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Pedepat: Mo gaHHbiIM BO3 npoaomKUTenbHOCTb XU3HN B COBPEMEHHOM MWUPE YBENUYMBAETCA 3@ CYET CHUXKEHUS OeTCKOW
CMEpTHOCTU, @ He ANUTENbHOCTU U KavyecTBa XWU3HU CTapLUero nokoneHunsi. BonbLWMHCTBO reponpoTeKTOPOB C AokasdaHHON addek-
TUBHOCTbBIO BAMSAKT HA UMMYHHYIO W HEPBHYIO CUCTEMY, KINETOYHbIA LMK, MeTabonuam yrneBoAoB, CTUMYNUPYIOT ayTodaruio.
Mono6HbIMK cBoOWcTBaMM obnagaT 6GMO06bBbEKTbI NMaLeHTapHOro NpoucxoxaeHus. B HacTosiwel paboTe uccnegoBany BrvsiHUe
KPUOKOHCEPBMPOBAHHbIX 3KCMMAHTOB MfaueHTbl YenoBeka Ha MpOAOSIKUTENbHOCTb XU3HW Mbiweln nuHun BALB/c, aHanuavpoBanu
KpuBble BbhknBaemoctu KannaHa-Menepa, paccunTbiBanu nokasatenu BbbkmBaemocTu. OTnuuma onpegensanu ¢ nomouwpbto Log-
rank Tecta. [MokasaHo, YTO UMMNAHTaLMsA KPYOKOHCEPBMPOBAHHBIX 9KCMIAHTOB NNAaLEeHThbl 3KCNepUMEHTaNbHbIM XUBOTHLIM 3HA4YUMO
yBenuyvBaeT criefyloLmne nokasaTenu y camuoB: MeanaHy npofomKUTENBHOCTU XNU3HU — Ha 17,6%; CpefHIo NPOAOIMKUTENBHOCTD
XKU3HN — Ha 18,1%; 90%-t0 BbikuBaemoctb — Ha 20,8%; mMakcMManbHyl0 MNPOAOIKUTENbHOCTb XMU3HWM — Ha 17,9 %. BeegeHue
3KCMMaHTOB NNaLeHTbl CamMKkaM He BUSNO Ha NPOAOIHKMTENbHOCTb MX XKWU3HWU, OOHAKO CHUXAano BEPOSiTHOCTb CMEpPTW B Penpoayk-
TVBHbIA MEpPUOA.

KnioyeBble crnoBa: NpOAOIMKUTENbHOCTb XWU3HW, BbKMBAEMOCTb, MbllUMW, NnaueHTa, KPMOKOHCEepPBUPOBaHHbIE npenaparthbl.

Pecbepat: 3a paHumm BOOS TpuBanictb XUTTS y Cy4acHOMY CBITi 30iMbLUYETECS 3@ PaxXyHOK 3HUXEHHSI AUTSYOI CMEPTHOCTI, a He
TPMBArOCTi Ta AKOCTi XWUTTS CTApLUOro MOKONIHHSA. BinblicTb reponpoTekTopiB i3 4OBeAeHO edeKTUBHICTIO BNMBalOTb Ha iMyHHY Ta
HEpBOBY CUCTEMY, KNITUHHWUIA UMKN, MeTaboniam ByrrneBoaiB, CTUMYIoTb ayTodarito. MogibHi BnacTmBocTi MaTb 6i006’ekTy nnaveH-
TapHOro MOXOMKEHHS. Y AaHin poboTi AocnigxyBany BhNMB KPIOKOHCEPBOBaHMX EKCMaHTIB NMaueHTU MoAVMHM Ha TPUBAniCTb XUTTS
muLuen niHii BALB/c, ananisyBanu kpuBi BuxunBaHHa KannaHa-Meriepa, po3paxoByBanu pi3Hi NOKa3HWKM BUXXMBAHOCTI. PisHuu0 BU3Ha4anm
3a gonomoroto Log-rank TecTy. NMokasaHo, WO iMnnaHTauis KpioKOHCEPBOBAHWX EKCMaHTIB NNaueHTU ekcnepuMeHTanbHUM TBapuHaMm
3HaYyLo 36inbLUye HACTYMHI MOKa3HWKM y camuiB: MefiaHy TpuBamnocTi XuTTs — Ha 17,6%; cepegHio TpuBanicte XuTtta — Ha 18,1%;
90%-By BumxmMBaHiCTb — Ha 20,8%; mMakcumanbHy TpuMBamicTb XWUTTS — Ha 17,9%. BBedeHHs ekcnnaHTiB MraueHTV caMuusM He Bhnu-
Bano Ha TPUBAnICTb iXHbOrO XWUTTS, OOQHaK 3HMXKYBano WMOBIPHICTb CMEpPTi Y penpoayKTUBHWUIA MepioA.

KnioyoBi cnoBa: TpuBanicTb XWUTTS, BMXMBAHICTb, MULLI, NnaleHTa, KPiIOKOHCepBOBaHi npenapaTu.

Abstract: According to the WHO data, to date the population lifespan is increasing worldwide due to infant mortality decrease,
rather than the duration and life quality of elderly people. Most effective geroprotectors affect the immune and nervous systems, cell
cycle, metabolism of carbohydrates, stimulate autophagy. Bioobjects of placental origin possess similar properties. The research aim
was to study the effect of cryopreserved human placental explants on lifespan of BALB/c mice. Kaplan-Meier survival curves were
analyzed and survival indices were calculated. The differences were determined using the Log-rank test. It has been shown that
implantation of cryopreserved placental explants to experimental animals significantly increases the indices in male mice as follows:
median of lifespan — by 17.6%; average life expectancy — by 18.1%; 90% survival rate — by 20.8%; maximum lifespan — by 17.9%. The
administration of placental explants to female mice did not affect their lifespan, but reduced the probability of death in the repro-
ductive period.

Key words: lifespan, survival, mice, placenta, cryopreserved products.

