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Multiple Injections of Cryopreserved Fetal Liver Cells
to Ageing Rats Prevent Age-Related Antioxidant System
Changes and Increase Lifespan

Pecpepar: B npencrtaBneHHon paboTe uccnenoBany BO3MOXHOCTb NPUMEHEHUSI KPMOKOHCEPBUPOBAHHBLIX KINETOK deTanbHOn
neyeHn (KK®I) kak reponpoTEKTOPHOro CpeacTBa, OLEeHUBAs ero BNMsiHUE Ha NPOOKCUAAHTHO-aHTUOKCUAAHTHbIN B6anaHc, guanono-
rmyeckne napameTpbl U NPOAOIHKUTENBHOCTb XN3HU CTapeoLwmnX KpbiC. YCTAHOBIEHO, YTO MHOrokpaTtHoe BBeaeHue KKOI (kaxable
3 mecsua) B3pocrnbiM KpbicaMm (¢ 13- 4o 22-mecavyHOro Bo3pacTa) npeaynpexaaeT U3MeHeH st NPOOKCUAAHTHOrO-aHTMOKCUOAHTHOrO
OanaHca neyeHn N KPoBW, KOTOpble hOPMUPYIOTCS Y CTapbIX XXMBOTHbIX K 25 MecsuaMm Xn3HW. AHaANOrMyYHble MHOTOKPaTHbIE UHbB-
ekumm KKOI ctapbim kpbicam (C 23 MmecaueB U A0 KOHLA XN3HM) CNOCOBCTBYIOT MPUPOCTY Macchl Tena, NPenaTCTBYOT YXYALLEHMNIO
KayecTBa LUEPCTHOro NOKpoBa M YBENUYMBAOT MPOSOIIKUTENBHOCTL XU3HKM Ha 100 aHewn. Pedynbtatbl paboTel NO3BONAIOT paccma-
TpuBaTtb BBegeHue KKOI kak nepCnekTUBHbIA NOXoa ANst KOPPEKLUM BO3PACTHLIX U3MEHEHWI, CBSA3AHHbBIX C Pa3BUTMEM OKCUOATUB-
HOro cTpecca.

KntoueBble cnoBa: KpMOKOHCEPBUPOBAHHbIE KNETKN heTanbHON Ne4YeHn, MHOrOKpaTHOE BBEAEHWNE, KPbICbI, CTapeHue, NPOOKCUAAHT-
HO-aHTMOKCUOAHTHbIN NOTEHLUMan, MPOAOIPKUTENBHOCTD KU3HU.

Pedbepar: Y poboTi gocnigxysanu MOXNIMBICTb 3aCTOCYBaHHS KPiOKOHCEPBOBAHUX KNiTUH deTanbHoi nediHku (KKPIT) sk repo-
NPOTEKTOPHOTO 3aco0y, OLIIHIOKYM NOr0 BNINB Ha MPOOKCUAAHTHO-aHTUOKCMAAHTHUI 6anaHc, disionoriyHi napameTpu Ta TpuBanicTb
XUTTS cTapitoumx wypis. BctaHoBneHo, wo 6aratopasose BBeAeHHS KKDI (koxHi 3 micsili) gopocnum wypam (3 13- 4o 22-mica4Horo
BiKYy) nonepenxae 3MiHW NPOOKCUAAHTHO-aHTUOKCMAAHTHOrO 6anaHcy neyviHku Ta KpoBi, Lo POpMyoTbCA Y cTapux TBapuH Ao 25
MicsuiB XuUTTA. AHanorivHi 6aratopasosi iH’ekuii KKPI ctapum wypam (3 23 micauiB A0 KiHUS XUTTA) CNPUSIOTbL NPUPOCTY Macu Tina,
nepeLUKoAXatoTb 3HVXKEHHIO SKOCTI LUePCTHOro Nokpmey Ta 36inbLuytoTb TpuBanicTe xuTTs Ha 100 gHiB. Pesynbratn poboTtn Ao3BO-
nsTb po3rnsaaaTtn BeBeaeHHs KKPI sk nepcnekTMBHUI NigXia ANs KOpekKuii BikOBMX 3MiH, MOB’A3aHMX i3 PO3BUTKOM OKCUAATUBHOIO
cTpecy.

KntouoBi crnoBa: KpiokOHCEepBOBaHi KIiTUHM dheTanbHOI NeviHkM, 6aratopa3oBe BBEAEHHS, LLypW, CTAPiHHS, NPOOKCUAAHTHO-aHTUOK-
CVAAHTHWUIA NOTEHLian, TPUBANICTb XUTTS.

Abstract: In this research the possibility of using the cryopreserved fetal liver cells (cFLCs) as anti-aging agents, as well as
assessment of their effect on prooxidant-antioxidant balance, physiological parameters and lifespan of rats during ageing was
investigated. Multiple injections of cFLCs (every 3 months) to adult rats (from 13 to 22 months of age) have been established
to prevent changes in prooxidant-antioxidant balance of liver and blood, forming in older animals by 25 months. Similar multiple
injections of cFLCs to aged rats (from 23 months to the end of life) contribute to their body weight gain, increase state of hair
coat and prolong lifespan by 100 days. The results of research allow considering the cFLC transplantation as a promising
approach to correct the age-related changes associated with oxidative stress.

Key words: cryopreserved fetal liver cells, multiple injections, rats, ageing, prooxidant-antioxidant potential, lifespan.

CrapeHne — CJIOXHBII KOMIUIEKC IPOIIECCOB,
BKJTIOUAIOIINX OMOXUMHYECKUE U MOP(OIOTHUECKUE
M3MEHEHUS B KJIETKaX, TKaHIX 1 OPraHU3MeE B IIEJIOM.
OnHolt U3 OOIICNPUHATHIX TEOPUH, OOBSCHAIOLIEH
MIPOILIECCHl CTAPEHHsI HA MOJICKYJISIPHOM YPOBHE, SIB-
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Ageing is a complex of processes involving
biochemical and morphological changes in cells,
tissues and body as a whole. One of the generally
accepted theories explaining the ageing at molecular
level is the free-radical theory (or the theory of

oxidative stress) proposed by D. Harman in 1956,
]
'Department of Cryobiochemistry, Institute for Problems of Cryo-
biology and Cryomedicine of the National Academy of Sciences
of Ukraine, Kharkiv, Ukraine

?Research Institute of Biology, V.N. Karazin Kharkiv National Uni-
versity, Ukraine

*To whom correspondence should be addressed:
23, Pereyaslavska str., Kharkiv, Ukraine 61016;
tel.:+380 57 373 7435, fax: +380 57 373 5952
e-mail: ochenachko@ukr.net

Received October, 03, 2018
Accepted September, 03, 2019

© 2019 O.V. Ochenashko, et al. Published by the Institute for Problems of Cryobiology and Cryomedicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.



OKHCIIUTENIBHOTO cTpecca), copmymupoBanHas D. Har-
man B 1956 1., cormacHO KOTOpoil BO3pacT-3aBUCH-
MbIe U3MEHEHHS TIPOUCXOJIAT 32 CUET OKUCIUTEIBHOMN
MOTU(UKAIIIN MaKpPOMOJIEKYT KIETOK BCIEICTBHUE
HaKOIJICHUS akTHBHBIX (opMm kuciopoxa (ADK) u/
WU CHYDKCHHSI aKTUBHOCTH aHTHOKCHIAHTHEIX (AO)
3aIUTHEIX cucteM [13].

YCcTaHOBIICHO, YTO ACHUCTBHUIO OKHCIUTCIHHOTO
cTpecca IOJBEPKEHBl HE TOJIBKO 3pelible OKOHYa-
TENBLHO JUPPEPEeHINPOBAHHBIE KIETKH, HO U pe-
3UJCHTHBIC CTBOJIOBBIC KJIETKHM opraHuzma [28].
B mporecce ecTecTBEHHOTO CTapeHHs CHHUYKAETCS
X CIIOCOOHOCTh K CaMOOOHOBJICHHUIO, MOAJEpKa-
HUIO TIOCTOSIHCTBA KJIETOYHBIX TOMYJISIHA U (PyHK-
LUOHATBHOU MOJHOIIEHHOCTH OPraHoB [16].

Hcxons w3 3T0TO0 COBpeMEHHBIE TOAXOMbI aHTH-
BO3PACTHOH Tepanuy MpeoiIaraoT UCTIOIb30BaHNEe
areHTOB, 00JIA/TAlONTNX AaHTHOKCUIAHTHBIM JIEHCTBH-
€M W/WJIM CIOCOOHOCTBIO YBEIMYMBATh aKTUBHOCTH
SH/IOTCHHBIX AHTHOKCHIAHTHBIX 3all[UTHBIX CHCTEM
[31], a Takxe, BO3MOXKHO, KOJTUIECTBO U (DYHKIIHO-
HaJbHYIO aKTUBHOCTbH PE3UIEHTHBIX CTBOJIOBBIX KJle-
ToK [20].

B 3TOoM acrnekTe MmepCcreKTHBHBIM HAIlpaBlICHUEM
B MEIMLIMHE SBIISICTCS KIETOUHAs Teparnusi, 0COOCHHO
MIPUMEHEHUE KIIETOK (DeTalbHOTO MPOMCXOMKICHHUS,
00JTaafoIIUX MIACTUYHOCTHIO, BBICOKUM TPOIH]e-
PATHBHBIM TIOTEHIIMAJIOM B COYETAaHUM C HU3KOW MM-
MYHOT€HHOCTBIO M CIOCOOHOCTBIO TIPOIYLINPOBATH
craanocnenuduyueckre OMONOTHYECKH aKTUBHBIC
COEIMHEHHUSA, CTUMYIUPYIOIINE POCT M pEreHepaInio
TKaHeil. MHorooOemaomumM 00beKTOM IJIs IeJei
KIETOYHOH Tepanuu sBisieTcs (eranbHas ITeYeHb
paHHEro cpoka recTaliu, KOTopas COJAEPKHUT CTBO-
JIOBBIE M IIPOTCHUTOPHbBIE KIETKH ME3CHXUMAJILHOTO,
M€30/IepMAJIbHOTO (r€éMaTOMO3THYECKHE) U SHTOAEP-
MaJbHOTO (TEMaTUYEeCKUE) MPOUCXOXKICHUS, BhIpa-
0aThIBAIONINE YHUKAIBHBIA U JI0 KOHIA HEU3Y4YCH-
HBI «KOKTEHIIbY» POCTOBBIX (DAKTOPOB U ITUTOKHHOB
(oHmOTEeNMMaNbHBIN (DaKTOp pOCTa, WHTEPICHKUH-O,
(hakTOp poCTa TermaTonnuTOB U 1p.)[25].

