells with neuronal and glia
morphology (fig. 2A). At the same time, the migrating
neurons were able to create a network (fig. 2B).

Thus, it can be concluded that loose aggregates con-
sist mainly of non-viable cells, while densely packed ag-
gregates are formed by viable cells.

All spheroids formed by culturing NCs in drops (fig.
3A) were attached to the substrate during seeding (fig.
3B). Their cells migrated, forming areas of the monolay-
er consisting of cells with neuronal and glial morphol-
ogy (fig. 3B), indicating the high viability of NCs in the
spheroids.

Spheroids exposed to a triple freeze-thaw cycle lost
their cell packing density (fig. 3C). During cultivation,
such spheroids did not attach to the substrate and even-
tually disintegrated into single cells, which subsequently
died.

To excite AF of biological objects, an ultraviolet laser
with a wavelength of 366 nm is usually used [12]. The
LSM 510 Meta confocal microscope does not have a
laser with this wavelength. To determine the most op-
timal excitation wavelength for AF of spheroid cells and
aggregates, we tested all the lasers equipped with the
microscope (405, 458, 477, 488, 514, 543, and 633 nm).
At the same time, we were interested in the AF of cells
of three-dimensional structures in the green region of
the spectrum (508-550 nm). The highest intensity of
such fluorescence was recorded when using a laser with
a wavelength of 405 nm.

Fig. 4 shows the AF spectrum obtained using the
Lambda mod program of the LSM 510 Meta confocal
microscope.

Using a 405 nm laser with a power of 15 mW to ex-
cite AF demonstrated that most cells of native spheroids
and densely packed aggregates could AF in the spec-
trum’s green region (fig. 5A, B). Comparative viability
determination by FDA and PI staining also demonstrated
a high degree of NC viability (green fluorescence) in the
spheroid. At the same time, the cells of loose aggregates
and spheroids subjected to the triple freeze-thaw cycle
did not have the ability to AF.

Layer-by-layer AF scanning of three-dimensional
structures with followed their 3D (z-stack) image con-
struction (fig. 6A, B) allowed us to visualise AF cells as
part of spheroids and aggregates. The depth of cell visu-
alisation depended on their packing density in three-di-
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mensional structures. On average, it did not exceed 100
pm since the laser power decreased with increasing
depth of cells’ location and at a depth greater than 100
um, AF cells were usually no longer recorded.

The studies have shown that using the LSM 510 Meta
confocal microscope and a 405 nm laser allows the AF
of cells of three-dimensional structures to be recorded
in the green region of the spectrum. The experiments
indicate that green fluorescence is characteristic of living
cells only. This statement is supported by the data that
AF in the green region of the spectrum (508-530 nm)
is the sum of the contributions of endogenous fluoro-
phores, the main ones being NAD(F)H and flavins [13],
the formation of which is inherent in viable cells.

Thus, using green AF allows the visualisation of
viable NCs in three-dimensional structures (aggregates
and spheroids) without time-consuming and costly
immunofluorescent staining. At the same time, the
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analysis of the three-dimensional green fluorescence
image (fig. 5 A, B; fig. 6) of spheroids and aggregates
gives us an idea of the number of viable cells and their
packing density, as well as the size and shape of three-
dimensional structures.

Conclusions.

The use of a laser with a wavelength of 405 nm leads
to the excitation of NCs autofluorescence in the green
region of the spectrum, which allows noninvasive, in vivo
visualisation of living cells as part of three-dimensional
structures, and estimation of their number and packing
density.

Prospects for further research.

In future studies, it is planned to establish the
relationship between the intensity of autofluorescence
of neural cells in three-dimensional structures and their
membrane potential.
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HEWPANBHUX KNITUH Y CKNAAlI TPUBUMIPHUX CTPYKTYP
"IHcTUTYT Npo6nem Kpiobionorii Ta kpiomeauumnHu HAH YKpainu (m. Xapkis, YkpaiHa)
2XapKiBCbKUii HaLioHaNbHKUIA NegaroriyHuii yHiBepcutet imeHi I C. CKoBopogu (m. Xapkis, YKpaiHa)
3lepxkaBHU 6ioTexHONOriuHMIA yHiBepcuTeT (M. XapKiB, YKpaiHa)
alexsukach587@gmail.com

lMowyK npocmux, HeiHBa3UBHUX MA HEMOKCUYHUX Memoodis 8i3yanizayii HelipanbHUX KAIMuH y CcKAaoi
MpPUBUMIPHUX CMPYKmMyp € akmyasnbHow npobaemoro KaimuHHoi 6ionoeii i 6iomexHonoeii. B akocmi makozo
mMemooOy mMoxce bymu 8UKOPUCMAHA MPUXUMMEBA aymo ¢hayopecuyeHyisa, AKa Moxe Hadamu iHghopmayito npo
HummesoamHicmes, mopgonoziyHul i ¢hizionozivHuli cmaH HelipanbHUX KAIMUH y CKAadi mpusumMipHUx cmpyKkmyp.

