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Cryopreserved Umbilical Cord Extract Restores
the Skin Structure in Ovariectomized Rats

Pedrepat: Y poboti gocnigxyBanu ocobnmBocTi Al KpiOeKCTpakTy MyrnoBMHW NIOAMHU Ta CepenoBuLLa KynbTUBYBaHHS il Me3eH-
XiManbHUX CTPOManbHUX KMiTUH MOPIBHAHO 3 CUHTETUYHOIO rianypOHOBOK KMUCMOTOK Ha BiAHOBMEHHS LUKIPU Camuub LLypiB 3 Moae-
NbOBaHWUM CTapiHHAM. 3a3HajveHi pevyoBMHN BBOAWMM OBApPiOEKTOMOBAHUM TBapMHAM BHYTPILLHLOLLKIPHO. BcTaHoBNEHO, WO BBEAEHHSA
KpiOEKCTpaKTy NynoBWHW NIOAMHU TBApMHaM 3 MOLENM0 CTapiHHA LUKIpM NpMBOAUNO OO BiAHOBMEHHS CTPYKTYpPU LUKIpU BXe 4vepes
2 TwxkHI nicnsa iH'ekuin. CnocTepiranu MOTOBLUEHHS enigepmicy Ta Aepmu, siBUWA nponidepadii KniTuH, 36inbLUeHHS KiMbKOCTi KO-
nareHoBMX BOJOKOH, cyauH. Yepe3 4 TwxHi nicnsi ocTaHHbOI iH'ekuUii BigOyBanacs Hopmanisauisi cTaHy LKipU [0 PiBHS iHTaKTHMX
TBapuH. BBedeHHs cepenoBuLLa KynbTUBYBAHHSA Me3eHXiManbHUX CTPOManbHUX KMiTUH NYNOBUHU TakoX NpUBOAMNO A0 36inblUeHHS
KINbKOCTI KOnareHoOBMX BOSIOKOH, nponidepauii KMiTUH, KOHTYPYBaHHIO LUAPIB LUKIpM ane Mano MeHL BupaxeHunh edekT npu no-
PiBHSAHHI 3 iH'€KLiAMX KPIOEKCTPaKTy 3a MOKa3HMKamMy TOBLUMHW AepMu Ta enigepmicy. IHekuii CMHTETMYHOI rianypoHOBOI KMCNOTU
nNpuMBOOUNM OO «OMOMOMXEHHS» BEPXHiX LIapiB LUKIpU Ta Manu MeHL BUpaXeHU NposiB MOPIBHSAHO 3 Ai€l0 NOXiAHWMX MNYMOBMHU
NIOAVHN.

KntoyoBi cnoBa: nynoBuHa, KpioekCTpakT, KPiOKOHCEPBYBaHHS, LLypUu, OBapioeKTOMisi, CTOBOYPOBI KNiTWMHW, riarnypoHoBa KucnoTa,
CTapiHHSA, LLKipa.

Abstract: The research covers the specific effect of human umbilical cord cryoextract and the culture medium of its mesen-
chymal stromal cells in comparison with synthetic hyaluronic acid on the skin regeneration in female rats with simulated aging. The
specified substances were administered intradermally to ovariectomized animals. The injection of human umbilical cord cryoextract
into animals with a model of skin aging was established to restore the skin structure already 2 weeks after the injections. Thickening
of the epidermis and dermis, phenomenon of cell proliferation, and an increased number of collagen fibers as well as blood vessels
were observed. Four weeks after the last injection, the skin condition was normalized to the level of intact animals. Administration
of the culture medium of mesenchymal stromal cells of the umbilical cord also led to an increased number of collagen fibers,
cell proliferation, contouring of skin layers, but had a less pronounced effect compared to the injections of cryoextract on the indices
of the dermis and epidermis thickness. Injections of synthetic hyaluronic acid led to "rejuvenation” of the upper layers of skin and had
a less pronounced manifestation compared to the effect of human umbilical cord derivatives.

Key words: umbilical cord, cryoextract, cryopreservation, rats, ovariectomy, stem cells, hyaluronic acid, aging, skin.

OnHUM 13 TOJOBHHX BHKIUKIB XXI CTOMTTI €
Momryk e(l)eKTI/IBHI/IX MeTOI[iB MMPOTUCTOAHHSA CTa-
PIHHIO OpraHi3My, 0COOIMBO KO0 BUIUMHUM O3HAKAM
SIK-OT BIKOBI 3MiHH HIKipH. Y Cy4acHOMY CYCIIibCTBI
AOITIAHYTa H_IKlpa € O3HAKOI0 TapHOro CaMoIo4yT-
TS Ta BIIEBHEHOCTI y cobi [2, 4, 5, 22]. llkipa sx
HAHOUIBIINK OpraH JIOAUHHM 1 TBapHH, SKUH €IH-
HUAW KOHTAKTy€ 3 30BHIIIHIM CEPEIOBHUINECM, € HE
JIMIIE «apPeHOI0 OOpPOTHOM» 31 INKIIJIMBUMH BILIH-
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One of the main challenges of the 21 century
is the search for effective methods of combating
the body aging, especially its visible signs, such
as age-related changes of skin. In modern society,
well-groomed skin is a sign of good health and
self-confidence [2, 4, 5, 22]. The skin, as the largest
organ of humans and animals, which is the only one
in contact with the external environment, is not only
an 'arena of struggle' with the harmful effects
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BaMH pI3HMX YHHHUKIB, a ¥ BigoOpakeHHAM 3a-
ragpHOro crtany opraizmy [9, 20, 21]. Icaye Be-
JIUKA KUNBKICTh YHHHUKIB, $Ki MPH3BOJATH 10
CTOHIIIEHHS €MiJIepMabHOTO IIapy, 3HMKEHHS II0-
TEHINIaJly OHOBJICHHS KEPATHHOIUTIB, OCTIaOICHHS
JIEPMOCIIIIEPMAIIGHOTO 3’ €MHAaHHS, aTpodii mima-
MIKIpHO JKUPOBOi Ta M S30BOI TKAaHUH. YCe 1€ MOXKE
CIIPUYMHUATH CTapiHHSA IIKIPH: TIOSBa 3MOPIIOK,
MIrMEHTHUX IUIAM, TBMSHICTE Tomio [2, 4, 20, 22].
Toctpo mocrae mpobnema cTapiHHS IOKIpH IS
KIHOK Ticisl 3racaHHsi (yHKLII S€YHUKIB y TOCT-
MeHomnay3aJbHUl Tepion Ta/abo micis oBapioek-
Towmii [13, 17, 18].

