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YV cydacHOMY CBiTi BCe OUTBbIIE yBaru NMPHAUIIETh-
Ccd EeCTETUYHIH MENMIIMHI, SKa O3BOJISE€ 3HAYHO
MiJBUIINATH SAKICTh JKHUTTS, BaXKJIMBOIO CKIIAJOBOIO
SKOTO € TIONEPeDKEHHS CcTapiHHs mkipu [2]. 3ac-
TocyBaHHs riamyponoBoi kucnotu (I'K) ta ctoBOy-
POBUX KJIITHH BU3HAHO €()EKTUBHUMH METOIAMHU
BIJHOBJICHHS TYpPropy IWIKipH, KOMIIOHEHTIB MiX-
KIITHHHOTO MaTpHukcy Ta mposidepanii kIiTHa [2].
KpioekcTpakuiss Ta HH3BKOTEMIEpaTypHe 30epi-
TaHHS JIO3BOJSIOTh BUAUIATH 1 30epiraTl IMOXijHi,
ski mMictath 'K, OlocTUMyIATOpH CTOBOYPOBHX KJIi-
THH, TPaIUIiiiHEe HKEPENo SKUX — TKaHHUHA IYIIOo-
BuHH [1, 4].

Mera poO0OTH — BU3HAYHUTH BIUIUB CHUHTETHIHOL
I'K, xpioexctpakry mynoBuau (KEII) qromuau, KoH-
muttiioBanoro cepegosuma (KC) KynpTuByBaHHS
ME3CHXIMAJIbHUX CTPOMAJbHUX KIITUH ITyHOBHHU
JIIOOMHU Ha PICT Ta Po3BUTOK (hiGpoOnacTiB mioxdis
HIypiB Y CUCTEMI in Vitro.

Jnst mocmimKeHHsT 3aCTOCOBYBall TPETiil macax
KynbTypu (¢iOpobmactiB, sKi BuUAULIIH (epmeH-
TaTUBHUM METOIOM 31 INKIPH IUIOMIB IIypiB Ta
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In the modern world, more and more attention
is paid to aesthetic medicine, significantly impro-
ving the quality of life, an important aspect of
which is the prevention of skin ageing [2]. The use
of hyaluronic acid (HA) and stem cells are re-
cognized as effective methods of restoring skin
turgor, components of the intercellular matrix,
and cell proliferation [2]. Cryoextraction and low-
temperature storage make it possible to isolate and
store derivatives containing HA, biostimulators
of stem cells, the traditional source of which is
umbilical cord tissue [1, 4].

The aim of the work was to determine the effect
of synthetic HA, cryoextract of the human umbilical
cord (CHUC), conditioned medium (CM) for the
cultivation of human umbilical cord mesenchymal
stromal cells on the growth and development
of rat fetal fibroblasts in vitro.

For the study, the third passage of fibroblast
culture was used, which was isolated by the enzy-
matic method from the skin of rat fetuses and
cultivated in the nutrient medium DMEM-high
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KyJIBTHBYBaJIM Y KUBHIBHOMY cepenosuili DMEM-
high glucose (Biowest, ®panuis) 3 nonaBanaam 10%
¢eranpHOi Ouvavoi cuposarku (Lonza, Himeuunna)
3a Temneparypu T = 37°C ta Bmictom CO, 5% [5].
VYci eKkcrepruMeHTH Y3TOIKEHO 3 OCHOBHHMH
MTOJIOKeHHAMH 3akoHy Ykpaiam «lIpo 3axmct TBa-
pUH BiI JKOPCTOKOTO TOBOMKEHHs» (Ne 3447-1V
Bix 21.02.2006), «EBpomneiichkoi KOHBEHIIII PO 3a-
XUCT XpeOETHWX TBApWH, SKi BHKOPHCTOBYIOTHCS
JUISl eKCTIIEPUMEHTABHUX Ta iHIIMX HAyKOBHX IIi-
nei» (CtpacOypr, 1986) i oOroBopeHi Ha 3acimaHHi
KoMiTeTy 3 Oloeruku IHCTHTYTY TIpoOIeM KpioOio-
norii i kpiomequuuan HAH Ykpainu (M. XapkiB).