Mema — docnidumu Moxcausicmes 8UKOPUCMAHHSA aymo gayopecueHuii NAD(P)H i ¢nasiHie 015 sizyanizauyii i
OUIHKU ¥umme3odamHocmi HelipanbHUX KAIMUH y cknadi azpezamis i cepepoidis.

B ekcrnepumeHmax Ha mpusumipHUX azpe2amax i c¢hepoidax HelpanbHUX KAIMUH, OMPUMAHUX 3 MKAHUHU
20/108H020 MO3KY HOBOHAPOOMEHUX Wypis, 8usvyanu aymo ¢hayopecueHyio KaimuH 8 3anexcHocmi 8id ix
HummesdamHocmi.

byno scmaHosneHo, WO BUKOPUCMAHHA na3zepa 3 xsuneo 405 Hm npuzsodume 0o 36ydxuceHHA aymo
hnyopecyeHuii HelipanbHUX KaimuH 6 3eneHili obnacmi crnekmpy, wo 00380AA€ MPOBOOUMU HeiH8A3UBHY,
MPUXUMMEBY 8i3yani3auiro HUBUX KAIMUH Y CKAa0i mpusuMipHUX CMpPYyKmMyp, oyiHo8amu ix KinbKicms i winbHicme
MaKyB8aHHA. AHAnI3 iIHMeHcUsHOCMI 3eneHoi aymo grayopecueHyii HelipaabHUX KAIMUH MpusuMIipHUX CMPyKmMyp

8i0OKpuBaAE MoM1UBOCMI 071 MPOBEOEeHHA MOHIMOPUHaY iXx MemabosiyHO20 CMAHY 8 pexuMi peasnbHo20 Yacy.
Knro4oei cnosa: aepeaamu, cpepoiou, HelipanbHi KaimuHu, aymodgyopecueHyis, 8i3yanizayis.

38’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-A0CNIA-
HUMU poboTamu.

Pobota € ¢parmeHtom HAP «KpiokoHcepByBaH-
HA TPUBUMIPHUX KNITMHHUX CTPYKTYp Pi3HOro cryne-
HIO reTeporeHHOCTi Ha OCHOBI }i3MKO-MaTeMaTUYHOro
MOZENOBaHHAY (AepsKaBHUA peecTpauinHuii Homep
0123U102365).

Bcryn.

Camo3bipHi TpUBUMIpPHI KNITUHHI CTpyKTypu (cde-
poiaM Ta opraHoiamM) ocTaHHIM Yacom Bce WMpLle BU-
KOPUCTOBYIOTbCA B MeAnKo-bionoriyHnx, dapmakosno-
riYyHMx Ta 6ioTexHonoriyHuMx gocnigskeHHax [1-5]. Le
NOACHIOETLCA X BiNbLIOK NOAIBHICTIO 3 TKAHMHAMMK 3a
baKTUYHUMM iX XapaKTepucTuKkamm (disionoriuHmumu, 6i-

OXiMIYHMMU, TEHETUYHUMMU) in vivo [6, 7], NOPIBHAHO 3
O4HOLIAPOBUMU KNITUHHUMU MOLENAMM.

B npoueci pob6oTn 3 TPUBUMIPHUMMK CTPYKTYpamm
LOCNIAHVKAM BaXMBO Bi3yanizyBaTu KNITUHM Y iX CKNa-
AOi Ta NPOBECTU OLiHKY iX ¥KUTTE3AATHOCTI i meTaboniu-
HOI aKTUBHOCTI. [1ns UbOro, 3a3Bnyaii, BUKOPUCTOBYIOTb
imyHo-dnyopecueHTHe papbyBaHHA dikcoBaHMX TPUBU-
MipHUX CTPYKTYp. OAHaK TaKMM MeToZ, € TPYAOMICTKUM,
YaCOBUTPATHUM i BapTiCHUM MPOLLECOM.