Bimomo, mo ans HOopMamizawii QyHKOIH MmKipu
Ta BiZHOBIEHHS ii OyIOBH NPOTOKOIaMHU Oararbox
AHTHEWDKUHTOBUX TIpOoTpaM TmepeadadeHo 3acTo-
CYBaHHsI PEYOBHH 3 PI3HOIO Ji€I0, a caMe: aHTHOK-
CHUIAHTIB, TOPMOHIB, PETHHOI/IB, MPOTHU3aMaILHUX
npenapariB [20, 22], 3maTHUX YTPUMYyBaTH BOXIY
pedoBHH, Hampukian riaxypoHoBoi kuciotu (I'K)
[6-8, 19]. Hna mokparieHHs mepeliry pi3HuX Ima-
TOJIOTIYHUX CTaHIB, BUKIMKAHUX CTapiHHIM, CTH-
MyJIALii [OpoleciB pemnapamii pi3HUX OprasiB
MPOBOAATH MPOLEAYPU i3 BBEICHHSAM CTOBOYPOBHX
kmituH [1, 3, 10, 11, 15] Ta 6Gi0oJOTiYHO AKTUBHHX
CHONYK TKaHWHW TmaneHtu [12, 14]. Hapaszi my-
MOBHHA € TEPCIEKTUBHUM JKEPEIOM OTPUMaHHS
IJIIKO3aMIHOTIIIKaHIB Ta CTOBOYPOBUX KIITHH, SKi
BBKAIOTHCS C(PEKTUBHUMH 3aco0aMH U JIKY-
BaHHS 1HBOJIOTUBHUX 3MiH [11, 16].

BungineHHs O1070TiYHO aKTUBHHUX CIIONYK JIS
3aCTOCYBaHHI B KOCMETOJIOTii € MOMJIMBUM 3aBISKH
KpioekcTpakiiii. st BU3HAYCHHS ¢EKTUBHOCTI Kpio-
exctpakty mynoBunu (KEII) mronunau Ta cepenouiia
KyneTuBYBaHHA KiTHH mynoBuHu (CKKII) Ha BigHOB-
JICHHS TIKIPY TBAPHUH 3 MOJACITHOBAaHUM CTapiHHSAM He-
O0XiJTHIM € eKCTICPUMEHTAITbHE JTOCITIIKSHHS 7 ViVo.

Meta poboTH — TpOBENEHHS MOPIBHIBHO-
ro aHamizy [Oii KpiOEKCTaKTy IyNOBHUHH JIOAWHH,
CepeloBUINa KYIFTUBYBaHHSI 1 MeE3CHXIMaJIbHUX
CTPOMAaJbHUX KIITHH 1 CHHTETHYHOI TialypOHOBOL
KHCJIIOTH Ha CTPYKTYpYy IIKIPH OBapiOCKTOMOBa-
HUX IIIyPiB.

Marepiajau Ta MeTOAH

ExcriepuMeHTH Ha TBapWHax, CXBajeHI KoMiTe-
ToM 3 Oioetuku [HCTHUTYTY mpobnem kpiobiosorii i
kpiomenummad HAH VYkpainm (mpotoxon Ned4 Bix
26.11.2013), mpoBOIWIM BIiATIOBIAHO IO TIOJIOXEHb
3axony Ykpainu «IIpo 3axuct TBapuH BiJ XKOPCTO-
koro noBokeHHD (Ne 34471V Bix 21.02.2006 p.),
«EBPOTEHCHKOI KOHBEHINI MPO 3aXUCT XpeOeTHUX
TBapHH, SIKI BUKOPUCTOBYIOTbCS Ul EKCIIEPUMEH-
TaJIbHUX Ta IHIIMX HaykoBuX Iijiei» (CtpacOypr,
1986).
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of various factors, but also a reflection of the body
general state [9, 20, 21]. There are a large number
of factors that lead to thinning of the epidermal
layer, a decrease in the renewal potential of
keratinocytes, a weakening of the dermoepidermal
junction, and atrophy of subcutaneous fat and
muscle tissue. All this can cause aging of skin:
appearences of wrinkles, pigment spots, dullness,
etc. [2, 4, 20, 22]. The problem of skin aging
for women emerges acutely after the decline of
ovarian function in the postmenopausal period
and/or after oophorectomy [13, 17, 18].

It is known that in order to normalize skin func-
tions and restore its structure, the protocols of many
anti-aging programs provide for the use of sub-
stances with different effects, namely antioxidants,
hormones, retinoids, anti-inflammatory drugs [20,
22], substances capable of retaining water, such as
hyaluronic acid (HA) [6-8, 19]. Procedures with
the injection of stem cells [1, 3, 10, 11, 15] and
biologically active compounds of placenta tissue
[12, 14] are performed to improve the course of
various pathologies caused by aging, to stimulate
the repair processes of various organs. Currently, the
umbilical cord is a promising source of obtaining
glycosaminoglycans and stem cells, which are
considered effective means for the treatment of
involutional changes [11, 16].

Isolation of biologically active compounds
for use in cosmetology is possible owing to
cryoextraction. To determine the effectiveness of
human umbilical cord cryoextract (UCC) and
umbilical cord cell culture medium (UCCCM)
for skin regeneration in animals with simulated
aging, an in vivo experimental study is neces-
sary.

The purpose of this investatigation was a com-
parative analysis of the effect of human umbilical
cord cryoextract, the culture medium of its
mesenchymal stromal cells, and synthetic hyalu-
ronic acid on the skin structure of ovariectomized
rats.

Materials and methods

Experiments in animals were approved by the
bioethics committee of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine (protocol No. 4
dated November 26, 2013) and were carried out in
accordance with the provisions of the Law of Uk-
raine 'On the Protection of Animals Against Cruelty'
(No. 3447-1V dated 21.02.2006), 'European Con-
vention on the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Pur-
poses' (Strasbourg, 1986).
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Hns excriepumentiB Oyno Bigibpano 36 camuib
mrypiB miHii Bicrap Bikom 6 wicsiiB, Baroro 180-
200 rpamiB. Ix posminuaum Ha 6 rpynm no 6 TBa-
pUH y KOXHIN: | — IHTaKTHI mypw; 2 — CaMHUII
ITiCTIST OBApiOEKTOMIl; 3 — TBapWHH, SKUM ITiCIIS BU-
JMAJCHHS SIEYHUKIB BHYTPINTHHOIIKIPHO BBOIWIN
0,9% pozuun Harpito xjopury (NaCl); 4 — TBapuHwu,
SIKAM  TICJS  BUMAJIICHHS SE€YHUKIB BHYTPINTHBO-
mkipao BBomwm KEII; 5 — TBapuHU, SKUM TiCTs
BUJAJICHHS SIEYHUKIB BHYTPIIIHBOMIKIPHO BBOIMIIH
CKKII; 6 — TBapuHUW, SKUM TIiCIsi BUIAJICHHS
SI€YHUKIB BHYTPIIIHBbOIIKipHO BBOAMIH ['K.