Ha npotsxkenun Bcel HCTOPUM HAayKHU M, B 4acT-
HOCTH, MEJULIMHBIL, BOIIPOC IPOJUICHUS )KU3HU OCTACTCS
CaMBbIM CJIOXHBIM U HHTEpeCHbIM. COBpeMEHHas Hay-
Ka paccMaTpuBaeT JaHHYIO TPOOIeMy ¢ TOUKH 3PEHHS
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Throughout the history of science and, in particular,
medicine, the issue of extending the life span remains
the most difficult and interesting. Modern science
considers this problem from the point of view of pre-
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COXpaHEHH KaueCTBa )KU3HH YEIOBEKa, ET0 COIUAIIb-
HOU akTUBHOCTH U paboTtocrnocooHocTH. [1o maHHbIM
BO3 npoaomkuTenbHOCTh KU3HU celyac yBeIU4u-
BaeTCs B OCHOBHOM 32 CUET CHW)KCHHS IOKa3aTells
CMEPTHOCTH JIETEH B BO3PACTE 0 ISATH JIET U B MEHb-
et Mepe 3a CUeT MPOAJTICHUS KU3HU B3POCIIOT0 Hace-
nenwust [20].

OCHOBHBIMU TPUYMHAMH CTApPEHUsI YEJIOBEKa CUH-
TAIOTCS TCHETHYECKas ICTCPMUHUPOBAHHOCTD, YKOPO-
YEeHHUE TEJIOMED, SITUTCHETUICCKIE (PaKTOPHI, HAPYIIICHNE
MIPOTEOCTa3MCa, META0O0HM3MA YITICBOJIOB U KIICTOYHBIX
B3aMMOJICHICTBHI, a TAK)KE MATOXOH/IpUasIbHAs TUC(HYHK-
111, UCTOIIICHHKE 3araca CTBOJIOBBIX KJIETOK [14].

CymectByrorias 0aza TaHHBIX T€POIPOTEKTOPOB
(http://www.geroprotectors.org/) COIepK HUT OKOJIO
260 BemecT, 00J1aAAFOIINUX CIOCOOHOCTHIO MPOIJIe-
BaTh KH3Hb PA3INIHBIM OPraHn3MaM. BOJIBITUHCTBO
TEePOMPOTEKTOPOB C J0Ka3aHHOU 3(PPEKTUBHOCTHIO
BJIMSIIOT HA UMMYHHYIO M HEPBHYIO CUCTEMY, KJIETOY-
HBIM IIUKJI, METa0O0JIU3M YIJIEBOOB, CTUMYJIUPYIOT
aytodaruto. OHHU TTO-pa3HOMY JCHCTBYIOT Ha )KCHCKIEC
1 MYXXCKHE O0COOM, IPH I3TOM B OOJIBIIEH CTENeHU
YBEIIMYHBAS IPOJIOJKUTEIBHOCTD JKU3HU MOCIICTHUX.
MHorue repornpoTeKTopsI (panaMuIuH, MeTGopMuH,
akap0603a, 17-0-3¢cTpaguron, HOPAUTHIPOAYPEHOBAS
KHCJIOTa, CIIPMUIUH, AaHTUOKCH/IAHTHI, TTOJIUITCTITH/IBI )
HMMEIOT BBIPAXKCHHBIE TOO0YHBIE 3 ()EKTHI U UCTIONb-
3YIOTCSI B OCHOBHOM JUJIsI JICUCHUSI TSKEIbIX 3200JIeBa-
uuii [8, 11-13]. Mexann3m IelcTBUS partaMHIFHA — [Tpe-
Trapara, Ha3Ha9aeMOTO JIsI IPESIOTBPAIIICHHS OTTOPKEHIIS
TpaHCIUIaHTaTa, — CBA3BIBAIOT C MHTHOUPOBAaHUEM
mTOR-penenTopoB, Bo3eHCTBIEM Ha KIIETOYHBIH ITHKJL,
MMMYHOCYTIPECCHEN 1 PeryarpoBaHreM ayTodaruu [7,
8]. OH mo3BoJISIET yBEIUYUTH MOKA3aTeNb MPOI0J-
JKUTCIBFHOCTH KU3HU MBIIed Ha 10-26%, ogHako
MMeeT psJl MOOOYHBIX ACHCTBUN: MeTabOIUYeCKas
JTUCHYHKIHS, TOPMOHAIbHBIC HAPYIICHUS, TECTHKY-
JsipHast arpodusi, OHKonaTonorus. MeTgpopMuH mpu-
MEHSIETCS JIUISl JICUCHHS] CaxapHOTo jJuadeTa 2 THIa,
MTOCKOJIBKY €T0 JeHCTBHE OCHOBAHO HA aKTHBU3AINU
MIPOTEMHKHUHA3BI ¥ 3aME]JICHNH TJTIOKOHeoreHe3a. Ero
MIPYMEHEHHE YBEINIMBAET IIOKA3aTeNb TPOAOIIKATEITh-
HOCTH XKU3HU MbImei Ha 3,5-14%. [To6ounbivmu 3¢-
(hekramMu MeTHOPMIHA SBIISIOTCS JKEITYIOUHO-KHIIICY-
HBIE PACCTPOWCTBA, THIIOPTHPEO3, CHIDKCHNE YPOBHS
TectoctepoHa [15]. AkapOo3a — mpemnapar Jyist Jiede-
HUsl caxapHOro jauadera 2 TUNA, KOTOPBIH SIBISETCS
MHTUOUTOPOM IITFOK03u/1a3bl. [Ipy ncoiib30BaHuH ATO-
r'o JIGKAPCTBEHHOT'O CPEJICTBA IPOJIOJDKUTEIHHOCTh
JKU3HU MBbIlIeH yBenuuuBaercs Ha 2-20% [11, 13].
[ToGounble peakiuu akapOO3bI Yallle BCEro HaOIIO-
matotcst co ctoponsl JKKT u nedenn. [leficteue 17-0-
ACTPaANOIIA TIPEXKIE BCETO CBA3BIBAIOT C HEHPOIPO-
TeKTOPHBIM 3 dexTom. [Tocite mpuMeHeHHS JaHHOTO
IperapaTa MmoKa3aTeib MPOAODKATEIHbHOCTH KU3HU
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serving the quality of human life, social activity and
professional performance. According to the WHO data,
life expectancy is now increasing mainly due to a de-
crease in mortality rate of children under five years and,
to a lesser extent, by extending the life of adult popu-
lation [20].