Peanm3zamnms TepaneBTHUECKOTO OTSHIIMAA Kile-
Tok (petanbHoi neuernn (KPII) monpasymesaer npu-
MeHeHHe J((EKTHBHBIX METOJOB KPHUOKOHCEPBH-
poBaHHs, OOECIEYMBAIONINX HEOTPaHMYCHHOE IO
BPEMEHHU COXPAaHEHHUE MX YHUKAJIbHBIX CBOMCTB. Pa-
Hee Hamu [24, 29, 30] ObUIO MOKA3aHO, YTO KPUOKOH-
CEPBHUPOBAHNE C MEIJIEHHON CKOPOCTBIO OXJIAXKIACHUS
Ha TIEPBOM JTare IMOJ 3allUTON JUMETHUICYIb(OK-
cuna (IMCO) no3BonsieT B 3HAYUTEIHHOU CTEIICHU
COXpaHUTh KIIETOYHBIN COCTaB, JKU3HECIIOCOOHOCTH
n QyHKIUIO (KOJOHHEOOPas3yIOIIyI0 aKTHBHOCTH)
TeMOMO3THYECKINX W ME3EHXHMAaJbHBIX CTBOJIOBBIX/
IIPOTEHUTOPHBIX KIIETOK, KOTOpBIE TpeoOiagaroT B
(heTanbHOI MEYEHN ITOTO CPOKA TeCTAINH.
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according to which the age-associated changes oc-
cur due to an oxidative modification of cell mac-
romolecules as a result of an accumulation of reac-
tive oxygen species (ROS) and/or reduction in the
activity of antioxidant defense systems [10].

It has been established that not only terminally
differentiated mature cells, but also resident stem
cells are exposed to oxidative stress [27]. During
natural ageing their ability to self-renewal, maintai-
ning the constancy of cell populations and functional
integrity of organs is reduced [13].

On this basis, the current approaches of anti-aging
therapy involve the use of agents with antioxidant
activity and/or the ability to increase the activity of
endogenous antioxidant defense systems [30] and,
likely, the amount and functional activity of resident
stem cells [18].

In this aspect, cell therapy is a promising area
in medicine, especially it concerns the use of fetal
cells having plasticity, high proliferative potential in
combination with low immunogenicity and ability
to produce stage-specific biologically active com-
pounds, stimulating tissue growth and regeneration.
Fetal liver of early term of gestation, containing stem
and progenitor cells of mesenchymal, mesodermal
(hematopoietic) and endodermal (hepatic) origin
which produce unique and scantily studied ‘cocktail’
of growth factors and cytokines (endothelial growth
factor, interleukin-6, hepatocyte growth factor, etc.),
is a promising object for cell therapy [24].

Implementation of therapeutic potential of fetal
liver cells (FLCs) comprises the use of effective
cryopreservation methods, providing an unlimited
in time preservation of their unique properties. Pre-
viously, we [22, 28, 29] have shown that cryopreserva-
tion with a slow cooling rate at the first step under
the protection of dimethyl sulfoxide (DMSO) allows
to substantially save the cell composition, viability
and function (colony-forming activity) of hemato-
poietic and mesenchymal stem/progenitor cells pre-
dominating in fetal liver of this gestation term.

Previously in our laboratory, it has been found
that cryopreserved fetal liver cells (cFLCs) under
allo- and xenogeneic transplantation normalized
the balance of prooxidant-antioxidant systems and
activated the recovery processes in animals with
some experimental pathologies associated with the
development of oxidative stress such as hyper-
cholesteremia in rabbits, liver cirrhosis and chronic
alcohol intoxication in rats [9, 11, 16, 17]. The main
direction of such an action of cFLCs supposes that
the transplantation of fetal cells may be a uni-
versal an approach, ensuring the reliability of anti-
oxidant defense systems, and as a consequence, the
correction of redox balance.
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Panee B Hamieil maboparopuu B YCJIOBHSX aljo-
U KCEHOTEHHOW TpaHCIIaHTalMK ObLIO yCTaHOBIIE-
HO, YTO KPUOKOHCEPBHPOBAHHBIEC KIETKH (eTaibHOM
nedeHn (KK®II) Hopmanm3oBanm OanaHC MPOOKCH-
JAHTHO-aHTUOKCHJAHTBIX CUCTEM U aKTHBU3UPOBAIIN
BOCCTaHOBUTEJIBHBIE TIPOLIECCHI Y )KUBOTHBIX C PSIOM
OKCIEPUMEHTAIBHBIX MaTOJIOTHH, CONPSKEHHBIX C
pPa3BUTHEM OKHCIMTEIIEHOTO CTpEcca: THIepXoJe-
CTepUHEMHUS y KpOJIeH, IIUPPO3 TMEYSHH U XPOHUYE-
CKO€ OTpaBlieHHe ayikoroieM y kpwic [1, 12, 14, 19].
OcHOBHAas1 HAMPABICHHOCTh Takoro aecTBust KKDII
MO3BOJISICT MPETOIIOKHTE, YTO BBEACHUE KIIETOK (he-
TAJBHOTO MPOUCXOXKICHUS MOXKET ObITh YHUBEPCAIIb-
HBIM TI0IXOJI0M, 00ECIIEYNBAIOIINM IOBBILICHUE Ha-
JIeKHOCTH AO 3aIUTHBIX CHCTEM OpraHu3Ma, U, Kak
CJIEZICTBHE, KOPPEKIHIO OKHCIUTEIbHOI0-BOCCTaHO-
BUTENIBHETO AncOaaHca.

VY4uThIBast CyIEeCTBEHHYIO POIb OKHCIUTEIBLHOTO
cTpecca B IpoLeccax CTapeHUs, Mbl IIOCUUTAIH Lie-
Neco00pa3HbIM U3yYUTh TePONPOTEKTOPHBIN 3 herT
kKK®II Ha opraHu3M >KHBOTHBIX IPHU €CTECTBEHHOM
CTapeHuH.

Lenp paboTbl — McclienoBaHUE BIMSHUS MHOTO-
KpaTHOTO BBEJIEHUS KPHOKOHCEPBHPOBAHHBIX KJle-
TOK (eTajJbHOM TEYeHH Ha MPOOKCHIAHTHO-aHTHU-
OKCHIAHTHBIM OajiaHC MEYeHH W KPOBH, a TAKKe Ha
MPOAOJKUTENFHOCTD U KaueCTBO JKU3HU KPBIC TPHU
€CTECTBEHHOM CTapEHUN.

MarepuaJjibl 1 METObI

B skcniepumenTe ncmonb3oBanu 80 KphIC-caMIOB
JUHAW BucTap ABYX BO3PACTHBIX TPYIIT — B3POCIBIC
nosioBo3penble (13-mecsunsie) u crapele (23-mecsd-
ueie). MccnenoBanusi MpOBOAMIN B COOTBETCTBHH C
3akoHoM Ykpaussl «O 3aluTe )KUBOTHBIX OT JKECTO-
koro obpaineHus» (Ne3447-1V ot 21.02.2006) npu
coOmonennn TpeboBanuii Komwurera mo Omo3THKE
NIKuKHAH Ykpaunsl, cormacoBaHHBIX C ITOJIOKEHH-
simu «EBponeiickoii KOHBEHIUH O 3aLIUTE 03BOHOU-
HBIX JKUBOTHBIX, UCIIONB3yEMBIX ISl SKCTIEPUMEHTAITh-
HBIX M JIpyTUX Hay4dHbIX 1enein» (CtpacOypr, 1986).
Bce xupypruueckne BMemaTeahCTBa Ha JKHBOTHBIX
TIPOBOIMIIH TIO/T MHTAITITHOHHBIM d(UPHBIM HAPKO3OM.

Kietkn medyenun Bwimeisuin HedepMEHTATHBHBIM
MeTOoZIoM [23] B CTEpUIIbHBIX YCIOBHUAX U3 aOOPTHUB-
Horo marepuana 8—12 Hemenp recranuu (MOTyUCH-
HOTO B pPE3yabTaTe HCKYCCTBEHHOTO IIPEpPHIBAHUS
0OEepEMEHHOCTH TIOCJIC TMCbMEHHOTO COTJIACHSI IIPOUH-
(hopMupoBaHHBIX TOHOPOB). KprokoHcepBupoBaHue
npopogwiu non 3amurot 10% AMCO c¢ Hauanb-
HOM CKOpOCThIO oxyiaxaeHusi 1 rpan/mun go —80°C
Y TIOCIEYIONUM TIEPEHOCOM TMPO0 B JKUAKHUI a30T,
[JIe OHU XpaHWINCh HE MeHee 2-x MecsueB. Heno-
CPEICTBEHHO Tepe]l MCTIOIb30BaHNEM 00pa3Ibl OTOT-
peBanu Ha BoasHOU Oane mpu 37°C. Tunuunas cy-
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Considering a significant role of oxidative
stress in ageing, we found it expedient to study
geroprotective effect of cFLCs on animals’ organism
under natural ageing.

The research aim was to study the effect of multiple
injections of cFLCs on prooxidant-antioxidant ba-
lance of liver and blood, as well as on duration and
quality of rat life under natural ageing.

Materials and methods

Experiments were performed in male Wistar rats
of two age groups, namely adult sexually mature
(13-month-old) and aged animals (23-month-old).
The studies were carried out in accordance with
the Law of Ukraine ‘On the Protection of Animals
against Cruelty’ (N 3447-1V of February 21%, 2006)
in compliance with the requirements of the Bioethics
Committee ofthe Institute for Problems of Cryobiology
and Cryomedicine of the National Academy of
Sciences of Ukraine, agreed with the provisions
of the ‘European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes’ (Strasbourg, 1986).

Liver cells were isolated by non-enzymatic me-
thod [21] under sterile conditions using abortive
material of 8—12 weeks of gestation (obtained as a
result of artificial termination of pregnancy after
the written informed consent of donors). Cryopreser-
vation was carried out under the protection of 10%
DMSO with an initial cooling rate of 1 deg/min
down to —80°C and subsequent transfer of the
samples into liquid nitrogen, where they were stored
for at least 2 months. The samples were thawed in
a water bath at 37°C immediately before using.
A typical suspension of cFLCs of this gestation pe-
riod is a mixture of hematopoietic, mesenchymal
stem/progenitor cells and hepatic precursors [22,
28, 29]. Suspensions of cFLCs with a viability of
(68 £ 6)% (Trypan blue test) were used in the expe-
riment.

Cryopreserved fetal liver cells were injected to
femoral vein of rats (10 m / 0.3 ml) every 3 months.
The dose of injected cells was selected according
to the results of the previous studies, i e. the
introduction of 10 million of cFLCs effectively
influenced the indices of prooxidant-antioxidant
balance and the activity of recovery processes in
rats with liver cirrhosis model [16, 17]. The control
group of animals received the cell-free medium in
equivalent volume.

The experiment consisted of two stages. At the
first stage, the effect of multiple injections of FLCs
on the indices of rat prooxidant-antioxidant blood
system in dynamics from 13 to 25 months of age, as
well as on biochemical ones of liver of 25-month-
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cnensust KK®II storo cpoka recramuu mnpeacras-
Js1eT co00i cMECh TeMOTIOATUYECKHIX, ME3EHXUMAIb-
HBIX CTBOJIOBBIX/TIPOTEHUTOPHBIX KJIETOK W Tera-
TUYECKUX MpeAliecTBeHHUKoB [24, 29, 30]. nsa
SKCIIEPUMEHTA HUCIoNb30Bau cycneHsun KKOII ¢
KU3HECTTOCOOHOCTHIO (68 + 6) % (TecT TPUIIAaHOBOTO
CHHETO).

KpuoxoHcepBupoBaHHbBIE KIETKH (eTaabHON
[EYCHU BBOAWIU B OcpeHHYyI0 BeHY Kpbic (10 mitH/
0,3 M) ¢ uarepBaioM 3 mecsma. J[o3y BBOAMMBIX
KIETOK BBIOMpaIM MO pe3ylbraTaM MpeIblayIInX
uccinenopanuii — Beenenue 10 M KKOIT 3ddek-
TUBHO BJIMSUIO Ha MOKa3aTesId MPOOKCHIAHTHO-aHTH-
OKCHJAHTHOTO 0ajlaHca M aKTMBHOCTb BOCCTaHOBH-
TENBHBIX TPOIECCOB y KPBIC C MOJEIBIO IHPpPO3a
neyenu [1, 19]. KonrponbHas rpymnmna >KHBOTHBIX
rmoyrydana cpeay KpHOKOHCEPBHPOBAaHHUS KIIETOK B
9KBHUBAJICHTHOM OOBEME.