[lynoBuHy oTpuMmyBanu micis omepaiii kecapis
PO3THH 3 iHGOPMOBAHOI 3roju KiHKH. KpioekcTpakT
ITyIOBUHU OTPUMYBAJIH IIIJITXOM TOMOTEHI3aIi1 TKa-
HUHHU 3 J0AaBaHHAM (ochaTHO-COIBOBOro Oydepa
y cHiBBigHOMICHHI 1:3, TpHUPa30BOrO 3aMOPOXKY-
BaHHS Ta BiATaBaHHS IUIIXOM 3aHypPEHHS y PiIKHAN
a30T Ta TEpPEeMIICHHS Y BOOSHY OaHIO TPU TEMITe-
parypi 37°C, uentpudyryBanus mpotarom 10 xB
3a 1500 o6/xB. Hamocan BigOupanu y CTepHIIbHI
Kkpiompobipku (Starlab, Ykpaina) ta 30epiranmu 3a
temnepatypu —196°C. Me3eHnxiManbHI CTpOMaIbHI
KIIITUHU TYTOBUHHU OTPUMYBAIIX METOIOM CKCILIaH-
TiB [6]. Jlns OTpuMaHHS KOHAMIIHOBAHOTO Ccepe-
mopumma (KC) BumiyieHi KIIITHHU KyJTHBYBaJH
poTATOM 24 TOMWH y >KUBWJIBHOMY CEPEIOBHIII
DMEM-high glucose (Biowest) 0e3 nomaBaHHs
eMOpioHaTbHOI CHpOBaTKU. KpioeKCTpakT MyTOBHHM
ta KC cranmapTusyBaimm 3a CipKOMYKOiZaM# TOpPiB-
HsHO 3 1%-M po3uunom ['K (In Lab Medical, ®pan-
1isl) qomaBaHHsAM pocdaTHO-conpoBOTO Oydepa.

Jlns Bu3Ha4YeHHs OionorivHoi 1ii AoCHimKyBa-
HUX pedoBHH (hiOpodmactu mepeHocunu y 12-myH-
koBi mranHmetn (Starlab) mo 100 THcAY y KOXHY
NyHKYy Ta gonmaBanu cepenosuuie DMEM-high
glucose (Biowest), 30arauene 10% KEII, KC ta 'K,
yepe3 24 TOAWHM PO3YMH BiIMUBAIM Ta IIPOIOB-
JKyBalll KyJBTHBYBaHHA 3pa3KiB JUIA TOHANBIINX
nocmimkenb. KoHTponem Oynu KINTHHU, SKi BHPO-
IIyBajJH y TOMY X cepenoBHil 3 gonaBaHHsM 10%
eMOpionansHOi cupoBarku (Lonza, Himeuunna).

OuinioBain (GopMy KIITHH, KOH(IFOEHTHICTh
MOHOIIAPY 3a NPOLEHTOM 3allOBHEHHS IOBEPXHi
JIYHKH TIPOTATOM 24 TONWH TICIISE BUAJICHHS JIOCITi-
KYBaHHMX PEUOBMH; MIrpawLiiiHi BIACTHUBOCTI 3a JO-
MOMOTOI0 TECTy Ha moApsnuHy (scratch test), mis
YOro HAKOHEYHHUKOM TIMETKH HAHOCWIN Je(eKT
Ha TIOBEPXHI aAre30oBaHMX KiitwH, aomaBanu KEII,
KC 1a 1%-y TK, yepe3 noOy BU3HAYAIU MIMPUHY
nedexTy depes piBHI IPOMIKKH BiJl CTIHKH JI0 CTIHKH,
MIHONUTO3HY AKTUBHICTh 32 TECTOM TMOIJIMHAHHS
HEUTPaITBHOTO YEPBOHOTO; MeTaboIiuny — 3a MTT-
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glucose (Biowest, France) with the addition of 10%
fetal bovine serum (Lonza, Germany) at a tempera-
ture of T =37°C and 5% CO, content [5].

All experiments are consistent with the main
provisions of the Law of Ukraine ‘On the Protection
of Animals Against Cruelty’ (No. 3447-1V dated
21.02.2006), ‘European Convention on the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes’ (Strasbourg, 1986) and
discussed at the meeting of the Bioethics Com-
mittee of the Institute for Cryobiology and Cryo-
medicine of the National Academy of Sciences
of Ukraine.

