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State of Vegetative and Humoral Regulations of Cardiac Rhythm
in Young and Aged Rats on Background of Rhythmic

Extreme Cooling (-120°C) Combined with Application
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Pecbepat: C nomoLblo CNEKTPanbHOro aHanusa BapvabenbHOCTU CEPAEYHOro pUTMa MCCReAoBaHO COCTOSIHME BereTaTUBHON
1 ryMoparsbHOW perynsiuMm cepaeqHoro putma y MosiogblX U CTapbiX KpbIC MOCNe COYETaHHOro NPUMEHEHUS PUTMUYECKMX IKCTpe-
MarnbHbIX X0nogoBbix Bo3genctemn (POXB) n npenapata sgpocoaepxalumx knetok kopgoson kposn (ACK KK). MNMokasaHo nonoxw-
TenbHoe BnusHue POXB n ACK KK Ha dyHKUMOHanNbHOE COCTOsIHUE PerynsitopHbIX CUCTEM OpraHn3Ma XXMBOTHbIX HE3aBUCUMO OT
MX Bo3pacTa, YTO MOATBEPXKAAETCS MOBbILEHNEM MokasaTenen obLen cnekTpanbHON MOLLHOCTU HEeNporyMopanbHOW perynsumu
3a CYeT aKTMBaLWMW BereTaTUBHOW HEPBHOW CMCTEMbl U F'yMOpanbHOro 3BeHa perynsumu. NonyyeHHble AaHHble CBUAETENbCTBYIOT
0 TOM, 4TO Yy cTapblx XuBOTHbIX nocne POXB u BBegeHna ACK KK npouecc ynpaBneHus cepgeyHbiM pUTMOM MepexoauT ¢ men-
TNIeHHOro ryMmoparbHO-MeTabonmnyeckoro ypoBHs perynsumMn Ha ObICTpbI BereTaTUBHbIA, KOTOPbIA HE MPUCYLL, NOXWITOMY OpraHvu3my.

KnioueBble crnoBa: pvTMUYecKkne aKcTpemarnbHble XONoAoBble BO3AEWCTBUS, SiApocoAepXallne KNeTKn KOpAOBOW KPOBW,
BapunabenbHOCTb CEPAEYHOro puTMa, HelporymopanbHas perynsuus, Kpuokamepa.

Pecbepar: 3a gonomorow crekTparnbHOro aHaniay sapiabenbHOCTi cepLeBOro puTMy AOCHIOXKEHO CTaH BeretaTMBHOI Ta rymo-
panbHOi perynsauii cepueBoro puTMy B MOMOAMUX | CTapuX LLYpiB MiCrisi CyMiCHOro 3aCTOCYBaHHSA PUTMIYHUX EKCTpeManbHUX X0No40BuX
snnueiB (PEXB) i npenapaty sgepHux knituH kopgosoi kpoBi (AK KK). MNokasaHo no3utnsHui Bnnme PEXB i AK KK Ha dyHKUioHanbHWn
CTaH perynsatopHUX CUCTEM OpraHiaMy TBapuH He3anexHo BiA iX BiKy, WO NiATBEPAXYETbCS MiABULLEHHAM MOKa3HWKIB 3aranbHOl
CrneKTparnbHOI NOTY>XXHOCTI HeMporymoparnbHOi perynsuii 3a paxyHOK akTuBaLii BereTaTMBHOI HEPBOBOI CUCTEMW Ta rymoparnbHOil
naHku perynsuii. OTpumani gaHi ceigyaTb nNpo Te, Wwo y crtapux TBapuH nicna PEXB i BBegeHHs AK KK npouec ynpasniHHsA cepue-
BVMM PUTMOM NEPEXOAMUTb i3 NOBINbLHOIO ryMoparbHO-MeTaboniyHoOro piBHS perynsiuii Ha WBWMAKWIN BEereTaTMBHUIA, KK HE BNacTUBUIA
NiITHBOMY OpraHi3my.

Knio4oBi cnoBa: puTMiYHi ekcTpemarnbHi XonoaoBi BNNUBKM, SSAPOBMICHI KNiTUHKM kOpAoBOi KpoBi, BapiabenbHiCTb cepLeBoro
puUTMY, HerporymoparnbHa perynsuis, Kpiokamepa.

Abstract: Spectral analysis of heart rate variability was used to study the state of vegetative and humoral regulations of heart
rate in young and aged rats after combined use of rhythmic extreme cold exposures (RECE) and introduction of cord blood nucleated
cells (CBNC). Thre was shown a positive effect of RECE and CBNC introduction on functional state of regulatory systems in organism
of the animals regardless of age; that was confirmed by the rise of indices of total power spectrum of neurohumoral regulation due
to activation of vegetative nervous system and humoral link of regulation. The findings testified that the process of heart rate control
in aged animals after RECE and CBNC administration transited from a slow humoral-metabolic regulation level to a rapid vegetative
level, not intrinsic to an aged organism.

Key words: rhythmic extreme cold exposures, cord blood nucleated cells, heart rate variability, neurohumoral regulation,
cryochamber.
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CBsI3aHA C BO3PACTHBIMU H3MEHEHHSIMH KIIETOK,
CHUCTEM M OpPTraHOB, YMEHBIIEHUEM PE3EPBHBIX BO3-
MOKHOCTEM OpraHu3Ma U 3aMeJIEHUEM KOMITEHCaTop-
HBIX nponeccoB. C Bo3pacToM Ha (oHe ocmabieHus

Otpen kpuodusnonoruu, NHCTUTyT npobnem kpuobuonoruu n
kpromeanumHbl HAH YkpauHsbl, r. XapbkoB

*ABTOP, KOTOPOMY HEO6X0AMMO HanpaBnATb KOPPECNOHAEHLMIO:
yn. MNMepesicnasckas, 23, r. XapbkoB, YkpanHa 61015;

Ten.: (+38 057) 373-74-35, cakc: (+38 057) 373-30-84,
3aneKkTpoHHasa noyta: babiichuk.lyudmila@mail.ru

MocTtynuna 17.09.2013
MpuHsiTa B nevats 06.11.2013

Mpo6nembl kprobuonorum n kpuomeamumHbel. — 2013.—T. 23, Ne4. —C. 318-325.
© 2013 NHcTutyT Nnpobnem kpuobuonorum n kpuomeanumHbl HAH YkpavHbl

the age-related changes of cells, systems and organs,
reduction of an organism’s reserve and slowing of
compensatory processes. Together with metabolic
suppression and depression of other organism functions
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00OMEeHa BEILECTB U CHIDKEHUS Apyrux GyHKUUH opra-
HU3Ma MOOMIIM3UPYIOTCS BaKHBIE TPUCIIOCOOUTENB-
HBIE MEXaHU3MBI.

