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Pedrepat: MNpu nckycctBeHHOM runometabonuame (KOMOUHUPOBaAHHOE AEWCTBUE TMMOKCUMU, TUNEPKANHUN U TMNOTEPMUM)
cHmxanuck Temnepatypa Ttena (TT) go (17 £ 1) n (16 = 1)°C n yacToTa cepAeyHbIX cokpalleHu fo (99 + 20) n (66 + 16) ynapos/MuH
Y KpbIC M XOMSIKOB COOTBETCTBEHHO, a npu rmbepHaumm — o (8 + 1)°C n 5—13 ygapos/MuH. B TkaHn Muokapaa npv aToMm Habnioganuce
rmnepemMust BeH, apTepuin U KanunnspoB; yBenMYeHne nepuBackynsipHbIX U MHTEPCTULMANbHBIX NPOCTPAHCTB; B KapAMOMUOLMUTaX —
oKanbHO NPU3HaKN 3€PHUCTOMN, MMOPONMUYECKON N TManmMHOBO-KanenbHOW AUCTPOUIA, a Takke MHOXECTBO S4ep Ha pasHbIX CTagusx
Hekpobuosa (MMkHO3, pekcuc u nusuc). Kpome atoro, yepes 2 4 nocne runometabonuMama BbISABAANMCL TpomObl B cocyaax,
6e3bsAaepHble 30Hbl HEKPO3a, y YacTu KapAMOMMOLMTOB KpbiC — elle 1 Gonblune fapa. VMIsMeHeHus B MyMoKapAe COXPaHsAnvch U
yepes 24 4, Ho Gonbluasi Ux YacTb Gbina obpatumon nocrne HopManusauum TT U kpoBooBpaLLeHUs, UMena aaanTUBHbLIA XapakTep,
a aKkTMBauus HeKpobUOTUYECKMX MPOLLECCOB, Kak M3BECTHO, CMOCOOCTBOBYET YCKOPEHMI0 DU3NONOrMYeckon pereHepauum.

KnioueBble cnoBa: runometabonusm, rubepHaumsi, roMoOMOTEPMUS, reTEPOTEPMUS, TMCTONOMUSI MUOKAPAA, KPbIChl, XOMSIKH.

Pedbepat: MNpu wryyHomy rinomeTtaboniami (kombGiHOBaHWI BMNNWB TINOKCIi, rinepkanHii i rinoTepmii) 3HwxyBanucs Temnepartypa
Tina (TT) po (17 £ 1) i (16 £ 1)°C i yacToTa cepueBux ckopoyeHb A0 (99 + 20) i (66 + 16) yaapis/xB y LypiB i XOM'SKiB BiANOBIAHO, a Npu
ribepHauii — no (8 £ 1)°C i 5-13 ypapiB/xB. Y TkaHWHI MiokapZAa npu LbOMY CrocTepiranucs rinepemisi BeH, apTepiit i kaninspis;
36iNbLUEHHSI NepUBACKYNSIPHUX Ta IHTEpPCTULianbHUX MPOCTOPIB; y KapAioMiounTax — okarbHO 03HaKM 3epHUCTOT, rigpomniyYHOI i rianiHoBo-
KpanenbHoi AUCTpodili, a Takox HGarato saep Ha pi3HUX cTagisgx HeKkpobio3y (NikHO3, pekcic i nmisuc). Kpim uboro, yepes 2 rognHn nicns
rinometaboniamy BUSBNSNUCS TPOMOU B CyAuHax, 6e3'saepHi 30HM HEKpo3y, Y YaCcTUHU KaphioMioumTiB LWypiB — Lie W Benwuki sgpa.
3MiHn B Miokapai 36epiranucs i yepes 24 roguHu, ane 6GinbLia ix YyacTuHa 6ynu o6opoTHUMK nicns Hopmanisauii TT i kpoBoobGiry, Manu
afanTUMBHUIA XapakTep, a akTuBalis HEKpOBIOTUYHUX MPOLECIB, K BiAOMO, CNPUSiE NPUCKOPEHHI0 didionoriyHoi pereHepalii.

KnrouoBi cnoBa: rinometaboniam, ribepHadis, romonoTepmMisi, retepoTepMisi, ricTonoris Miokapaa, LLypu, XOM'siKK.

Abstract: During artificial hypometabolism (combined effect of hypoxia, hypercapnia and hypothermia) there was a decrease in
temperature of body (TB) down to (17 + 1) and (16 = 1)°C and heart rate down to (99 + 20) and (66 + 16) beats/min in rats and
hamsters, respectively, and under hibernation it reduced down to (8 + 1)°C and 15-13 beats/min. The hyperemia of veins, arteries and
capillaries; increased perivascular and interstitial spaces; signs of grained, hydropic and hyaline-drop dystrophies (focally), as well
as numerous nuclei at various necrobiosis stages (karyopyknosis, karyorhexis and karyolysis) were herewith observed in myocardial
tissue. In addition, 2 hrs later artificial hypometabolism there were revealed the blood thrombi in vessels, nuclear-free zones of
necrosis, and in rats even large nuclei in some cardiomyocytes. The changes persisted even 24 hrs later, but the most of those were
reversible after TB and blood circulation recovery and had an adaptive nature, but the activation of necrobiotic processes was
known to be promoted the acceleration of physiological regeneration.

Key words: hypometabolism, hibernation, homeothermy, heterothermy, myocardial histology, rats, hamsters.

B mpupone HekoTopble BHABI MO3BOHOYHBIX
CIOCOOHBI K ce30HHOMY runomerabonusmy (I'M)
(rubepHaLMy), XapaKTEPUIYIOMIEMYCSI TOIOAaHUEM,
TUIOTEPMUEH, PE3KUM CHUKEHHEM WHTEHCUBHOC-
TH 0OOMEHa BEIECTB W DHEPTrUH, HHTHOUPOBAHUEM
(uzmonornuecknx QyHKIH. Y ruOepHHUpYIOMUX
MJIEKOTTMTAIONIUX MEPUOJbI OlleTIeHeHUsT (OT Hec-
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Some vertebrate species in the wild are capable
of seasonal hypometabolism (HM) (hibernation),
characterized by starvation, hypothermia, a profound
decrease in metabolism intensity, inhibition of physiolo-
gical functions. In hibernating mammals the periods of
torpor (from some days to some weeks) alternate the
short (12—48 hrs) episodes of metabolism, temperature
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KOJIBKHX JTHEH /10 HECKOJIIbKHX HeNeib) YepemayroTcs
¢ xopotkumu (12—48 9) snmm3ogaMu BPEMEHHOTO
BOCCTaHOBJICHUSI OOMEHa BELIECTB, TEMIEPaTypPhI
tena (TT) ugactoTel cepaeunsix cokparienuit (HCC)
[17, 26]. I'ubepHAaTOPBI MOTYT «IPEIUYBCTBOBATH)
(azpl HEOMATONPUATHBIX KIMMATHUYECKUX YCIOBHM
1 OECKOPMHMIBI U MOATOTaBIMBAThHCA K HUM, Iepe-
CTpauBasi MeTabOJIMYECKHE U MOBEJACHYECKHE PeaK-
1mH [26]. Takue nepecTpoiky MO3BOJISIOT, B YaCTHOCTH,
COXPAaHATh YHEPreTHYecKhe CyOCTpaThl M SBISIOTCS
SAPKAM TIPAMEPOM (PEHOTHITUIECKON TITAaCTHIHOCTH.