Jo Toro * Ak imyHo-pnyopecueHTHe ¢dapbyBaHHA
TPUBMMIPHUX CTPYKTYP, TaK i BUKOPUCTAHHA TpaauL,in-
HUX METOAIB BU3HAYEHHA XUTTE3LATHOCTI KNITUH, TaKNX
AK MTT TecT, aHaNi3 NOMMMHAHHA HEWTPaZIbHOrO YepBo-
Horo abo aHani3 biontomiHecueHLii ATO He [103BONAIOTb
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OLiHWUTW CTaH KANITUH MO BCbOMYy 06’eMy TpPMBUMIpPHOI
CTPYKTypu 6e3 ii pyiiHyBaHHA (Ae3arperauii Ha nooau-
HOKi KNiTUHUM, abo NpuroTyBaHHA 3pisiB). Tomy icHye no-
Tpeba y meTofax, AKi HeiHBa3MBHO A03BONATb AK Bi3y-
aNi3yBaTu KNITUHWU Yy CKNAAI TPUBUMIPHUX CTPYKTYpP, TaK
i MPOBECTM OLHKY iX KWUTTE3ZATHOCTI Ta MeTaboniyHoi
AKTUBHOCTI. BogHoYac, BiAOMO, WO BEUKY KiNbKiCTb iH-
dopmalii woao mopdonoriyHoro i pisionoriyHoro ctaHy
KNITUH MOXKe HagaTu ix ayto dayopecueHuisa (AP), sika €
NPUKUTTEBOLO, a i PEECTPALLiA € MPOCTOIO Npoueaypoto,
fIKa He NoTpebye BBeAEHHA BAPTICHUX MIiTOK. Mpu Lbomy,
NPAKTUYHO EAMHUMM BiANOBIAANbHUMM 33 curHan A
KnitnH € NAD(P)H i dnasiHu [8].

MerTta gocnigeHHs.

BM3HAYEHHA  MOM/AMBOCTI  BUKOPUCTAHHA  ayTo
dnyopecueHuii NAD(P)H i ¢nasinis ana Bisyanisauii i
OLLIHKM KUTTE3LATHOCTI KNITUH Y CKNagi TPUBUMIPHUX
CTPYKTYP.

O6’eKT i meTOAU AOCNiAXKEHHA.

HelpanbHi KAiTMHKU (HK) BUAINAAK 3 TKAHUHW FON0B-
HOTO0 MO3KY HOBOHapOAKEHMX LWypiB. 1A LbOro TKaHK-
Hy iHKy6yBanu 2 x8. B 0,5% po3umHi TpuncuHy npu 37°C,
nicaa YOro MexaHivyHo Ae3arperysaan Ha NOOAMHOKI KAi-
TUHU 3 BUKOPUCTaHHAM Bibpauii [9]. OTpumaHy cycneH-
3ito QiNbTPYBaM Yepes HeWIOHOBUI iNbTp, Nic/aA Yoro
BigMMBaNM Big, TPUNCUHY LeHTpubyrysaHHAmM npu 100g
ynpoaosx 2 xB. MUTTE3LATHICTb KAITUH OULiHIOBAAWN NO
¢dapbysaHHiO 0,4% TpunaHoBuMm cuHim (Sigma, CLLUA).
MigpaxyHOK KiNbKOCTI KNiTUH NpoBOAUAM B Kamepi [o-
pAeBa.

KniTvHK 3 KnTTE3aaTHICTIO BULLOO 3a 70% BUCiBaNU
B KOHUeHTpauii 4x10° KAiTMH/MA B 24 NYHKOBUIA naaH-
wet (TPP, LBeluapia) 1 KynbTMBYBaAu B CEpeaoBuULL
DMEM/F12 («Biowest», ®paHuisa), 36aradeHomy 10%
CMpPOBaTKM KPOBi A0 yTBOpeHHs arperatis [10]. YTBope-
Hi arperatM B MiHimanbHOMy o6’emi cepegoBula Me-
peciBanu Ta Aani KyAbTUBYBA/IM B TOMY X CepefoBuLL.
KynbTusyBaHHsa nposoamunu s CO, iHKy6aTopi npn 37°C 8
atmocdepi 5% CO,, 95% nositpa. MonosuHy 06’emy ce-
pefoBuLLA KyNbTUBYBAHHA 3aMiHIOBA/IM Ha CBIXKE KOXKHI
4-5 pib.