Kaxxnomy Bo3pacTHOMY NEpPHONY COOTBETCTBYIOT
CBOI ypOBEeHb aJanTaluud U 0cOOEHHOCTH OOMEHa
BemiecTB. KauecTBeHHBIE M3MEHEHUS, BOSHUKAIOIINE
IIpH CTapeHWH B OPTaHHU3ME YEIIOBEKa, OMPEAETISIOT
cnenuduKy U TSHKECTh BO3PACTHOM MAaTOJIOTHH, CTIO-
COOCTBYIOT MCUE3HOBEHUIO HJIH, HAIIPOTHB, MTPOTpec-
CHPOBAHMIO OTIPEICIEHHBIX 3ab0eBanmii [4, 6, 10, 11].
[Monnmanune MaTouU3NOIOTrHIECKUX MEXaHU3MOB
CTapeHHs BAYKHO JUISI KITMHUYECKOH OLEHKH CUMIITO-
MOB, a TaKXe BIOOpa HE0OXOIUMOT0 TeparneBTHIeC-
KOIO BO3JEMCTBHS.

[Tpu PusznonornueckoM CTapeHUH U COMYTCTBYIO-
LIMX Ha ero oHe 3a0071eBaHUAX BO3HUKAIOT BBIPayKEeH-
HbIe U3MEHEHUS BapuabeTbHOCTH CepASYHOT0 PUTMA
(BCP), cs13aHHbIE C HAPYIICHUSIMH BET€TaTUBHOM pe-
TYJSIAA CEPACIHO-COCYIUCTON cuctembl. OOHapY-
JKE€Ha B3aMMOCBA3b MEXAY (YHKIIMOHAIBHBIMH pac-
CTPOWCTBAMU BETETATUBHONW HEPBHOW CHCTEMBI
(BHC) 1 cMepTHOCTBIO OT CEpPIEIHO-COCYAUCTHIX 3a-
OoJsieBaHMIA, BKIIIOUasl BHE3AIMHYIO CMEPTH [5].

Bnaronaps coBpeMEeHHBIM METO/IaM aHAJIN3a BOJI-
HOBOM CTPYKTYpPBI CEPIEYHOTO PUTMA IOSABUIIACH BO3-
MO>KHOCTB 10 JanHbIM BCP onienuBats obmiee GpyHk-
LUOHAJIBHOE COCTOSTHUE U aallTalliOHHBIE PE3EPBBI
opranusma, 0ojee TOYHO HMPOTHO3UPOBATH BEPOST-
HOCTh MCXOJ]a TOTO WM WHOTO 3abomeBanus [1, 3].
Cuexktpansubiii ananu3 BCP sBusiercs Hanbonee
aJIeKBaTHBIM M MPOCTBIM METOJIOM OLIEHKH OaiaHca
CHMITATUYECKOTO W TapacUMIIaTUYECKOTO 3BEHHEB
BHC, ¢dona neiiporymopansHO# peryssmwH [7].

Jlo HacTosIIEr0 BpEMEHH MPOIOJIKAIOTCS TIOUCKU
ONITUMAJILHBIX CIOCOOO0B OXJIaXKACHHUS OPraHU3Ma ye-
JIOBEKa M )KUBOTHBIX C LENIBIO CO3AaHUS YCIOBHI JIS
reHepaTM30BaHHOTO CIELU(PUIECKOTO BO3ICHCTBHS Ha
FOMEOCTAaTHUECKHE PETrYIATOPHBIE CUCTEMBI, CTETIEHD
«W3HOILIEHHOCTH» KOTOPBIX OIPEAEISIETCS BO3PACTHBI-
Mu ocoOeHHOCTMU [12]. OMHUM U3 TaKHX CIIOCOOOB
ABISIETCS UCKYCCTBEHHAsI TUIIOTEPMUS, UCIIONIb30Ba-
HUE KOTOPOH B MEIUIMHE J1ajJ0 BO3MOXHOCTb pac-
KPBITh P51l 0COOCHHOCTEH BOSHUKHOBEHUS U Pa3BUTHS
OTBETHBIX PEAKLIUI OpraHu3Ma IPH OXJIKICHUH.

KnerouHo-TkaHeBas Tepanusi — NEPCHEKTUBHOE
HarpaBJIeHHE B [IPAKTUYECKOM 3/1paBooxpaHeHud [ 18].
HccnenoBanus mocieaHUX JIET TOATBEPKIAIOT BbI-
COKHI1 TeparneBTHYECKUI TOTEHIIMAN KOPJIOBOW KPOBH,
coJiepKalleil TeMOMO3TUYECKUE CTBOJIOBBIE KIIETKU
[16, 17], xoTopas moka3zaHa mpH JieueHun Oosee 70
3a0oseBanuii [15].

Kax moka3zanu Haim ucciie1oBanus [2 ], puTMmdec-
KO€ 3KCTPEMAJIbHOE OXJIaXK/ICHUE IIPUBOAUT K IIOBBI-
LIEHUIO IPOHULAEMOCTH I'€MaTO3HIE()aInIeCcKoro
Oapbepa 1 HelipoMeTnaTopoB, KaTeX0JIaMHHOB, O€JI-

I'IpO6J'IeMbI Kpl/lOﬁl/IOﬂOFI/II/I N KpnomeaunuUunHbl

problems of cryobiology and cryomedicine
Tom/volume 23, Ne/issue 4, 2013

aging is accompanied with mobilization of important
adaptive mechanisms.