Genetic determinism, telomere shortening, epige-
netic factors, disruption of proteostasis, metabolism of
carbohydrates and cellular interactions, as well as
mitochondrial dysfunction, stem cell pool depletion
are the main reasons for the aging of modern hu-
mans [10].

The comprehensive geroprotector database (http://
www.geroprotectors.org/) contains information about
260 substances having the ability to prolong life to dif-
ferent organisms. Most geroprotectors with the proven
effectiveness affect the immune and nervous systems,
cell cycle, metabolism of carbohydrates, stimulate auto-
phagy. They affect differently female and male indi-
viduals, in particular increasing the lifespan of the latter
more effectively. Many geroprotectors (Rapamycin,
Metformin, Acarbose, 17-B-estradiol, nordihydrogua-
iaretic acid, spermidine, antioxidants, polypeptides) have
pronounced side effects and are used mainly to treat
severe diseases [3, 7-9]. The mechanism of Rapamy-
cin action, a drug prescribed for prevention of trans-
plant rejection, is associated with inhibition of mMTOR-
receptors, cell cycle effects, immunosuppression and
autophagy regulation [2, 3]. It allows to increase mu-
rine lifespan by 10-26%, but has a number of side
effects such as metabolic dysfunction, hormonal disor-
ders, testicular atrophy, oncopathology. Metformin is
used for the treatment of type 2 diabetes whereas its
action is based on the activation of protein kinase and
deceleration of gluconeogenesis. Its application in-
creases murine lifespan by 3.5-14%. Gastrointestinal
disorders, hypothyroidism, testosterone level reduc-
tion are side effects of Metformin intake [11]. Acar-
bose is a product for the treatment of type 2 diabetes,
which is an inhibitor of glucosidase. When using this
drug, murine lifespan is increased by 2-20% [7, 9].
Adverse reactions of Acarbose are most often obser-
ved in gastrointestinal tract and liver. The action of
17-o-estradiol is primarily associated with a neuro-
protective effect. After administration of this drug the
life expectancy of mice increases by 3—14%. Disorde-
red ovarian-menstrual cycle and a decrease in the level
of male sex hormones are side effects of estrogens
application [7, 9].

Previously, there was demonstrated the geropro-
tective activity of placental extracts, cells and tissues,
realized due to antioxidant, anti-inflammatory, anti-
oncogenic, neuroprotective activity, stimulation of osteo-
and angiogenesis, regulation of apoptosis [1, 4, 5, 15,
22]. The mechanism of this effect is associated with a
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MblIlIel yBenuunBaeTcs Ha 3—14%. [ToGounbivu 3¢-
(bexTamMu JeMCTBUST SCTPOTreHOB SIBJISIIOTCS HAapyIICHHE
OBApUATBHO-MEHCTPYAJIBHOT'O IIUKJIA ¥ CHUKEHHUE YPOB-
HS MYKCKHX MOJIOBBIX ropMoHOB [11, 13].

Panee Obina moka3aHa reponpOTEKTOPHAs aKTHUB-
HOCTb 9KCTPAKTOB, KJIETOK M TKaHU IIALIEHTHI, Peaju-
3yeMas 3a CYeT aHTHOKCHIAHTHOM, IPOTHBOBOCTIA-
JINTEJIbHON, aHTHOHKOT'€HHOW, HEUPOIPOTEKTOPHON
AKTMBHOCTH, CTUMYJISILIUN OCTE0- M aHTHOTEHE3a, Pery-
nsamuu arontosa [1, 4, 5, 9, 22]. MexaHu3M Taxkoro
BJIMSIHHSI CBA3BIBAIOT CO CHIbKeHUEM ypoBHs TGF-[3,
PDGF-a, PDGF-B, TNF-o, IFN-y, IL-6, Bcl-2 mpo-
TEWHa U SKCIpeccuu reHoB Wntl6, p16, p19, p27; akTh-
BaIlMel Kacmas B OIyXOJsIX; epexoaoM ot oteeta Thl
k Th2; akTrBanuei kaTanasbl, CyIepoOKCUATICMYTa3bl;
pereHepanyei OTAeNbHBIX TKaHeH, a TAK)KE CHHTE30M
VEGF [9, 22]. KpoMe TOro ycTaHOBJICHO, YTO POXKaB-
M€ KEHIIWHBI, 0COOCHHO B TTO3/THEM PENPOIYKTHB-
HOM TIEPHOJE, )KUBYT AOJbINe HepokaBmux [19]. Ha
OCHOBaHWH 3TUX HAOIIONEHUN CIETaHO CIEAYIoNee
MPE/OI0KEeHUE: TPOU3BOIHBIE TUIAIEHTHl MOTYT
BIIUSITH Ha MIPOJIOJKUTEIBHOCTD JKU3HU. VI3 BO3MOXK-
HBIX NTPENapaToB MIIALUEHTHI (IKCTPAKT, KIETKH, IKCII-
JIaHTBI) HAMH OBUTH BBIOPaHBI AKCIIIAHTHI TUIALICHTHI,
obnasaromue Handoee JTUTEIbHBIM IIEPHOIOM JIeii-
CTBHS, UTO 1IeIIECO00PA3HO MPH JUTUTEIbHON TEpaTH
[6]. ITockonbKy KieTouHas M TKaHEBas Teparus He-
BO3MOXHa 0e3 BCECTOPOHHEH OLEeHKH Oe30MmacHo-
CTH MaTepuaia, TO B Hallei paboTe ObIIIN HCIT0NIBb30-
BaHbI KPHOKOHCEPBUPOBAHHBIE SKCIIJIAHTHI TUTAIIEHTHI
(K3ID) [3].

enpro paboThl OBIIO WCCIICAOBAHUE BIIUSHUS
KPHOKOHCEPBUPOBAHHBIX SKCIIAHTOB IJIAIIEHTHI YeJI0-
BeKa Ha MPOJIOJKUTENBHOCTD KU3HU MBIIIIEH.