Otpumany 3 iHPOpPMOBaHOI 3rogu XIHKH B CTe-
PUWIBHHX YMOBaX IIicsi KECapeBOrO PO3TUHY IIy-
MOBHHY pO3IULIIM Ha (QparMeHTH Mo 5-6 cwm,
BimmuBamu 0,9% po3umHOM HATPIIO XJIOPHIY Bif
kpoBi. IloTiM 1i mepeHOCWIM B TOJIIPOIIJICHOBI
mpobipku 06’emom 15 mi (Starlab, Ykpaina) Ta mia-
JaBajl TPUPA30BOMY 3aMOpPOKyBaHHIO 110 —196°C
NUISIXOM 3aHypeHHS y piAkuii a3oT. PozMopoxky-
Balli 3pa3KW TKAaHWHU ITYITIOBUHW Ha BOMSHIA OaHi
3a Temneparypu 40°C. Ilicns po3MopoKyBaHHS
(¢parMeHTH MYNOBHHU TNOAPIOHIOBATM 3a JOIO-
MOTOIO0 TOMOTEHi3aropa 10 OAHOPIAHOI MacH, Aoxa-
Banu (ocdarno-conpoBmii Oypep pH = 7,2 y cmis-
BigHomIeHH] 1:4 1 3anMimanyd Ha 2 TOOMHU 3a KiM-
HaTHOI Temmeparypu. [oMorenat QpinsTpyBaiu uepes
KalpoOHOBHH (iNETP, PiaKy ¢pakiiio neHTpudyry-
Banu mpotsaroM 5 xB 3a 1250g. CymepHarant po3-
JUBAali B CTEPWIbHI IUIACTHKOBI KPiOMPOOipKH
(Starlab), o6’emom 1,0 M 1 3aMOpOXKyBaJld JI0
—196°C nmisxoM 3aHypEHHS Y PIIKHIA a30T.

Me3zenxiManbHI CTPOMabHI KIIITHHH IyTIOBHHH
OTpPUMYBaJH MeTonoM ekciuianTiB [15]. s omep-
xanHsi CKKII 3pasku kymeTuBYBanm micis ¢op-
MyBaHHsI MOHOIIApPy NPOTITOM OBOX Ai0 y cepemo-
Buii DMEM (Bio-West, ®panuisi) y KOHUEHTpamii
200 THCSY KIITHH Ha MJT O3 ToAaBaHHs eMOpioHab-
HOI CUPOBAaTKHU.

3a Bmictom cepomykoinie KEIT ta CKKII cran-
napTu3yBaii nopiBHAHO 3 1% pozunHom ['K (In Lab
Medical, ®pannis) nogaBaHHsIM HochaTHO-COIBOBO-
ro Oydepa.

MonenoBaHHS CTapiHHA IIKIpH, XapaKTepHOTO
JUIA TIepiofy MEHOTMAay3H, MPOBOAMIN 33 METOIOM
I. Ozyazgan [13]. OBapioeKToMil0 TPOBOUIU Xi-
PYPTiYHUM LUIIXOM: KpPi3b JAMapOTOMiYHHN JAOCTYI
BiJCIKal SIEYHUKU TICHS HAaKJIaJaHHA Jirarypu.
UYepes 3 micsani micns omeparii Momenb BBaXalld
c(hopMOBaHOIO.

HocnimkyBani pedoBUHA 00’eMoM 1 Mi1 BBOAU-
JIM IOACHHO MPOTIroM S5-TH Ai0 B JUISHKY CIHHHU
po3mipom 2 X 2 ¢cM? y emiiepMic METOJOM IMOBEPX-
HEBOro Hamaky Ha nmouHy 0,5 mm mo 0,02 mi
3a OIMH HPOKOJ, BIACTaHb MDK SIKUMH CKJIajania
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Thirty six female Wistar rats aged 6 months,
weighing 180-200 grams, were selected for the
experiments. They were divided into 6 groups of
6 animals each: 1 — intact rats; 2 — females after
ovariectomy; 3 — animals that, after removing the
ovaries, were injected intradermally with a 0.9%
sodium chloride (NaCl) solution; 4 — animals
that, after removal of the ovaries, were injected
intradermally with UCC; 5 — animals, which after
removal of the ovaries were injected intradermally
with UCCCM; 6 — animals that after removal
of the ovaries were intradermally injected with
HA.

The umbilical cord obtained with the informed
consent of women under sterile conditions after
a cesarean section was divided into 5-6 cm frag-
ments, washed with a 0.9% sodium chloride so-
lution from the blood. Then it was transferred to
15 ml polypropylene tubes (Starlab, Ukraine) and
subjected to triple freezing to —196°C by immersion
in liquid nitrogen and heating in a water bath
at 40°C. After the last heating, the fragments of
the umbilical cord were crushed using a homoge-
nizer to a homogeneous mass, phosphate-salt buffer
pH = 7.2 was added in a ratio of 1:4 and left for
2 hours at room temperature. The homogenate
was filtered through a kapron filter; the liquid
fraction was centrifuged for 5 minutes at 1250g.
The supernatant was poured into 1.0 ml sterile
plastic cryotubes (Starlab) and frozen to —196°C by
immersion in liquid nitrogen.

The umbilical cord mesenchymal stromal cells
were derived by the explants method [15]. To
obtain the UCCCM, the samples were cultured
after monolayer formation during two days in
DMEM (Bio-West, France) at a concentration of
200,000 cells per ml with no fetal serum.

According to the content of seromucoids, UCC
and UCCCM were standardized compared to 1%
HA solution (In Lab Medical, France) by adding
phosphate-saline buffer.

Skin aging, characteristic of the menopause
period, was modeled according to the method of
I. Ozyazgan [13]. Ovariectomy was performed
surgically: the ovaries were cut off through a lapa-
rotomy approach after applying a ligature. Three
months after the operation, the model was considered
formed.

The substances under investigation in a volume
of 1 ml were injected daily for 5 days into the
2 x 2 cm? area in the epidermis by the method of
surface nappage to a depth of 0.5 mm by 0.02 ml
per puncture, the distance between which was
no more than 0 .4 cm. Two and four weeks after
the last injection, 3 animals from each group (1-6)
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He Oinpmre Hixk 0,4 cM. Yepes 2 Ta 4 TWXHI micns
BBEJICHHSI OCTAHHBOI iH €KIll 3 EKCICPUMEHTY BH-
BOOMJIM 0 3 TBapuHM 3 KoxkHOi rpymu (1-6). [nsa
MOJANBIIOTO JOCTI/DKEHHS 3 MUISTHKA BBEICHHS
JOCHIJDKYBaHUX CIIONYK BHIANSUIA (hparMeHTH IIKi-
pu, ski ¢ikcyBamu y 10%-my dopmaiini, mpo-
MHUBaJH BOJOIO Ta 3HEBOAHIOBAIN y CIUPTaX 3pOC-
TarO4ol KOHIICHTPAIIii, IMICIsI YOTo 3ajUBajd y Ia-
padin. I[TapadiHoBi 3pi3u MIKIPH TOBIIUHOIO 4—6 MKM
3a0apBIIIOBAIM TEeMaTOKCHIIHOM Ta €o3uHOM. Jlns
MOP(GOMETPUYHOTO JOCTIKEHHsS] BUMIPIOBAIH TOB-
IMHY MIapiB JepMH 1 emigepMicy, BHU3HaYaIH
KUTBKICTh CKMagok Ha 1 wmm? 3pidy. Mikpocko-
MiYHE JOCHIJUKCHHS 3IIHCHIOBAIM 3 BUKOPUCTaH-
HAIM  cBimoonTHYHOTO Mikpockona «NIB-100»
(Delta Optical, ITomsmia) 3 kameporo «MCMOS 3100»
(Sigeta, Kuraif). s o6poOku 300pakeHb 3acTo-
coByBaJId mporpamHe 3abesmneuenHs «Toup View
V 3.7» (Hangzhou Toup Tek Photonics Co. Ltd,
Kurait). 'icromoriuni mpemapaTé MpEACTaBICHI Ha
puc. 1-4. Pesynsratu MOp(QOMETPHUYHOTO JIOC-
JIiPKEHHS HaBEJICHI Ha puC. 5.