MNicna dopmyBaHHs 70% moHowapy HK 3Himanu, su-
KOPMCTOBYOUM PO3umH TpuncuH (0,25%)/BepceH (0,05%)
(«Biowest», ®paHuia), npommBanu LeHTPUPYryBaHHAM
1 pecycneHayBanun B cepefoBULL KY/IbTUBYBAHHS.
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Coepoign HK oTpumyBanu metogom BMcAYOi KpanJi.
OnAa uboro Ha BHYTPILIHIO MOBEPXHIO KPULLKM YaLLKK
MeTpi HaHOCUMAM Kpanai cycneHsii NPeKy/NbTUMBOBAHMX
HK 3 HacTynHUM nepeBepTaHHAM i HAaKPMBAHHAM HUX-
HbOT YaCTMHM YaLKK, AKA MiCTUNA CTepUSIbHUI ¢isiono-
MYHUA PO3YMH ANs 3anobiraHHA BUCUXAHHA Kpanesb.
O6’em Kpanenb cknagas 20 mKA. KoxkHa Kpanaa mictuna
2,5x10° KniTnH. YawwKu MNeTpi 3 Kpanaamu KyibTUBYBaAM
8 CO, iHKy6aTopi npn 37°C B atmocdepi 5% CO,, 95% no-
BiTpA Ha npoTAa3i 4 ai6. OTpumaHi chepoigm nepeHocnn
B 24-NyHKOBI NJIaHLWeETM 414 NOAANbLIOTO Ky/NbTUBYBaH-
HA.

AyTo dnyopecLeHLito peecTpyBaiv 3a AOMNOMOror
Nla3epHOro ckaHyt4voro mikpockony LSM 510 META 8u-
pobHuuTtea dipmu Carl Zeiss (HimeuunHa).

MUTTE3QATHICTL KNITUH B cKnagi chepoigis BU3Ha-
Yannm no KombiHoBaHOMYy 3abapBieHHI dayopecue-
iHajauetatom (FDA) Ta nponigiym roamaom (PI) [11].
dnyopecueHuito ®OA i Pl peectpyBanm 3a LONOMOrow
J1a3epHOro CKaHy4oro mikpockony LSM 510 META.

PyliHyBaHHA chepoiniB NpoBOAMAM WAAXOM NOTRIN-
HOTO LMK/Y 3aMOPOXKYBaHHA (LLUAAXOM 3aHYPEHHA B pif-
Kuii a30T) — Bigirpisy (npu +382C) B cepeaoBULLi KynbTU-
ByBaHHA 6e3 KpionpoTeKTopiIB.

EkcnepumeHTn 6ynM npoBegeHi BignosigHO Ao
«3arafibHMX NPUHLUMNIB €KCNEePUMEHTIB Ha TBApUHAX»,
cxBaneHux Il KoHrpecom 3 6ioetukn (Kuis, 20.09.07) i
NOroAKeHUX 3 NMONOMKEHHAM «EBponencbKoi KoHBeHLU;i
NpOo 3aXMUCT XPeBETHUX TBAPUH, AKI BUKOPUCTOBYHOTb A5
eKCNepuMMeHTaNbHUX | iHWKWX HayKoBux uineih» (Ctpa-
cbypr, 1985).

Pe3ynbTati gocniaKeHHs Ta ix 06roBopeHHs.

OuiHky A® npoBoOAMAN Ha TPUBUMIPHUX CTPYKTYpPax
(cdepoigax i arperatax), ytBopeHux HK HoBoHapoase-
HUX LLypiB.

B npoueci KynbTMBYBaHHA NpPOTArom 2-4 roauH B ce-
penoswuLji, 36arayueHoMy cMpoBaTKoto KpoBi [10] yactu-
Ha cBixe oTpuMaHux HK o6’egHyBanaca B arperatu, siKi
MOKHa 6yN0 PO34iNUTH Ha 2 TUNKU: NYXKi, HENPaBUAbHOI
bopMK, 3 HELiNbHUM MaKyBaHHAM KNITUH B HUX (puUc.
1A), i cdepuuHi, 3 WiNbHO YNaKOBaHUMW KAITUHAMM
(puc. 1B).