OKCIIepUMEHT COCTOSA M3 ABYX dTarmoB. Ha mep-
BOM JTarieé OICHWBAJM BIHMSHHE CEPUITHOTO BBEe-
Hua KKOII Ha mnoxasarenu NPOOKCHJAHTHO-aHTHU-
OKCHJIAaHTHON CHCTEMBbI KPOBH KpbIC B JUHAMHKE C
13- 10 25-Mecs9HOTO BO3pacTa, a Takke Ha OMOXH-
MHUYECKHE TIOKa3aTeNld IEeYeHH 25-MECAYHBIX KHU-
BOTHBIX. C y4eTOM IMOJY4YEeHHBIX JAHHBIX BO BTOPOM
CEpPUU DKCIIEPUMEHTOB OLIEHUBAIN BIIMSHUE MHOIO-
kpatHoro BeeneHHs K®II Ha BBDKHMBaeMoOCTh (TIpo-
JOJDKATENBHOCTh JKWU3HW), IMHAMUKY MAacChl Tela
W COCTOSHHE MIePCTHOTO IIOKPOBa CTaphIX KPBIC
(c 23-MecsIHOTO BO3pacTa M 10 KOHIIA UX KU3HH).

Ilepen kaxxapiM BBemeHHWEM KJIETOK y 13-, 16-,
19- 1 22-MeCsIUHBIX )KMBOTHBIX, a TAK)KE B KOHIIE DKC-
MepUMEHTa y 25-MeCSYHBIX KPbIC TPOU3BOAMIN
3a00p KpOBH U3 XBOCTOBOW BEHBI U MOJyYaH CHIBO-
POTKY AJIsl MPOBEACHHSI OMOXUMHYECKOTO aHaJH3a.

KppIc BEIBOIMIN U3 DKCIIEPUMEHTA JIeKanuTannei
B 25-mecsiuHOoM Bo3pacte. IledeHp u3BIeKanmu, ox-
JXKIATH ¥ BBIICISUIA MHTOXOHJAPUH U ITOCTMHTO-
xoHapuanbHyo gpaknuto (IIMX) myrem nuddepen-
[IMATBHOTO IEHTPH(PYTUPOBAHUSI.

Conepxanne TBK-akTHBHBIX TIPOTYKTOB TEpEKHC-
Horo okucienus mununos (I1IOJI) B IIMX dpakruu
Y MATOXOHJIPHSIX TIEYEHU OMpeAersuin mo Metoxy H.
Ohkawa u coast. [21], a B CBIBOPOTKE KPOBU — II0
metoay T. Asakawa u coaBT. [4] U paccuuThIBAJIA B
SKBHMBAJICHTHOM KOJMYECTBE MaJOHOBOTO JHallble-
ruga (MJIA), npuauMas xKodQQUIUEHT MONISPHOI
OKCTUHLMH paBHbIM 1,56 x 10° M x ecm .

Conep:kanue KapOOHWIIBHBIX TPYIII CHIBOPOTOY-
HBIX OCJIKOB ONpENeNsiiin CIEKTPOPOTOMETPUIECKH
C MoMOIIbI0 2,4-TMHATPO(OEHUITHAPA3UHOBOTO Me-
Tona [15] u paccuuThIBANIM ¢ y4eTOM KOX(pPUIHEHTa
MOJISIpHOM 3KCTHHIMH 22 X 10° M x em!.

I'myrarnonnepokcuaasnyto aktuBHOCTH (I'T1, GPx,
EC 1.11.1.9) wm3mepsimn creKTpohOTOMETPHICCKH
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old animals was assessed. Based on the obtained
data in the second series of experiments, the effect
of multiple injections of FLCs on survival (life-
span), body weight gain, state of hair coat in aged
rats (from 23 months to the end of life) was eva-
luated.

In 13-, 16-, 19- and 22-month-old animals, as well
as at the end of the experiment in 25-month-old rats
the blood were sampled from the tail vein and the
serum was obtained for biochemical analysis before
each injection of cells.

The rats were decapitated at 25 months of age.
The liver was extracted and cooled; mitochondria
and post-mitochondrial (PMC) fraction were isolated
by differential centrifugation.

The content of TBA-reactive species of li-
pid peroxidation (LPO) in PMC fraction and liver
mitochondria was determined by the method of
Ohkawa et al. [19], and in the blood serum it was
done by the method of Asakawa et al [1] and
were calculated in an equivalent amount of malon-
dialdehyde (MDA), taking into account a molar
extinction coefficient of 1.56 x 10°M!x cm™.

The content of serum protein carbonyl groups
was determined spectrophotometrically using the
2.4-dinitrophenylhydrazine method [12] and calcu-
lated with a molar extinction coefficient of 22 x
1M x cm™.

Glutathione peroxidase activity (GPx, EC 1.11.1.9)
was measured spectrophotometrically in blood se-
rum, PMC fraction and liver mitochondria [20]. The
activity was expressed in micromoles of NADPH/
min per 1 ml of serum or nanomoles of NADPH/min
per 1 mg of protein, taking into account the molar
extinction coefficient of 6.22 x 10°M™ x cm™.

Glutathione reductase activity (GR EC 1.6.4.2)
was determined spectrophotometrically in PMC
fraction and liver mitochondria by the method of
Carlsberg ef al. [4] and expressed in nanomoles of
NADPH/min per 1 mg of protein, taking into ac-
count the molar extinction coefficient of 6.22 x
1M x cm™.

Glutathione-S-transferase activity (GT EC 2.5.1.18)
was measured spectrophotometrically in PMC frac-
tion and liver mitochondria [32] and calculated using
a molar extinction coefficient 0f 9.6 x 10° M x cm™.

Catalase activity (CAT, EC 1.11.1.6) was deter-
mined spectrophotometrically in liver PMC fraction
[14] and expressed in micromoles of H,O,/min per
1 mg of protein, taking into account molar extinction
coefficient for HO, 39.4M ™" x cm ™.

Superoxide dismutase activity (SOD, E.C. 1.15.1.1)
was determined spectrophotometrically in blood
serum and PMC fractions [3]. Inhibition of 50% of
nitrotetrazolium blue reduction rate was assumed
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B ChIBOpoTKe KpoBH, [IMX ¢pakumu 1 MUTOXOHI-
pusix nedyeHu [22]. AKTUBHOCTD BBIPAXKaJIH B MUKPO-
monb HAJI®OH/MuH Ha 1 M1 CHIBOPOTKHM MJIM HaHO-
mone HA JI®OH/MuH Ha 1 Mr Oenka ¢ yaeToM kodpdu-
[IHEHTA MOJISIPHOM SKCTUHKIMH 6,22 X 10° M x cm .

I'mytatnonpenykrazayro aktuBHOCTh (I'P, GR
EC1.6.4.2) onpenensimu cieKTpoOTOMETPUICCKHA B
[IMX ¢pakun 1 MUTOXOHIPUAX TIEUYEHH MO METO-
ny 1. Carlsberg u coat. [7] u BeIpa)kajau B HAHOMOJIb
HAJZI®H/Mun Ha 1 Mr Oenka ¢ yaetoM ko3¢ duiiueH-
Ta MOJIIPHOM 3KCTHHKIMHU 6,22 x 10° M x cm'.

I'myratnon-S-tpancdepasnyto axtuBHocth (I'T,
GT EC 2.5.1.18) u3mepsuu criekTpooToMeTprdec-
ku B [IMX ¢pakimu u MuToXoHApHSIX nedenu [32]. Ak-
THUBHOCTb PacCYMTHIBAIN C UCIOJIB30BaHHEM Kod(du-
[IHEHTA MOJIIPHOM SKCTUHKIMHU 9,6 X 10° M X cm!.

Karamasnyto axruBaOocTh (KAT, E.C 1.11.1.6)
ompeaensaan crekTpodoromerpudeckn B [IMX
(dpaxkunu medenn [17] u BeIpakasim B MUKPOMOJTH
H,O,/mun Ha 1 mr Genka, npuanMas Kod(puunent
MonspHoi sxctunrnuy s H,0, 39,4 M x em ™.

CynepokcuaaucmyTaznyio akTuBHOCTh (CO/I,
SOD, E.C. 1.15.1.1) onpenensiu cCrekTpodoTome-
TPUYECKH B CHIBOPOTKE kKpoBu U [IMX ¢paxumu [6].
3a egununy aktuBHocTH COJl mpunumanu 50%-e
WHTUOMPOBAaHHE CKOPOCTH BOCCTAHOBJICHHUSI HHTPO-
TETPa30JIMs CHHErO W PacCUUTHIBANIM HA 1 Ml ChIBO-
potku unu 1 Mr Oenka.

HA® -u3ouuTparaeruiporeHa3sHy aKTHB-
vocts (ML, IDH, EC 1.1.1.42) u3mepsiii CrieKT-
podoToMeTpUIeCKH B MHTOXOHApHAX U [IMX
¢bpakmuu medeHu [5] W BhIpakaqd B HAHOMOIb
HAJZI®H/MuH Ha 1 Mr Oelika ¢ UCIOJIb30BaHHEM KO3()-
(bunmeHTa MOJISIPHO# SKCTHHIMH 6,22 X 10° M x em .

['nroko030-6-docharaeruporeHa3Hy0 aKTHUB-
vocte (6T, G6PDH, EC 1.1.1.49) onpenensnu
cnekrpodoromerpuuecku B [IMX ¢pakuuu [34] u
BbIpakanu B HaHoMonb HAJIOH/Mun Ha 1 Mr Oenxa
C HUCIOJIb30BaHUEM Kod(duLMeHTa MOJSPHONH 3KC-
THHLIUN 6,22 X 103 M x em™!.

HA A ® "-manatneruporeHa3sHy aKTUBHOCTb
(MAI, MDH, EC 1.1.1.40) m3mepstimu B [IMX dpak-
WU CTIEKTpOQOoTOMETpHIEeCKH [3] W BBIpaXald B
Hanomoib HAJI®OH / mum Ha 1 Mr 6ernka ¢ yaeTom Kodgd-
(urmenTa MOISIpHO# SKeTHHIN 6,22 X 10° M x em .

Conepxanue 6enka B CHIBOPOTKe KpoBH, [TMX
(Gpakuuu U MUTOXOHJAPHSX MEUCHH OMPEACIUTH IO
metony Jloypu B Mogudukanuu G. Miller [18].

Bce n3Mepenns npoBoauiid Ha IBYJIy4E€BOM CIIEK-
tpooromerpe «UV VIS» («Jenay, [epmanus).

[Toka3arenb BEDKMBAEMOCTH CTAPbIX KPBIC BO BTO-
POl cepuu SKCIIEPUMEHTOB PACCUUTHIBAIIN 110 METOLY
Kannan-Meiiepa [2]. CpaBHEHUE KPUBBIX BBIKHUBaE-
MOCTU HPOBOJIWIM 0 MeTony ['exaHa ¢ mompaBkoi
Werca.
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as SOD unit activity and calculated per 1 ml of se-
rum or 1 mg of protein.