CratuctnyHy OOpOOKY JaHWX MPOBOAMIM IIPOT-
pamoro «PAST V.3.15» (VYmiBepcurer Ocno, Hop-
BETis) 3 BUKOPUCTAHHAM HEMNAPaMETPHYHOTO KpH-
tepiro Kpackena-Yorrica.

Pe3yabTaTi Ta 06roBOpeHHs

T'icTonoriyde MOCTIKEHHS CTPYKTYpPH IIKipH
TBapHH Ipynu | Mokasajgo 3BHYalHHIA MIKpopenbed
emigepmicy Ta audepeHIamiio Ha IMapH, BEIMKI
TeTepOXpOMHI simpa. JlepMoerigepManTbHAA  KOp-
JIOH TICPEBaKHO MaB YiTKi KOHTYpPH. Y BIIACHE IepMi
criocTepiraini KmitTuHH  $iOpodbIacTUUHOTO  PsImy,
KOJIaT€HOBI Ta €NAacTUYHI BOJIOKHA, OpPi€HTOBaHI
napajieiabHO TOBEPXHi LIKipH, BEIUKY KUIBKICTh 3a-
JI03 Ta BOJIOCSIHUX (OMIKyiB. Y IMIHMOOKHX IIapax
MiAMKIpHOT KITITKOBUHU BUSBISUIACS KPOBOHOCHI
CyauHUA. M’S30B1 BOJIOKHA BIIaCHOTO M’si3a IIKipH
Oynmu 100pe po3BUHEHI, OPIEHTOBAHI B IMO3OBKHBO-
My Ta TIONIEPEYHOMY Hampsamkax (auB. puc. 1, A, C).

MopdomeTpudHi maHi, a came TOBIIUHA JIEPMH,
eMiZepMICYy Ta KUTBKICTh CKJIQJIOK IIKIPH 1HTAaKTHHUX
TBapWH HaBEJCHI Ha puC. 5.

Uepe3 3 wicami Mmiciisi OBapiOEKTOMIl CITOCTe-
piranucsi 3MiHH, XapaKTEpHi IS CTapiHHA IIKipH:
CTOHILICHHS TOBLIMHU EMiEPMICy LUISIXOM 3MEH-
LIEHHS KUIBKOCTI KIIITHH y Horo mapax (KepaTHHi-
3allis Ta MIrparis), JesKi KITHHA MaJld MKHOTHYHI
saapa, OunpliicTe saep Oynu rimepxpoMHUMH. Bin-
3HaYayacs 3MMIADKEHICTh JAEPMOEiIEpMAILHOTO KOp-
noHy. ToBima mepMu TakoX CTOHIIyBajacs, COCOY-
KOBUH Ta ciTYACTUH mapw He AUGEPCHITIIOBAIHCS.
CronyJHOTKaHMHHA YacTHHA JEPMH SIBJISIa COOOI0
po3mylieHi, (parMeHTOBaHI Ta KOHTYPHO 3MiHEHI
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were removed from the experiment. For further
research, skin fragments were removed from the
injection site of the studied compounds, fixed
in 10% formalin, washed with water and dehyd-
rated in alcohols of increasing concentration,
afterwards they were paraffinembedded. Paraffin
skin sections with a thickness of 4-6 um were
stained with hematoxylin and eosin. The morpho-
metric study was carried out according to the
following indices: the thickness of the dermis
and epidermis layers, number of folds per 1 mm?
section was measured. Microscopic examination
was carried out using a light-optical microscope
'NIB-100" (Delta Optical, Poland) with a camera
'MCMOS 3100" (Sigeta, China). Toup View V 3.7
software (Hangzhou Toup Tek Photonics Co. Ltd,
China) was used for image processing. Histolo-
gical preparations are presented in Figs. 1-4. The
results of the morphometric study are presented
in Fig. 5.

Statistical data processing was carried out using
("PAST V.3.15' software (University of Oslo, Nor-
way)) with non-parametric Kruskel-Wallis criteria.

Results and discussion

Histological examination of the structure of
the skin of animals of group 1 showed the usual
microrelief of the epidermis and differentiation
into layers, large heterochromic nuclei. The dermo-
epidermal border mostly had clear contours. In
the dermis itself, fibroblastic cells, collagen and
elastic fibers oriented parallel to the skin surface,
a large number of glands and hair follicles were
observed. Blood vessels were found in the deep
layers of the subcutaneous tissue. Muscle fibers of
the skin's own muscle were well developed, oriented
in the longitudinal and transverse directions (see
Fig. 1, A, C).

Morphometric data of the thickness of dermis,
epidermis and the number of skin folds in intact
animals are shown in Fig. 5.

Three months after ovariectomy, the changes
characteristic of skin aging were observed: thinning
of the epidermis by reducing the number of cells
in its layers (keratinization and migration), some
cells had pyknotic nuclei; most of the nuclei were
hyperchromic. Smoothing of the dermoepidermal
border was noted. The thickness of the dermis
also thinned, the papillary and reticular layers
did not differentiate. The connective tissue part
of the dermis consisted of loose, fragmented and
contoured bundles of collagen and elastic fibers,
among which a small number of randomly arranged
fibroblastic cells with dense nuclei were obser-
ved somewhere. Single hair follicles and sebaceous
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Puc. 1. Wkipa iHTakTHMX TBapuH (A, C) Ta TBapuH yepe3 3 micsaui nicns osapioektomii (B, D). 3abapeneHHsa rema-

TOKCUNiHOM Ta eo3nHoM. MacwTabHi niHinkn 100 MkM. TOBCTi CTPINKM — CTOHLUEHHSI enigepmicy, TOHKi CTpinkn —

rinepxpomisi agep.

Fig. 1. Skin of intact animals (A, C) and animals 3 months after ovariectomy (B, D). Staining with hematoxylin and
eosin. Scale bars are 100 pm. Thick arrows — thinning of the epidermis, thin arrows — hyperchromia of the nuclei.

MYYKH KOJIATeHOBUX Ta €JIaCTHYHUX BOJIOKOH, Cepef
SAKAX TONEKYJH CIIOCTEpirajd HEBEIUKY KUIBKICTb
Xa0THYHO PO3TAmoOBaHKUX (HiOPOOIACTUYHUX KIIITHH
31 HIUIBHUMU SpaMu. Y BIIacHE JIEpMi BU3HAUAIIH-
sl MOOTMHOKI BOJIOCSIHI (DONTIKYJIHM Ta CajibHi 3aJI03H.
Brnachuit M’s3 mKipu OyB BUTOHYEHHH 1 CKiIagaBcs
3 rinoTpodoBaHUX M’S30BHX BOJIOKOH, OPi€HTOBA-
HHUX Yy TO3IOBXHBOMY Ta TOINEPEYHOMY HarpsMKax
(muB. puc. 1, B, D). MopdomeTpryHi JaHi TOBIIUHH
JIEPMH, eTiJIEpMICy Ta KiJIbKICTh CKJIaJJOK IIKipH TBa-
PHH 3 MOJICJUTIO CTAPiHHS IIKIPH HABEJCHI HA pHC. 5.