Mpw nepecisi NyxKi arperaTv, 3a3Buyaii, 4o NigKknaa-
KM He NPUKPINABaAnCA i B NpoLeci NoAanbLIoro Ky/b-
TUBYBAHHA iX KNITUHU ruHyAn. Maixke 100% winbHo
YNaKoOBaHMX arperaTtiB MpUKpinAoBannca Ao nigknaa-

.« o 1 ¥
2 -4
% 2 &

) °

PucyHoK 1 — Arperati, cbOpmoOBaHi B NPOLECi KyNIbTUBYBaHHA CBidKe OTPUMAHUX HepaNbHUX KNITUH HOBOHAPOAXKEHUX LLypiB NPOTArom 6
roauH: A — nyxki, HenpasuabHOi popmu arperati; B — chepuuHi arperatm 3 WiNbHO ynakoBaHUMM KniTMHamu. Macwrta6: 200 mKm.

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)

159



BIONIOrIA / BIOLOGY

PucyHok 2 — A — Mirpauis i audepeHuialia KNiTMH NPUKpinaeHoro arperara;
B — ®dopmyBaHHA MirpylounMmm KniTMHamum citku. Macwra6: A — 100 mKm, B — 200 MKm.

KM, Nicns 4oro iX KAiTMHW mirpyBanu, andepeHuitoBa-
nnca i popmyBanum AiNSHKM MOHOLIAPY, AKi CKnaganucs
3 KNiTUH 3 mopdonorieto HenpoHis i il (puc. 2A). Mpu
LbOMY, Mirpytodi HeMpoHW Bynn 30aTHI popMyBaTU CITKY
(puc. 2B).

TakKMM YMHOM, MOXKHa 3pOBUTU BUCHOBOK, LLLO MyXKi
arperatu CKNafaloTbCA B OCHOBHOMY 3 HEXUTTE3AATHUX

TR

A

KNITWH, a LWiNbHO ynakoBaHi arperatm cdopmoBaHi Ki-
TUHAMMW KUTTE3JATHUMMU.

Bci coepoign, ytBOpeHi wnaxom KynbtuByBaHHA HK
y Kpanni, (puc. 3A) npu nepecisi NpukpinaoBanuca o
nigknagku (pmc. 3B). Ix KAiTMHKU MirpyBanu, popmytoun
OINAHKM MOHOWapYy, AKi CKNaganuca 3 KAiTUH 3 Henpo-
HaNbHO i rnianbHO Mopdonorieto (puc. 3B), Wo BKa-
3YE Ha BMCOKY XuUTTe3aaTHicTb HK y cknagi chepoigis.

PucyHok 3 — A — Cdepoig, yrBopeHuii wnaxom KynbtuysaHHa HK y Kpanni; B — Mirpauis knitTud npukpinneHoro cdepoiga, yrsopeHoro B
Kpanni; C — NopyLweHHsA WinbHOCTI NaKkyBaHHA cdepoiga, nigsaHoro NoTpiiHOMYy 3amMmopoXKyBaHHIO-Bigirpisy. Macwra6: 100 mkm.

160

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)



BIONOrIA / BIOLOGY

Coepoign, nigmaHi pgii no-
TPIMHOTO UMK/IY 3aMOpPOXYBaH-
HA-BIAIrpiBy BTpPayvanu LWiAbHICTb
nakyBaHHs KnitTuH (puc. 3C).
B npoueci KynbTMBYBaHHA TaKi
coepoian oo nigknagku He npu-
KpinatoBaauca i 3 Yyacom posna-
0ANNCA Ha MOOAMHOKI KNiTUHWK,
AKi B N04ANbWLOMY TMHYAN.

Onsa 36ypkeHHa A® 6Hiono-
riYHMX O6’EKTIB 3a3BMYAll BUKO-
PUCTOBYIOTb  ynbTpadionetToBuit
nasep 3 OOBXMHOW XBuAai 366
HM [12]. B KomnnekTau,ii KoHdo-
KanbHOro mikpockona LSM 510
Meta, nasep 3 TaKOK A0BXKUHOLO
XBUANI  BiAgCYyTHIKM. [Ona BM3Ha-
YeHHA HalbinbWw onNTUManbHOI
OOBXUHU XBUANI 36yakeHHA AP
KNiTMH cohepoigis i arperatis mu
npoBenn nepesipKy BCiX snase-
piB, SAKMUM  YKOMMNIEKTOBaHWUM
mikpockon (405, 458, 477, 488,
514, 543 n 633HMm). Mpu ubomy
Hac Uuikasuna AP KAiTUH Tpu-

PucyHok 5 — TpuumipHe 306pakeHHs 3eneHoi A® chepoiais (A) Ta WinbHO ynakoBaHMxX arperatis (B) HelipasbHUX KNITUH, OTpUMaHe
B pe3y/nbTaTi NowapoBoi KoH$OKaNbHOI nasepHoi mikpockonii; C — PapbyBaHHA KNiTMH HaTUBHOTO cdepoiga payopecueiH giauetatom
(3enenunii Konip) Ta nponigiym oanaom (YuepBoHmii Konip). Macwtab: 50 mkm.