MatepuaJibl 1 MeTOAbI

OxcnepruMeHThI TpoBoAuIN Ha 100 MbIIax JIMHUN
BALBY/c, koTopble OblITH pa3zieneHsl Ha 4 TPpyIbl 110
25 B xaxxnoii: 1 — camku ¢ BBeaenneM KOIT; 2 — camkn
0e3 BBegenus KOII; 3 — camisl ¢ BBegenuem KOII;
4 — camnpl 6e3 BBenenus KOII. [Ipenapar BBoanmn
BHYTPHUMBIIIEYHO 110 10 MT "4epe3 TOJICTYIO UTITy, HauH-
Has ¢ 5-T0 MecsIa XU3HU pa3 B 3 Mmecsma. Jloza u
PEeXHUM BBEJIEHUS COOTBETCTBOBAJIN METOJMYECKUM
pEeKOMEHIAaNusIM AOKJIMHAYECKUX HCCIEIOBAHUN
JIEKapCTBEHHBIX CPEJICTB 110 UCCIIEOBAHUIO FEPONPO-
TeKTOpoB [2]. KprokoHcepBUpPOBAHHBIE IKCILIAHTHI
B3BelIMBaIM Ha Becax «Axis AD 50» («Axisy, [Tombina)
¢ nuckpetHocThio 0,5 Mr. J{71st mpoBeAeHUS CTaTUCTH-
YECKOI'0 aHaJIM3a PErHCTPUPOBANIN JaTy M MPUUUHY
CcMepTH (B ciydae HACTYIUICHHUS TAKOBOK).

[InanenTy momyyany ¢ ”HGOPMHUPOBAHHOTO COTIIA-
CHSl KEHIIMH ITOCIIEe OTIePaIllii KECapeBOTO CEUeHHSI.
Ju1s mommydeHust OMOIOTHYeCKOTo MaTepralia HCTOb-
30BaJIA HAIl METO [3], KpHOKOHCEPBUPOBAIH TI0 pa-
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decrease in the level of TGF-B, PDGF-o, PDGF-f3,
TNF-a, IFN-y, IL-6, Bcl-2 protein and expression of
Wntl6, pl6, pl19, p27 genes; activation of caspases
in tumors; transition from Th1 to Th2 response; acti-
vation of catalase, superoxide dismutase; regenera-
tion of different tissues, as well as the synthesis of
VEGF [5, 22]. In addition, it was found that parous
women, especially in the late reproductive period, live
longer than nonparous ones [18]. On this basis there
was assumed that placental derivatives can affect li-
fe expectancy. We have chosen the placental explants
from the spectrum of placental preparations (extract,
cells, explants), as potentially possessing the longest
period of action, that is useful if long-term therapy is
necessary [17]. Whereas cell and tissue therapy is im-
possible without a comprehensive assessment of mate-
rial safety, cryopreserved placental explants (CPEs)
have been used in our work [16].

The research aim was to study the effect of cryopre-
served human placental explants on murine lifespan.

Materials and methods

The experiments were carried out in 100 BALB/c
mice, which were divided into 4 groups of 25 in each:
the 1%t — female mice with CPE administration; the
2" _ female mice without CPE administration; the
3" — male mice with CPE administration; the 4% —
male mice without CPE administration. The product
was administered intramuscularly in a dose of 10 mg
through a thick needle, starting from the 5" month of
life every 3 months. The dose and protocol of admi-
nistration corresponded to the methodical recommen-
dations of preclinical studies of drugs for the study
of geroprotectors [19]. Cryopreserved explants were
weighed on Axis AD 50 scales (Axis, Poland) with
0.5 mg resolution. The date and cause of death were
recorded (in case of occurrence) for the statistical ana-
lysis.

The placenta was derived with the informed consent
of women after a Caesarean section. Biological ma-
terial was obtained according to the method developed
by us earlier [16], cryopreserved according to the
previously developed program [14, 16]. In this regard
human placenta delivered within three hours after
Cesarean section was washed with phosphate-buf-
fered saline, disintegrated into 0.5-2 mm fragments.
There was used 10% dimethyl sulfoxide as cryopro-
tective medium (Sigma, USA) in high glucose DMEM
medium with L-glutamine (BioWest, France) enri-
ched with 10% fetal bovine serum (Lonza, Germany).
The samples were frozen in Nunc cryogenic tubes
(Nunc, USA) using Mr. Frosty™ Freezing containers
(Thermo Fisher Scientific, USA) at the rate of 1 deg/
min down to —70°C with the following immersion into
liquid nitrogen. They were warmed in a water bath
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Hee paszpaboraHHOd mporpamme [3, 18]. dus storo
IUTALIEHTY Y€JI0BEeKa, JOCTABJICHHYIO B TEUCHUE TPeX
4acoB M10CJIE OTNEPALIUU KECAPEBOI0 CEUEHHUS, TPOMBI-
Banu ¢ocdarHo-coneBbM Oyhepom, U3MeTpIaIn Ha
tdbparmentsr 0,5-2 MM. B kadecTBe KpHO3amIUTHOMN
cpens! mpumMensi 10%-i pacTBOp AUMETHIICYTb(OK-
cuga («Sigmay, CIIIA) Ha cpene DMEM c¢ L-ryTa-
MHHOM W BBICOKHM COJEpXaHUEM IITIOK03bI («Bio-
West», @panrmus), odboramennoit 10%-# dheramsHOM
Ob14beii chiBOpoTKOH («Lonzay, I'epmanust). OGpa3imml
3aMOpakuBaIM B Kpuonpoodupkax «Nuncy» («Nuncy,
CIIIA) c ncione3oBaHneM KOHTEHHEPOB «Mr. Frosty™
Freezing Container» («Thermo Fisher Scientificy, CLLIA)
co ckopocTbio 1 rpaa/mun 1o —70°C npu nociuenyro-
LIeM MOTPYKCHUH B KUIAKUHU a30T. Pasmopaxusanu
Ha BostHOM OaHe (37°C) ¢ manbHEHIIINM OTMBIBAHHEM
cpemoif 6e3 KPHOTIPOTEKTOPA.