[Micnst  BHyTpimHBOIIKIpHOTO BBeneHHA 0,9%
pozuriHy NaCl oBapio€KTOMOBaHWM TBapuHam (Tpy-
na 3) crocTepirayy Ti X 03HAKH, SIKi Oy’ BUSBICHI
y cCaMHIlb IIypiB Tpymnu 2.

JocmipkeHHsl WKipA TBapuH 3 MOZAEIUIIO CTa-
piHHA dYepe3 2 TIDKHI Micis BBEOCHHS TBapHHAM
KEII (rpyna 4) mokasaino, 1o emizepmic MaB HOp-
MalbHUH Mikpopenbed 1 audepeHuiamiro Ha Mapu
(muB. puc. 2, A).
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glands were identified in the dermis itself. The skin's
own muscle was thin and consisted of hypotro-
phied muscle fibers oriented in the longitudinal
and transverse directions (see Fig. 1, B, D).
Morphometric data of the thickness of the dermis,
epidermis and the number of skin folds in the
animals with a skin aging model are shown
in Fig. 5.

After intradermal injection of 0.9% NaCl
solution, ovariectomized animals (group 3) showed
the same signs as were observed in female rats of
group 2.

Examination of the skin of animals with an
aging model 2 weeks after administration of UCC
to animals (group 4) showed that the epidermis
had normal microrelief and differentiation into
layers (see Fig. 2, A).

During the experiment, the proliferation of
its basal cells and the epithelium of hair follicles
was observed, single intraepidermal macrophages




Puc. 2. llkipa oBapioeKTOMOBaHUX TBapuWH Yy Micli iH'ekuii yepe3 2 (A) Ta 4 (B) TwxHi nicna BeegeHHs KEIM. 3abaps-
JNIeHHs1 reMaToKCUITIHOM Ta eo3nHoM. MacwitabHi niHinku 100 Mkm. TOBCTi CTpinku — rineptpocpis 3 andepeHuiaieto
Ha LWapw, TOHKi CTPINKM — KPOBOHOCHI CyaQUHW.

Fig. 2. Skin of ovariectomized animals at the injection site in 2 (A) and 4 (B) weeks after UCC administration. Staining
with hematoxylin and eosin. Scale bars are 100 pm. Thick arrows are hypertrophy with differentiation into layers,
thin arrows are blood vessels.

[lig dac exkcmepuMeHTy CHOCTEpirand MpoJti-
(epamito oro 0a3aJlbHUX KIITHH Ta EMIiTENiI0 BO-
JocaHuX (PoIiKymiB, BHABISUTUCS MOOAMHOKI BHYT-
pimHBOCTiAepManbHi  Makpodaru. ToBmuHa eri-
JIepMICy Ta JepMH 30inbliyBanacs. Y BiacHe IepMi
Bi/I3HAYaIM 30UTBIICHY KITBKICTH (iOpobOracTiB Ta
KPOBOHOCHHX KaITiJISIPiB, OCOOIIMBO B COCOYKOBOMY
mapi, a TakoK OUTBII-MEHIN YITOPSIAKOBAHO Opi€H-
TOBaHI KOJAareHOBI Ta €JacTUYHI BOJIIOKHA. BBenen-
Ha KEII BukImKago 3HadyIl 3MiHH MOphOMETpHd-
HUX TOKa3HUKIB TOPIBHIHO 3 TaKWMH Y TBapuH
rpyn 2 i 3, a came: 3HayHe 30UIBIICHHS TOBILWHH
JIEpPMHU, CIiJePMICYy Ta 3MEHIICHHS KiJTbKOCTI CKia-
JOK (muB. puc. 5). JlocmiIkeHi MOKa3HUKH HE ToCcATa-
JIU KOHTPOJIHHUX 3HAYCHb, XaPAKTEPHUX JJISI TBAPHH
rpymu 1.

Uepe3 4 Twxkni micas seeaeHas KEII emigepwic
MaB 3BUYalHUN MiKpopeiabed Ta qudepeHiiiaiio Ha
1apy, 30UIbIIyBanacs KUIbKICTh BOJOCSHUX (oti-
kymiB (mmB. puc. 2, B). JlepmoemimepmannHuit
KOPIIOH TIEPEBAXHO YITKO KOHTypyBaBcs. Y BIac-
HE JIepMi BUSBIISIACS 301TbIIEHA KIJTBKICTh KIIITHH
¢dibpobnactuunoro psany. Ilpuseprana yBary rycra
Mepeka MOJOAMX HOBOYTBOPEHHX KOJIAr€HOBUX
1 eJacTUYHUX BOJIOKOH, OPIEHTOBAHHX MapaseibHO
MOBEpXHI MKipu. Y MMOOKHMX MIapax MiAIIKipHOL
KIIITKOBHHU BHSBIISUTH KPOBOHOCHI CymuHU. M’s-
30Bi BOJOKHA BJIACHOTO M’5i3a IIKipH Oynu crps-
MOBaHI B TIO3ZIOBXXKHBOMY Ta TIONIEPEYHOMY HAaTpsi-
Max. ToBmumHaA emifepMicy Ta KUTBKICTH CKIIAIIOK
IIKIpH HE BIAPI3HSIKCS BiJ TaKMX y IHTAKTHUX TBa-
pHH, map aepMu OyB JEII0 CTOBIIECHUH (IUB. puC. 5).
Takum yuHoMm, BBeneHHs: KEII TBapuHaMm 3 MoJesio
CTapiHHS IIKIpH TPUBOIMIO IO BiTHOBIEHHS Oy-

were detected. The thickness of the epidermis and
dermis increased. In the dermis itself, an increased
number of fibroblasts and blood capillaries were
noted, especially in the papillary layer, as well as
more or less orderly oriented collagen and elastic
fibers. The introduction of UCC caused significant
changes in morphometric indices compared to
those in animals of groups 2 and 3, namely:
a significant increase in the thickness of the
dermis, epidermis and a decrease in the number
of folds (see Fig. 5). The studied indices did not
reach the control values characteristic of animals of
group 1.

Four weeks after the introduction of UCC, the
epidermis had a normal microrelief and differen-
tiation into layers, the number of hair follicles
increased (see Fig. 2, B). The dermoepidermal
border was mostly clearly contoured. An increased
number of fibroblastic cells was found in the
dermis itself. Attention was drawn to a dense
network of young, newly formed collagen and
elastic fibers oriented parallel to the skin surface.
Blood vessels were found in the deep layers of
the subcutaneous tissue. The muscle fibers of the
skin's own muscle were directed in the longitudinal
and transverse directions. The thickness of the
epidermis and the number of skin folds did not
differ from those of intact animals, the dermis layer
was somewhat thickened (see Fig. 5). Thus, the
administration of UCC to animals with a model of
skin aging led to the restoration of the skin structure
already 2 weeks after the introduction, after 4 —
a certain normalization of its condition to the level
of intact animals took place.
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Puc. 3. Wkipa oBapioekToMoBaHux TBapuH Yepes 2 (A) Ta 4 (B) TwkHi nicns BBegeHHs CKKI1. 3abapeneHHsi remaTokcumni-
HOM Ta eo3nHoM. MacwTabHi niHivikn 100 mkm. ToBCTi cTpinkm — rinepTpodis enigepmicy 3 audepeHuiauieto Ha wapw,
TOHKi CTPINIKM — KPOBOHOCHI CYANHW.