NADP* isocitrate dehydrogenase activity (IDH,
EC 1.1.1.42) was measured spectrophotometrically
in mitochondria and PMC fraction of liver [2] and
expressed in nanomoles of NADPH/min per 1 mg
of protein using molar extinction coefficient of 6.22
x 10°M™" x cm™.

Glucose-6-phosphate dehydrogenase activity
(G6PDH, EC 1.1.1.49) was determined spectropho-
tometrically in PMC fraction [34] and expressed in
nanomoles of NADPH/min per 1 mg of protein using
amolar extinction coefficient of 6.22 x 10°M' x cm™.

NADP* malate dehydrogenase activity (MDH,
EC 1.1.1.40) was measured in PMC fraction spec-
trophotometrically [31] and expressed in nano-
moles of NADPH/min per 1 mg protein, taking
into account the molar extinction coefficient of
6.22 x 10°M ! x cm™.

Protein content in blood serum, PMC fraction
and liver mitochondria were determined by G. Miller
modified Lowry method [15].

All the measurements were performed using a
UV-VIS spectrophotometer (Jena, Germany).

The survival rate of aged rats at the second stage
of experiments was calculated by the Kaplan-Meier
method [23]. The survival curves were compared by
the Gehan’s method with the Yates correction.

Statistical analysis was performed using the
OriginPro 2015 (OriginLab , USA) software. The
results are presented as mean value + standard
error of mean (M + SEM). The statistical signifi-
cance of differences between the experimental
groups was evaluated by the Mann-Whitney test
or the Student’s t-test. The data were statistically
significant at p < 0.05.

Results and discussion

Changes in prooxidant-antioxidant blood ba-
lance of ageing rats injected with cFLCs or
cryopreservation medium (control) at the age from
13 to 22 months are shown in Fig. 1. It was found
that the content of TBA-reactive LPO products in
the rat blood serum of the control group did not
significantly change up to 22 months of age, then ra-
pidly increased by 25 months up to (2.7 £0.17) umol
MDA/ml, that was in 24% higher the initial value of
13-month-old rats (Fig. 1A). In the animals received
cFLCs for a long time, the studied index did not
change significantly during the observation period,
and by the end of the experiment (25 months) it was
by 17% lower than in the control.

The reduced level of TBA-reactive species after
FLCs introduction was accompanied with a reduced
level of carbonyl groups, a known marker of oxi-
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CrartucTnueckuil aHaau3 BBITOIHSIIN C TOMOIIBIO
nakera nporpamm «OriginPro 2015» («OriginLaby,
CILLIA). PesynbraThl mpeacTaBiIeHbl Kak cpeHee 3Ha-
YeHHe + cTaHapTHas ommuoka cpeanero (M + SEM).
CTaTucTHYeCKyI0 3HAYMMOCTh Pa3InIUi MEKIY IKC-
[IEPUMEHTAIbHBIMU TPYNIaM OLEHHUBAIN IO KpU-
Teputo MaHHa-YUTHH WK t-Kputepuio CThIOIEHTA
(» <0,05).

Pe3yabTarsl u 00cyxkIeHUs

W3MeHeHusT TNPOOKCHIaHTHO-aHTHOKCHIAHTHOTO
OanaHca KpOBH CTapelolIMX KPBIC, KOTOPHIM B BO3-
pacte ot 13 g0 22 mecsaues BBoguian KKOII unu cpe-
Iy KPUOKOHCEPBHPOBaHHUS (KOHTPOJIb), MPHUBEICHBI
Ha puc. 1. YcraHosneHo, 4to copepxkanne ThK-ak-
TUBHBIX NpoaykToB [1OJI B CHIBOPOTKE KPOBU KPBIC
KOHTPOJIHOM TPYHIbl 3HAYMMO HE M3MEHSIOCH N0
22-MEeCSITHOTO BO3pacTa, 3aTeM OBICTPO BO3PACTAIIO
K 25 mecsmam 1o (2,7 = 0,17) mxmons MJIA/mit, ato
Ha 24% TpeBBIMIAIO UCXOTHOE 3HAYCHUE, XapaKTep-
Hoe s 13-MecstunbIX Kpbic (puc. 1, A). YV kuBOT-
HBIX, JUINTeNbHOE Bpems mnonydaBmux KKOII, uc-
ClIelyeMbli MToKa3aTelb CYIIECTBEHHO He U3MEHSIICS
B TEUEHHE BCEro Cpoka HaONIONEHHs, U K KOHILY
skcnepuMenTa (25 mecsieB) Obul Ha 17% Huxe,
YeM B KOHTpOJIE.

[TapannenpHo co cHuxkenueM TBK-akTuBHBIX
npoaykToB mnocie BBeAeHusi KK®II B cbiBopoTke
KpOBH HaONIOalIOCh yYMEHBIIIEHHE ypOBHS KapOo-
HWIBHBIX TPy, HAKOIJICHUE KOTOPBIX SIBJISIETCS U3-
BECTHBIM MapKEepOM OKCHJIATUBHOI'O IIOBPEXKIEHUS
6enkoB [9]. Tak, ecnu B CBIBOPOTKE KPOBU KOHTPOJIb-
HBIX 25-MECSUHBIX KpPBIC COfEp:KaHuEe KapOOHMIb-
HBIX TpymI cocTasisuio (2,66 + 0,19) amons/Mr Gen-
Ka, To mociae BeeaeHust KKDII ono cumkanocs 0omee
yem Ha 30% u cocrasisuio (2,02 £ 0,16) HMOIB/MT
Oenka (Tabm. 1).

Pesynbrarel MccnenoBaHUS aHTHOKCHIAHTHOM
(epMEHTAaTHBHOW 3alMTBl KPOBU IOKA3alM, 4TO
aktuBHOCTh COJ] B KOHTPOJBHOM TIpymime MOHO-
TOHHO CHIJKQJIaCh B TEYEHHE BCETO CpoKa HaOIo-
JEHUs, U Y 25-MECSIHBIX XKUBOTHBIX OblIa Ha 30%
Hmxke, ueM y 13-mecaunsix (puc. 1, B). ¥V 19- u
25-MeCsTUHBIX JKMBOTHBIX Iocie BBemeHuss KKDIT
aKTHBHOCTH (pepMeHTa ObLTa BbIIe KOHTposst. [Ipu
9TOM Y cTapbiXx 25-mecsuHbIxX kUBOTHBIX COJl co-
XpaHsIa aKTMBHOCTb, XapaKTEPHYIO JJIsl B3POCIBIX
13-Mecs4HBIX KpBIC.

AxrtuBHocth I'TI — ocHOBHOro ¢epmenra, yTu-
JIM3UPYIOLIETO TUAPOIIEPEKUCH JIMIHUIOB B KPOBH, —
y KOHTPOJIBHBIX KpPbIC HAauMHAja CHMXKATbCS IOCIE
19-MecsiuHOrO BO3pacta, a K 25 mMecslaM COCTaBs-
na 56% ot ucxomnoro ee ypoBHs (puc. 1, C). V xu-
BOTHBIX, KOTOpbIM BBOJMIM KK®II, aktuBHocth ['TI
C BO3pAcTOM 3HaYMMO HE U3MEHSJIACh.
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dative damage of proteins [6]. In particilar in the
blood serum of the control 25-month-old rats the
content of carbonyl groups was (2.66 = 0.19) nmol/
mg protein, while after injection of cFLCs it decreased
by more than 30% and made (2.02 + 0.16) nmol/mg
protein (Table 1).

The results of blood enzymatic antioxidant
defense system study showed that the SOD activity
in the control group gradually decreased throughout
the observation period, and was by 30% lower in
25-month-old animals than in 13-month-old ones
(Fig. 1B). In 19- and 25-month-old animals, after
the administration of cFLCs, the enzyme activity
was higher than in the control group. Herewith in
aged 25-month-old animals, SOD kept the activity,
characteristic of adult 13-month-old rats.

The activity of GP, the main enzyme utilizing
lipid hydroperoxides in the blood, began to decrease
in control rats after 19 months of age, and by 25
months it was 56% of its initial level (Fig. 1C). In
animals injected with cFLCs, the activity of GP did
not significantly change with ageing.

By 25 months of age, the rats were removed
from the experiment and the prooxidant-antioxidant
potential of the liver was examined. Assuming that
mitochondria have a relatively independent anti-
oxidant defense system, its indices were determined
separately in mitochondria and postmitochond-
rial (cytosolic) fraction of liver.

Table 1 showed that in the animals injected with
cFLCs for a long time, the content of TBA-reactive
species in PMC fraction of liver was by 36% lower
than in the control group. At the same time, in
mitochondria this index in the control and cFLC
groups did not significantly differ.

In PMC fraction of liver of 25-month-old rats
which were many times injected with cFLCs, the
activity of GP was in 46%, and the one of catalase
was in 30% higher than in the control group (Table 2).
Moreover, the activity of GT and SOD did not differ
significantly from the experimental groups.

When studying the activity of enzymes providing
the glutathione-dependent antioxidant system of
liver with reducing equivalents (GSH and NADPH)
it was found that NADP*-dependent IDH and G6PDH
activities in PMC fraction of rat liver injected
with cFLCs were in 2.14 and 1.71 times higher,
respectively, than in the control group (Table 3). At
the same time, the introduction of ¢cFLCs did not
significantly affect GR and NADP*-dependent MDH
activity of enzymes of PMC fraction of liver.

In the mitochondria of aged rat liver, the GP
activity in response to a prolonged administration
of cFLCs increased by 48.8% if compared with the
control. The activity of other liver enzymes of rats
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ITo moctukeHum 25-MecSYHOro BO3pacCTa KpPbIC
BBIBOAWJIM M3 SKCIEPUMEHTa W MCCIEAOBAIU IIPO-
OKCHJAHTHO-aHTHOKCUIAHTHBIN MOTEHIHAN TIEUYEHHU.
YuuThIBasl, YTO MUTOXOHJPUHU UMEIOT OTHOCUTEIBHO
HE3aBUCHMYIO CHCTEMY aHTHOKCHIAHTHOW 3aIIWTHI,
ee ToKazaTeNln OIpeessiii pa3fAelbHO B MUTOXOH-
JIpUAX M TOCTMHTOXOHAPHANBHON (LIMTO30JIbHOM)
(pakuuy meveH.

U3 Tabn. 1. BUAHO, YTO y KUBOTHBIX, KOTOPBIM
qarensHoe BpeMsa BBoaunn KKOII, copepxanue
TBK-aktuBHbIX mpoaykToB B [IMX ¢pakuun me-
4yeHHn Obuto Ha 36% HWXKe, yeM B KOHTpose. B 1o
e BpeMsl B MUTOXOHJPUSIX 3TOT MOKA3aTelb B KOH-
TposbHOH 1 KKDII rpymnmax 3HauuMo He OTIIMYaICs.

B [IMX dpaknun meueHn 25-MECSIHBIX KPHIC,
KOTOPBIM MHOTOKparHO BBoauiau KK®II, akTtus-
nocts I'TI Ob1na Ha 46%, a akTHBHOCTE KaTajaa3sl — Ha
30% BbIlIe, ueM B KOHTpoIte (Tadm. 2). [Ipu sTom ak-
tuBHOCTh ['T n COJ] Mexay sKcriepuMeHTalIbHBIMU
rpynraMu CyIeCTBEHHO HE OTIINYalIach.
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Puc. 1. JuHamuka npooKCuaaHTHO-aHTUOKCUAAHTHOro 6a-
naHca CbIBOPOTKU KPOBW CTaperoLMX KpbIC B KOHTPOIb-
HOW rpynne v nocne MHOrokpaTHoro BBefeHus kKKOr: A —
TBK-akTuBHbIe nNpoaykThl, B — cynepokcugammyTtasa, C —
rmyTtaTMoHnepokcuaasa. CTpenkamu Ha LiKane ykasaHo
BpeMsi BBeAeHusa KKPI. PasHuua ctatuctMyeckm 3Hauymma
MO CPaBHEHWIO C KOHTPOMNbHOW rpynnon (*) u MCXOAHbIM
ypoBHeMm (*), p < 0,05.