Each age period has its peculiar adaptation level
and metabolic features. Qualitative changes appearing
during aging in human organism determine the spe-
cificity and severity of age pathology, contribute to dis-
appearance or, on the contrary, progression of certain
diseases [4, 6, 10, 11]. Understanding of pathophysio-
logical mechanisms of aging is important for clinical
assessment of symptoms as well as selection of a proper
therapeutic influence.

During physiological senescence and accompanying
on its background diseases the pronounced changes
appear in heart rate variability (HRV) associated with
the disturbances in vegetative regulation of cardio-
vascular system. We have revealed the interrelation
between functional disorders of vegetative nervous
system (VNS) and cardiovascular mortality including
a sudden death [5].

With the development of modern methods for ana-
lysis of wave structure of cardiac rhythm one got an
opportunity to use HRV indices when assessing a
general functional state and organism adaptive reser-
ves, more accurately predict the probability of any
disease outcome [1, 3]. Spectral analysis of HRV is
the most valid and the simplest method to assess the
balance of VNS sympathetic and parasympathetic
links, background of neurohumoral regulation [7].

Currently, the search of appropriate methods for
cooling of human and mammal organisms is still
prospective in order to create the conditions for
generalized specific effect on homeostatic regulatory
systems, the ‘exhaustion’ degree of which is deter-
mined by age peculiarities [12]. One of such methods
is an artificial hypothermia, the use of which allowed
revealing the range of peculiarities of appearance and
development of organism responses to cooling.

Moreover, a successful development of cell and
tissue-based therapy is promising direction in practical
healthcare [18]. The studies in recent years confirm a
high therapeutic potential of cord blood containing
hemopoietic stem cells [16, 17]. It is indicated for
treatment of more than 70 diseases [15].

Our investigations have demonstrated [2] that
rhythmic extreme cooling induced the rise of blood brain
barrier permeability for neurotransmitters, catecho-
lamines, plasma proteins, hormones (in young rats this
was found after six cooling procedures, and after nine
procedures in old rats) and therefore stimulated the
function of VNS and its main integrator, hypothalamus
as well.

Due to a unique ability of rhythmic extreme cold
exposures and cord blood treatment to restore homeo-
stasis in an organism the research aim was to study
the influence of rhythmic extreme cold exposures
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KOB TIJIa3MbI, TOPMOHOB (y MOJIOZIBIX KPBIC ITOCJIE IIIeC-
TH, @ Y CTapbIX ITOCJIE AEBATH MPOIEITYP OXIIAKICHHS )
U TakuM obOpazoMm ctumynupyet ¢pyHkuuio BHC, a
TaK)Ke €€ IMIaBHBIM MHTErpaTop — THIOTAIaMycC.

B cBsi3u ¢ yHUKaIBHON CITOCOOHOCTHIO pUTMHUYEC-
KHX 9KCTPEMAaIFHBIX XOJIO/IOBBIX BO3AEUCTBUN U KOP-
JIOBOM KPOBH K MOAIEPKaHUIO TOMEOCTa3a B OpraHH3-
Me LEJIbI0 JTAaHHOTO HCCJIEOBAaHUS OBUIO M3ydeHHUe
BITUSTHUSI PUTMHYECKIX IKCTPEMAJIBHBIX XOJIOIOBBIX
Bozzeiictuii (POXB) (-120°C) u npenapara siapo-
cozepxaimux kinetok kopaooit kposu (ICK KK) Ha
COCTOSIHHE BETETaTUBHOW PETYISALHMM CEPACYHOTO
pUTMa Yy MOJIOIBIX M CTaphIX KPBIC.

MartepuaJjbsl 1 MeTOABI

Uccnenoanus npoBoauinn Ha OEJIBIX MOJOIBIX
(6-mecsuHBIX) M cTapBIX (24—26-MeCIIHBIX ) HETUHEH-
HBIX KpbICax-caMIaXx. JKCIIEPIMEHTHI BBITIONHSIIA B
COOTBETCTBHH ¢ «OOIIMMHU MPUHIUIIAMU PaOOTHI Ha
XKHUBOTHBIX», onoOpenHpiMu | HannonanbHbIM KOH-
rpeccoM o 6unoaTuke (Kues, 2001) 1 corimacoBaHHbBI-
MU C IONOKEHUAMU «EBpONENCKON KOHBEHUUH O
3aIIUTE NO3BOHOYHBIX KUBOTHBIX, UCTIONIB3YEMBIX JJIS
SKCIEPUMEHTAJIBHBIX U JIPYTMX HAYYHBIX LEIei»
(CrpacOypr, 1986).

Kaxxnas Bo3pactHas rpynmna >KMBOTHBIX (110 10
KPBIC B KaXK/1011) ObLi1a pa3aesicHa Ha ABE MOATPYTIIIHL:
nepBasi — MHTAKTHasA; BTOPasi — )KUBOTHBIE, KOTOPBIM
npoBonuir POXB u BBommim mpemnapar SICK KK.

Purmugeckne 3KkcTpemMaiIbHBIE XOJOAOBBIE BO3-
JIEVCTBUSA BBIMOJIHAIN B KpUOKaMepe JUIsl OXJIaKICHUS
SKCTIEPUMEHTAIILHBIX *KUBOTHBIX [ 13]. YeTaHoBKa BKITO-
YaeT CIeAYIONINe Y3IIbl: KaMepa ISl IKCTPEMaIbHOTO
OXJIQXKICHHSI, COCTOSIIAS M3 JBYX OTCEKOB — OCHOBHO-
ro (pabouero) c BMOHTHPOBaHHBIM TEIIOOOMEHHUKOM
U JOMOJHUTENBHOTO (LITI030BOT0); cocyn Jptoapa;
KJIanaH ISl IT0/Iady MapoB a30Ta C TaTYNKOM JIaBIIe-
HUs;, OJOK yTpaBIICHUS TEMIEPaTypoil; KOHTPOIUIEP
TeMIIepaTypsl ¢ TUPPOBHIM IUCILIEEM; TEPMOJATUHK;
MYJIBT YIIPABICHUS; CHCTEMBI COSTUHUTENBHBIX TPyOO-
poBonoB. B xpuokamepe (—120°C) )XUBOTHBIE HAXO-
JVITHACH B T€YEHHUE 2 MHH, 3aT€M UX COJIEPKaIH 5 MUH
pu KOMHaTHOH Temneparype (22...24°C) BHe kame-
pbl. lanee mpouenypy OXJaxAEHHUS MOBTOPSIIU:
YKUBOTHBIX COIPEBAIM 5 MUH IPY KOMHATHOM TeMIlepa-
Type, ociie Yero 10 aHaJIOTHIHOM CXeMe MMPOBOIMITH
LUK oXJaxaeHus. Takum oO6pa3oM, JKUBOTHBIE MOy~
yanu Tpu npoueaypsl POXB B cytku. Ha 3-u u 5-¢
cyTku ceancsl POXB moBropsamu. Beero kxnuBoTHBIE
[TO/IBEPTaIUCh OXJIAKACHHIO 9 pa3 1o 2 MUH IPH TEM-
neparype —120°C.