Fig. 3. Skin of ovariectomized animals in 2 (A) and 4 (B) weeks after UCCCM administration. Staining with hematoxylin
and eosin. Scale bars are 100 uym. Thick arrows are hypertrophy of the epidermis with differentiation into layers, thin

arrows are blood vessels.

JIOBU IIKIpH BXKE Yepe3 2 TIKHI IMCII 1H EKINH,
yepe3 4 TWXKHI — BigOyBajacs I€BHa HOpPMai-
3armis 11 cTaHy 10 piBHS IHTaKTHUX TBapHH.

Ilim gac mOCHIMHKEHHS TICTOJIOTIYHOTO TIperapa-
Ty ()parMeHTa IIKIpU HIypiB TPYIHU 5 yepes 2 THKHI
micist BBeneHHss CKKII BusiBneHo map emigepmicy
3 HOPMAJILHOK CKJIQJYacTIiCTIO, au(depeHiiamieo
Ha Iapw, crocTepiraiacs mpomidepalis O6azanbHUX
KIIITHH Ta emiTeNilo BoMocsHUX (omikymiB. Y Bmac-
HE JiepMi BiI3Ha4anacs 30UTbIICHA KIBKICTh (i0-
poOnacTiB Ta OpIEHTOBAHWUX MapajieibHO IOBEPX-
Hi IOKIpH KOJIATEHOBUX Ta EJIACTUYHHUX BOJIOKOH
(muB. puc. 3, A). MopboMeTpHuHHUI aHalli3 ITOKa3aB
HOpMAaJTi3aIiio TOBIIUHHU CIIESPMICY IO PIBHA, Xa-
pPaKTEepHOTO IMIKipi IHTAKTHHUX IIyPiB, Ta ICSIKE CTOH-
MIEHHS JCPMH, SKE 3HAYYIIE HE BIAPI3HSAIOCS Bif
MMOKa3HUKIB TBapHH TpynH 1, a TakoX 3MEHIIECHHS
KUTBKOCT] CKJIQJIOK IIKipH, MOPIBHSIHO 3 KOHTPOIb-
HUMU 3HAYCHHSIMH (IUB. pUC. 5).

Uepes 4 Twxknui micns BeeaenHs CKKII emi-
JepMic MaB 3BUYaiHUN Mikpopensed 1 audepentia-
Li€I0 Ha IIapH, y BIacHEe AEPMi BHABILUIOCS 30171b-
LICHHS KUTBKOCTI BOJIOCSHUX (ONIKYJiB, CalbHUX
3a5103, KITHH (hiOpOOIaCTHUHOTO PSIy Ta OpIEH-
TOBAaHUX TIAPAJICIIBHO MTOBEPXHI MIKIPH KOJATC€HOBHX
1 eJacCTUYHUX BOJIOKOH, SIKi MaJld NEUI0 PO3IyIIe-
HAW BUDIA. Y WAMIKIPHIA KITITKOBHHI BiJ3HAda-
A TTUOOKO 3aJierTi KPOBOHOCHI CynuHU. BracHuit
M’s13 IIKIpA CKIaJaBCS 3 BOJIOKOH, OPIEHTOBAaHUX
y MO3I0BKHBOMY Ta TONEPEYHOMY HampsMKax. IH-
mumu cnoBamu, BBeaeHHs: CKKII mrypam 3 moxen-
JIO CTapiHHS MPHUBOOWIO A0 HopMamizamii OymoBu
wkipu (ouB. puc. 3, B). Mopdomerpuunuii anami3
MOKa3aB CTOHLICHHS JIEpMH Ta CEHiAepMicy, MopiB-
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During the examination of a histological pre-
paration of a fragment of the skin of rats of group 5,
2 weeks after the introduction of UCCCM, a layer
of the epidermis with normal folds, differen-
tiation into layers was found, and proliferation
of basal cells and the epithelium of hair follicles
was observed. In the dermis itself, there was an in-
creased number of fibroblasts and collagen and
elastic fibers oriented parallel to the skin surface
(see Fig. 3, A). Morphometric analysis showed
the normalization of the thickness of the epi-
dermis to the level characteristic of the skin of
intact rats, and some thinning of the dermis,
which did not differ significantly from the
indices of the group 1 animals, as well as a de-
creased number of skin folds, compared to control
values (see Fig. 5).

Four weeks after the introduction of UCCCM,
the epidermis had a normal microrelief and
differentiation into layers, the dermis itself showed
an increase in the number of hair follicles, seba-
ceous glands, cells of the fibroblastic series, and
collagen and elastic fibers oriented parallel to
the skin surface, which had a somewhat loose ap-
pearance. Deep blood vessels were noted in
the subcutaneous tissue. The skin's own muscle
consisted of fibers oriented in the longitudinal
and transverse directions. By other words, the
administration of UCCCM to rats with an aging
model led to the normalization of the skin
structure (see Fig. 3, B). Morphometric ana-
lysis showed the dermis and epidermis thinning,
compared to the control, the number of folds
did not differ from the control values (see Fig. 5).
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Puc. 4. Lkipa oBapioekTomoBaHux TBapuH yepe3 2 (A) Ta 4 (B) TwxHi nicna BBeaeHHs K. 3abapBneHHs remartok-
cuniHoM Ta eo3nHom. MacwTabHi nininku 100 mkm. ToBCTi CTpinku — rinepTpocpia enigepmicy 3 AudepeHuiaieto
Ha LWapw, TOHKi CTPINKN — OpiEHTaLisi BOIOKOH.

Fig. 4. Skin of ovariectomized animals in 2 (A) and 4 (B) weeks after HA administration. Staining with hematoxylin
and eosin. Scale bars are 100 um. Thick arrows are hypertrophy of the epidermis with differentiation into layers, thin

arrows are fiber orientation.

HSHO 3 KOHTPOJIEM, KUIBKICTh CKIAJ0K HE BiApi3-
HsJIacs BiJl KOHTPOJIBHUX 3HAYEHB (pUC. 5).

Taxkum yunom, micns BBeneHHs CKKII tBapuHam
3 MOIEIUIIO CTapiHHS IWIKIPH CIIOCTEPIrayd O3HAKH
BiJHOBJICHHS KJIITHHHUX 1 CTPYKTYPHHX €JICMEHTIB
MIKIpH.