Fig. 1. Dynamics of blood serum prooxidant-antioxidant
balance of ageng rats in the control (sham-transplanted)
group and after multiple cFLC injections: A — TBA-reactive
species, B — Superoxide dismutase, C — Glutathione
peroxidase. Arrows on the scale indicates the time of
cFLC injection. Differences are statistically significant if
compared with the control (*) and initial level (¥), p < 0.05.

of this experimental group also changed in a similar
way: GT, GR, and IDH increased by 64.8, 48.8, and
46.0%, respectively (Table 4).

The findings on the state of pro- and antioxidant
systems in liver of aged rats showed that after multiple
injections of cFLCs, the activity of antioxidant
enzymes in both mitochondrial and PMC (cytosolic)
fractions was increased. Such a rise was accompanied
by stimulation of the formation of reducing equi-
valents (GSH and NADPH) necessary for the
functioning of GP and GT. This is proven by higher
activities of GR, G6PDH and IDH if compared
with the control. Moreover, the effect of ¢cFLCs is
mainly directed to activation of pentose phosphate
pathway for the formation of NADPH and does
not affect the activity of NADP*-dependent MDH,
involved into pyruvate metabolism and 90% of it
localized in PMC fraction [35].

Thus, at the first stage of experiment, it was
found that multiple injections of cFLCs had a po-
sitive effect on ageing rats, that was manifested in
supported activity of antioxidant enzymes defense
and decreased level of macromolecule oxidation
products in liver and blood. It should be assumed
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Tabnuua 1. NpookcMaaHTHbIN NOTEHLMAI NeYeHn U KPOBU CTapbIX KPbIC (25 MecsLeB) B KOHTPOMbHOM rpynne
1 MoCrne MHOroKpaTHbIX MHbeKuunin KKPI (n = 5-6)
Tablee 1. Prooxidant potential of liver and blood serum of aged rats (25 months-old) in the control (sham-transplanted)
group and after multiple cFLC injections (n = 5-6)

JKcnepuMeHTarnbHble rpynnbl
Experimental groups

Moka3aTenn
Indices
KoHTponb KK®I
Control cFLCs
K
ap6oHUNbHbIE FPYNMbl 6EMKOB CbIBOPOTKM KPOBU, HMONbL/MI Genka nnasmbl 2,66 + 0,19 202 + 016"

Carbonyl groups in blood serum, nmol/mg of serum protein

TBK-aktuBHble npoayktbl MMX dpakuum nevenn,Hvons MOA/mr 6enka
TBA-reactive species in liver PMC fraction, nmol of MDA/mg of protein

0,355 + 0,036 0,226 + 0,037*

TBK-akTuBHbIE MPOAYKTHI MUTOXOHAPUIA NeveHun, Hvonb MOA/Mmr 6enka
TBA-reactive species in liver mitochondrial fraction, nmol of MDA/mg of protein

0,634 = 0,177 0,612 = 0,081

MpuMeyaHue: * — OTNNYUSI CTATUCTUYECKM 3HAYUMbI MO CPABHEHWIO C KOHTponeM, p < 0,05.
Note: * — differences are statistically significant if compared with the control, p < 0.05.

[Ipn wmccnenoBaHuM aKTHBHOCTH (EPMEHTOB,
00eCIeunBaIONINX ITyTaTHOH3aBUCUMYIO aHTHOK-
CUJAHTHYIO CUCTEMY I€YEHU BOCCTAHOBHUTEIbHBIMU
skBuBaieHTamu (GSH u HAJI®H) obHapyxeHo, 9TO
HAJl®"-3aBucumeie ULIJIT u 6D/l akTtuBHOC-
™ B [IMX (pakuuu medyeHn Kpbic, KOTOPHIM BBO-
qwn KKOIT, obutn B 2,14 u 1,71 pasa Beliie cooT-
BETCTBCHHO, Y€M B KOHTPOJBHOU Tpymme (tadmn. 3).
IIpu srom BBenenne kKK®II He okasbiBano cyie-
ctBeHHoro BiausHUSA Ha I'P m HAJI®'-3aBucumyto
MUI" aktuBHOcTH ¢epmentoB [IMX ¢pakuuu me-
YEHHU.

B MUTOXOHIpHSX NMEUEHU CTapbIX KPbHIC AKTHUB-
gocth I'Tl B orBeT Ha murenbHoe BBeneHue kKKOII
yBenmnuuBanach Ha 48,8% 10 cpaBHEHHIO C KOHTPO-
neM. [lomoOHBIM 00pa3oM HW3MEHsSIach aKTUBHOCTH

that the established changes in the pro- and anti-
oxidant systems occur in the whole body, whereas
in blood and liver they are similar. According to the
free radical theory of ageing, the obtained results
may indicate the geroprotective effect of FLCs,
therefore, at the next stage of experiment, the
possibility of using FLCs as a means of increasing
the survival and lifespan of aged animals was in-
vestigated.

In the second series of experiments, the animals
were observed from 23 months of age until the end
of life. The medium or cFLCs was injected every
3 months as in previous series of experiments.

The survival rate of experimental animals many
times injected with FLCs was higher than in the
control group during the all observation period

Tabnuua 2. AKTMBHOCTb aHTUOKCUAAHTHBLIX (PEPMEHTOB B MOCTMUTOXOHAPUANbHON PPaKLMmn NevYeHn cTapbiX KpbIC
(25 mecsueB) B KOHTPOMBLHOW rpynne 1 nocne MHorokpaTHoro BeeaeHns kKKOM (n = 5-6)
Tablee 2. Antioxidant enzymes activities in the postmitochondrial fraction of liver of aged rats (25 months-old) in the
control (sham-transplanted) group and after multiple cFLC injections (n = 5-6)

JKcnepumeHTarnbHble rpynnb
Experimental Groups

MokasaTenu
Indices KoHTponb KKDM
Control cFLCs
FnyTtatuoHnepokcupasa, HmMonb HA®H/MuH Ha 1 mr 6enka %
Glutathione peroxidase,nmol NADPH/min/mg of protein 64.6 £ 10,5 94.6 £ 7.6
['yTaTuoH-S-TpaHcdepasa, Hvonb XHB/MuH Ha 1 mMr 6enka 410.8 + 491 438.4 + 356

Glutathione-S-transferase, nmol CDB/min/mg of protein

CynepokcupaucmyTasa, ycn. ea/mMuH Ha 1 mr 6enka
Superoxide dismutase, conventional U/min/mg of protein

1830,2 = 199,1 1724,4 + 140,6

Kartanasa, mkmonb H,O,/MuH Ha 1 mr Genka
Catalase, umol H,0,/min/mg of protein

105,0 = 7,7 137,5 £ 19,0

MpuMeyaHue: * — OTNNYUSI CTATUCTUHECKM 3HAYUMbI MO CPABHEHWIO C KOHTponeM, p < 0,05.
Note: * — differences are statistically significant if compared with the control, p < 0.05.
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Tabnuua 3. HAO®-gerngporeHasHas v rmyTaTtMoHpeayKTa3Hash akTUBHOCTU MOCTMUTOXOHAPVANbHON
hpakummn neveHn cTapbix KpbIC (25 MecsLeB) B KOHTPOMNbHOM rpynne 1 nocne MHorokpatHoro BBegeHns KKOrl
(Hmonb HA®H/ muH Ha 1 mr 6enka (n = 5-6)

Tablee 3. NADP*-dehydrogenase and glutathione reductase activities in postmitochondrial fraction of aged rat liver
(25-months-old) in the control group and after multiple cFLC injections (nmol NADPH/min/mg of protein (n = 5-6)

JKcnepuMeHTarnbHble rpynmbl
Mokasatenu Experimental groups
Indi
ndices KoHTponb KK
Control cFLCs
W3ounTtpataernaporeHasHan akTMBHOCTb 39,7 + 16,7 85,1 + 11,4*
Isocitrate dehydrogenase activity
ntoko30-6-cochaT-gerngporeHasHana akTUBHOCTb «
Glucose-6-phosphate dehydrogenase activity 175 £ 0,18 3,00 + 0,44
ManaTtaernaporeHasHaa akTUBHOCTb
Malate dehydrogenase activity 141 = 1.7 17,9 + 4.8
FnyTaTMoHpenyKTasHaA akTUBHOCTb
Glutathione reductase activity 65.8 £ 2.4 69.1 £ 3,2

Mpume4yaHume: * — OTNNYNS CTAaTUCTMUYECKN 3HAYNUMbI MO CPABHEHMIO C KOHTporneMm, p < 0,05.
Note: * — differences are statistically significant if compared with the control, p < 0.05.

U Ipyrux (epMEeHTOB TIEYSHH ITON IKCIIEPUMEHTAb-
vou rpynnsl: I'T, TP u U yBenuuuBamuch Ha
64,8, 48,8 1 46,0% cootBeTcTBeHHO (Tabm. 4).
Pesynbrarhl nccie0Banus COCTOSTHUS TPO- U aH-
TUOKCUIAHTHBIX CHUCTEM IEYEHH CTapbIX KPBIC TO-
KazaJli, 4TO IMocJie MHOTOKpaTHoro BBeneHus kKKOII
YBEJIMYUBAJIACH AKTUBHOCTh aHTHOKCUIAHTHBIX (hep-
MEHTOB KaK B MHTOXOHJpHaibHOM, Tak u IIMX
(umro3onpHON) ¢paknusx. Takoe yBenuMueHUE CO-
MTPOBOKIANIOCH CTHUMYJISIMEH 00pa3oBaHUS BOCCTa-
HOBUTEIbHBIX dKkBHBaNeHTOB (GSH m HAJI®H),
HeoOxomuMbIX 1 padotel I'Il m I'T. O6 sTom
CBUJCTEIBCTBYIOT 0OJ€e BBICOKHE TI0 CpPaBHEHHIO
¢ xoHTponem aktuBHOCcTH [P, T'6DAI" m MIIAL.
IIpuuem neiictBue kKK®II HanpaBieHO B OCHOBHOM

(Fig. 2). Comparison of survival curves performed
using the Gehan’s method with the Yates correction
showed their significant difference. The median
of survival curves of rats in the control group was
830 days. After the administration of cFLCs, the
average lifespan of animals increased by 12% (up
to 930 days, p < 0.05).

In the experiment, the change in body weight,
state of hair coat of animals within the first 180
days was controlled, whereas a gradual reduction
of the number of surviving rats in all the groups.
This was crucial for the correct statistical processing
of the results at a distant observations.