KvBOTHBIM BBOAMIIH KPHOKOHCEPBUPOBAHHBIH ITpe-
napat KOpJAOBOW KPOBU UEJOBEKa, MOJYUYEHHBIN B
NITKuK HAH VYxpaunsi [14]. Ilpenapar npencrasisit
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(RECE) (at —120°C) and introduction of cord blood
nucleated cells (CBNC) preparation on the state of
vegetative regulation of cardiac rhythm in young and
aged rats.

Materials and methods

The research was performed in white young
(6 months old) and aged (24-26 months old) outbred
male rats. Investigations were carried out according
to the General Principles of Experiments in Animals
approved by the 1 National Congress on Bioethics
(Kiev, 2001) and agreed with the regulations of Euro-
pean Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986).

Each age group of animals (10 rats in each) was
divided into two subgroups: the first one was intact,
the second included the animals to which there were
performed RECE and administered CBNC. Rhythmic
extreme cold exposures were done in cryochamber
for cooling of experimental animals [13]. Installation
comprised the following units: chamber for extreme
cooling consisting of two sections — main (operating)
section with built-in heat exchanger and additional one
(air lock chamber); Dewar vessel; valve to supply
nitrogen vapors with pressure sensor; temperature
control unit; digital temperature controller; thermosen-
sor; control panel; interconnecting pipe system. The
animals were placed to cryochamber (—120°C) for
2 min, then they were held for 5 min at room tempera-
ture (22...24°C) out of a chamber. Then the cooling
was repeated, the animals were warmed for 5 min at
room temperature, thereafter cycle of cooling was per-
formed by similar scheme. Thus, the animals obtained
three RECE procedures a day. To the 3 and 5" days
the RECE series were repeated. Totally the animals
were exposed to cooling 9 times by 2 min at —120°C.

The animals were injected with preparation of
human cryopreserved cord blood obtained in [IPC&C
of the National Academy of Sciences of Ukraine [14].
The preparation was a suspension of cryopreserved
in autoplasma CBNCs with CD34" cells concentration
0f 2-4x10° in 1 ml. Fraction of NC was isolated from
CB by sedimentation in dex-tran D-60 solution. During
cryoprerservation DMSO was used as cryoprotectant
in 5% final concentration. Content of cells with phe-
notype of CD45%, CD45"CD34", aswell as their viability
(CD45*7AAD;, CD34"7AAD") were determined using
flow cytometer FACS Calibur (Becton Dickinson,
USA), BD reagents and according to the protocol of
ISHAGE (International Society for Hematotherapy and
Graft Engineering).

Thawed CBNC preparation was injected one time
intraperitoneally after the sixth cooling procedure in
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co60ii B3Bech kprokoHcepBrupoBaHHBIX SICK KK B ayTo-
miasMe ¢ KoHneHtpanueir CD34*-ketok (2-4)%10° B
1 M. Beigenenue ¢ppakuuu sapoconepKaiiux KIeToK
13 KOpPIOBOW KPOBU MPOBOAWIN METOAOM CEIMMEH-
Tarmu B pactBope aekcrpana J[-60. [Tpu kprokoHcepBu-
POBaHHMH B Ka4€CTBE KPHOMPOTEKTOPA NCIIOIB30BAIIN
JAMCO B xoneuHo# koHIEHTpanuu 5%. Copepxanue
kieTok ¢ penorunom CD45*, CD45*CD34", a Takxe
ux xm3HecrocoOHocTh (CD457 7TAAD, CD3477AAD")
OTIPEJISIISITA C TIOMOIIBIO TIPOTOYHOT'0 HUTOMIYOpH-
metpa «FACS Calibur» («Becton Dickinson», CIITA)
C UCTOJb30BAaHUEM pPEareHToB Ipou3BoAcTBa «BD»
(CIIIA) o mpoTtokoxy MexayHapoaHoTro 00ImecTBa
reMaToTepaIuy U TPaHCIUIAaHTAIIMOHHOW HHXKEHEPHUU
(International Society for Hematotherapy and Graft
Engineering, ISHAGE).

Pazmoposxennsrii npemnapar ICK KK BBogumm
OJTHOKPATHO BHYTPUOPIOMIKHHO B 7103¢ 1X10° CD34*-
KJIETOK Ha KWJIOTpaMM Macchl [TOCJIe IECTOH npoIie-
IypBI OXJIaXKI€HHSI MOJIOABIM JKUBOTHBIM U ITOCTIE J1e-
BATOM mpouenypsl — crapbiM. IIpenapar noBoaunu
1o oopema 1 mut TIa3Moi.