OmHMM 13 YHUKAIBHBIX MPOSBIEHUIN €CTEeCTBEH-
HOTO TUTIOMETa00IM3Ma SBISIETCS MTOAEPKAHIE HH3-
KOTO0 YpOBHsI (yHKIIMOHMpPOBaHuUs cepana. Hecmorps
Ha peskoe 3amemienue YCC (mo 5—10 ynapos/mMuH)
1 HU3KYIO0 CKOPOCTh KPOBOTOKA, XapaKTEPHbIE IS
DIyOOKOTO TOpIOpa, CEpALIE FTeTEPOTEPMHBIX KMBOTHBIX
CIOCOOHO OBICTPO BOCCTaHABIMBATH CBOIO (DYHKIIMO-
HaJIbHYIO aKTUBHOCTH (IIPY M3MEHEHUH YCIIOBHI BHELLI-
Hell Wi BHyTpeHHeH cpezbl). i1 HernOepHUpyommx
#uBOTHBIX cHIDKeHHe TT 1o 20°C ¢aranbHo, TOCKONBKY
CIOCOOCTBYET Pa3BUTHIO apUTMHUHU U (HUOPMILIALINN
JKEITYT0YKOB, IPUBOSIINX K OCTAHOBKE Cep/lIa, TOTna
KaK cepAle rHOepHUPYIONINX KUBOTHBIX COXpaHSET
cuHycoBbIH put™ naxxe ipu 1T, Grmuskoii k 0°C [29, 31].

CrnemyeT OTMETHTD, YTO JI0 HACTOSIIETO BPEMEHH
JOCTHYb 00PaTUMOTO MOTPY>KEHHSI TOMOMOTEPMHBIX
MJIEKONIUTAIOIINX B THIOMETA00IMYECKOE COCTOSIHUE
yIAeTCsl Ha KOPOTKUHM CPOK U C IPUMEHEHNEM ITOTEH-
LHAJIBHO OMAaCHBIX JJISI OPTaHU3Ma JUTHYECKUX U
ra3oBbIX cMmeceii [8, 14], hapmnpenaparos [15, 19, 21],
a Taxoke myteM cHikeHus TT u ronoganus [39]. XoTs
CIOCOOHOCTb T€TEPOTEPMHBIX )KUBOTHBIX BBIIEPIKH-
BaTh OOJIBIINE KOIEOAHHUS YPOBHS YJHEPTETUICCKUX U
OOMEHHBIX IPOIECCOB 0€3 Yrpo3bl i CepACUHON
JeATeIIbHOCTH OTMEUEHa Y Ke JaBHO, BOTIPOC O IPUPO/Ie
aJaNTUBHBIX M3MEHEHUHN, MPOUCXOASAIINX B TKaHU
cep/ia Ipu NorpyKEHUHU U BbIXOJ1E€ U3 cOCTOsIHUA [ M,
elne /10 KOHIa He BhIsICHeH. [1o HammeMy MHEHHIO, 1S
MOAJIEPKaHUSI CTPYKTYPHOH LIETIOCTHOCTH U (hYHKIHO-
HaJIbHOW aKTUBHOCTH CEp/1Ia IIPH rUIoMeTadoiniec-
KHMX COCTOSIHUSIX B TKAHU MHOKap/ia 10JKHBI IIPOUCXO-
JUTH IEPECTPOIKH, CHOCOOHBIE X KOMIICHCHUPOBATH.

B cBs3u ¢ 3TUM nenbio paboTel ObUIO CpaBHU-
TEJIbHOE M3YyYCHHE M3MEHEHHH 4acTOThI CEepACYHBIX
COKpAILIEHUI ¥ TUCTOJIOTMYECKOU KAPTUHBI B MUOKap/IE
reTepo- (XOMSIKH) ¥ TOMOWOTEPMHBIX (KPBICHI) KUBOT-
HBIX TIPU UCKYCCTBEHHOM M €CTECTBEHHOM THITOMeE-
Tabonu3Me, a TakXKe Ha 3Tamax BOCCTaHOBICHUS
(uepe3 2 u 24 4 mocie BbIXOAA M3 THIIOMETabOoH-
YECKOT'0 COCTOSIHHS).

Martepuajibl 1 MeTOAbI

OKCIIEpUMEHTHI NPOBOJUIIN B COOTBETCTBUU C
«O0IMMH NPUHIMIIAMHI SKCIIEPUMEHTOB Ha )KHUBOT-
HBIX», 0100peHHbIMU V] HannoHnansHBIM KOHTpeccoM
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ofbody (TB) and heart rate (HR) temporary recovery
[6, 15]. Hibernators may ‘anticipate’ the phases of
adverse climatic conditions, lack of food and be
prepared to it, thereby rearranging metabolic and
behavior responses [ 15]. These rearrangements enable,
in particular, preserving energetic substrates, being a
dramatic example of phenotypic plasticity.

One of the unique manifestations of natural hy-
pometabolism is the maintaining of a low heart func-
tioning. In spite of a drastic HR deceleration (down to
5-10 beats/min) and a low blood flow velocity, being
typical for a deep torpor, the heart of heterothermic ani-
mals may rapidly recover its functional activity (under
changed internal and external environments). For non-
hibernating animals a decrease in TB down to 20°C is
fatal, since contributing to the arrhythmia and ventri-
cular fibrillation development, resulting in cardiac arrest,
whereas the heart of hibernating animals keeps the
sinus rthythm even when the TB is close to 0°C [18,
23]. It should be noted, that up to now, one manages to
achieve areversible immersion of homeothermic mam-
mals into hypometabolic state only for a short time
period and by applying potentially dangerous for an
organism lytic and gas cocktails [3, 37], pharmaceuti-
cals [4, 8, 11], as well as via TB lowering and starvation
[36]. Although the capability of heterothermal animals
to endure large fluctuations of energetic and metabolic
levels with no risk for cardiac activity was noted long
before, the question about the nature of adaptive chan-
ges, occurring in heart tissue during entering and
arousal from HM state is not yet fully understood. We
believe the maintainining of structural integrity and
functional activity of heart under hypometabolic states
is possible in myocardial tissue owing to the rear-
rangements, capable of compensating them.

In this regard, we aimed here to compare in experi-
ments the changes in heart rate and histological pattern
in myocardium of hetero- (hamsters) and homeother-
mic (rats) animals under artificial and natural hypo-
metabolism, as well as at recovery stages (2 and 24 hrs
after arousal from hypometabolic state).

Materials and methods

Experiments were carried out according to the
General Principles of Experiments in Animals appro-
ved by the 6™ National Congress in Bioethics (Kyiv,
2016) and agreed to the statements of European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasburg, 1986). The work was performed within
the autumn-winter period in male golden hamsters
(weighting 85-95 g) and male outbred albino rats (180—
220 g). The animals before the experiment were housed
in the animal facility with natural light/dark cycle and
a standart diet ad /ibitum with adding wheat and sun-
flower seeds.
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o 6nostuke (Kues, 2016) u cormacoBaHHBIMH C TIO-
JnoxkeHussMu «EBporneiickoil KOHBEHIMU O 3allluTe
[T03BOHOYHBIX JKUBOTHBIX, HCIIOJIB3YEMBIX JIJISI IKCIIE-
PUMEHTANbHBIX U APYIHX Hay4HbIX menei» (Ctpac-
Oypr, 1986). PaboTy BBITIONHSIN B OCEHHE-3UMHUN
MEpUOJ] Ha CaMIIax 30J0THCTBIX XOMSIKOB (Macca 85—
95 r) u camiax OecropoaHBIX OenbIX KpbIc (Macca
180-220 r). Jlo Hauana SKCIEPUMEHTA KUBOTHBIX
CoJleprKajy B yCIOBHUSAX BHBApUA MPH €CTECTBEHHOM
CBETOBOM PEXKHUME Ha CTaHIAPTHOM panuone ad li-
bitum ¢ moGaBlIeHHEM 3€peH IMIIEeHHUIbI U CEeMSH
TOJICOJTHEYHHKA.