Fluorescence intensity, c.u.

10

T i L T I

500 550 600 650 700 750
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PucyHok 4 — CnekTtp ayTo ¢pnyopecueHuii HK TpuBumipHUX CTpyKTYp.
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PucyHoK 6 — KoHdokanbHi z-stacks (ckaHu) 3eneHoi pnyopecueHuii KNiTMH chepoiais 3 KPOKOM CKaHYBaHHA 7,2 MKM:
A - chepoign, B — arperatu. Macwtab: 50 mkm.

BUMIPHUX CTPYKTYp B 3eneHii obnacti cnektpy (508-
550HMm). HalBMWwa iHTEHCUBHICTb TaKoi ¢ayopecueHuil
peecTpyBanacb NPy BUKOPUCTAHHA Na3epa 3 JOBKMHOM
xBuAi 405 HM.

CnekTtp AD, Akuit 6yB OTPMMaHUIN HaMK 32 AONOMO-
roto nporpamu Lambda mod KoHbOKanbHOTro MiKpocKo-
na LSM 510 Meta, HaBegeHo Ha puc 4.

BukopucTaHHa gna 36yakeHHs AD nasepa 3 fOBXKU-
Hot xBUAi 405 HM noTyXHicTio 15mW npogemoHcTpy-
Bas0, WO BiNbLUiCTb KAITUH HATUBHUX CPEepPOiLiB Ta LWib-
HO ynaKoBaHWX arperatiB Bo/OAiNM 34aTHicTio 4o AD B
3eneHilt obnacTi cnekTpy (puc. 5A, B). MopiBHANbHE BU-
3HAYEHHA }KUTTE3ZaTHOCTI papbyBaHHAM FDA i Pl Takox
NPOAEMOHCTPYBANO BUCOKY CTYMiHb XUTTe3gaTHOCTI HK
(3eneHa dnyopecueHuin) y cknaai chepoiga. MNpu ubomy
KNITUHWM NyXKUX arperaTis Ta cbepoigis, nigaaHux no-
TPIMHOMY UMKy 3aMOPOXKYBAHHA-BiAIrpiBY 34aTHICTIO
00 Ad He Bonoginu.

Mowapose ckaHyBaHHA A® TPUBUMIPHUX CTPYKTYp
3 HacTynHot nobymosoto ix 3D (z-stack) 306paxkeHHn
(puc. 6A, B) no3Bonuao Bisyanizysatn Ad KAiTUHKM y
cknagaj chepoiais i arperatis. Mpu ubomy rmmMbuHa Bisy-
anizauii KNiTUH 3anexana Bij, WiNbHOCTI iX NaKyBaHHA B
TPMBUMIPHUX CTPYKTYpax i B cepesHbOMy He nepesu-
wysana 100 MKM, TaK AK NOTYXKHICTb 1a3epa 3MeHLUYBa-
Nacb 3i 36iNblUEHHAM MUOUHU PO3TallyBaHHA KAITUH i
Ha rM6UHI, 6inbLwin 33 100 mKm AD KNiTUH, AK NpaBuno,
BXKEe He peecTpyBanach.

MpoBeaeHi AocnigKeHHA NPOAEMOHCTPYBaAN, LWO
BMKOPUCTAaHHA KOH(OKasbHOro Mikpockona LSM 510

Meta i nasepa 3 goBxunHo xBuni 405 Hm Jo3BONAE pe-
ectpyBath AP KAiTUH TPUBMMIPHUX CTPYKTYpP B 3eNeHit
obnacTi cnekTpy. Mpu LbOMy NpOBeAEHI eKCNEePUMEHTH
BKa3ylTb Ha Te, WO 3eneHa GayopecLeHLis BnacTnea
JINLLE XUBUM KNiTUHam. Lle TBepaKeHHA NigKPIinAOETb-
cA AaHMmM npo Te, wo AD B 3eneHin obnacti cnekTpy
(508-530 HM) € cymoto BKNafiB eHOoreHHux ¢ayopo-
¢dopiB, ocHoBHMMM 3 AKMX € HAL(P)H Ta dnasiHm [13],
YTBOPEHHA AKUX MPUTAMaHHE XUTTE3AATHUM KNITUHAM.