Hocmimkenns BrumBy cuHTeTHmdHOI 'K TOKa-
3aJ10, IO 4Yepe3 2 TIKHI IMCIs BBEICHHS emiaep-
MiC TBapuH IpynH 6 MaB HOPMaJbHY CKJIaT4acTiCTh
Ta audepeHiianioo, crocrepiranacs mnposideparis
#oro OazalpHUX 1 emiTelaJbHUX KIITHH, BOJIOCS-
HuX (omikyniB. Y BiIacHe AepMi, 0codnmBo B ii co-
COYKOBOMY IIIapi, crocrtepiranacs 30UIbIICHA Kijlb-
KicTe (iOpoOnacTiB 1 OpiI€EHTOBaHMX MapaeiabHO
MOBEPXHI MIKIpY MOJOAMX KOJAar€HOBUX BOJIOKOH,
a TaKoX BEJIMKA KUIBKICTH HOBOYTBOPEHHX KPOBO-
HOCHHMX KamimsipiB (muB. puc. 4, A). Bimsnauanocs
3HAUYIIE 3MEHIICHHS CKIAIOK IIKIPH, IO BiTHOIICH-
HIO HE TUIBKH J0 3HA4YCHb, OTPHIMAHUX JUIST OBapiOCK-
TOMOBAHHX, aJIe ¥ Jj1s1 KOHTPOJIBHIIX TBAPHH (IIUB. PHC. 5).

Uepe3 4 twkHi micns BBemeHHa ['K emimepwic
Y MICIIl 1H €KIIIH MaB JEIIO0 3IIaHKCHUA MIKpO-
penbed Ta cinaOky audepeHiiaiiio Ha maph. Y
BJIaCHE JepMi BHSBIMJIMCS KOJIAareHOBI Ta €1acTHY-
Hi BOJIOKHA, sIKi Manu posmymeHuid Bursa. Cro-
cTepiranacs mpoiidepanis 0a3aqpHUX KIITHH eIli-
JepMicy Ta emiTenilo BOJOCAHUX (oOmiKyniB. Y co-
COYKOBOMY IIapi IEPMH BiI3HAYAIN 301IbIICHY KiJb-
KicTh piOpobnacTiB Ta YNCIIEHHI KPOBOHOCHI Karisis-
pu (muB. puc. 4, B). Pesynpsrarn MophoMeTpHUUHOTO
aHaNi3y IMOKa3alyd 3HAYyIle CTOHIIEHHS eIiaepMicy
IO piBHS OBapiOEKTOMOBAHUX TBApHH, TOBIWHA JEP-
MU BIAMOBiAana 3HAYEHHSM, OTPUMAHUM IS KOH-
TPOJILHOI TPYTH (TUB. PHC. 5).

Thus, after the introduction UCCCM to animals with
a model of skin aging, the signs of restoration of cell
and structural elements of the skin were observed.

The study of the synthetic HA effect showed
that 2 weeks after the introduction, the epidermis
of animals of group 6 had normal folds and
differentiation into layers, proliferation of its
basal, epithelial cells and the hair follicles was
observed. In the dermis itself, especially in its
papillary layer, there was an increased number of
fibroblasts and young collagen fibers oriented
parallel to the skin surface, as well as a large
number of newly formed blood capillaries (see
Fig. 4, A). A significant decrease in skin folds was
noted, in relation not only to the values obtained
for ovariectomized animals, but also for control
animals (see Fig. 5).

Four weeks after HA introduction, the epider-
mis at the injection site had a slightly smoo-
thed microrelief and weak differentiation into
layers. The dermis itself was revealed with
collagen and elastic fibers that had a loose
appearance. Proliferation of basal cells of the
epidermis and epithelium of hair follicles was
observed. An increased number of fibroblasts
and numerous blood capillaries were noted in the
papillary layer of the dermis (see Fig. 4, B).
The results of the morphometric analysis showed
a significant thinning of the epidermis to the
level of ovariectomized animals, the thickness
of the dermis corresponded to the values obtained
for the control group (see Fig. 5).

The skin is the largest organ of the body and is
most exposed to various negative exogenous and
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[Ixipa € HaAOLTBIITIIM OPT'AHOM TiJIa Ta Ty’e CHITHHO
MATAETHCS BIUTMBY PI3HUX HETaTHMBHUX €K30- 1 €H-
JOTeHHNX (hakTOpiB. i BIiKOBI 3MiHM € HACIiZKOM
3HIDKEHHS1 3AarHOCTi KiuitmHHOI pemnapamii JJHK i
BTpaTH TeJIOMep, TOYKOBHX MYyTalill Mo3asiaepHOi
mitoxoHapianeaoi JIHK, okucHioBanpHOTO CTpecy,
MiABHUILCHHS! YaCTOTH XPOMOCOMHHX aHOMAlil, Ol
HOTCHHUX MYyTalliil, 3HIDKEHHS BMICTY BYIVIEBOIIB,
XpoHiuHUX 3amaneHb [2, 4]. TunoBuMu 3MiHAMU
MIKIpH TIPW CTApiHHI € Jerifpararis, CTOHIICHHSI
eImifiepMicy Ta JCPMH, 3MEHIICHHS KUTBKOCTI elie-
MEHTIB LIKIpH (3a1103 Ta (OJIKYIIB), 3HIKEHHS KPO-
BO0OIry, BMICTY KOJIareHy, eJacTHHY, TTIKO3aMiHOTIIi-
KaHiB [5, 9, 20].

[IpoBenene mocmimKeHHS MMOKa3ajo, M0 3aCTOCY-
BaHHs Oi0JIOT1YHO AKTUBHHX CIIONYK, SKi MICTATBCA
B TKaHWHI TYIOBUHH JFOJUHH, YUHUTH «OMOJIO-
KyBallbHY» IO Ha IIKipy TBapHH 3 MOJAEIHLOBAHUM
crapinHsaM. byno moxazano, mo BBenmeHHs CKKII
TBapUHAM MICNA OBAapiOEKTOMIil MPUBOAUTH IO Bil-
HOBJICHHSl KIIITHHHUX eJleMeHTiB wKipu. Edexr,
sikuii crroctepiraBest micns BeeAaeHHs CKKII, mMox-
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Puc. 5. MopdomeTpuyHi MokasHWKKU LUKIpU OBapioeKTo-
MOBaHuMX LwWypiB: A — ToBWMWHA Aepmu, B — ToBLMHA
enigepmicy, C — KinbKiCTb CKnagoK LWKipW; o — LWkipa
TBApUH u4epe3 2 TWXKHI EKCMepUMEHTY, —  LWKipa
TBapWH Yepe3 4 TvxHi ekcnepumeHTy, O — 6e3 nikyBaHHs,
NaCl — wkipa Ha Tni BBegeHHs (pi3ionoriyHoro posymHy;,
K — BBedeHHA CUHTETUYHOI rianypoHOBOI KMCMNOTH,
CKKIM — BBegeHHs cepenoBuLla KynbTUBYBaHHA ME3eHXi-
MarbHUX CTpOManbHUX KnitTuH nynosuHu, KEMN — BBegeH-
HS KPIOEKCTPaKTy MYyNOBUHU; * — 3MiHM 3HauYLLi NOPIBHAHO
3 KOHTponewm, p < 0,01.