XOMSKOB Tepen MOTPyKEHHEM B COCTOSHHE
ectecTBeHHOTO runomerabonm3ma (EI'M) paccaxu-
BaJIM B UHAMBUAYaJIbHBIE KIETKHU, U3 PALlIOHa HCKITIO-
Yaii COYHYIO MHIILY, CHAaOKanu THe3I0BBIM MaTepHa-
JIOM (ApEeBECHBIE ONUIIKH M CEHO) U IEPEHOCHITH B TEMHOE
MOMEIIEHHE ¢ TeMIepaTypoi Bozayxa (5 +2)°C (mpo-
MBIIIICHHAs XOJIIOAWIbHAs Kamepa oobeMom 20 M* ¢
ABTOMaTHYECKOH PEryIMpPOBKON TEMIIEPATyPhI). XOMSIKH
norpyaiuck B crsiuky yepe3 10-14 cyrok. Cpennss
JUTUTETBHOCTH OayTa coctaBmsia (3 = 0,5) cyTok.

CocTrosiHuEe MCKYyCCTBEHHOTO THIIOMETa00IM3Ma
(MI'M) MozenupoBajy ¢ IMOMOIIBI0 METO/Ia «3aKPhI-
Toro cocyaa» [7, 8]. JKUBOTHBIX B repmMeTHYECKHU
3aKkpeITOM cocyne (00bemMoM 3 am? st Kphic U 2 am?
JUIS. XOMSIKOB) TIOMEIIAIH B TEMHYIO XOJOIMJIBHYIO
kamepy (2...5°C). Haxozmsce B ycI0BUSIX HOHMKEHHOM
TeMIepaTypbl U HapacTalollell TMIOKCUU-TUIIEep-
KaITHUH, )KUBOTHBIE IIOCTETICHHO (B TeueHue 2,53 )
MOTPYKaJIUCh B COCTOSHUE, CXOJHOE MO (hHU3HOIIO0-
THYECKHM [TapaMeTpaM ¢ ECTeCTBEeHHOU ruOepHanueit
[7, 8]. Perncrpaunto YCC y KMBOTHBIX MPOBOIUIH
C TIOMOMIBIO CTEPUIIHHBIX WUTOJBYATHIX JIEKTPOJIOB,
pa3MelIeHHBIX Ha MePEIHNX U 3aJHIX KOHEYHOCTSIX;
3aMuch U 00pabOTKy OMOTEKTPUIECKOI aKTHBHOCTH
cepana OCyIMECTBISUIM Ha KOMITBIOTEPHOM 3JIEKTPO-
kapauorpade «llomu-Crextp» («Heifipo-Codty,
Poccust) ¢ momonisto mporpammel «IlomuCriextp»
(«Heitpo-Codt»). Jnsa usmepenus TT (y kpvic —
PEKTaJIbHO, Y XOMSIKOB — B 3aILIEYHOM MEIIIKE) UCIIOJb-
30BaJIM TAPUPOBAHHYIO ME/Ib-KOHCTaHTAHOBYO TEPMO-
napy M 3JeKTpoHHBIH BonbT™MeTp B7-21 («Jlopray,
VYkparHa) ¢ TOCIEAYIOMINM IepeCUeTOM IToKa3aTenei
BonsT™MeTpa (MKB) B rpanycel Llenbcust ¢ momMonipio
nporpammel «Excel» («MicroSofty, CILIA).

’KuBOTHBIX (1 = 5 B KaXKJI0¥ TpyTITie) BBIBOANUIH U3
JKCIIEPUMEHTA MyTEeM JEeKaluTallii, MaTepuai 3a-
Oupanu mpu TOCTH)KCHUH THIIOMETa00INIeCKOTrOo
COCTOSTHHS M Ha dTarax BOCCTAHOBJICHHA (depe3 2 u
24 4). Jlns uccinenoBaHus 3abupanu CTaHIAPTH-
3UPOBAaHHBIA YYacTOK TKaHM MHOKapAa BEpXYyLIKH
cepaua.

l'ucTonornyeckoe uccienoBaHUE MPOBOIWIN IO
CTaHJApTHOM MeToauKe [2]: TKaHb (PUKCHPOBAIN B
10%-m pacTtBOpe HEHTpasbHOro (opMalvHA B Te-
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Before entering the natural hypometabolism (NHM)
state hamsters were placed into individual cages, the
diet was deprived of juicy food. They were provided
with nesting material (sawdust and hay), and then
replaced into a dark room with air temperature (5 +2)°C
(industrial cooling chamber of 20 m’ volume with
automatic temperature control). Hamsters entered
hibernation after 10—14 days. An average bout duration
was (3 £ 0.5) days.

The state of artificial hypometabolism (AHM) was
simulated using the ‘closed vessel’ method [24, 37].
Animals in a sealed vessel (3 and 2 dm? volume for
rats and hamsters, respectively) were placed into a
dark cooling chamber (2...5°C). Being under reduced
temperature and increasing hypoxia-hypercapnia, the
animals gradually (within 2.5-3 hrs) entered the state,
similar by physiological parameters to natural hiber-
nation [24, 37]. The HR in animals was recorded using
sterile needle electrodes, placed on fore and hind paws;
heart bioelectrical activity was recorded and processed
with computer-based electrocardiograph Poly-Spect-
rum (Neurosoft, Russia) by means of Poly-Spectrum
software (Neurosoft). To measure the TB (rectally in
rats, and in cheek pouch in hamsters) we used a calib-
rated copperconstantan thermocouple and electronic
voltmeter V7-21 (Lorta, Ukraine), with following
conversion of voltmeter indices (LV) into Celsius
degrees using the Excel software (MicroSoft, USA).

The animals (7 =5 in each group) were decapi-
tated, the samples were taken when the hypometabolic
state was achieved and at the recovery stages (2 and
24 hrs later). The standardized myocardial tissue site
of heart apex was taken for examination.

Histological examination was performed according
to the standard technique [38]: the tissue was fixed in
10% neutral formalin solution within 24 hrs. After
washing the fixed material was dehydrated in alcohols
of increasing concentration and embedded into pa-
raffin. The obtained sections of 6—8 um thickness were
stained with hematoxylin and eosin. The preparations
were studied and photographed with the microscope
Axio Observer ZI (Carl Zeiss, Germany) and the image
analysis software AxioVision Rel. 4.8 (Carl Zeiss). The
state of myocardial tissue histological samples (luminal
diameter and blood filing of vessels, state of perivas-
cular and interstitial spaces, cardiomyocytes and their
nuclei) was visually assessed in morphological exami-
nation. The total protein content in tissues was deter-
mined by the Bradford protein assay [5]. For statistical
data processing we used the Mann-Whitney test.