Peructparuro OKI ocymecTisany Ha aeKTpoKap-
mnorpade cepun «I[lonu-Cnextp» («HeiipoCodry,
Poccust) B mecTu cTaHAapTHBIX OTBEACHUAX IIOCIHE
3-, 6-, 9-To ceanca POXB, a Takke Ha CIEAYIOIIHEC
CYTKH, UE€pE3 TPOE CYTOK, HEAEIIO U MECAL ITOCIIE TI0-
creane npoueaypsl oxnaxaenus 1 BBeaenus ICK KK.
JnutensHOCTh 3amucu cocTaBisia 5 MuH. CekT-
panbHbI aHann3 BCP npoBoauimm ¢ moMompio mpo-
rpammel «[lonmu-Cnekrp-Putm» (Poccus). Cornacuo
OCHOBHOM CHCTEM€ CIEKTPAIbHOTO aHaNu3a [ 5] HaMu
OBUIH BBIJICIICHBI U MTPOAHATH3UPOBAHBI CIIEAYIONINE
nokasatenu: TP (Mc?) — mojHas MOIIHOCTh CIIEKTpa
konebanmii kapnuoputma; HF (Mc?) — MOIIHOCTB BBI-
CoKoyacTOTHBIX Konebanuii (0,15-0,4 T'); LF (mc?) —
MOIITHOCTh HU3KOUaCTOTHBIX Konebanmii (0,04-0,15 ['m);
VLF (Mc?) — MOLIIHOCTH CIIEKTpa KapaIuopuT™Ma B 00-
nacT oueHb Hu3kux dactot (0,003-0,04 I'm).

CraructiuuecKyto 00pabOTKy NOITyUSHHBIX Pe3YIib-
TaTOB MPOBOJWIN C UCIIOIB30BAHUEM t-KpUTEPHUS
CrproneHnra.

Pe3yabTarsl m o0cyxaeHne

Cuexrpanpabiii anann3 BCP mo3BossieT oOHapy-
KUTH TIEPUOJMUECKIE COCTABISIONINE B KOIIEOaHMSIX
CEpIEYHOI0 pUTMa M OLEHUTh MX KOJINYECTBEHHBIN
BKJIaJ B AMHAMUKY puTt™Ma. Kaxplil U3 BBIIEIEHHBIX
YaCTOTHBIX IMANa30HOB OTOOpa)kaeT BIMSHHE pas-
JUYHBIX cucTeM perymsnnna Ha BCP. BeicokogacToT-
HBIE KOJIe0aHHs1 CONPSIKEHBI C aKTOM JbIXaHusl, UX Qop-
MHpOBaHHE OOYCIOBJIEHO CBS3BIO OJYKIAIOIIEro
HEpBa C CHHYCOBBIM y3JI0M. 3HAYEHHS CIIEKTPaIbHON
MOIIIHOCTH B 3TOM JHAITa30HE CBUIETEIHCTBYIOT 00
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the young animals and after the ninth procedure in the
aged ones. The preparation was made up to 1 ml volume
with plasma.

The recording of ECG was carried out with electro-
cardiograph Poly-Spectrum (Neurosoft, Russia) in six
standard leads after the 3%, 6™, 9% RECE series as
well as on the next day, in three days, week and month
after the last cooling and CBNC administration. The
recording lasted 5 minutes. Spectral analysis of HRV
was performed with Poly-Spectrum-Rhythm (Russia).
According to the basic system of spectral analysis [5]
we have determined and analyzed the following indices:
TP (ms?), the total power of heart rate fluctuations
spectrum; HF (ms?), the power of high frequency
fluctuations (0.15-0.4 Hz); LF (ms?), the power of
low frequency fluctuations (0.04—0.15 Hz); VLF (ms?),
the heart rhythm power spectrum within the range of
very low frequencies (0.003-0.04 Hz).

The obtained data were statistically processed with
Student’s t-criterion.

Results and discussion

Spectral analysis of HRV enables revealing the
periodic components in heart rate fluctuations and
evaluating their quantitative contribution to the rhythm
dynamics. Each determined frequency range shows
the effect of different regulation systems on HRV. High
frequency fluctuations are associated with the act of
breathing, their formation is stipulated by the links of
vagus nerve and the sinus node. The values of spectral
power within this range indicate the activity of VNS
parasympathetic division. In its turn, cardiac rhythm
wave fluctuations within the low frequency spectrum
range are conditioned by the bursts of sympathetic
vasomotor activity, i. e. the presence of low frequency
waves reflects the activity of VNS sympathetic divi-
sion. The formation of waves in extremely low spec-
trum range is presumably stipulated by the influence
of VNS non-segmental divisions, endocrine or humoral
factors on sinus node [5].

The analysis of heart rhythm wave structure in
young rats after the 3, 6™ RECE series (the day
followed after CBNC administration) as well as after
the 9" RECE series (in 3 days after CBNC administra-
tion) (Fig. 1) showed that spectrum total power of
neurohumoral regulation increased as for the control
indices due to the balanced activation of both VNS
sympathetic and parasympathetic divisions as well as
the humoral link of regulation (the increase of LF, HF,
and VLF waves power). The increase in proportion
of very low frequency waves (VLF-waves) can be
explained by hormonal effects on myocardium and
association of waves of this frequency with thermore-
gulation rhythms [5].
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aKTHBHOCTH Tapacumriarndeckoro ornena BHC. B
CBOIO O4Yepeab, BOJHOBBIE KOJeOaHUsI CEPIEYHOTO
pUTMa B HU3KOYACTOTHOM JTMAIIa30HE CIIEKTpa 00yc-
JIOBJICHBI BCIIBIIIKAMU CUMIIATHUECKON BA30MOTOPHOU
AKTUBHOCTH, T. €. HATMINE HU3KOYACTOTHBIX BOJH
CBHUJICTEILCTBYET 00 aKTHBHOCTH CHUMITATHYECKOTO
otnena BHC. ®opmupoBaHre BONH B OYEHb HU3KO-
YaCTOTHOM JUANa30HE CIEKTPa, IPEANOI0KUTENBHO,
3aBUCHUT OT BJIMSIHISI HECETMEHTapHBIX 0THesioB BHC,
SHAOKPHUHHBIX HJIK TYMOPAIbHBIX (PAKTOPOB HA CUHY-
COBBIH y3en [5].