s onenku Bivstaust KOOI Ha TpoA0IDKUTETHHOCTD
JKU3HU cTpouiu kpuBblie Kamnana-Meliepa, oTiinuus
MEX/1y BBIOOPKaMH OTPEAETSIA C TIOMOIIBIO TecTa
Log-rank, paccuntpiBanu mMennaHy MpOJOKUATEb-
HOCTH >KM3HH (BO3pacT, A0 KoToporo noxkuBaeTr 50%
TIOMYJISILIAN ), OTIPEACIISIIA BO3PACT, 10 KOTOPOT'O JI0KHU-
BaeT 90% nomyssiiiu. CTaTHCTHYECKH PE3YIIbTaThl 00-
pabaTbIBajM ¢ MCIIOJIB30BAHUEM ITPOTPAMMHOT0 0Oec-
neuenust «Past V. 3.15» (Hopserus) (online service:
www.evanmiller.org).

XKuBoTHBIE COAEpKANUCH B YCIOBHUSIX BUBAPHSI
NITKuK HAH VYkpauHsl 0pu €CTECTBEHHOM CBETO-
BOM pEXHMME Ha CTaHIApPTHOM panmone ad libitum.
HccnenoBanust OBITH TIPOBEICHB B COOTBETCTBUU C
«O0muMH TTPUHITUTIAMHA SKCTIEPUMEHTOB Ha KUBOT-
HBIX», ogoOpeHHbIME VI HammonambHBIM KOHTpEC-
comrio 6uoatrke (Kues, 2016) u cortacoBaHHBIMU C
nojoxeHusiMA «EBponelickoli KOHBEHIIUH O 3aIlUTe
MMO3BOHOYHBIX KUBOTHBIX, HCTIONB3YEMBIX JJIS KCIIe-
PUMEHTAIBHBIX U IPYTHX Hay4HBIX 1enei» (CtpacOypr,
1986). IIpoTokomnsl paboTs! yTBepkAeHB KoMuTeToM
o 6uostuke MHcTuTyTa npobdiaemM KpruoOUOJIOTHH U
kpuomenunuael HAH Ykpawnasr (mpotokon Ne2 ot
3.06.2013).

Pe3yabTarsl U 00cy:KaAeHHE

AHanu3 KPUBBIX BEDKHBAEMOCTH CAMIIOB M CAMOK
MBITIIeH B Tpynmax 0e3 mpumenenns KOII (pucyHox,
A) mokaszanu, 4To 10 8 MecCsIeB MOKa3aTeab CMEpT-
HOCTH ObLIT MUHUMAIIbHBIM, JIaJIee KPUBasi BBDKHBAC-
MOCTH CaMIIOB UMeJa JIMHeHbIN xapakrep. [Tokasa-
TeJb CPEJIHEHN MPOIOIKUTEILHOCTH KU3HU COCTaBUII
(14,52 = 0,068) mecsiieB. Y camok B niepuon ¢ 10 mo
23 MecsIIeB MOKa3aTellb CMEPTHOCTH PE3KO CHUKAJICS,
Jajee KpuBasi BBDKHBAEeMOCTH U3MEHIIACh JINHEHHO,
KaK ¥y CaMIIOB, a 710 25 MECSIIeB PE3KO ITOBBIIIANACE.
Cpenusis MpOAOKATEIHFHOCTD KU3HU COCTaBUIIA
(20,48 £ 0,048) mecsres.
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(37°C) with following washing by the medium without
cryoprotectant.

Kaplan-Meier curves were plotted to evaluate the
effect of CPEs on lifespan, the differences between
the samples were determined with the Log-rank test,
the lifespan median was estimated (the age up to which
50% of population survived), there was determined
the age up to which 90% of population survived. The
results were statistically processed using Past V. 3.15
(Norway), (online service: www.evanmiller.org).

The animals were kept at the animal facilities of
the Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of Uk-
raine with natural light/dark cycle and the standard
diet ad libitum. All the experiments were perfor-
med according to the General Principles of Expe-
riments in Animals, approved by the 6" National
Congress in Bioethics (Kyiv, 2016) and the state-
ments of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1986). Pro-
tocols of the experiments were approved by the Com-
mittee in Bioethics of the Institute for Problems of
Cryobiology and Cryomedicine of the National Aca-
demy of Sciences of Ukraine (Protocol Ne2, dated of
June 03, 2013).

Results and discussion

Analysis of curves of male and female mice survival
in the groups without CPEs (Fig. A) showed that
mortality rate was minimal up to 8 months, then the
survival curve of male mice was linear. The average
lifespan was (14.52 4+ 0.068) months. In female mice,
from 10 to 23 months, the death rate was sharply de-
creased, then the survival curve was changed linearly,
as in male mice, and up to 25 months it was sharply
increased. The average life expectancy made (20.48 +
+ 0.048) months.

V.V. Frolkis [19] divided the life cycle of mice
into three periods: adult (7—10 months), presenile (11—
15 months) and geriatric (1620 months). Most of
researchers associate the nonlinear nature of survival
curves in female mice with the protective action of
estrogens, primarily on the cardiovascular system,
this effect terminates in menopausal age [6, 12]. The
death rate increases when functional and morpholo-
gical changes are followed by biochemical ones at a
decompensation stage, i. e. in gerontic age (deep me-
nopause). Comparing two survival curves of male and
female mice using the log-rank method revealed sig-
nificant differences (z = 3.88, p < 0.001). It has been
established that mice females had more increased
major indices if compared with males: the average
lifespan — by 29.1%; median of life expectancy — by
30%; 90% survival rate — by 29.6%; the maximum
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MokasaTenu BbPKMBAEMOCTU MbILLEN B 3KCMEPUMEHTanb-
HbIX rpynnax: A — MHTakTHble camku (2) u camubl (4); B —
WHTaKTHble camkm (2) u camku ¢ BeegeHnem K3l (1); C — nk-
TakTHble camubl (4) u camubl ¢ BBeaeHvem K3I (3), D —
WHTaKTHble camkn (2) u camupbl ¢ BBegeHnem K3I (3).