Results and discussion

The AHM development (hypothermia at the back-
ground of increasing hypoxia-hypercapnia) was ac-
companied by a significant decrease of TB in rats:
from (38 £ 1) down to (17 £ 1)°C, in hamsters: from

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



yenue 24 4. [Tocne oTMbIBaHUsI PUKCHPOBAHHBIN Ma-
Tepua 00e3BOKUBAIIM B CIUPTAX BO3pacTarolieh
KOHIICHTpAINH 1 3ainBaiv napaduaoM. [lomydeHHbre
Cpe3bl TOJMUIMHON 6—8 MKM OKpalluBadud reMaToK-
CHIIMHOM U 303uHOM. [ IpenapaTsl uzyuyanu u ¢pororpa-
¢dupoBanu ¢ nomouIbI0 MUKpockomna «Axio Observer
Z1» («Carl Zeiss», 'epmanus) ¢ mporpaMMHBIM 00ec-
MeYeHUEM JUIs aHaIHM3a U300pakeHnd «AxioVision
Rel. 4.8» («Carl Zeiss»). [Ipu mopdonoruuec-
KOM HCCJICIOBaHMM BHU3YyajbHO OLICHHUBAJIN COCTOS-
HHUE THCTOJOTUYECKUX 00pa3loB TKaHH MUOKap/a
(nmameTp mpocBeTa M KPOBEHAMOJIHEHUE COCY/IOB,
COCTOSIHHE MEPUBACKYIISIPHBIX U HHTEPCTHIIMATBHBIX
MIPOCTPAHCTB, KAPAUOMHOIIUTOB | UX simep). Comep-
JKaHue OOIIero MpOTeWHa B TKAHSIX OMPEAesin
MeTonoM bpendopna [16]. [us craructuueckon
00pabOTKH TaHHBIX HCIIOJIb30BAIH KpuTepuit ManHa-
YutHu.

Pe3yabTarsl m o0cyxaeHune

Pazsutne UI'M (rumortepmusi Ha ¢oHe Hapac-
TaIOIEeH TMIIOKCUU-TUIIEPKAITHIUH) COMTPOBOXKIATIOCh
3HaYUTENbHBIM CHIDKeHHeM TT y kpeic — ¢ (38 + 1)
1o (17 £1)°C, y xomsikoB — ¢ (37,5£0,5) mo (16 £1)°Cu
3amemerneM YCC y kpeic — ¢ (360 £+ 40) mo (99 +
20) ymapos/MuH, y XomsikoB — ¢ (370 £ 55) mo (66 £
16) ynapos/mun. [Ipu ectecTBeHHOM runoMeTadomn3-
Me TT y xomsikoB cHmxanach 1o (8 = 1)°C, UHCC —
1o 5—13 ynapoB/muH.

W3BectHO, uTo cHmkeHne TT wyacTo mpuBOAUT K
HapyLIEHUIO PUTMUYHON pabOThI CepLa — ApUTMUSM.
Tak, pa3nu4Hble apUTMUN CEpALIa ONUCAHBI KaK IIPH
Pa3BUTHU UCKYCCTBEHHOM runoTepMuu [37], Tak 1 Ha
BCEX JTanax eCTECTBEHHOW TMOepHAINU MIIEKOIH-
taromux [24, 27, 32]. B Hamux HcClIenOBaHUAX Y
HEKOTOPBIX )KUBOTHBIX IOCJIE Pa3BUTHS KaK HCKYCCT-
BeHHOTO (4 KpbICH U3 12 U 5 XOMsKOB U3 §), Tak U
€CTECTBEHHOTO (JaHHbIE HE MPHUBOIATCS ) TUIIOMETA-
Oonm3Ma Takke OTMEYalHNCh pa3HbIE MO JIUTEIb-
HOCTHU NEPHOBI apUTMHINA, KOTOPBIEC B OOJIBLIMHCTBE
CIly4aeB PE3KO MPEKpaLIalich 110 MEPEe BOCCTAHOB-
nenust TT [10, 38].

OpHOBpeMEHHOE IEHCTBUE TMIIOKCHH M THUIIEP-
KalHUM NPUBOAUT K CHIXKCHHIO METa0OINYEeCKOM
AKTUBHOCTH, YTHETCHHUIO MOBEICHYECKUX U TEPMO-
PETYISITOPHBIX peakiuid [28], mpu 3ToM UX d3PPEKThI
CYMMHUPYIOTCSl C XapaKTEepPHBIM I THIEPKAITHUU
BIIUSTHUEM Ha JIbIXaHHUE, a THIIOKCHH — Ha METa00IN3M
»KuBOTHBIX [ 13, 30]. Bei3BanHas A€HCTBUEM THTIOKCHI-
TUMEPKAMHUUA U YCUJIEHHAs HU3KOW TemIeparypoil
OKpY’KaIoIIe Cpeasl TUIIOTEPMHUS KUBOTHBIX MPHU
WUI'M, BO3MOXKHO, SIBJSIETCS OCHOBHBIM (haKTOPOM
YTHETEHUS! aKTUBHOCTH cep.la.

B 0co0bIx ycnoBusix (Ipy THIIOTEPMUU OPraHU3Ma)
JUIS aJleKBaTHOM paboThl cepaua BaxHa (YHKIHO-
HaJIbHAS! aKTUBHOCTbH PELIEITOPHOrO U MPOBOSILIETO
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(37.5+0.5) down to (16 + 1)°C and HR deceleration
in rats: from (360 £ 40) down to (99 + 20) beats/min,
in hamsters: from (370 + 55) down to (66 + 16) beats/
min. Under natural hypometabolism the TB and HR in
hamsters decreased down to (8 = 1)°C and 5—13 beats/
min.

The TB reduction is known to frequently resultin a
disorder of rhythmic function of the heart, i. e.
arrhythmias. For example, different cardiac arrhyth-
mias were described both under development of
artificial hypothermia [30], and at all the stages of
natural hibernation in mammals [13, 16, 25]. In our
studies in some animals after development of both
artificial (4 rats from 12 and 5 hamsters from 8) and
natural (data not shown) hypometabolism there were
also observed different by duration periods of arrhyth-
mias, which in most cases stopped abruptly as far as
the TB recovered [34, 35].

A simultaneous effect of hypoxia and hypercapnia
leads to a decrease in metabolic activity, inhibition of
behavioral and thermoregulatory responses [17], herein
their effects are combined with to the typical for
hypercapnia influence on respiration, and on metabo-
lism of animals for hypoxia [2 19]. The hypothermia
of'animals under AHM, caused by hypoxia-hypercap-
nia and strengthened by low temperature of environ-
ment, is probably the main factor in cardiac activity
suppression.