The changes in body weight of ageing experi-
mental animals are presented in Fig. 3. In rats of

Tabnuua 4. AHTUOKCMAAHTHBIN NOTEHUMan MATOXOHAPWAanNbHOM dpakLmMmn neYyeHn cTapbixX KpbiC (25 mecaueB)
B KOHTPOJbHOW rpymnne 1 Nocrne MHOroKpaTHbIX MHbeKUMn KKPIT (n = 5-6)
Tablee 4. Antioxidant potential of liver mitochondrial fraction of aged rats (25-months-old) in the control group
(sham-transplanted) and after multiple cFLC injections (n = 5-6)

JKcnepuMeHTarnbHble Fpynmbl
Mokasatenm Experimental groups
Indi
ndices KoHTponb KK®I
Control cFLCs
[nyTaTuonepokcugasHaa akTuBHOCTb, HMonb HAAPH/MuH Ha 1 mr 6enka %
Glutathione peroxidase activity, nmol NADPH/min/mg of protein 94,1 =103 140,0 + 14,9
nyTaTnoH-S-TpaHcdepasHasa akTUBHOCTb, HMonb XHB/MuH Ha 1 mr 6enka %
Glutathione-S-transferase activity, nmol CDB/min/mg of protein 202,7 + 42,0 3340 £ 17,8
[myTaTMoHpeayKTasHasA akTUBHOCTb, HMomnb HAL®H/MuH Ha 1 mr 6enka *
Glutathione reductase activity, nmol NADPH/min/mg of protein 25,4 £ 3.2 37.8 £ 4.1
N3ounTtpataernaporeHasHan akTMBHOCTb, HMonb HALL®H/MuH Ha 1 mr Genka «
Isocitrate dehydrogenase activity, nmol NADPH/min/mg of protein 79.1 £13.2 1155 £ 6,9

MpumeyaHue: * — OTNNYMS CTATUCTMYECKN 3HAYMMbI MO CpaBHEHUIO C KOHTponem, p < 0,05.

Note: * — differences are statistically significant if compared with the control, p < 0.05.
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Ha aKTHBalMIO TNeHTo30(ochaTHOro myTH obpa-
3oBanuss HAJI®H u He BauseT Ha aKTUBHOCTh
HAJ1®"-3aBucumoit M/II, kotopas ydyacTByeT B Me-
tabonu3zme mupyBara U Ha 90% JoOKanM30BaHa B
[IMX ¢paxmun [35].

Takum 00pazoM, Ha IEPBOM 3TaIle IKCIEPUMEHTa
ObUIO YCTaHOBJICHO, YTO MHOTOKPATHBIC MHBEKLUH
kK®II oxa3piBatoT MO3UTHBHBIN 3(PQeKT Ha opra-
HU3M CTaperolyux KPBIC, YTO TMPOSBISUIOCH B TIOA-
Jep)KaHUM aKTUBHOCTH (DEpPMEHTATHBHON aHTHOK-
CHU/IAaHTHOM 3alllUThl U CHU)KEHUHU YPOBHSI MPOTYKTOB
OKHCIJIEHUS] MaKpOMOJIEKYJl B meueHu u kpoBu. Cie-
JyeT ToJsaratb, YTO yCTAHOBJIEHHbIE M3MEHEHHS B
MpO- ¥ aHTHOKCHJAHTHOH cHcTeMaxX MPOUCXOAAT U
BO BCEM OpraHU3Me, MOCKOJbKY B KPOBU U IICUCHH
OHU HMMEIOT CXOAHBIA Xapakrtep. CoracHO cBOOOI-
HOpaJMKaJIBHOW TEOPHM CTAapeHUs HOJIyYeHHbIE pe-
3yJbTaThl MOTYT CBHIETEIbCTBOBATH O I'€POIPOTEK-
TopHOM 3 dexre KDII, moaTtomy Ha ciemyromem
JTare OSKCIEePHUMEHTa HCCIEeI0BAI BO3MOXKHOCTD
npumeHeHus: KOII B kauecTBe cpencTsa, yBEIMUYU-
BAIOIIET0 BBDKUBAEMOCTh M TPOJOIDKUTEIHHOCTH
JKU3HU CTAPBIX JKUBOTHBIX.

Bo Bropoil cepuM 3KCIEPUMEHTOB KUBOTHBIX
HabOmonanu ¢ 23-MeCSYHOro BO3pacTa M 10 KOHLA
xu3Hu. Beenenne kKOOI unm cpenbl KpHOKOHCEPBH-
pPOBaHMsI MPOBOAMIM TAKXKe, KaK M B NpEbLAyIIEi
cepuH — Kaxaple 3 Mecsa.

BbokuBaeMOCTh 3KCIIEPUMEHTAIbHBIX JKUBOT-
HBIX, KOTOPBIM MHOTOKpPAaTHO BBOJWJIH
K®I1, Oblna BbIlIe, YeM B KOHTPOJILHOM
rpylne B TEYEHHWE BCEro Cpoka Halmro-
nenus (puc. 2). CpaBHEHHE KPHUBBIX BbI-
KUBAEMOCTH, MPOBEJIEHHOE C MOMOIIBIO
kputepusi Texana ¢ mompaskoii Meiirca,
[I0Ka3aJI0 UX 3HaYMMoe oTianuune. Menua-
Ha BBDKMBAEMOCTH KpBIC KOHTPOJIBHOH
rpynnsl  coctaBwia 830 aneit. Ilocie
BBegeHua KK®II cpenHsisi mpoaoinku-
TENBHOCTh KU3HU JKMBOTHBIX YBEIHYH-
Bastach Ha 12% (o 930 mueit, p < 0,05).

B xoze skcniepuMeHnTa KOHTPOJIUPOBa-
JIU U3MEHEHHE Macchl Tella U COCTOSHUE
LIEPCTHOTO MOKPOBAa KMBOTHBIX B Teue-
Hue nepBblx 180 nHEH, MOCKONBKY IpH
[TOCTETIEHHOM YMEHBIIEHUHN KOJINYECTBA
BBDKUBIINX KPBIC B TPYyMIaxX JaHHBIX AJIS
KOPPEKTHOH CTaTUCTHYECKOM 00paboTKU
pe3ynpraTtoB Ha Oojiee MO3JHHMX CPOKax
HaOmroneHus ObIJI0 HEAOCTaTOYHO.

OOHapyXeHHBIE OCOOCHHOCTH H3Me-
HEHUSI MacChl TeJla SKCIIEPHUMEHTaIbHBIX
JKUBOTHBIX TPU CTAPEHHUH IPEJICTaBICHBI
Ha puc. 3. Y KpbIC KOHTPOJIBHOM TpyI-
bl JTaHHBIA TOKa3aTelb yBEJTUYUIICS Ha

BbikMBaemMocTb
Survival

0,0

Puc. 2.
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the control group, this index increased by 9% to
day 85 of the experiment, and did not significantly
change later. In the animals injected with cFLCs,
there was observed a distinct dependence of
the change in body weight on the time of cells
introduction. In 40 days after the first administration
of cFLCs, the body weight of the animals significantly
increased by 12% compared to the initial one. Body
weight gain was also found after the second injec-
tion of cells. Herewith in experimental rats recei-
ving FLCs, this index was significantly higher than
in the control group during the whole observation
period.

The state of hair coat in the control group of animals
was gradually worsened during ageing (Table 5),
i. e. the coat gained yellowish tint, became dull,
and the thickness of the hair coat decreased. These
changes, evaluated with 5-point scale, reached sig-
nificant differences to day 120 of experiment (rela-
tive to the initial state). Moreover, in the animals
injected with cFLCs, the state of the hair coat did not
change significantly during 180 days of observation.

The main idea of this research was to confirm
or reject the hypothesis that an transplanta-
tion of fetal cells is a universal approach for correc-
ting of free radical processes. The results of pre-
vious studies were the basis for this assumption,
i. e. in allo- and xenotransplantation of cFLCs
normalized the state of antioxidant defense systems

|

MOCTb KpbIC MpPU WX €CTECTBEHHOM CTapeHun.
HOCTb JXKW3HW KpbiC 6e3 (KOHTponb, n =
nHbekunsimn KKOI (n = 20). CTpenkamu Ha LwiKane ykasaHo Bpems
BBeaeHus KKOIT.

Fig. 2. Effect of multiple cFLC injections on the rats survival during
their natural ageing. The lifespan of rats without (control, sham-
transplanted rats, n = 20) and with multiple cFLC injections (n = 20).
Arrows on scale indicate the time of cFLC injection.

} |
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9% k 85-My JIHIO PKCIEPUMEHTA, a B MOCIEIYIOIIEM
3HAYUMO HE HU3MEHSUICA. Y >KUBOTHBIX, KOTOPBIM
Beogmwin KK®II, mpocnexuBanach 4eTkas 3aBUCH-
MOCTh M3MEHEHHS MacChl Tella OT CpOKa BBEICHUS
kierok. Yepe3z 40 aHeil mocne mepBOro BBEIACHUS
kKK®II macca Tena KMBOTHBIX 3HAYUMO YBEIHWYH-
Banach Ha 12% mo cpaBHeHHIO ¢ mcxomHoOu. [lpu-
pOCT Macchl HaOMIOAaNCS TaKXe IOCIe BTOPOTO
BBENICHUS KJIETOK. [Ipw 3TOM y MOJOMBITHBIX KPBIC,
nonyuaBinx KK®II, nanHbIil nokas3arens ObUT 3HA-
YUMO BBIIIE, YEM B KOHTPOJHHOM TPyIIe B TCUCHUE
BCETO CPOKa HAOJIOICHUSI.

CocTosiHUEe IMIEPCTHOTO TMOKPOBA Y >KMBOTHBIX
KOHTPOJILHOU T'PYIIBI B IIPOLIECCE CTAPEHUS MOCTE-
MIEHHO yXy/manoch (Tabm. 5): mepcTs mpuodpeTana
JKEIITOBAaThIi OTTEHOK, CTAHOBWJIACH TYCKJIOH, CHH-
JKaach TYCTOTa MOKPOBa. ODTH M3MEHEHUS, OIEHH-
BaeMbI€ 110 5-0aJbHOM IIKaJe, JOCTUIAIH 3HAYMMBIX
ormmunii Kk 120 1mHIO 3KcTeprMeHTa (OTHOCHUTEIh-
HO WCXOTHOTO COCTOSTHUS). [Ipr 3TOM y JKHBOTHBIX,
nonydaBmnx KK®II, cocTosiHue 1mepcTHOTO MOKPO-
Ba CYIICCTBEHHO HE M3MEHSIIOCH B TeucHue 180 gHeit
HaOIIOIEeHUS.

OcHoBHAas1 ujesl UCCICAOBAHUSA COCTOSIA B IMOJ-
TBEPXKACHUM WU ONPOBEPKEHUU THUIOTE3Bl O TOM,
YTO BBEJIECHHUE KIIETOK (DETATBHOTO MPOUCXOMKICHUS
SIBIISIETCSl YHUBEPCAIBHBIM ITOXOJIOM JJIsI KOPPEK-
LMW HAPYIICHUW PETyISIUU CBOOOTHOPAIHNKAIBHBIX
mporieccoB. OCHOBaHHMEM [UIsl 3TOTO TIPEAIIOIIONKE-
HUS OBUTH Pe3yNbTaThl MPEABIAYIIINX HCCIeIOBAHNN]!
B YCIOBUSIX aJlJIO- U KceHoTpaHcianTtaiuu kKKOIT
OKa3bIBATM HOPMAJIM3YIOIIEe NEeUCTBHE Ha COCTOS-
Hue AO 3alUTHBIX CHCTEM OpPraHW3Ma >KUBOTHBIX
C PAIOM DKCIICPUMEHTANBHBIX IMATOJOTUH, COMps-
JKEHHBIX C Pa3BUTHEM OKHUCIUTEIBHOTO CTpecca
(umppo3 neuenu [1], XpoHUUECKOE ATKOTOJIBHOE TO-
paxeHue neyeHu y kpoic [12] u runepxoiaecTepuHe-
Mus y Kponei [ 14]).