The survival rates of mice in the experimental groups:
A —intact female (2) and male mice (4); B — intact female
mice (2) and females with CPE administration (1); C —
intact male mice (4) and males with CPE administration
(3), D — intact female mice (2) and males with CPE admi-
nistration (3).

B.B. ®ponpkuc [2] pa3aenui >KH3HESHHBIN ITUKIT
MBIIIEH Ha TpU Tieproaa: B3pocislii (7—10 mecsues),
npencrapueckuii (11-15 mecsnes) u crapueckuii (16—
20 mecstieB). Y MblIei-caMOK HeTHHEHHBIN Xapak-
Tep KPUBBIX BBDKUBAEMOCTH OOJIBIIMHCTBO MCCIIEIO-
BaTeJeH CBI3BIBAIOT C MPOTEKTOPHBIM JCHCTBHEM
ACTPOrEHOB, MPEXK/IE BCErO Ha CEPACUHO-COCYIUCTYIO
CUCTEMY, KOTOPOE MPEKPAILIAETCS B KIMMAKTepUUIeC-
koM Bospacrte [10, 16]. [lokazarens cMEpTHOCTHU BO3-
pacTaeT B TOM cliydae, Korja 3a OMOXUMUYECKUMHU
CIeayroT (yHKIIMOHATIBHBIE MOP(OIOTHYECKHE N3Me-
HEHUSI B CTaIUH ICKOMIICHCAIUH, T. €. B CTAPYECKOM
Bo3pacre (mrybokast MeHomay3a). [Ipu cpaBHeHNH IBYX
KPUBBIX BEDKMBAEMOCTH CAMIIOB U CAMOK TI0 METOMY
log-rank OBITH BBISIBICHBI BBIPAKEHHBIC 3HAUNMBIC
pazmuuns (z = 3,88, p <0,001). YcranoBieHo, 4to y
CaMOK IO CPAaBHCHHIO C CaMIIaMH ITOBBITIIAIOTCS OC-
HOBHBIE TIOKA3aTeIN: CPEITHSS TPOJOIKUTEITHHOCTD
Ku3HU — Ha 29,1%; Meanana mpoaOJKUTEIBHOCTH
ku3HU — Ha 30%, 90%-s1 BEDKMBaecMOCTE — Ha 29,6%;
MaKCUMAaJTbHAsl IPOJOIKUTENIBHOCT SKU3HU —Ha 28,1%.
[Tomy4eHHbIe Ha MBIIIAX Pe3yJIBTaThl OBLUTA CXOIHBI C
TAKOBBIMH JJISl YEJIOBEUECKON MOMYISALUHU, YTO MOJ-
TBepkaaeTcs AanHbIMU BO3, cornacHO KOTOphIM MOKa-
3aTeIhb MPOODKUTETHHOCTH KU3HH JKSHIIIH OO0JIBIIIE,
geM MyxuuH [20].

IIpu cpaBHEHUM KPHUBBIX BBDKHBACMOCTH TPYIII
MBIIIeH-caMOK (PUCYHOK, B) 3HaunMBIX pa3nuuuii He
obHapyxeno (log-rank Tect: z= 0,78, p =0,44). Cnemyer
OTMETHUTB, YTO KPUBHIE, OMTUCHIBAIOIINE TIEPBYTO MOJIO-
BHHY JKU3HU JKUBOTHBIX (JI0 MeTuaHbI 23 MECSIEB),
MeITH TeHIeHITNTO K pazmmunto (log-rank test: z = 1,84,
p = 0,065), T. . B penpoayKTUBHBIN MEPHO TIPUME-
Henue KOII He3HAYUTENBHO BIUSIO HA MOKA3aTelNb
BBDKMBAGMOCTH J)KUBOTHBIX. bblia BeISIBIICHA TCH ICH-
LUSI K YBEJTMUYCHUIO CPETHEH POIOIKUTEIHOCTH YKU3HU
rocyie BBeAeHust KOII — no (22,48 + 0,044) mecsiies.
DTO MOXKET OBITH CBSI3aHO ¢ (DYHKITHOHHPOBAHUEM PETI-
POIYKTUBHOM CHCTEMBI H, B YaCTHOCTH, C ITPEIOTBPAIIe-
HUEM HETaTUBHOTO BITUSIHUSL, BRI3BAHHOTO NCTOIIEHUEM
SIMIHAKOBOTO pe3epBa. [10m00HbIH A3 G EeKT onucan s
AMHUOTHYECKUX KJIETOK B MOJICIH TPEKIECBpEMEH-
HOTO UCTOIEeH!s GyHKUUH ssnaHuKoB [21]. [To nan-
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HbIM HannoHanbHOro LEHTpa 340pOBBS KEHIIUH U
neret BenukoOpuranuu [17] mpoBeneHune 3aMecTH-
TENBHON TOPMOHOTEPAINH B ITyOOKOH CTapOCTH Helle-
J1eco00pa3Ho B MO3AHHUI PeNpOAYKTUBHBIN epro. Tak,
B HameMm skcrniepumenTe BBeaenne KOII ve mpuso-
JIAJIO K YJIYYIIEHUIO MOKa3aTene y cTapblX MbIILIEH-
CaMOK.