Under special conditions (at body’s hypothermia)
for adequate heart function of importance is functional
activity of receptor and conductive apparatuses, nuc-
lear structures in the medulla oblongata and executive
organs, including the heart and blood vessels. In addi-
tion, under weak or rare vagal stimulations, occurring
during hypothermia, its ‘paradoxical’ effect may be
noted, when instead of the expected HR deceleration,
one observes its acceleration [29]. Herewith the rapid
pulse fluctuations may testify to both transition process
and activation of parasympathetic effects as well [1].
During natural hibernation despite a pronounced reduc-
tion of TB and metabolic activity, the animals preserve
homeostatic control of cardiovascular system activity
[26]: the entering a NHM state occurs at the back-
ground of dominance of parasympathetic nervous sys-
tem, but the arousal from it is accompanied by activation
of sympathetic one. As far back as 1950, P.O. Chatfield
and C.P. Lyman [7] noted that all the hamster organs
under a deep hibernation were blood supplied virtually
equally, as exemplified by pink color of animal paws.
The rewarming initiation is accompanied by the blood
circulatory system blocking of the lower part of animal
body to provide a more adequate rewarming of the
upper one. Upon reaching the certain level of euthermia
the vascular sphincters are opened and cold blood from
the periphery enters the general blood stream that may
cause the TB decrease and the corresponding changes
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anmapaToB, SJIEPHBIX 00pa30BaHMH B IPOIOITOBATOM
MO3T€ ¥ UCTIOJTHUTEIFHBIX OPTaHOB, BKIIIOYas CEp/Le
u cocynsl. Kpome toro, mpu ciiabbIX MM PEAKUX
pa3apaKeHUsIX Baryca, MMEIOIIUX MECTO MpHU TUIIO-
TEPMHUH, MOKET HaONIOAAThCSl €ro «IapajoKcaib-
HBI» 3QQeKT, Korga BMECTO 0KUIAeMOro 3aMen-
nenust otmevaercsa ydamenue YCC [9]. IIpu stom
ObICTpBIE KOJIEOaHUs MyJabca MOTYT CBHIECTEIbCTBO-
BaTh KaK O IEPEXOTHOM ITpOIiecce, TaK M 00 aKTHBAINN
napacuMIatuieckux Biustauii [1]. B mepruox ecrect-
BEHHO! ruOepHalMK, HECMOTPS Ha BBIPaXKCHHOE
camwkenrne TT u MeTa0ONMYECKOH aKTUBHOCTH, Y
JKUBOTHBIX COXPAHIETCS TOMEOCTAaTHYECKUN KOHT-
OB HaJ aKTUBHOCTBIO CEPIEYHO-COCYIANCTOMN CHC-
Tembl [33]: morpyxenue B cocrostuue EI'M npoxonut
Ha (OHE TOMUHUPOBAHUS MapacUMIaTHYECKOrO 3Be-
Ha, a BBIXOJl U3 HET0 CONPOBOXKIAETCS aKTHBALMEH
CUMIIaTUYECKOTO 3BEHA BEr€TaTUBHON HEPBHOW CHC-
tembl. Eme B 1950 . P.O. Chatfield u C.P. Lyman [18]
OTMEYaJIM, YTO BCE OPraHbl XOMSKa MPH IITYOOKOM
CIISTYKE CHAOXKAIOTCS KPOBBIO MPAKTHYECKH OJMHA-
KOBO, TIOATBEPK/IEHUEM YEMY CITYXKHUT PO30BBIH 1IBET
KOHEYHOCTEN KUBOTHOro. MHULMaIMs pa3orpena
COTIPOBOXKJIaeTCsl OIOKUPOBKOM KPOBEHOCHOM CHC-
TeMBbl HW)KHEH YacTH Teja >KUBOTHOTO JiJis obec-
rnedeHus: 0ojee aJeKBaTHOTO pa3orpeBa BepxXHEH
yacTy Tena. [Ipu qocTukeHnn onpeneaeHHoro ypoB-
HSl DYyTepMHH COUHKTEPBI COCYA0B OTKPHIBAIOTCS, U
XOJIOZIHASA KPOBb C MepU(epun MOCTynaeT B oduiee
KpOBSIHOE PYyCJIO, UYTO MOKET BbI3BaTh CHIKeHHe TT n
COOTBETCTBYIOIINE U3MEHEHNSI B AKTUBHOCTH CEp/ILa.
Tak, y KpyIHBIX THOEPHATOPOB (CYpOK) IpH NPoOy K-
JCHUU OT CIISTYKH OOHApY’>KEHO IUIaTO Ha TeMIepa-
TYPHOI KPUBOM, OTPa)Karollee NOCTYIIIICHUE XOJIOAHON
KpOBH C mepudepuu, He XapaKTepHOE JIJIsi MEIKUX
rudepHaropoB [36]. OnHako, KaKk MMOKa3aHO B MCCIIE-
moBannu D.A. Eagles u coast. [24], BBeneHHne XO0-
nonHoro pactBopa Jlokka (0°C) HernOepHUPYIOMHUM
JKUBOTHBIM B COCTOSTHUY HAPKO3a BBI3BIBACT MaACHNE
TT, HO He BIMsIET HAa aKTUBHOCTH cepaua. Cienyet
OTMETHUTb, YTO B HALLIMX YKCIIEPUMEHTAX BBIPAXKEHHAS
ApUTMHSI Y YaCTH XOMSKOB MOXKET OBITh IOJITBEPXK-
JIEHUEM Mpeanonoxenus, spickazannoro C.P. Lyman
u R.C. O’Brien [31], 006 «yToMIeHUN» MHOKapla u
«HEOXKUJIAHHOM» CHI)KEHUHM CHUMIIATHYECKON aKTHB-
HOCTHU NpH MPOOYXACHUH XKUBOTHBIX OT 3UMHEH
crsraku. Kpome Toro, ceparie XxoMska, 06anas psaom
crenu(prUUeCKUX 0COOCHHOCTEH MPOBOISIICH CUCTEMbI
muokapaa [18], MoxxeT peann3oBsIBaTh Hamboiee
«TPOCTOI» KOMITEHCATOPHBIA MEXaHU3M aJarTaluu
IIpH YCHIICHHOM ero pabore ((a3a akTHBHOTO pa3or-
peBa) — ynnuHenue ¢a3zsl quactonsl [9]. K takum oco-
OCHHOCTSIM OTHOCAT OTCYTCTBUE CUMIIATUUECKON MH-
HEpBallMM BEHTPUKYJSIPHOTO MHUOKapJa, IPHU 3TOM
CHUHANTUYECKHE TEPMHUHAIN MUOKapa XOMSIKOB Orpa-
HUYEHBI IPOBOAALIMMH BOJIOKHAMH U KDOBEHOCHBIMH
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in cardiac activity. For example, in big hibernators (mar-
mot) during arousal there was found the plateau on
the temperature curve, reflecting the cold blood ente-
ring from the periphery, not typical for small hibernators
[28]. However, as shown in researches of D.A. Eagles
et al. [13], the injection of cold Locke’s solution (0°C)
to non-hibernating animals under anesthesia caused
the TB fall, but does not affect the heart activity. It
should be noted, that in our experiments a severe ar-
rhythmia in some hamsters may confirm the assumption
of C.P. Lyman and R.C. O’Brien [23] about the
‘fatigue’ of myocardium and ‘unexpected’ reduction
of sympathetic activity during animal arousal from
hibernation. In addition, the hamster heart, having a
number of specific features of the conduction system
of myocardium [7] can implement the most ‘simple’
compensatory adaptation mechanism under its intense
functioning (phase of active rewarming): diastolic phase
prolongation [29]. These features include the lack of
sympathetic innervation of ventricular myocardium,
herewith the synaptic terminals of hamster myocardium
are limited by conductive fibers and blood vessels [ 18,
27]. In hamster heart ‘the sinoatrial node itself contains
Purkinje fibers, which are otherwise absent in the atria;
the atrioventricular node contains fibers which ap-
proach the Purkinje type in size and general appea-
rance; and finally there is no Purkinje tissue in the right
ventricle and only a limited amount in the left’ (cited
by P.O. Chatfield and C.P. Lyman [7]).

The heart rate is known to affect the coronary blood
flow, to determine myocardial oxygen demand and its
functional activity in the whole, being thereby an impor-
tant diagnostic criterion. The clinical and experimental
findings confirmed the relationship between HR
changes and a wide range of adaptive, structural and
functional changes in myocardium [31].

We hypothesized that these features of heart func-
tion under artificial (hypothermia at the background of
increasing hypoxia-hypercapnia) and natural hypo-
metabolism might be reflected in corresponding
changes in myocardial tissue structure.