Fig. 5. Morphometric parameters of skin of ovariectomized
rats: A — thickness of the dermis, B — thickness of the
epidermis, C — number of skin folds; o — skin of animals
after 2 weeks of the experiment, — skin of animals
after 4 weeks of the experiment, O — no treatment,
NaCl — introduction of saline, HA — introduction of syn-
thetic hyaluronic acid, UCCCM — introduction of the
umbilical cord cells culture medium, UCC — introduc-
tion of umbilical cord cryoextract; * — changes are
significant compared to the control, p < 0.01.

endogenous factors. Its age-related changes are the
result of a decrease in the ability of cellular DNA
repair and loss of telomeres, point mutations of
extranuclear mitochondrial DNA, oxidative stress,
a rise in frequency of chromosomal abnormalities,
single-gene mutations, a decrease in carbohydrate
content, and chronic inflammation [2, 4]. Typical
skin changes during aging are dehydration, thin-
ning of the epidermis and dermis, a decrease in
the number of skin elements (glands and follicles),
a decrease in blood circulation, the amount of
collagen, elastin, and glycosaminoglycans [5, 9, 20].

The conducted study showed that the use of
biologically active compounds contained in the
tissue of the human umbilical cord has a 'rejuve-
nating' effect on the skin of animals with simu-
lated aging. The introduction of UCCCM to ani-
mals after ovariectomy was shown to lead to the
restoration of the skin cell elements. The effect that
was observed after the injection of UCCCM can
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Ha TIOSCHUTH JIi€l0 aKTUBHUX KOMIIOHEHTIB, SKi
BXOJATh JIO WOTO CKIIANy: EHAOTeNianbHHui (akTop
pocty cyauH, haktop pocTy hibpobnactis, Tpanchop-
Mytounii ¢akrop pocty bl ta b2, dakrop pocty
TeTIaTOINTIB, KEPATHHOIIUTIB, TPOMOOITUTAPHHUMN Ta
IIareHTapHuid  (aKTOpH pocTy, Imo Oyino ToBe-
JIEHO pe3yapraramMu KiiTuHHOI Tepamii [1, 3, 10,
11, 16]. Ilicns 3acTocyBaHHS TperapariB, SKi Mic-
1a1h 'K npupoaHoro moxomkeHHs, HaOpuKiaj Io-
XiJIHUX TyNOBWHU, BIJHOBJICHHS €IiJepMalIbHO-
ro miapy IIKipu, TOTOBIIEHHS AEPMH MOXe OyTH
OB’ s13aHO 3 HAKOIIMYCHHSIM PIMHH Ta CTUMYIIAIIEI0
MeTalodi3My UWIKipH, TOCWJIEHHSIM THpoiidepaii
KITHHHUX eneMeHTiB [11]. ABropamm Oyno moka-
3aHo, mo 3actocyBanHsa KEII cripusiio BiTHOBIEHHIO
CTaHy IIKIpH TBAPHH ITiCJIT OBAPIOCKTOMII.

Jist 610JIOTIYHO aKTHBHUX CIOIYK ITyTIOBUHM JTIO-
IUHU Y SKOCTI IOTEHINIHHOTO aHTHECHHIKUHTOBOTO
KOMIIOHEHTa MOXE BHSBHUTHCS Ha0arato IIHPIIOLD,
HiK mis cuaTeTnyHOi 'K, ska Hapasi TpamuIiiiHO
3aCTOCOBY€ETHCS I «OMOJIOJDKEHHS CTaHy IIKIpH.
Y poboTi mokazaHO, MO JOCHIPKyBaHI PEYOBHHU
MOXXYTh BHCTYIAaTH PETryJIATOpaMH TIPOIECIB CTa-
PIHHS LIKipH, OJHAK YMOBH, SIKi CIIOHYKAIOTh iX JIO
BUKOHAHHS PI3HOMaHITHUX PETYIATOPHHUX (DYHKLIH,
€ HEJOCTaTHbO 3PO3YMUTMMH. TakuM YHHOM, TIO-
TpiOHEe 3Ha4YHO MIMOImIE pO3yMiHHS Aii O10IOTIYHO
AKTUBHHUX CIIOJYK TPH EKCIePHMEHTaIbHOMY CTa-
PIiHHI IIKIpH, HEPII Hi’K BOHH MOXKYTb OyTH 3aCTOCO-
BaHI y KOCMETOJIOT1.

BucHoBkn

TakuM 4YHHOM, BHYTPINTHLOIIKIPHE 3aCTOCY-
BaHHsa KEII y oBapioeKTOMOBaHMX LIypiB NPHBO-
JUTHh JI0 3MCHIIICHHS TPOSIBIB CTapiHHS: CIIiIepPMic
Ta JepMa MOTOBIIYIOThCS, CIIOCTEPITalOThCS SBUIIA
npomidepanii KIiTHH, 30UIbIIYEThCS KiJIBKICTD Cy-
nuH. Beenennss CKKII mpuBoauno A0 MO3UTUBHUX
3MiH y MIapax emiepMicy Ta AepMH uepe3 2 THXK-
HI CIIOCTEpE)KEHHS, aje Majo MEHII BUPAKCHHUU
edext nopiBasHO 3 iH ekmisimu KEII. In’ekmii cun-
tetudHoi ['K mpuBonuim 10 «OMOJOJIKEHHS» BEPX-
HIX IIapiB MIKipH, TTOYWHAIOYH TUTEKH 3 4-TO THOKHS
iCTIST OCTAaHHBOI 1H €EKITii, CIIOCTEPIrald HAWMEHIITY
e(DeKTHBHICTh JaHOI PEYOBHHH TOPIBHSHO 3 Ii€I0
KEIT i CKKII.

Poboma sukomnysanacs za niompumxu Hayionanorozo
@ondy docniocenv Yrpainu (npoexkm Ne 2021.01/0414).
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2020; 235(12): 9230-40.
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be explained by the action of the active compo-
nents that are part of it: endothelial vascular growth
factor, fibroblast growth factor, transforming
growth factor bl and b2, hepatocyte, keratinocyte
growth factor, platelet and placental growth
factors, which was proven with cell therapy
results [1, 3, 10, 11, 16]. After the use of drugs
that contain HA of natural origin, such as um-
bilical cord derivatives, restoration of the skin
epidermal layer, thickening of the dermis may be
associated with fluid accumulation and stimulation
of skin metabolism, increased proliferation of cell
elements [11]. The authors showed that the use
of UCC contributed to the restoration of skin state
in the animals after ovariectomy.

The effect of biologically active compounds
of human umbilical cord as a potential anti-
aging component may be much wider than the
effect of synthetic HA, which is currently traditio-
nally used to 'rejuvenate' the skin condition. The
research shows that the studied substances can
act as regulators of skin aging processes, but the
conditions that prompt them to perform various
regulatory functions are not sufficiently understood.
Thus, a much deeper understanding of the effect
of biologically active compounds in experimental
skin aging is needed before they can be applied in
cosmetology.

Conclusions

Thus, the intradermal application of UCC in
ovariectomized rats results in a reduced manifesta-
tions of aging: the epidermis and dermis thicken,
the phenomena of cell proliferation are observed,
and the number of blood vessels increases. The
introduction of UCCCM led to positive changes
in the layers of the epidermis and dermis after
2 week of observation, but had a less pronounced
effect compared to UCC injections. The intro-
duction of synthetic HA led to the 'rejuvenation'
of the upper layers of the skin, starting only from
the week 4 after the last injection, the lowest
effectiveness of this substance was found compared
to the effect of UCC and UCCCM.

The study was supported with the National Research
Fund of Ukraine (project No. 2021.01/0414).
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