The umbilical cord was obtained after cesa-
rean section, with the informed consent of wo-
men. CHUC was derived by homogenizing the
tissue with the addition of phosphate-salt buffer
in the ratio of 1:3, freezing and warming thrice im-
mersion in liquid nitrogen and moving to a water
bath at a temperature of 37°C, centrifugation for 10
minutes at 1,500 rpm. The resulted supernatant
was collected into sterile cryotubes (Starlab, Uk-
raine) and stored at a temperature of —196°C.
Mesenchymal stromal cells of the umbilical cord
were obtained by the explant method [6]. To
obtain CM, isolated cells were cultured in a nutrient
medium DMEM-high glucose (Biowest, France)
without the addition of fetal serum for 24 hours.
CHUC and CM were standardized according to
seromucoids compared to a 1% solution of HA
(In Lab Medical, France) with the addition of
phosphate-saline buffer.

To determine the biological effect of the stu-
died substances, the fibroblasts were transferred
to 12-well plates (Starlab, Ukraine), 100,000 in
each well, and DMEM-high glucose medium (Bio-
west, France) enriched with 10% CHUC, CM and
HA were added, after 24 hours the solution was
washed out, and we continued culturing for further
studies. The control was the cells grown in the
same medium with the addition of 10% fetal
bovine serum (Lonza, Germany).

There were evaluated thr shape of the cells; con-
fluency of the monolayer by the percentage of
filling of the surface of the well within 24 hours
after the removal of the investigated substances;
migration properties using the scratch test, for
which a defect was applied to the surface of
adhered cells with the tip of a pipette, CHUC,
CM and 1% HA were added, after a day the
width of the defect was determined at equal
intervals from wall to wall; pinocytotic activity
by the neutral red absorption test method; meta-
bolic — according to the MTT test; proliferative —
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TECTOM; NpolTiepaTiBHY — 3a YaCOM MOIBOEHHSM MO~
IyJsiii (depe3 KokHi 24 TOMUHY micis BILUBY) [S].

MikpoCKomiYHEe JOCHTIKSHHST TPOBOAMIN i3 BH-
KOPHCTaHHSM CBITIIOONTHYHOTO Mikpockomna «NIB-
100» (Delta Optical, [Tonpmia) 3 kameporo «MCMOS
3100» (Sigeta, Kuraii), Gi0XiMi4Hi JOCTIKEHHSI —
Ha IUIAaHIIETHOMY criekTpodoTomeTpi «CM600» (Ut-
rao, Kurait). JIns o6poOku 300pakeHb 3aCTOCOBY-
BayI Tporpamue 3abesneueHHs «ToupView V 3.7».
(Hangzhou Toup Tek Photonics Co. Ltd, Hangzhou,
Kurait).

CraructuyHy OOpOOKY HaHWX MPOBOIMIIH, BHU-
KOPHCTOBYIOUM  HemapameTpuuHi  kpurepii  Kpac-
Kkena-Yorica, mporpamHe 3a0esreueHHs «Past V.3.15»
(YuiBepcuret M. Ocno, Hopgeris).

Uepes 100y miciis KyasTUBYBaHHS eMOPIOHATBHIX
¢iopodnactis mypis 3 KEII, KC ta y xonTpomni Mo-
Homrap OyB IUIHUM, KIIITHHU BY3bKHMH, IIPOMIKKH
Maibke He Bu3Havaimcs (puc. 1, A—C). Ilicna gona-
BanHs [ 'K 3HMKyBanacs nposideparuBHa akTHBHICTb
KIIITHH, TIPO 1110 CBITYVIIO 3MEHIICHHSI IIJTbHOCTI MO-
HOIIIAPY, CIIOCTEPITaIucs MPOMIXKKH MK KIITHHAMU
(puc. 1, D).

in terms of population doubling over time (every
24 hours after exposure) [5].

Microscopic examination was carried out
using a light optical microscope NIB-100 (Delta
Optical, Poland) with an MCMOS 3100 camera
(Sigeta, China). Biochemical studies — on a CM600
tablet spectrophotometer (Utrao, China). ToupView
V 3.7 software was used for image processing.
(Hangzhou Toup Tek Photonics Co. Ltd, Hangzhou,
China).

Statistical data processing was carried out using
non-parametric Kruskal-Wallis tests, software ‘Past
V.3.15’ (University of Oslo, Norway).