AHanu3 BOJHOBOU CTPYKTYPHI CEPACUHOTO pUTMA
YV MOJIOJBIX KpBIC TIOCe 3- 1 6-ro ceancoB POXB (na
cnenyromue cytku nociie BBeaenus SICK KK), a
Takxke nocie 9-ro ceanca POXB (uepes 3 cyTok mocie
BBeaeHus SICK KK) nmoka3zan, 4ro 001ass MOIIHOCTh
crnekTpa HeiiporymopansHoi perymsinnu (TP) Bozpac-
Taja M0 OTHOIICHHIO K KOHTPOJBHBIM ITOKa3aTelsM
(puc. 1) bnaronaps cOanaHCUPOBaHHOW aKTHBALUH KaK
CUMIATUYECKOT0 U MapacUMIIAaTUYECKOTO OTIEIIOB
BHC, Tak 1 TyMOpanbpHOTO 3BeHA PETYISIIAN. YBEIH-
YeHHe yAEeTFHOTO Beca BOJH OYE€Hb HU3KOW YaCTOTHI
(VLF-BOJIHBI) MOXHO OOBSCHUTH TOPMOHAIIBHBIMHU
BIUSHUSIMU HA MUOKAapPJ, a TAKXKE CBSI3bIO BOJH 3TOH
YaCTOTHI ¢ PUTMAMH TepMOpeTyJsun [5].

Uepes 5 cyTok moce 9-i mponenypst POXB (7 cy-
tok nocie BBeaeHus SICK KK) namu ormedeno yse-
JIUYSHUE OOIIEeH CIIEKTPAIBHOM MOIITHOCTH 110 OTHOIIIE-
HUIO K MPEIBIAYIIUM 3TaraM SKCIEPUMCHTATBHBIX
WCCIIeTIOBAaHUH MPENMYIIECTBEHHO 32 CUET MOBBIIIIe-
HUS TOHYCa CUMITATUYECKOTO ¥ MapacUMIaTUYeCKOTO
ornenoB BHC Ha ¢oHe HeMeHSIoMIeicss aKTHBHOCTH
TYMOpPaJIFHBIX CHCTEM perymanuu (puc. 1).

Y MOJIOABIX KHBOTHBIX OIICHUBAIN IOKA3aTEIH
cnekrpaiasHoro ananusa BCP uepes Henento u Mecsiiy
nocne POXB u BBenenusa SACK KK. Untepecho, uro
B OTJaJICHHBIC CPOKH HaOMIONCHMS (Yepe3 HeAeo U
mecsr nmocne POXB u Beexenns SAICK KK) cymect-
BEHHO BO3pacTalii 3HaYCHMsI OOIICH CIIeKTpaTbHOU
MOIIIHOCTH HEUPOTYMOPAIBbHOM PEryIsIliY B pe3yJIbTa-
T€ aKTHBAITIH BETETATUBHBIX IIEHTPOB, IIPH ATOM YPO-
BEHB TYMOPAITLHOU PETYIISAIIUN HE H3MEHSIICS IO OTHO-
IICHUIO K MPeIbIIy M cpokaM (puc. 1). B ctpykrype
TP nmpeobnaman TOHYC MapacUMITaTHIECKOTO OTAea
BHC.

Takum 00pazoM, BEICOKHH yPOBEHb KaK BaraJlbHbIX,
TaK ¥ CUMIIATUYECKUX BIUSHUN B MOIYIISILIUK CEPCY-
HOT'O pUTMa CBUJCTENBCTBYET O HATUUYHUH Y MOJTOABIX
KpBIC Ha oHE codeTaHHOTO NpuMeneHns POXB u npe-
napara SICK KK pa3BuToii BereTaTuBHOM peryIsIuH.

CornacHo TUTepaTypHBIM JaHHBIM BO3PACT 3HAUU-
TEJBHO BJIMSIET HA BapHaOeIbHOCTh KPOBOOOPAIICHUS
[8, 9]. IIposiBneHrEM 3TOTO ABISETCS CHU)KEHHE 00-
Eed CIEKTPAIIbHONM MOILIHOCTH HEHPOryMOpajbHON

322

Amnnutyaa BonH, mc¥u1000
Amplitude of the waves, ms?Hz[1000

Puc. 1. lNokasaTtenu cnektpanbHoro aHanusa BCP y
mMonoabix Kpbic: C1— koHTponbHble; O — nocne 3 ceaHcoB
P3XB; M- nocne 6 ceaHcoB POXB (cnepytowne cyTku
nocne BeBeneHuss ACK KK); E1— cytkn nocne 9 ceaHcoB
P3XB (4epes 3 cyTok nocne BBeaeHunst ACK KK); B —uepes
5 cytok nocrne 9 ceaHcoB POXB (4epes 7 cyTok nocre
BBefgeHna ACK KK); Ol - yepes 7 cytok nocne POXB
(9 cytok nocne BBegeHusa ACK KK); @ - yepes mecsiy
nocne P3XB u BeegeHuns ACK KK.

Fig. 1. The indices of HRV spectral analysis in young rats:
[ — control; O — after 3 RECE series; Il — after 6 RECE
series and on the following day after CBNC administration;
— the day after 9 RECE series and in 3 days after CBNC
administration; O — in 5 days after 9 RECE series and in
7 days after CBNC administration; [ — in 7 days after
RECE and in 9 days after CBNC administration; BEH — in a
month after RECE and CBNC administration.

In 5 days after the 9" RECE series (in 7 days after
CBNC administration) we have noted the tendency to
the rise of spectrum total power in comparison to the
previous stages of research mainly due to the increase
in tone of VNS sympathetic and parasympathetic divi-
sions on the background of a constant activity of hu-
moral system regulation (Fig. 1).

In young animals we evaluated the values of HRV
spectral analysis in a week and a month after RECE
and CBNC administration. Of interest was the fact
that in the later terms of observation (in a week and a
month after RECE and CBNC administration) the va-
lues of total power of neurohumoral regulation spect-
rum were significantly increased due to activation of
vegetative centers. Furthermore the level of humoral
regulation did not change with respect to the previous
terms (Fig. 1). The tone of VNS parasympathetic divi-
sion prevailed in TP structure.
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Puc. 2. MNokasaTenu cnektpaneHoro aHanmsa BCP y cra-
pbix Kpbic: O — koHTponbHble; O — nocne 3 ceaHcoB POXB;
M - nocne 6 ceaHcoB POXB (cnepyouwue cyTku nocne
BBeaeHus ACK KK); EA— 1cytkn nocne 9 ceaHco POXB
(yepes 3 cyTtok nocne BeegeHna ACK KK); B - yepes
5 cytok nocne 9 ceaHcoB POXB (4epes 7 cyTok nocrie Bee-
aeHunsa ACK KK); M- yepes 7 cytok nocne POXB (9 cyTok
nocne Beeaexua ACK KK); B — yepes mecsu nocne POXB
n BeegeHus ACK KK.