TaKMM YMHOM, BUKOPUCTAHHA 3eneHoi AP fo3Bonse
NpoBOAMTU Bi3yanisauito xutreagatHmux HK Tpusumip-
HUX CTPYKTyp (arperaTiB Ta cdepoigis) 6e3 npoBeaeHHA
TPYAOMICTKOrO Ta BapTICHOrO iMyHO-bAyopecLLEHTHOTO
¢dapbyBaHHsA. MpK LboMy aHani3 TPMBUMIpPHOro 306pa-
YKEHHA 3eneHoi dnyopecueHu,ii (puc. 5A,B; puc. 6) cde-
poigis i arperaTiB Aa€ Ham yABAEHHA NPO KiNIbKiCTb XXUT-
TE3ZATHUX KNITUH Ta WiAbHICTb X MaKyBaHHA, a TaKOX
npo po3mipu i Gopmy TPUBUMIPHUX CTPYKTYP.

BucHoBKM.

BukopuctaHHa nasepa 3 xsuneto 405 HM npusso-
OMTb [0 36yaykeHHA ayTodnyopecueHuii HK B 3eneHii
06nacTi cnekTpy, LLLO A03BOAE MPOBOAUTU HEIHBA3UBHY,
NPUXKUTTEBY Bi3yanizaL,ito KMUBUX KNITUH Yy CKNaL4i TPUBK-
MiPHWX CTPYKTYP, OLiHIOBATM iX Ki/IbKICTb i WiNbHICTb Na-
KyBaHHA.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

B noganblimnx AoCAig)KeHHAX NAAHYETbCA BCTAHOBU-
TM B3aEMO3B’A30K IHTEHCUBHOCTI ayTo dayopecueHLuii
HeMpanbHUX KNITUH Y CKAaAi TPUBUMIPHUX CTPYKTYP 3 iX
MeMBPaHHUM NoTeHLianoM.
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BUKOPUCTAHHA AYTO®/TYOPECLLEHLIT A18 BI3YANIBALLT XKUTTE3AATHUX HEUPANIbHUX KNITUH Y CKNIAL]
TPUBUMIPHUX CTPYKTYP

Cykau O. M., KoBaneHko I. ®., BceBonoacbka C. O., KosaneHko C. €., OueHawko O. B.

Pestome. Bcmyn. B npoueci poboTn 3 TPUBUMIPHUMM CTPYKTYpaMu HeirpanbHux KnituH (HK), Aki Bce yacTi-
e BMKOPWUCTOBYIOTbCA B MeauKo-6ionoriyHmnx, GdapmaKkonoriyHmx 1a H6ioTeXHONOrYHMX OOCNIAXKEHHAX, BaX/IMBO
NPOBOAMUTU OL,HKY X KMTTE3AATHOCTI Ta MeTaboniyHOT aKTUBHOCTI. A LbOro, 3a3B14Yail, BUKOPUCTOBYIOTb iMy-
Ho-¢nyopecueHTHe papbyBaHHA. O4HAK TakKUIi MeToA € iIHBAa3MBHMM, YaCOM TPYAOMICTKMM i BapTicHUM. MiTKK mo-
XKYTb OYTU TOKCUYUHUMUK. HeiHBa3MBHOM Ta HETOKCMYHOLO aIbTEPHATMBOLO € Bidyanisauia 6e3 MiToK, 414 AKOT MOXKHA
BUKopucToByBaTu aytodnyopecueHuito NAD(P)H i pnasiHiB. AyTodayopecueHLis, AKa € MPUKUTTEBOID, MOXKe Haaa-
TU BE/IMKY KiNbKicTb iHpopmauii npo mopdonoriyHmii i Gi3ionoriyHniA cTaH KAITUH Y CKAA4i TOMBUMIPHUX CTPYKTYP.

Mema — BU3HAYeHHA MOX/IUBOCTI BUKOpUCTaHHA ayTodnyopecueHuii NAD(P)H i ¢dnasiHiB gns Bisyanisauii i
ouiHKM xkuTTegatHocTi HK y cknagi arperatis i chepoigis.