Ha npotsokeHun Beell ®U3HU KPUBBIE BbIKHBAEC-
MOCTH camIloB (puCyHOK, C) UMEIOT 3HAYMMBIC OTITH-
gns (log-rank test: z=2,27, p = 0,0233). [lokazaTenb
CpeaHEeH NPOIOIKUTEIBHOCTH KU3HH TIOCIIE BBEICHUS
KOIT moBeicunes o (17,72 +0,056); meauana rmpoioii-
JKUTENBHOCTH JKM3HU —Ha 17,6%; CpeaHss POJIOIKUTEb-
HOCTB ku3HU — Ha 18,1%; 90%-s1 BELDKUBAaEMOCTb — Ha
20,8%; MakcuMalbHas! IPOAOJKUTEIBHOCTD KU3HU —
Ha 17,9 %. O0Oe 3aBUCHMOCTH HMENH ITUHEHHBIA Xa-
pakTep, ¥ C yBeINYCHHEM BO3pPAcTa KMUBOTHBIX HEC-
KOJIbKO OoTH4anuch. Cienyer OTMETUTh, YTO TOCHe
npuMmenenns KOII mokasarens mpoaonKATEIEHOCTH
YKU3HH MBIIIICH-CaMITIOB CTAaTUCTUICCKH 3HAYNMO TTOBBI-
I1aJIcsl HE3aBUCHUMO OT WX BO3pPacTa.

B pesymnbrate Hameid paGoThl OBLIO MOTYyYEHO
OoJpIliee YBEIMYCHUE MOKA3aTeNs MPOJIOJDKUTEh-
HOCTH KU3HU MBIIIEH MO CPABHEHUIO C JAHHBIMU
J.E. Xappucona u coasr. [11], KoTopble UCTIONB30BaTH
JUTSI 3TOM 1IeTTH 3CTPOTreHbl. JlaHHbIN (DakT MOXKET CBH-
JIETENbCTBOBATH O KOMILICKCHOM Biusinuu KOI1. Bax-
HO OTMETHUTbH, UTO PaHEE MOJTYYCHHbIC HAMU JaHHBIC
o nostoxkuterbHoM BiustHun KOIT Ha My»xcKyro pen-
POIYKTUBHYIO CHCTEMY [4] OTIpEeNISIOT IEPCIICKTHB-
HOCTh WX NMPUMCHCHUS B KIIMHUYCCKOW MPAKTHUKE,
MOCKOJIbKY OOJBIIMHCTBO M3BECTHBIX IE€POIPOTEK-
TOPOB YTHETAIOT MY>KCKYIO IoJIoByto cucremy [11, 13].

[Ipu pganpHeiimeM aHanu3e MOKA3aTedsl BBIKHU-
BAaE€MOCTH OBLJIO YCTaHOBJIEHO, YTO Yy CaMIIOB MOCE
umrianTary KOIT oH ObUT CXOIEH ¢ TAKOBBIM Y CAMOK
6e3 BBenenust KOII (pucynok D, log-rank test: z = 1,6,
p=0,11), omHaKo oTINYAJCs OT CAMOK C IPUMEHEHUEM
KOII (log-rank test: z=2,4, p = 0,0165). Ilpu aTom y
camok 6e3 mvrmaaTaruu K911 ¢ 12 mo 23 mecsir (cTap-
YeCKHUH TepHoa, HO HE TITyOOKasl CTApOCTh) BEPOST-
HOCTh THOen ObuTa 3HaYMMO MeHbIne (log-rank test
z=3,68,p<0,001), gem y camrios ¢ mprmeHeHrnem KOOI
B KoHIIe )KU3HN KPUBBIE TTOKA3ATENS BBIKHBAEMOCTH
caMII0B, KoTopbiM BBOIMIH KOOI 1, 1 camoxk 6e3 aHao-
TUYHOTO JICYCHUSI COBIAIAIOT.

AHanu3 TaHHBIX BBDKMBAEMOCTH BCEX TPYII JKH-
BOTHBIX [TOKA3aJ1, YTO KPUBBIC BBKUBACMOCTH MBIIIICH-
CaMIIOB JINHEWHBI, HE 3aBUCST OT BO3pacTa U 3HAYUMO
OTJNYAIOTCS OT KPUBBIX BBI)KUBAEMOCTHU MBbIIICH-
caMOK. B To ke Bpems mokasaTellb BBDKUBACMOCTH
CaMOK MMEET HeTWHEHHBIH XapakTtep (3HAYUTEIHHO
HUKE B PETIPOTYKTUBHBIA MEPHOJ), YTO MOXKET OBITH
0OBSICHEHO 3alTUTHBIM AeHCTBHEM 3¢TporeHoB [10,
11, 16]. Ucnionms3oBarue KOI 1y caMok B 11€710M HE BITHSIET
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lifespan — by 28.1%. The results obtained in mice were
similar to those for human population, as confirmed by
the WHO data, according to which the life expectancy
of women is higher than that of men [20].

Comparing survival curves of female mice groups
(Fig. B) did not reveal any significant differences (log-
rank test: z = 0.78, p = 0.44). It should be noted that
the curves describing the first half of animal life (prior
to median of 23 months) had a tendency to differ (log-
rank test: z = 1.84, p = 0.065), i. e. in the reproduc-
tive period, the use of CPEs insignificantly affec-
ted the survival of animals. There was a tendency to
increase in the average life expectancy after CPE admi-
nistration, it reached (22.48 + 0.044) months. This may
be associated with the function of the reproductive
system, and, in particular, with prevention of negative
impact caused by the depletion of ovarian reserve.
A similar effect is described for amniotic cells in the mo-
del of premature depletion of ovarian function [21].
According to the UK National Center for Women’s
and Children’s Health [13], hormone replacement the-
rapy in extreme old age is not reasonable in the late
reproductive period. So, in our experiment, CPE admi-
nistration did not lead to an improvement of indices in
old female mice.

Throughout life, the survival curves of male mice
(Figure C) have significant differences (log-rank test:
z=2.27,p=0.0233). The average lifespan after CPE
administration approached to (17.72 £ 0.056); median
of life expectancy — by 17.6%; average lifespan — by
18.1%; 90% survival rate — by 20.8%; the maximum
life expectancy — by 17.9%. Both dependencies were
linear, and with an increase in age of animals were
slightly different. It should be noted that after CPE
administration, the life expectancy of male mice was
significantly increased irrespective of their age.