Ucxons w3 3Toro, Ha MEpPBOM 3Tale HCCIIeN0Ba-
JI1 BIUsiHUE MHOrokpaTHoro BBeneHust KOII Ha co-
nepxxkaane TBK-aktuBHBIX mpomykToB [IOJI m ak-
TUBHOCTh AHTHOKCHJIAHTHBIX (PEPMEHTOB KpPOBU W
MEYCHHU KPBIC MPU €CTECTBEHHOM CTapeHWH. BBeme-
aue KKOII naunnanu ¢ 13 mMecsIes, T. €. B3poCIoMy
JKUBOTHOMY 0€3 BBIPOKEHHBIX MPU3HAKOB CTAPCHHUS,
U 3aKaHYMBAIU B 25-MECSYHOM BO3pacTe, COOTBET-
CTBYIOIIEMY CTapueCKOMY, KOIJla B OpraHU3ME KPBIC
HAOJIONAIOTCSl MPU3HAKU CTAapCHHS, CBSI3aHHBIC C
pa3BUTHEM OKCUAATUBHOrO ctpecca [8, 27]. Uccne-
Iys. TUHAMHKY TPOOKCUIAHTHO-aHTHOKCHUIAHTHOTO
OaaHca KpOBH, HAM YIAJIOCh YCTaHOBUTH, YTO Ha-
koruieHue npoaykroB IIOJI u cHuKeHHE aKTHBHO-
CTH aHTHOKCHIAHTHBIX (PEPMEHTOB HAYMHAIOTCS C
19-mecsianoro Bo3pacTa. K KOHITy SKCIiepuMeHTa
(25 ™ecsmeB) y KOHTPOIBHBIX KPBIC AKTHBHOCTH
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Puc. 3. lnHammka macchl Tena ctapbix KpbiC B npoLecce
€CTEeCTBEHHOrO CTapeHusi B KOHTPOIbHOW rpynne v nocre
cepun nHbekuni KKOM (n = 6-20). CTpenkamu Ha Likane
ykasaHo BpeMs BBeaeHust KKOI; * — otnmums cratnctmnye-
CKM 3Ha4YMMbl NO CPaBHEHMIO C KOHTponewMm, p < 0,05.

Fig. 3. Dynamics of body weight in aged rats during their
natural aging in the control group (sham-transplanted) and
after multiple cFLC injections. (n = 6-20). Arrows on scale
indicates the time of multiple cFLC injections; * — differences
are statistically significant if compared with the control,
p <0.05.

of animals with some experimental pathologies
associated with the development of oxidative
stress, namely liver cirrhosis [16], chronic alcoholic
liver damage in rats [8] and hypercholesterolemia
in rabbits [11].

Based on this, at the first stage, the effect of mul-
tiple injections of cFLCs on the content of TBA-
reactive LPO products and activity of antioxidant
enzymes of rat blood and liver during natural
ageing was studied. Introduction of cFLCs was
initiated at 13 months of animals’ age, i. e. an adult
animal with no pronounced signs of ageing, and
the observation was terminated at animals’ age of
25 months, corresponding to senile one, when the
signs of ageing in rats are associated with oxi-
dative stress development [5, 26]. Studying the
dynamics of prooxidant-antioxidant blood balance,
revealed that accumulation of lipid peroxida-
tion products and a decrease in the activity of
antioxidant enzymes began at the animals age of
19 months. By the end of the experiment (25 months
of animals’ age) in the control rats, the activity of
SOD and GP was significantly decreased (by 30 and
44%, respectively). A decrease of antioxidant enzyme
activity was accompanied by 24% increase in the
level of LPO products.

Multiple injections of cFLCs were noted to
have a slight effect on the dynamics of prooxidant-
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Ta6nuua 5. CocTosiHME LWepCTHOro NOKPOBa CTAPEIOLLMX KPbIC B KOHTPOSBLHOW rpynne 1 nocne cepun uHbekuunii KKOr
(n = 9-20), oueHka B Gannax
Tablee 5. Hair coat condition in aging rats in the control group and after multiple cFLC injections (n = 9-20)

JKcnepumMeHTarnbHble rpynmbl
Experimental groups
Cpok 9KCMEPUMEHTa/BO3PACT KMBOTHBIX, CYTKU/MECALIbI

Experiment duration/animals age, days/months KoHTpons Kon

Control cFLC
0 (23) 4,2 + 0,1 4,2 + 0,1
30 (24) 4,2 + 0,1 4,2 £ 0,1
60 (25) 4,1 + 0,1 4,1 £ 0,1
90 (26) 4,0 + 0,1 4,2 + 0,1
120 (27) 3,6 + 0,2%# 4,3 £ 0,2
150 (28) 3,6 £+ 0,2* 4,1 £ 0,2
180 (29) 3,56 £01** 3,9 +0,2

MNpuMeyaHue: * — OTINMUNA CTATUCTUHECKM 3HAYUMbI MO CPaBHEHUIO C UCXOAHBIM cocTosiHueM (*) u rpynnon KKOM (¥),

p <0,05.

Note: * — differences are statistically significant if compared with initial state (*) and group of cFLCs (¥), p < 0.05.

COJ u I'Tl 3nauntensuo cHmwkanack (Ha 30 u 44%
COOTBETCTBEHHO). CHUKCHHE AKTUBHOCTH AHTHOK-
CHJIAaHTHBIX (PEPMEHTOB CONPOBOKIAIOCH yBEJIHYE-
HueM Ha 24 % yposHs npoaykrtos [10OJI.

Wnrtepecno, uto cepuitHoe BBeaeHue KKOII
Majio BIMSJIO Ha JUHAMUKY IOKa3aTelled MPOOKCHU-
JAHTHO-aHTUOKCUAAHTHONU CHUCTEMbI KPOBH, BILUIOTh
0 TEPMHUHAJIBHOU CTaUM SKCIIEPUMEHTa — 25 Me-
CSIIIEB, KOTJIa BO3PACTHBIE U3MEHEHHS OBLIN MaKCH-
MaJIbHBIMU. B 3TOT cpok cepuitHoe BBeneHue kKKDIT
[PEIOTBPAILATIO BO3PACT-ACCOLIMMPOBAHHOE CHMKE-
HHAE AKTUBHOCTH aHTHOKCHIAHTHBIX (DEPMEHTOB U
YBEJIIMYCHHUE YPOBHS OKUCIIUTEIBHON MOAM(DHUKAIIMN
JUIHATIOB ¥ OCIIKOB.

Cxonnble pe3yabTarbl ObUIM TONYYEHBI W IPH
M3y4eHuu BIUsHMS cepuiiHoro BBeneHuss KOII Ha
MIPOOKCHJIAHTHO-aHTUOKCHJIAHTHON Oananc B [IMX
(UMTO30JIBHON) U MUTOXOHAPHAIBHOHN (pakiusx me-
yeHu. JIeHCTBUTENbHO, B MEYEHH CTapbIX KpbIC
(25-MecsYHBIX), KOTOPHIM MHOTOKPAaTHO BBOJIMIN
K®II, yBennuuBanach akTUBHOCTb HEKOTOPBIX aH-
TrokcuaaHTHBIX GepmenToB (I'TI, karamassl) u dep-
MEHTOB, YYaCTBYIOIIUX B WX OOCCIICUCHWU BOCCTa-
HoBuTenbHBIMEH dkBuBaneHTamu (I'P, I'T, MILIAL,
I'6®/I'). NuTepecHO OTMETUTH, YTO TOBBIIICHHAS
AKTUBHOCTb aHTHOKCHUJIAHTHBIX (DEPMEHTOB, HAOIIIO-
nmaemasi mocne BBenenus KKOII, compoBoknanach
cHmxeHrueM ypoBHs TBK-akTHBHBIX MNPOAYKTOB B
LIUTO30JI¢, HO HE B MUTOXOHIpHUsIX. MoXKHO mpen-
[IOJIOXKUTh, YTO aKTHBAIUA (EPMEHTATUBHOU CHC-
TEMBI aHTUOKCUIAHTHOU 3amuThl B [IMX sBusgercs
JMOCTaTOYHOM JUIsl YTHIM3AllMU aKTHBHBIX (HopMm
KHMCJIOPOAA U UX KOHTPOJs. B TO e BpeMsi B MUTO-
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antioxidant blood system indices, up to the terminal
stage of the experiment (25 months), when the age-
related changes were maximal. During this period,
multiple injections of cFLCs prevented an age-
related decrease of antioxidant enzyme activity and
an increase in the level of oxidative modification
of lipids and proteins.

When studying the effect of multiple injections
of cFLCs on prooxidant-antioxidant balance in PMC
(cytosolic) and mitochondrial fractions of liver si-
milar results were obtained. Moreover, in liver of aged
rats (25-month-old), which were multiple many times
injected with cFLCs, the activity of some antioxi-
dant enzymes (GP, catalase) and the ones involved
into providing by the reducing equivalents (GR,
GT, IDH, G6PDH) was increased. It is notable that
the increased activity of antioxidant enzymes ob-
served after the administration of cFLCs was
accompanied with a decreased level of TBA-reactive
species in cytosol, but not in mitochondria. The
activation of enzymatic system of antioxidant pro-
tection in PMC fraction can be assumed to be
sufficient for utilization of reactive oxygen species
and controlling them. Herewith, in mitochondria,
where high doses of ROS are formed under
physiological conditions as obligate products of
oxidative phosphorylation [7] the antioxidant pro-
tection system stimulated by introduction of cFLCs
does not reduce their level.

Thus, after multiple injections of cFLCs for 12
months, the content of LPO products and the activity
of antioxidant enzymes (SOD and GP) in blood of
aged rats returned to normal level of adult animals.
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XOHJIPUSIX, TIe MpU (PU3HOIOTHYSCKUX YCIOBHSIX
oOpasytorcst Beicokue 1036l ADK kak obmuratHbie
MPOIYKTHl OKUCIUTEIBHOTO (pochopuanpoBaHus
[10], ctumynupoBaHHasi BBeAeHueM KKOII cuc-
TeMa aHTHOKCHIAHTHOM 3aIIUTHI HE CHIKAET UX yPO-
BEHb.

TaxuMm oOpa3om, B pe3yiIbTaTe CEPUMHBIX WHBEK-
muii KKOIT B Teuenme 12 wmecsieB copepxaHue
npoaykToB [1OJI u aKTUBHOCTH AHTHOKCHIAHTHBIX
¢depmentoB (CO/L u I'TI) B KpoBHU CTapbIX KPbIC HOP-
MaJTU30BaJIUCh 10 YPOBHS B3POCIBIX )KUBOTHBIX.

B nocnencteum, xoraa takor 3pQeKT Obl1 0OHA-
pY’KEH, Ha BTOPOM 3Tale SKCIIEPUMEHTa HCCIEI0-
Banu BinusHue KKOII Ha nOpomomKuTenbHOCTh U
Ka4eCTBO JKU3HU CTapbhIX J>KUBOTHBIX. MHOTOKpaT-
Hoe BBeneHue KK®II He TOJbKO yBEIUUMBAIO Me-
JMaHy BBDKUBAEMOCTH DKCIIEPUMEHTAIBHBIX )KHBOT-
veIX Ha 100 mgHEH, HO TakXke CIoCOOCTBOBAJIO TPH-
pPOCTY Macchl Tela M MPENSITCTBOBAIO YXYAIICHUIO
Ka4deCcTBa MIEPCTHOTO ITOKPOBA.