06’ekm i memoodu 0ocnioreHHA. HelpanbHi KNITUHU BUAINANN 3 TKAHWUHU TOIOBHOTO MO3KY HOBOHAPOAMKEHMX
wypis. TPMBMMIpHI arperat oTPUMyBasu B NpoOLLeCi KOPOTKOCTPOKOBOIO KY/NbTUBYBAHHA CBiXe OTPUMAHUX Hel-
panbHUX KNITUH B KOHUEHTpaujii 4x10° knituH/mn B cepenosui, 36aradeHomy 10% cuposaTku Kposi. Chepoian
OTPUMYBAJIN METOAOM BUCAYOT KpanJii 3 NPeKyNbTUBOBAHUX HEMPANbHUX KNITUH. AyTodayopecueHLito peecTpyBaam
33 A4ONOMOTOH 1a3ePHOr0 CKaHyt4voro mikpockony LSM 510 META.

Pesynbmamu. MNpoBeaeHi A0CNIAXKEHHA NPOAEMOHCTPYBANM, WO BUKOPUCTAHHA KOHPOKANbHOrO MiKpocKona i
Nlasepa 3 foBXKMHO XBUAi 405 HM NpU3BOAUTb A0 36yaKeHHA ayTodayopecueHuii HK y cknagi TpMBUMIpHUX CTPYK-
TYp B 3e/1eHiit obnacTi cnektpy. MNpu LbOMy NPOBELEHI EKCNEPUMEHTU BKA3YHOTb HA Te, WO 3e/1eHa GyopecLeHLis
B/1ACTUBA /INLLE XXUBUM KNITUHAM.

BucHo8KuU. BUKopucTaHHA nasepa 3 xauneto 405 HM NpusBoauTb A0 36yaKeHHA ayTodayopecueHuii HK B 3e-
NeHit obnacTi cnekTpy, WO [03BONAE NPOBOAUTM HEIHBA3MBHY, MPUXKUTTEBY Bidyani3aLito KMUBUX KNITUH Yy CKNagi
TPUBMMIPHUX CTPYKTYP, OLLIHIOBATM iX KiNbKICTb i LWiIbHICTb NaKkyBaHHA. AHaNi3 iHTEHCUMBHOCTI 3ea1eHOi ayTodayopec-
ueHUii HK TpuBMMIipHUX CTPYKTYP BiGKPUBAE MOXKANBOCTI ANA NPOBEAEHHA MOHITOPUHTY iXx meTaboniyHOro cTaHy B
peKMMi peanbHOro yacy.

Kntouosi cnosa: arperatu, cdepoiam, HerpanbHi KNiTMHK, ayTodayopecueHLina, Bisyanisauis.

USE OF AUTOFLUORESCENCE FOR VISUALIZATION OF VIABLE NEURAL CELLS IN THREE-DIMENSIONAL STRUC-
TURES

Sukach O. M., Kovalenko I. F., Vsevolodska S. O., Kovalenko S. E., Ochenashko O. V.

Abstract. Introduction. When working with three-dimensional neural cells (NCs) structures, which are increas-
ingly used in biomedical, pharmacological and biotechnological research, it is important to assess their viability
and metabolic activity. For this purpose, immunofluorescence staining is usually used. However, this method is
invasive, sometimes time-consuming and expensive. Labels can be toxic. A non-invasive and non-toxic alternative
is label-free imaging, which can be performed using NAD(P)H and flavin autofluorescence. Autofluorescence, which
is intravital, can provide substantial data on the morphological and physiological state of cells in three-dimensional
structures.

Aim was to study the feasibility of using NAD(P)H and flavins autofluorescence for visualization of neural cells in
aggregates and spheroids and their viability assessment.

Object and methods. Neural cells were isolated from the brain tissue of newborn rats. Three-dimensional aggre-
gates were obtained in the process of short-term cultivation of freshly obtained neural cells at a concentration of
4x10° cells/ml in medium enriched with 10% serum. Spheroids were generated using the hanging drop method from
precultured neural cells. Autofluorescence was measured by a laser scanning microscope LSM 510 META.

Results. Our studies have demonstrated that the use of a confocal microscope and a laser operating at a wave-
length of 405 nm leads to the excitation of the autofluorescence of NCs in three-dimensional structures in the green
region of the spectrum. The results obtained indicate that green fluorescence is characteristic only of viable cells.

Conclusions. The use of a laser with a wavelength of 405 nm leads to the excitation of NCs autofluorescence in
the green region of the spectrum, which allows for non-invasive, intravital visualization of viable cells in three-di-
mensional structures, to estimate their number and packing density. Analysis of the intensity of green autofluores-
cence of NCs in three-dimensional structures opens up opportunities for real-time monitoring of their metabolic
status.

Key words: aggregates, spheroids, neural cells, autofluorescence, visualization.
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