As aresult of our work, a higher increase of murine
lifespan index was obtained if compared with the data
of D.E. Harrison et al. [7] who used estrogens. This
fact testifies to a complex effect of CPEs. It is impor-
tant to note that previously obtained data of CPE posi-
tive effect on male reproductive system [15] deter-
mine the prospect of their use in clinical practice, whe-
reas most of known geroprotectors inhibit the male
reproductive system [7, 9].

Further analysis of survival revealed similarities in
its levels in male mice after CPE implantation and
females without CPE administration (Fig. D, log-rank
test: z=1.6, p=0.11), and differences if compared with
female mice treated with CPE (log-rank test: z = 2.4,
p =0.0165). Moreover the female mice without CPE
implantation had significantly lower death probability
(log-rank testz=3.68, p <0.001) from 12 to 23 months
(senile period, but not extreme old age), the than ma-
les with CPEs. At the end of life, the survival rate curves
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Ha MPOJOJIKUTEIbHOCTD dKU3HU, OTHAKO YBEIINYUBACT
JAHHBIN OKA3aTelNb B pENPOLYKTUBHBINA IEPUO/I, UTO,
BEPOSITHO, 00YCIIOBJICHO CTUMYJIUPYIOLIUM BIHSHUEM
MpenapaToB IJIALEHTHI, MPEXKAE BCErO HA SIMUHUKU U
OpraHbl MHIIICHH, a OKOHUaHHe 3 dekTa — ¢ BO3pacT-
HBIM UCTOIIEHUEM STHTYHUKOBOTO pe3epBa ((OJUTUKYIIOB,
CIOCOOHBIX K pa3Butuio) [17, 21]. IIpu aTom B Bo3pacTte
20-25 Mecs11eB MoKa3areiib CMEPTHOCTH CaMOK PE3KO
YBEIMYUBAJICS, BO3MOXHO, BCIIEICTBHE CTPECCa, CBSI-
3aHHOTO C TIEPEX0/IOM K MeHormay3e. Pe3koe n3mene-
HUE JaHHOTO T0Ka3aTessl He 3aBUCUT OT MCII0JIb30Ba-
nust KOII. HecMmoTpst Ha TO, 4TO Y caMIIOB (QyHKIMS
IOJI0BOM M SHJOKPUHHON CHCTEM IPAKTUUECKH HE 3aBU-
CHUT OT Bo3pacTa, BBefeHue KOII 3HaunTenbHo yBeau-
YUBACT MPOJIOJKUTEIBHOCTh UX XKu3HU. [Ipu anurens-
HoM ucnonb3oBanuu K3II mokaszatenb BeDKUBac-
MOCTH CaMIIOB IPUOIMKAETCS K TAKOBOMY Y CaMOK
6e3 mpumenenuns KOII. Ha ocHOBaHNYM MOTydeHHBIX
JTAHHBIX MOYKHO TIPE/IITONIOKHUTh, YTO MEXaHU3M JEHUCT-
Bust KOII peanuzyercst mpu akTHBHOM y4aCTHH MOJIO-
BOM CHCTEMBI.

BriBoabI

NmMrmnanTanms KpuoOKOHCEPBUPOBAHHBIX AKCILIAH-
TOB TUIAIICHTHI 3HAYUMO yBEIWYUBalla MOKA3aTelb
BBDKMBAEMOCTH MBIIICH-CAMIIOB: MEIUAHY MPOJOTKU-
TENBHOCTH KU3HU — Ha 17,6%; CpeTHIO0 MPOJOIKUTENb-
HOCTb ku3HK — Ha 18,1%; 90%-10 BBDKMBAEMOCTh — Ha
20,8%; MaKCUMAJTBHYTO TIPOIOJDKUTEITEHOCTD KU3HUA —
Ha 17,9%. MmumanTarms KpHOKOHCEPBUPOBAHHBIX IKC-
IUIAHTOB IUIAICHTHI HE BIIMsIa HAa BBDKMBAEMOCTD JKH3-
HU MBIITIEH-CaMOK, OTHAKO CHIDKAJIA BEPOSTHOCTH CMEPTH
B PEIIPOTyKTUBHEIHN TIEPHUOI.

B naneHelimeM mmaHupyeTcs MPOBECTH aHAIN3 Ka-
YecTBa YKU3HH KHUBOTHBIX Tociie nmpumeHenus KOII u
W3YYUTh BO3MOKHBIC MEXaHU3MBI TIOJTYYeHHOTO S deKTa.
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of male mice injected with CPEs and female ones
without similar treatment were the same.

Analysis of survival data in all the animal groups
showed that survival curves of male mice were linear,
did not depend on age, and significantly differed from
the survival curves of female mice. At the same time,
the survival rate of female mice was of nonlinear
character (much lower in reproductive period), that
can be explained by protective effect of estrogens [6,
7, 12]. The use of CPEs in female mice generally did
not affect a lifespan, but increased it in reproductive
period, that is probably stipulated by stimulating ef-
fect of placental preparations, especially on the ovaries
and other target organs, and an effect termination was
associated with age-related ovarian pool exhaustion
(of follicles, capable of development) [13, 21]. At the
age of 2025 months, the mortality rate of female mice
was increased sharply, possibly due to the stress asso-
ciated with menopausal transition. A sharp change of
this index did not depend on the use of CPEs. Despite
the fact that in male mice the function of sexual and endoc-
rine systems depended almost not all on age, CPE ad-
ministration significantly increased the duration of their
life. Using of CPEs for a long period resulted in approa-
ching of males’ survival rate the indices of female mice
without CPE treatment. Basing on ob-tained data we
can assume that mechanism of CPE action was strong-
ly associated with a reproductive system function.

Conclusions

Thus, the performed studies allowed to conclude
that implantation of cryopreserved placental explants
significantly increased the survival rate of male mice:
median of lifespan — by 17.6%; the average life expec-
tancy — by 18.1%; 90% survival rate — by 20.8%; the
maximum lifespan — by 17.9%. Implantation of cryopre-
served placental explants did not affect the survival of
female mice, but reduced the probability of their death
in reproductive period.

Prospect studies would be associated with analysis
of the quality of animal's life after CPE administration
and investigation of possible mechanisms of the obtai-
ned effect.
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