CrnemyeT OTMETHTh, YTO YBEIUMUCHUE MPOIOTIKH-
TEIBHOCTH KU3HU JKCIICPUMEHTAIBHBIX >KUBOTHBIX
nociie BBenenuss MCK deranbHOro npoucxoxaeHus
(13 aMHHOTHYECKOW MeMOpaHbl) M KOCTHOTO MO3-
ra MOJIOABIX JKUBOTHBIX MPOJEMOHCTPUPOBAHO U B
Ipyrux ucciaeaoBanusx [26, 33]. Ha monenu kuBoT-
HBIX C YCKOPEHHBIM CTapEHHUEM TaKOH APQPEeKT code-
TaJICSl CO CHM)KEHHWEM YPOBHS OKCHJIATHBHOTO CTpecca
n yBenmdeHueMm aktuBHoctH AO ¢depmentoB [33],
YTO COTIIACYETCs C pe3yabTaTaMy HaIlel padoTHI.

MoXHO ToNIaraTh, 4YTO BBIPAKEHHOE T€pOIPO-
TekTopHoe aeiicteue KKDII, HanpaBiieHHOE HA MO~
JepKaHue MPOOKCUIAHTHO-aHTHOKCHIAHTHOTO 0Oa-
JIAHCA, CBSI3aHO C WX BBICOKUM MPOJIM(EPATUBHBIM
u TUQQPepeHIUPOBOYHBIM MOTEHIIMATIOM, a TaKKe
MapakpuHHBIMU 3(PPEKTaMu POCTOBHIX (PaKTOPOB H
LIUTOKUHOB, KOTOPBIE CEKPETUPYIOT 3TH KJICTKU. B
YaCTHOCTH, ITOKa3aHa BO3MOXKHOCTb HapaKpUHHO-
rO BIUSHUS WHTEpJieWKuHAa-1 u wHTepielkuHa-6
Ha yBenuueHue skcnpeccun reHa MnCOJl remato-
nuToB [11], 9TO sBISETCS Ba)KHBIM IS HAIIIETO HC-
CIIeZIOBaHUS, TOCKOJIBKY dKCTIpeccus TeHoB psiga AO
(hepMEHTOB CYIIIECTBEHHO CHIDKACTCS TIPH CTAPCHHUH
[26]. OmHako TOYHBIM MexaHu3M BiausHAS KKOII
Ha COCTOSHHE aHTHOKCHIAHTHO-TIPOOKCHIAHTHOTO
OanmaHca ocTaeTcsl 0 KOHIIA HESCHBIM M TpeOyeT
JJIbHEMIIIETO U3yYECHHUS.

Hcnonp3oBanue KIETOK (DETaabHOrO MPOUCXOXK-
JICHUS B PETCHEPATUBHON MEIUIIMHE UMEET OTPaHHYe-
HUE, CBI3aHHOE C OIMACHOCTHIO HEKOHTPOJIMPOBAHHON
nponudepanyiv BBEACHHBIX KIETOK U 00pa3oBaHUEM
oryxoJeil. B Hamem riccnenoBaHuy IIUTEIHHOE Ha-
OmiormeHne 3a JKUBOTHBIMH IIOCJE€ MHOTOKPAaTHOTO
BBencHua KK®II He BBIIBHIO HETaTUBHBIX MOCIIEN-
CTBUU WM pa3BUTHS MOOOYHEIX d(P(PeKToB, 4TO MO-
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Thereafter, when such an effect was discovered,
at the second stage of experiment, the effect of
cFLCs on duration and quality of life of aged ani-
mals was studied. Multiple injections of cFLCs not
only increased the survival median of experimental
animals by day 100, but also contributed to body
weight gain and prevented the hair coat worsening.

It should be noted that an increase of experi-
mental animals lifespan after the introduction of fetal
MSCs (from amniotic membrane) and bone marrow
of young animals was confirmed in other studies [25,
33]. In a model of animals with accelerated ageing,
this effect was combined with a decreased level of
oxidative stress and an increased activity of AO
enzymes [33] that was consistent with the results
of our research.

It can be assumed that expressed geroprotective
effect of cFLCs for maintaining the prooxidant-
antioxidant balance is associated with their high
proliferative and differentiating potential, as well
as the paracrine effects of growth factors and cy-
tokines, secreting these cells. In particular, the
possibility of paracrine effect of interleukin-1p and
interleukin-6 on the increase of hepatocyte MnSOD
gene expression [8] was shown. It is important for
our research, whereas the gene expression of some
antioxidative enzymes is significantly decreased
with ageing [26]. However, the exact mechanism of
cFLC effect on the state of antioxidant-prooxidant
balance remains unclear and requires the further
study.

The application of fetal cells in regenerative
medicine has a limitation associated with the threat
of uncontrolled proliferation of injected cells and
the formation of tumors. In our study, the long-term
observation of animals after multiple injections
of cFLCs did not reveal negative consequences or
the development of side effects, that may indicate not
only effectiveness, but also their safety.

Our findings demonstrate that multiple injec-
tions of cFLCs to adult rats starting from 13 months
of animals’ age prevent the changes in pro- and
antioxidant balance of liver and blood. These
changes appeared in aged animals by 25 months
of age. Multiple injections of cFLCs to aged rats
(starting from 23 months of animals’ age) increase
the lifespan (by 12%) and improve the life quality
of experimental animals. This allows us to consider
the introduction of cFLCs as a promising approach
to correct age-related changes associated with oxi-
dative stress.

Conclusions
1. During ageing from 13 months to 25 months
of the activity of antioxidant blood enzymes (SOD
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JKET CBHUJETENbCTBOBATh HE TOJIBKO 00 3ddekTuBHO-
CTH, HO M 0 0€30I1aCHOCTH TAKOTO MOIXO0AA.

Pesynbrars! HacTosimieH paboThl JEeMOHCTPHUPYIOT,
yto cepuitHoe BBeneHue KK®II B3pocasiM Kpbicam
¢ 13-mecsyHOrO BO3pacra MpeaynpexIaeT U3MeHe-
HUS IPOAHTHOKCHIAHTHOTO OajiaHca Me4eHH U Kpo-
BHU, KOTOpPbIE (POPMHUPYIOTCS y CTapbIX XKUBOTHBIX K
25-mecsyHOMY Bo3pacTy. [loBTopHBIE HWHBEKINH
kKK®II crapsiM kpbicam (¢ 23 MecsleB) yBeIWYH-
BAIOT MPONOJKHUTENbHOCTh (Ha 12%) m ymywmaior
Ka4eCTBO JKMU3HU 3KCIEPUMEHTAIbHBIX >KHBOTHBIX.
Oto mo3BosseT paccMmarpuBarh BBefeHHe KKOII
KaK TMEepCHEeKTUBHBIA MOAXOA ISl KOPPEKIUH BO3-
PACTHBIX U3MEHEHHH, CBA3aHHBIX C PA3BUTHEM OKCH-
JaTHBHOTO CTpecca.

BpiBoABI

1. B mporiecce crapeHusi Kpbic B Bo3pacte oT 13
0 25 MecsIeB CHM)KAETCS aKTUBHOCTb AHTHOKCHU-
nmanTHeIX (epmentoB kpoBu (COJ u I'Tl), uto co-
MIPOBOXKAACTCSI YBEIIMUCHUEM MPOIYKTOB CBOOOI-
HOPAIUKAILHOTO OKHUCIICHHUS JUMUIOB W OCIIKOB.
CymiecTBEeHHBIE U3MEHEHUS MPOOKCHUIAHTHO-aHTH-
OKCHJIAHTHOTO OajlaHCca KPOBU HAOJIONAIOTCS MOCIIE
19-22-mecaunoro Bo3pacta. MHOrokpaTtHOe BBeJe-
nue KK®II cHuxkaeT HakoIUICHHE MPOIYKTOB CBO-
0OTHOPATUKAIBHOTO MTOBPEKIACHUS MAaKPOMOJIEKYIT U
3aMeUIIeT Pa3BUTHE BO3PACTHBIX N3MEHEHUH aKTHB-
HOCTH aHTHOKCHIAHTHBIX ()ePMEHTOB KPOBH.

2. B medyeHu cTapblx KpbIC (25-MECSYHBIX), KO-
TOpbIM MHOTOKparHO BBOAWIM KK®II, akTHBHOCTH
anTHOKCcUIanTHRIX ¢epmentoB (I'TIO, I'T, karama-
3b1) U ()EPMEHTOB, YYaCTBYIOIIUX B X 00CCICUCHUU
BOCCTaHOBUTENbHBIMU JKBuBasnieHTamu (I'P, MLIAT,
['6®/II") Obuta 3HAYMMO BBIIIE, Y€M Y KOHTPOJIBHBIX
KpBIC TOTO K€ BO3pacTa. BrICOKasi aKTUBHOCTh 3THUX
(hepMEHTOB COMPOBOXKIACTCSI CHUKCHUEM YPOBHS
TbK-aktuBHbeIXx mponykToB [IOJI B mocTMUTOXOH-
JIpUaJbHOH, HO HE B MUTOXOHJpPUAIBHOW (pak-
LUSX.

3. Beenenue kKK®II crapbiM )KMBOTHBIM ¢ 23-Me-
CSYHOTO BO3pAcTa YBEIMYUBAECT CPEIHIOID IIPO-
IOJDKATENbHOCT kn3HM Ha 100 mueit. Ilokazare-
U (PU3HOIOTUYECKOTO COCTOSHWS (Macca Teda,
COCTOSIHHE IIEPCTHOTO TIOKPOBA) CBUACTEIHCTBYIOT
00 yJIy4IlIeHHH KaueCTBa )KU3HH CTaphIX KPBIC.

INntepartypa
1. OueHaluko OB, HikiTueHko FOB, JlebeauHcbkuin OC, Ta iH. AKTU-
BaLlisl aHTUOKCUAAHTHOT CUCTEMM LLYPIB 3 EKCriepUMEHTanbHUM
LIMPO30M Micnsl BBEAEHHST KPIOKOHCEPBOBAHUX KMiTUH doeTarb-
HOI MeviHkn. Ykp 6ioxim xypH. 2011; 83(2): 85-92.
2. MnaTtoHoB AE. CTatucTM4eckuin aHanus B MeauuuHe n Guono-
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and GP) in animals decreased, that was accom-
panied with increase of products of free radical
oxidation of lipids and proteins. Significant changes
in prooxidant-antioxidant imbalance blood were
observed after months 19 and 22 of animals’ age.
Multiple injections of cFLCs reduce the accumulation
of products of free radical damage of macromole-
cules and prevent the development of age-asso-
ciated changes in of activity antioxidant enzymes in
blood.

2. In liver of aged rats (25-month-old), multiple
many times injected with cFLCs, the activity of
antioxidant enzymes (GP, GT, catalase) and the
enzymes involved into their providing with reducing
equivalents (GR, IDH, G6PDH) was significantly
higher than in the control rats of the same age.
A high activity of these enzymes is accompanied
with a decreased level of TBA-reactive lipid pero-
xidation products in the post-mitochondrial, but
not in the mitochondrial fractions.

3. Introduction of cFLCs to aged animals starting
from 23 months of animals’ age led to an increase
in average lifespan by 100 days. Indices of phy-
siological state (body weight, state of hair coat)
testified to the improved quality of aged rat life.
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