Analysis of histological pattern in myocardium of
hetero- and homeothermic animals under natural
and artificial hypometabolism revealed the similar and
significant changes (Figs. 1-3). For example, in rats
and hamsters we found the hyperemia of vessels with
different diameter (veins, arteries, capillaries), which
might indicate circulatory disturbance, manifested in
its deceleration and disordered blood flow. The in-
creased perivascular and interstitial spaces, more pro-
nounced in hamsters under NHM, were noted; the
signs of granular, moderate hydropic and hyaline-drop
dystrophies such as: white granular inclusions, lumps
and drops in cardiomyocytes, were revealed (Figs. 1—
3). Dystrophies are referred to degenerative changes
in cells. Granular dystrophy is common for proteins
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cocynamu [29, 34]. B cepalie xomsika «CHHO-aTpHalIb-
HBIH y3eI1 coaepkuT BoiokHa [ lypkuHbe, HO B mpesncep-
JIMH OHU OTCYTCTBYIOT; B aTpHO-BEHTPHUKYIISIPHOM Yy3J1€
HUMEIOTCSL BOJIOKHA, KOTOPbIE MPUOIMKAIOTCS K TUITY
BOJIOKOH [ lypKHHBE TOIBKO pa3mMepoM 1 OOIITUM BHIOM;
BOJIOKOH [lypkuHBE HET B MpaBOM JKENMydOYKe, a B
JIEBOM — UX KOJIMYECTBO OYEHb OTPAaHUYEHOY (IIUTH-
pyercs o P.O. Chatfield u C.P. Lyman [18]).

M3BectHO, uTo UCC BAMsSET HA KOPOHAPHBIN KPO-
BOTOK, OTIpeJeisieT MOTpeOHOCTh MUOKAp/Ia B KHUC-
JIOpoAe U ero PyHKIMOHAIBHYIO aKTUBHOCTD B LIETIOM
U SIBJIETCS BaKHBIM JUArHOCTUYECKUM KPUTEPHEM.
Pe3ynprarsl KIMHUYECKUX M HKCIIEPUMEHTAIBHBIX
HCCIIEIOBAHUN MOATBEPAMIN CBSI3b MEKIY HU3Me-
HeHussMu YCC u mUpOKUM Juana3oHOM ajamnTa-
LMOHHBIX U CTPYKTYPHO-(YHKIIMOHATILHBIX IIEPECTPOCK
B Muokapze [35].

MBI IPE/ITIOIOKUIH, YTO TAKHE OCOOCHHOCTH (PyHK-
LIMOHUPOBAHUS CEP/ILa B YCIOBHIX NCKYCCTBEHHOTO
(rumoTtepmust Ha (hOHE HAPACTAIOIIECH TUITOKCUH-THIIEP-
KaITHAW) U €CTECTBEHHOTO THIIOMETa00JIM3Ma MOTYT
HaWTH OTPaXCHHE B COOTBETCTBYIOIINX H3MEHEHHSIX
B CTPYKTYpE TKaHU MUOKap/a.

AHaIM3 THCTOJOTUYECKON KapTUHBI B MUOKap/e
reTepo- U TOMOMOTEPMHBIX KMBOTHBIX IPU €CTECT-
BEHHOM H NCKYCCTBEHHOM TMIIOMETa00IM3ME BBISIBUII
CXOJHBIC M 3HAUMTEIbHBIC M3MeHeHus (puc. 1-3).
Tak, y KpbIC M1 y XOMSIKOB BBISIBIIEHA THIIEPEMUSI COCY/IOB
pasHoro auameTpa (BeH, apTepui, KalmmUIsIPOB), YTO
MOXKET yKa3bIBaTh Ha PacCTpPOHCTBa KpoBOoOpale-
HUSL, IPOSIBIISTIOIINECS B €T0 3aMe/JIEHUN U HapyILICHUH
0TTOKa KpoBH. OTMEUaNOCh yBEINYCHHE IIEPUBACKY-
JIAPHBIX W MHTEPCTUIHAIBHBIX MPOCTPAHCTB, Oonee
BBIpakeHHOE y XOMsiKOB npu EI'M; oOHapyskeHBbI
MIPU3HAKU 3€PHUCTON, YMEPEHHOM THIPOIIUYECKOHN U
THaJIMHOBO-KamelbHOU 1ucTpoduii — Gernble 3epHuC-
ThI€ BKJIIOUCHHS, NIBIOKHU U KAk B KAPAUOMHUOLUTAX
(puc. 1-3). Auctpodun OTHOCATCA K JeT€HEPAaTUBHBIM
HW3MCHECHMSIM B KJIETKaX. 3e€pHHUCTas AUCTPOPUS —
HanboJiee YacTo BCTPEUYAIOIIUICS BU IPOTEHHOBOM
OUCTpOQUU, XapaKTepU3ylolasics HapylleHUEM
KOJUTOMJHBIX CBOMCTB IIMTOIIA3MbI KJIIETOK C BBISIB-
JICHHEM B HEW npoTeuHa B BUjie 3epeH. [Ipuunnamuy,
BBI3BIBAIONIMMU €€, SABISIOTCS, B YACTHOCTH, pac-
CTpOlicTBa KpOBO- U IUM(OOOpaIeHus, a TakxKe
runokcusi. Takas auctpodust Haubosee BhIpaXKeHa
B [I€YEHH, [TOYKaX, MHOKAPJE, a TAK)KE B CKEJIETHBIX
MBILIIAX, MPOSBISIETCS B U3MEHEHUH METa0O0IM3Ma
MIPOTEHHOB B KJIETKE U sH3UMonaruu. [locne npekpa-
LICHUS ACHCTBUS HHAYIHUPYIOLIETO ee pakTopa AUCT-
podust oOpaTrMa, HO B HEKOTOPBIX CIydasxX MOXKET
MEPEHTH B THIPONNUYECKYI0, THATMHOBO-KANEIbHYIO
WM KUPOBYIO AUCTPO(HUIO U HEKPO3.

I'maponmyeckas AuCTpodus — OAHO M3 CaMBIX
pacrpoCTpaHeHHbIX JeTeHEePAaTUBHBIX H3MEHEHHH, KaK
[IPaBUJIO, Pa3BUBAIOIIMXCS B pe3ysibTare HapacTaro-
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oy Wy :
Puc. 1. Tkanb Muokapga kpbicbl npyu FM: D — npr3Haku
ONCTpOMM; CTpenkamun ykasaHbl sapa kapavoMUOLUTOB
Ha pasnUyHbIX CTaans HeKPobmosa (KaprOMUKHO3, KapuopekK-
cuc, kapuonuanuc). Okpacka reMaToKCUITMHOM U 303VHOM.

Fig. 1. Myocardial tissue of rat at AHM: D is dystrophy signs;
arrows indicate cardiomyocyte nuclei at different necro-
biosis stages (karyopyknosis, karyorhexis, karyolysis).
H&E staining.

and is characterized by disordered colloidal properties
of cell cytoplasm and appearance of proteins as grains.
It may be caused by disorders, particularly, in blood
and lymph circulations, and by hypoxia too. Such a
dystrophy is characteristic for liver, kidney, myocar-
dium and skeletal muscles as well, it is manifested in a
changed protein metabolism in cell and enzymopathy.
The distrophy could be reversible after disappearance
of its inducing factor, but in some cases it can transit
into either hydropic, hyaline-drop or fatty dystrophy
and necrosis.

Hydropic dystrophy is one of the most common
degenerative changes, resulting, as a rule, from growing
energy deficit at the background of hypoxia; the function
of K-Na-ATPase is primarily disrupted, leading to cell
hydration. Moderate intracellular edema is thereat a
paranecrotic (reversible) process.

Hyaline-drop dystrophy is one of proteinosis types,
based on cytoplasmic protein coagulation with pronoun-
ced destruction of ultrastructural cell elements, being
extremely rare in myocardium; it is reversible and
occurs during tissue dehydration, but can end in either
focal or total necrosis.