A day after the cultivation of embryonic fibro-
blasts of rats with CHUC, CM and in the control,
the monolayer was dense, the cells were narrow,
and the gaps were almost undefined (Fig. 1, A—C).
After the addition of HA, the proliferative acti-
vity of cells decreased, which was evidenced by
a decreased density of the monolayer, and gaps
between cells were observed (Fig. 1, D).

According to the MTT test, it was determined
that HA and CHUC increased the metabolic ac-

Puc. 1. ®ibpobnactu wkipy nnodis Lypa MiCns KynsTUBYBaHHA 3a CTaHOAPTHWX YMOB (KOHTposb) (A), 3 4oAaBaHHAM

KEI (B), KC (C) Ta I'K (D).

Fig. 1. Rat fetal skin fibroblasts after cultivation under standard conditions (control) (A), with the addition

of CHUC (B), CM (C) and HA (D).
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3a MTT-tectom Gyino BusHaueHo, mo ['K ta KEII
MiABHUIYBaJIM METa0ONiUHy aKTHBHICTh (PiOpobmac-
TiB (puc. 2, A). IliHomMTO3HAa AKTHUBHICTH KIITHUH
3a pe3ylpraTaMM TECTy IOINIMHAHHS HEUTpaJbHO-

tivity of fibroblasts (Fig. 2, A). According to
the results of the neutral red absorption test, the
pinocytotic activity of cells did not change in
all variants of the study (Fig. 2B). Determining
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Puc. 2. dyHkuioHanbHi nokasHuky KynsTypu ¢ibpobnacTiB wypa, siki KynstuByBanu 3a pisHux ymoB. A — MTT-TecT,
B — niHOUMTO3Ha aKTUBHICTb, 3a MOMMMHAHHAM HenTpanbHOro YepsBoHoro, C — yac nogBoeHHs nonynsuii, D — TecT
Ha nogpsanuHy in vitro: TK — rianypoHoBa kucnota, KC — koHAauuUioBaHe cepenoBuLle KYrbTUBYBAHHS Me3eHXi-
MarbHWUX CTPOManbHUX KMiTUH nnaueHTy noauHu, KEMN — kpioekCcTpakT nynoBWHW NMIOAMHU; * — BiAMIHHOCTI 3HauyLLi
BiJHOCHO KOHTporio, p < 0,01.

Fig. 2. Functional parameters of culture of rat fibroblasts cultivated under different conditions. A — MTT test,
B — pinocytotic activity, by absorption of neutral red, C — population doubling time, D — in vitro scratch test:

HA — hyaluronic acid, CM — conditioned medium for the cultivation of mesenchymal stromal cells of human

placenta, CHUC - cryoextract of human umbilical cord;

p <0.01.

TO YEepPBOHOIO HE 3MIHIOBaJlacs B YCIX BapiaHTax
nocmimkeHHs (puc. 2, B). BuszHaduenHs wacy mo-
BOEHHA TOMYJIALII MPOAEMOHCTPYBAJO, IO J0fa-
BanHsg KEII ta KC mpuckoproBano mpomideparus-
Hy aktmBHICTH KmithH, a 'K — 3HIKYBano (puc.
2, C). daHi TecTy Ha MOAPANHUHY in Vitro TOKa3aly,
mo nonaBanHs ['K y cepenoBwili KyabTHBYBaHHS
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*

— differences are significant relative to the control,

the population doubling time showed that the
addition of CHUC and CM accelerated the pro-
liferative activity of cells, while HA reduced it
(Fig. 2C). The data of the in vitro scratch test
showed that the presence of HA in the culture
medium did not affect cell migration, while CHUC
and CM significantly increased the migration rate,
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HE BIUIMBAJIO Ha MIirpamilo KIITHH, y TOH dac, fK
KEII ta KC 3Ha4yHO MiABUIIYBadd MOKa3HUK Mirpa-
1ii, MPUBOISIYM N0 TIOBHOTO 3HHUKHEHHS Je(eKTy
MoHomapy (puc. 2, D).