Fig. 2. The indices of HRV spectral analysis in old rats:
O — control; O — after 3 RECE series; M — after 6 RECE
series and on the following day after CB NC administration;
—the day after 9 RECE series and in 3 days after CB NC
administration; & — in 5 days after 9 RECE series and in
7 days after CB NC administration; 0 — in 7 days after
RECE and in 9 days after CB NC administration; H — in a
month after RECE and CB NC administration.

PETYIISIHA B pe3yibTaTe yMEHBIIEH!S TOHyCa CUMIIa-
TUYECKOTO U mapacumnarndeckoro otneiaoB BHC.

YCcTaHOBIIEHO, UTO Y CTAPhIX KOHTPOJIBHBIX )KUBOT-
HBIX 3HaYEHUS 00MIei CIIEKTpaIbHON MOTITHOCTH HE-
POTYMOPATEHOM PETYIISINN OBLTH CYITIECTBEHHO HIDKE,
YeM Y MOJIOJBIX. BEISIBIEHO CHM)KEHHE aKTUBHOCTH
BETETATUBHBIX LICHTPOB, & TAK)KE TYMOPAJIBLHOTO 3B€HA
PETYISLIUML.

ITocne 3- u 6-ro ceanca POXB y cTapbix kpbic
oTMevascs MoAbeM oO0IIel CrieKTpaIbHON MOLIHOC-
TH 32 CYET aKTUBAIIUH T'YMOPAJILHOTO 3BEHA PETYISALUN
n BHC (puc. 2). Takum 06pa3zom, y )KUBOTHBIX 00eHX
BO3PACTHBIX TPYII Ha JaHHBIX dTamax dKCIEePUMEH-
TaJBHBIX WCCIICJOBAaHUHA HAMH OTMEUYeHa aHaJOTH4-
Has TWHAMUKa U3MEHEHHS OCHOBHBIX IOKa3aTeleit
cnekTpansHoro anaiamn3a BCP.

ITocne 9-i1 mpomnenypsr POXB (Ha ciemyromue
cytku ocie BeeneHus ICK KK) B ctpykrype obmieit
MOIIIHOCTH CHEKTPAa CHU3WINCH TOHYC CHMITaTHYEC-
Koro u napacumnaruieckoro oraenos BHC, a taxxe
AKTUBHOCTH T'yMOpajibHOU perymsiuu. Ha cnekrpo-
rpaMMe 3TO MPOSABISIOCh YMEHBIIEHUEM YEIbHOTO
Beca LF, HF u VLF Bonn (puc. 2). Takum oOpazom,
Ha JJaHHOM 3Talle SKCIIEPUMEHTaJIHFHOrO HCCIea0Ba-
HHS WMEJI0 MECTO CHH)KEHHE aKTHBHOCTH BCEX
3BEHBEB PETYISAILNH 110 CPABHEHHUIO C IPEIBITYIIIUMHU
CpOKaM¥ HaOIFOCHUSI.

[TomoxuTenbHBIM ABISETCS TOT (PAKT, YTO B OT/AA-
JIGHHBIE CPOKH HAOIOACHUS (depe3 HEIESITIO i MECSII]
nociae POXB u Beeaenus SICK KK) 3sHauenus ooOrei
CIEKTPAIILHOM MOLTHOCTH HEHPOTyMOpaIbHOM pery-
JIILUY y CTapBIX KUBOTHBIX CYIIIECTBEHHO ITPEBOCXO-
TN KaK KOHTPOJIbHBIE [TOKA3aTeNu, TaK U MOIy4YeH-
HBIC Ha MPEIbIAYLIUX ATanax AKCIEPUMEHTAIbHBIX
rccieaoBaHuii (puc. 2). Y 3TUX )KUBOTHBIX YBEITUUNBA-
JIaCh aKTUBHOCTH CHMIIATUYECKOTO, TTapacHMITaTHYeC-
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Thus, a high level of both vagal and sympathetic
effects in heart rhythm modulation indicates the pre-
sence in young rats of the developed vegetative regu-
lation on the background of combined use of RECE
and CBNC.

As reported previously, blood flow variability is
strongly affected by age [8, 9]. This fact is manifested
in the decrease of total power of neurohumoral regu-
lation spectrum due to reduction in tone of VNS sympa-
thetic and parasympathetic divisions.

We have found that in aged control animals the va-
lues of total power of neurohumoral regulation spect-
rum were significantly lower than in young ones. The
decreased activity of vegetative centers and humoral
link of regulation was observed.

After the 3" and 6™ RECE series in aged rats we
noted the rise in spectrum total power due to activation
of humoral regulation link and VNS (Fig. 2). Therefore
at these stages of research the animals of both age
groups had a similar dynamics of change in main indi-
ces of HRV spectral analysis.

After the 9" RECE procedure and to the following
day after CBNC administration the tone of VNS
sympathetic and parasympathetic divisions as well as
activity of humoral regulation were decreased in struc-
ture of spectrum total power (Fig. 2). In spectrogram
it was manifested by decreased LF, HF, and VLF
waves values. Thus, at this stage of research the de-
creased activity of all regulation links occured if com-
pared to the previous observation terms.

The positive aspect was the fact that in late ob-
servation terms (in a week and a month after RECE
and CBNC administration) in aged animals the values
of total power spectrum of neurohumoral regulation
significantly exceeded both the control values and the
ones obtained at previous stages of research (Fig. 2).
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koro otaenoB BHC, a taxke rymMoOpabHOTO ypOBHS
peryisiian. [Ipr 5ToM TOHyC mapacHMITaTHIEeCKOTO OT-
nena BHC ocraBancs Beiiie, uem B KoHTpoJie. Takue
U3MEHEHUSI MOXHO CUUTATh MOJOKUTEIbHBIMHU, IO-
CKOJIEKY YMEPEHHOE IPeodIaiaHue mapacuMIarniec-
KHX BIIMSIHUH SBIISCTCS OTHUM U3 PAKTOPOB WHIHBH-
IyanbHOM yCTOMYMBOCTH OPTaHU3Ma K BOSHUKHOBEHUIO
3a00JIeBaHUH CepACUYHO-COCYAUCTON CUCTEMEHI [5].