In hamster cardiomyocytes under AHM we also
observed the emergence of a large number of nuclei,
being at different necrobiosis stages (Fig. 2): karyo-
pyknosis (shrinkage of nucleus, accompanied by chro-
matin condensation, due to water loss), karyorhexis
(disintegration of cell nucleus into pieces) and karyolysis
(complete dissolution of nucleus: the last stage of
necrobiosis). The emergence of these nuclei is a
microscopic sign of necrosis. Normally structured
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Puc. 2. Tkaub mmnokapaa xomsika npu AFM: D — npuaHakn
AncTpodum; cTpenkamu ykasaHbl ssApa KapauoMUMoLMTOB
Ha pasnuyHbIX CTaans Hekpobrnosa (kapMomnmnKHO3, Kapuo-
pekcuc, kapuonuanuc). Okpacka reMaToKCUITMHOM 1 S03MHOM.

Fig. 2. Myocardial tissue of hamster at AHM: D is dystrophy
signs; arrows indicate cardiomyocyte nuclei at different
necrobiosis stages (karyopyknosis, karyorhexis, karyo-
lysis). H&E staining.

LIero sHeproAaepuunTa Ha YOHE TUIIOKCUH; B IIEPBYIO
ouepens Hapymaercss pyHkuus K-Na-AT®a3el, uto
MIPUBOANT K TUIPATALIMU KIETKH. YMEPEHHbIH BHY TpU-
KJICTOYHBIH OTEK IPHU 3TOM SIBJISIETCS TTAPaHEKPOTH-
YecKuM (0OpaTUMBIM) MPOIECCOM.

['manuaOBO-KanenpHAs AUCTPOGUS — OMH U3 BUIOB
JUCIIPOTEHHO30B, B OCHOBE JIUCTPOPUH JIKHUT KOa-
TyJIANUS TPOTENMHOB IIUTOILUIA3MBI C BBIPAXXEHHOU
JIECTPYKLHUEH YIBTPACTPYKTYPHBIX 2JIEMEHTOB KIIETKH,
B MHOKapJle BCTPEUAeTCs KpailHe PeaKo; SBISETCS
oOpaTumoil n HabmOAaeTcs Npu 00€3BOKUBAHUH
TKaHH, HO MOKET 3aKaHYMBAThCS (POKAIBHBIM OO
TOTAJILHBIM HEKPO30M.

VYV xomskoB npu UI'M B kapAuoMHOLIUTAX MbI
TaKXe HaOIIoaIv OSBICHUE OOJIBIIOTO KOJHMYECTBA
sIIep, HAaXOSIIMXCS Ha Pa3HBIX CTAAUAX HEKpoOHno3a
(cM. puc. 2): kapuonuKHo3a (CMOpIIMBaHUE SAIpa,
COTIPOBOXKJIAIOIIEeCs] KOHAEHCAIe XpoMaTriHa, U3-
3a TIOTEePH BOJBI), KapHOpPEKCHca (pacmaj KICTOIHOTO
A7Ipa Ha YaCTH) U KaproJu3nca (TI0JTHOE pacTBOPEHHE
sjipa — MOCJIeAHUN 3Tan HekpoOuo3sa). [losBiieHue
TaKUX sIEP SBISETCS MUKPOCKOTTMYECKUM TIPU3HAKOM
Hekpo3a. HopmanbHOE sapo KapaunoMuoIuTa (MTHOTIa
UX JBa) UMEET OBaJIbHYI0 (DOPMY M PACIHOJIOKEHO
B LCHTPAJbHON YaCTH KIETKH.

Crnenyer OTMETUTB, UTO 3aMEJIEHHE CKOPOCTH
KpoBOOOpaIeHHsI, U3MEHEHUE BSI3KOCTH M CBEPTHI-
BaEeMOCTH KPOBH, COTJIacHO Tpuaae Bupxosa, sBis-
I0TCSl OTHUMH U3 IPUYUH TpoMOooOpa3oBanust [22].
B opranusme exeMUHYTHO 00pa3yloTcs M pacca-
CBIBAIOTCA MHUKPOTPOMOBI, IPEIOXPAHSIIONINE OT
ITOCTOSHHO BO3HMKAIONINX MHUKPOT€MOpparuii u He
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cardiomyocyte nucleus (sometimes two) has an oval
shape, locating in the central part of a cell.

It should be noted that the deceleration of circula-
tion velocity, changes in viscosity and blood clotting
are the causes of thrombosis according to the Virchow’s
triad [10]. In an organism there are continually formed
and resolved the microthrombi, protecting from recurring
microhemorrhages and causing no obturation of non-
capillary vessels. White blood thrombus can be formed
in a fast circulation, being efficient only to stop capillary
bleeding. Red (coagulation) blood thrombus occurs
when a polymer fibrin is excessive and it is formed
under slower blood flow, quite rapidly to stop bleeding
from large vessels. Consequently, the hypometabolic
states, characterized by long periods of immobility,
decreased rate of respiration and HR, low blood flow
velocity and repeated cycles of torpor-rewarming (in
hibernating animal) should facilitate the activation of
procoagulation processes owing to their specificity.
However, as discussed by K.L. Drew ef al. [12], in
true hibernators (ground squirrels), being in natural
hibernation, the blood clot is formed extremely rare in
vitro, but even if it is formed though, its structure is
much worse, the size and density are less than in cold-
adapted euthermic ground squirrels. Red blood thrombus
results from a drastic predominance of coagulation over
agglutination, under rapid blood coagulation and slow
blood flow, for example, under stasis, or if no new blood
platelets come into blood. A massive platelet clearance
from blood-stream (up to 96%) prevents a pronounced

Puc. 3. TkaHb mnokapga xomsika npu EI'M: D — npusHaku
anctpodpum; PS — nepuBackynspHoe npocTpaHcTBo; IS —
MHTEpCTMLMANbHOE NPOCTPAHCTBO; CTpPenkamMu ykasaHbl
AApa KapAMOMMUOLMTOB Ha PasfuyHbIX CTagus HeKpo-
O61o3a (kapronunkHO3, kapuopekcuc, kapuonuamc). Okpac-
Ka remMaTtoKCUIIMHOM U 303MHOM.