Bigomo, 1m0 ecTeTHYHUN BUIIS IIKipH, BIACYT-
HICTh 3MOPIIOK 3aJICKHUTh Bifl i Typropy, BMICTy
MDKKJIITHHHOI PiTHHHU, BOJIOKOH, KUTHKOCTI Ta (DyHK-
LIOHYBaHHS PI3HUX THIIB KJIITHH, mepen yciMm ¢i-
OpoOIacTiB, 5Ki € OCHOBHMMH KJIITHHAMHM JIepMu [2].
lMamypoHoBa KHMCIOTa — TNPUPOAHWUH KOMIIOHEHT
CTOJIyYHOI TKaHWHH, aje 3 BIiKOM ii KiJIbKiCTh 3MEH-
LIYETBCS, IO CTa€ OJHIEI0 3 MPUYMH 3HUKEHHS
TYpropy pa3oM 3i 3MiHOIO KITBKOCTI iHIIMX KOM-
noHeHTiB Ta wiituH [7]. Ir’eknii K mo3Bonstors
LIBUIKO BIIHOBHTH TYyprop UWIKipW, aje iXHsA Mid
€ TuM4acoBoro [3, 4]. Me3eHxiMambHI CTPOMAJIbHI
KIITUHYU IyIOBUHM JIIOAWHU YHUHATH TPUBALY IO
Ha OpraHi3M pCIHWITIEHTA, SKa Peali3yeThCS depe3
CUHTE3 010JIOTIYHO aKTUBHUX PeYoBHH [1].

Otpumani Ha KyaeTypi (ibpobractiB  maHi
cBimuarp, mo KEII ta KC migBumryoTs MeTabomid-
HY AaKTHBHICTb KIITHH, IXHIil mpomidepaTuBHUit
Ta MirpaniiiHuii moreHmian. BoHu He MaroTh Hera-
TUBHOTO BIUIMBY Ha KyJlbTypy (ibpobiactiB, sSKuii
cnoctepiranu micns 3actocyBanHs ['K. Ha wnamry
IOyMKY, 30INbIICHHS 4Yacy TIOIBOEHHS IMOMYJISLii
Ta BeIMYMHU JedeKTy (3a TeCTOM MOAPSANIHN)
micns mii 'K moB’si3aHi 3 BiACYTHICTIO O10JIOTi9HO
AKTHBHUX PEYOBHMH 200 POCTOBHUX (haKTOPIB y CKIIAIi
CepeIoBHIIA KyIbTUBYBaHHS.

Takum guaoM, KEIT ta KC migBumniyrots mera-
OomiuHy, mpomidepaTHBHYy Ta MirpariiiHy axkTHB-
HicTb QiOpodmactiB y cucremi in vitro. lloen-
HaHHA akTuBauii npomidepauii Ta Mirpamii KIiTHH
¢$i06pobnacTiB MOXKE 3aCTOCOBYBAaTHCS AJISI 3aro€H-
Hs pas. 3pemroro aist KEII moxe OyTtu Bu3HaueHa
B €KCIIEPUMEHTAX in ViVo.

Pobomy  euxomano 3a niompumxu
HanbHO20 (YoHOY OocniodiceHb Yrpainu,
Ne2021.01/0414.

Hayio-
NPOEKM

Nitepatypa
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leading to the complete disappearance of the
monolayer defect (Fig. 2D).

It is known that the aesthetic appearance of
the skin, and the absence of wrinkles depend on
its turgor, the content of an intercellular fluid,
fibres, the number and functioning of various
types of cells, above all fibroblasts, which are the
main cells of the dermis [2]. HA is a natural
component of connective tissue, but with age,
its amount decreases, which becomes one of the
reasons for the decrease in turgor, along with a
change in the number of other components and
cells [7]. HA injections can quickly restore skin
turgor, but their effect is temporary [3, 4]. Mesen-
chymal stromal cells of the human umbilical cord
have a long-term effect on the recipient’s body,
which is realized through the synthesis of bio-
logically active substances [1].

The findings on the culture of fibroblasts show
that CHUC and CM enhance the metabolic activity
of cells, their proliferative and migratory potential.
They have no negative effect on the culture of
fibroblasts in contrast to those observed with the use
of HA. In our opinion, the increase in the doubling
time of population and the size of the defect (by
the scratch test) after the action of HA is associated
with the absence of biologically active substances
or growth factors in the composition of the culture
medium.

Thus, CHUC and CM increase the metabolic,
proliferative and migratory activity of fibroblasts
in vitro. The combination of activation of prolife-
ration and migration of fibroblast cells can be used
for wound healing. The final effect of CHUC can
be determined in the experiments in vivo.

The research was supported by the project
2021.01/0414 of the National Research Foundation
of Ukraine.
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