Ha ocHOBaHuUmM pe3ynbTaToB, MOJYUYCHHBIX MPH
nccnenoBannu BCP y kpbic AByX BO3pacTHBIX TPYTIIL,
MO>KHO TIPEATIOIO0KHUTE, YTO COUETAHHOE IPUMEHEHUE
POXB u npenapara kpuoxonceperpoBaaHbIx JJCK KK
CIOCOOHO 3HAYHUTENFHO MOBBIIIATH PYHKIIHOHATIBHBIC
BO3MOKHOCTH OpPTaHM3Ma JKHBOTHBIX HE3aBUCHUMO OT
ux Bo3pacta. JlaHHBIM METOJ BO3AECUCTBUS HAIpaB-
JIeH, TIPEXKJIE BCETO, HA aKTUBAIIUIO COOCTBEHHBIX I'0-
MEOCTATUYECKUX PETYIATOPHBIX cucTeM. [loaTBepk-
JEHUEM 3TOMY SIBISIOTCS JaHHBIE CIEKTPaIbHOTO
anamm3a BCP: momgwem o0riel crieKTpaibHOW MOIII-
HOCTH ITPOUCXONT HE 32 CUET aKTUBAIUU OJJHOTO 3BE-
Ha perymsiuy, a 6iaronapst cOamaHCHPOBAHHOMY I10-
BBIIIICHUIO aKTUBHOCTH BCEX 3BCHBEB.

YcTaHOBJIEHO, YTO y CTAaphIX KphICc HAa poHe POXB
u BBeeHns KpuokoHcepBupoBaHHeIX SICK KK cy-
[IECTBEHHO MOBBITIANICS TOHYC MTApaCUMITIATHIECKOTO
ornena BHC. YBennuenune o6mieil cekTpanabHOR
MoOIIHOCTH 3a cueT akTuBanuu BHC y cTapbIx ;kuBoT-
HBIX MO>KET CBUJIETEILCTBOBATH O MIEPEXO/IE MpoIiecca
YIpaBJICHUS] CEPACYHBIM PUTMOM C MEAJICHHOTO T'y-
MOPaJIbHO-METa00IMYECKOT0 YPOBHS PEryIsAlUd Ha
OBICTPBIN BET€TaTHBHEIN, KOTOPBIH HE XapaKTepeH AJIs
MO>KUJIOTO OPraHU3Ma.

BoiBoabI

Takum oOpaszoM, B paboTe moKa3aHO BIUSHHE
POXB u npenapara SICK KK na dyHkimonansHoe coc-
TOSIHWE PETYIATOPHBIX CHCTEM OpPraHHU3Ma MOJIOJIBIX
W CTapbIX XKUBOTHBIX: TOBBIICHHE MTOKa3aTelneil 00-
EN CIEKTPAIIBHONM MOILIHOCTH HEHPOryMOpajbHON
PETYJALMH 32 CUET aKTUBALMU BET€TATUBHON HEPBHOM
CHUCTEMBI 1 T'yMOPaJIbHOIO 3BE€HA PETYIISLHH.

[IpoBeneHHbIE SKCIIEPUMEHTANIBHBIE HUCCIEN0BA-
HUSI [TO3BOJISIT 000CHOBATh BO3MOKHOCTH COUETAHHOTO
[IPUMEHEHHS pPUTMHUYECKHUX HKCTPEMAIIBHBIX KPHOBO3-
neiictBuil (—120°C) u mpenapatoB, NOTYUYCHHBIX W3
KOP/IOBO KPOBH, B MEAUIIMHCKOM MPAKTUKE C LETbIO
KOPPEKIINH HAPYLIEHHOTO TOMEOCTa3a OpraHrn3Ma Io-
SKWJIBIX JTIOHEH.

Nurepatypa
1. Angapanves A.A., Makcumos A.Jl. AganTauusa 4yenoseka K
aKkcTpemanbHbIM ycrnosusam. — J1.: Hayka, 1988. — 124 c.
2. babuinyyk B.I. CpaBHMTenbHas xapakTepucTuka 4acToThl
CepAeYHbIX COKpaLLeHUI Yy KPbIC MpU pasnuyHbiX MeTodax
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In these animals the activity of VNS sympathetic and
parasympathetic links as well as humoral link of
regulation was increased. We have found the rise in
tone of VNS parasympathetic division. These changes
could be considered as positive, since a moderate
prevalence of parasympathetic phenomena is one of
the factors of individual organism resistance to the
appearance of cardiovascular diseases.

Basing on the experimental data obtained during
HRYV analysis in rats of both age groups we may assu-
me that the combined use of RECE and cryopreserved
CBNC introduction results in a significant increase of
the functional capacities of mammal organism regard-
less of their age. This method of treatment is directed
primarily to the activation of an organism’s own homeo-
static regulatory systems. This is confirmed by the data
of HRV spectral analysis: the rise in total power spect-
rum is provided due to activation of not only one regula-
tion link but by balanced rise of activity of all the
regulation links.

We have established that on the background of
RECE and CBNC administration the aged rats had
significantly increased tone of VNS parasympathetic
division. Increase of spectrum total power due to VNS
activation in aged animals can indicate the transition
of'heart thythm control from slow humoral-metabolic
regulation level to rapid vegetative one, which is not
typical for an old organism.

Conclusions

Collectively, it was shown a positive effect of RECE
and CBNC introduction on a functional state of
organismic regulatory systems organism of young and
aged animals: a rise in values indices of total power of
neurohumoral regulation spectrum was observed due
to activation of vegetative nervous system and humoral
link of regulation.

The conducted experiments allow to substantiate
the possible combined application of rhytmic extreme
cryoexposures (—120°C) and cord blood based prepa-
rations in medical practice to correct impaired homeo-
stasis of an aged human organism.
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