Fig. 3. Myocardial tissue of hamster at NHM: D is dystrophy
signs; PS is perivascular space; IS defines interstitial
space; arrows indicate cardiomyocyte nuclei at different
necrobiosis stages (karyopyknosis, karyorhexis, karyo-
lysis). H&E staining.
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BBI3BIBAIOIINE 00TYpalliy HEKATMIIISIPHBIX COCY/IOB.
Benbrit TpoM6 MOkeT 00pa30BBIBATHCS MPH OBICTPOM
KpOBOTOKE M 3(PPEKTUBEH TOIBKO ISl OCTAHOBKH
KallWJUIIPHOTO KpoBoTeueHus. KpacHelil (koarys-
LMOHHBIIN ) TPOMO 00pazyeTcs mpHu U30BITKE OIUMEp-
Horo (pubpuHa u hopmMupyercs pu O60JIee MeUICHHOM
KPOBOTOKE OBOJIBHO OBICTPO (sl MpeKpalleHHsI
KPOBOTEUEHHSA U3 KPYIHBIX cocynoB). CrienoBaresibHo,
THITOMETa00JINYEeCKHe COCTOSIHUS, JIJISl KOTOPBIX Xa-
PaKTepHBI JITUTENbHBIC TIEPUOJIbI HETIOIBHKHOCTH,
cHIKEeHHOTOo puTMa Jisixanust 1 YCC, HU3K0M CKOPOCTH
KPOBOTOKA M TIOBTOPSAIOLIHECS IIUKIIBI TOPIIOP-OTOTPEB
(y ruGepHHpYIOMNX KUBOTHBIX) B CHITy CBOEH crie-
IU(UIHOCTH JOJDKHBI CIIOCOOCTBOBATH aKTHUBAIUH
MIPOKOATrYJSIIMOHHBIX MpoleccoB. OHAKO, KaK 00CyX-
naercs B padbore K.L. Drew u coaBr. [23], y HICTUHHBIX
rHOEpPHATOPOB (CYCINKOB), HAXOSIIMXCS B COCTOSHUH
€CTEeCTBeHHOW rubepHanuu, in vitro cryctok (clot)
KpOBH 00pasyeTcst KpaitHe Peiko, OHAKO, €CIIU OH BCe-
xe chOopPMHUPOBAJICS, TO OH 3HAYUTEIBLHO XYKE CTPYK-
TYypUpPOBaH, €r0 pa3Mep U INIOTHOCTh MEHBIIIE, YEM Y
9YTEPMHBIX CYCIHMKOB, aJallTUPOBAHHBIX K XOJIOMY.
Kpacublit TpoMO 00pasyercst B pe3ylbTaTe pe3Koro
rpeo0iaanus KoaryysIuy HaJl ar II0THHALMEH, TIPU
OBICTPOM CBEPTHIBAHUU KPOBU U MEUICHHOM KpO-
BOTOKE, HAIIpUMep, MIPH CTa3e WU €CIU B KPOBb HE
[IOCTYNAI0T HOBBbIE TpoMOouuThl. [Ipu rubepHanyn
BBIP@XEHHOMY TPOMOOOOpPa30BaHMIO MPEISTCTBYET
MacCHPOBaHHBIA BBIXOA TPOMOOILMTOB U3 KPOBSIHO-
ro pycaa (10 96%), HO ocTaBIIMECS B KPOBU TPOM-
OOLUTHI COXPAHSIOT CBOU cBoWcTBa. Takas TpoMm-
Oonenust odpatuMa u, kak nonaraioT E.L. de Vrij u
coaBt. [19], cBsa3ana ¢ magenueM TT u He sBIAETCS
CJIEZICTBUEM CHMKEHHS METa00IMYECKON aKTHBHOCTH.

Kpowme Toro, B.® Koznosa u T.H. FOpuenko [4] y
rHOCPHUPYIONINX CYCIMKOB TAK)KE OTMEUAIOT CHUKE-
HUE CBEPTHIBAEMOCTH KPOBH U 3aMeJIJICHHE KPOBOOO-
paleHus, peayKInuio reMOMUKPOIUPKYISITOPHOTO
pycia Muokapaa. Ha cTpykTypHOM ypOBHE yCTaHOB-
JICHbI CXOAHbIE C BBIABJICHHBIMM HaMU B MHOKap/e
y KpbIC M XOMSIKOB IIPH THIIOMETA00INYECKUX COC-
TOSIHUSIX OCOOEHHOCTH, a2 UMEHHO: JiereHepaTHBHO-
aucTpoduueckue n3MEHEHHs TKaHH MUOKap/1a; THIepe-
MUSI KPYITHBIX COCYIOB € XapaKTEPHBIM LIEHTPAJIbHBIM
PacToiI0KEHHEM 3PUTPOLMTOB; KapJUOMHUOLMTHI C
KPYIHBIMU CBETJIBIMHU siipamMu (BEPOSTHO, CTAIUH
KapuOpeKcuca ¥ KapHoIn3Huca).

Uepes 2 1 mocne Beixona uz UI'M B muokapmae y
XOMSIKOB M KPBIC (pHC. 4 11 5) BBIABIICHBI apTepraIbHas
W BEHO3HAs THIIEPEMUSs, TPOMOBI B COCY/Aax, sapa
KapJIMOMUOIIMTOB Ha PAa3HBIX CTAIMIX Pa3pylICHUS,
MIPU3HAKU AUCTPO(YUIESCKUX U3MEHEHUH; YBEINYECHUE
MIEPUBACKYIISIPHBIX X HHTEPCTULMAIBHBIX POCTPAHCTB.
Ha »Tom sTamne B TKaHM MHOKapa KPBIC TAKXKe OIpe-
JeJSUIMCH Oe3bsiiepHasi 30Ha (30Ha HEKpO3a) U Ipu3Ha-
KM, BEPOSITHO, aJIETEPATUBHOTO U HHTEPCTHLUAIEHOTO
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thrombosis during hibernation, but remained in blood
platelets preserve their properties. This thrombocy-
topenia is reversible and E.L. de Vrij et al. [8] believe
it to be associated with the Tb fall and not result from
reduced metabolic activity.

In addition, V.F. Kozlova and T.N. Yurchenko [20]
also noted a decrease in blood coagulability and blood
flow deceleration, reduction of myocardial hemo-
microvascular bed in hibernating ground squirrels.
Atstructural level werevealed the similar peculiarities
in rat and hamster myocardium under hypometabolic
states, such as: degenerative and dystrophic changes
in myocardial tissue; hyperemia of large vessels with
a distinctive central location of erythrocytes; cardio-
myocytes with large light nuclei (karyorhexis and
karyolysis stages, probably).

Two hours later arousal from AHM in hamster and
rat myocardium (Figs. 4 and 5) we revealed arterial
and venous hyperemia, blood thrombi in vessels, nuclei
of cardiomyocytes at different stages of destruction;
signs of dystrophic changes; increased perivascular
and interstitial spaces. At this stage in rat myocardial
tissue we have also found a nuclear-free zone (necrosis
zone), and the signs of probably alterative and interstitial
inflammation (Fig. 5), cardiomyocytes with large nuclei,
being the sign of myocardial hypertrophy. This fact
may be confirmed by the revealed by us increased
content of total protein in rat heart tissue 2 hrs later
arousal from AHM (Table). Of note is the fact that
the total protein content in tissues correlated well with
corresponding changes at a structural level. A similar
feature was also observed when studying histological
pattern in rat and hamster neocortex and hypothalamus
under hypometabolic states [22]. D. Devici et al. [9]
demonstrated the response to cooling in rats to be
formed by hypertrophic type, and in hamsters by
atrophic one. Myocardial hypertrophy is a compen-
satory-adaptive response, associated with a prog-
rammed response of all cell types, including cardio-
myocytes. In histogenesis of cardiac muscle tissue no
cambium occurs, therefore the regeneration of tissue
proceeds on the basis of intracellular hyperplastic
processes. The cardiomyocytes are known to be ter-
minally-differentiated cells with an extremely limited
capability to mitosis. However, the mammalian, primate
and human cardiomyocytes are often polyploid. In
addition, various kinds of stress, as well as the effect
of extreme factors may stimulate both hypertrophy and
proliferation of cardiomyocytes. Herewith the activation
of DNA synthesis in cardiomyocytes may result in
multinuclear cell formation [14, 32].

It should be noted that the found by us white gra-
nulation in cardiomyocytes 2 hrs after arousal from
AHM (Figs. 4 and 5), except granular dystrophy signs,
when the protein exchange and enzyme functioning
are disordered, may also testify to the accumula-
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BOcIaneHus (puc. 5), KapIUOMHUOITUTEI C OOJBIITUMHU
SIAPaMH, 4TO SBJISIETCS MPU3HAKOM THIEPTPOPUH
Muokapnaa. [loarBepxkaeHrneM 3TOMy MOXKET ObITh
BBISIBJICHHOE HAMU YBEJIMUEHUE COJIEPIKAaHUS 00IIIEro
MIPOTEHHA B TKaHW CEpla y KpPbIC uepe3 2 4 mocie
Bbixoga u3 UI'M (tabnuma). CrexyeT OTMETUTb, U4TO
coJep)kaHue OO0ILero MpoTerHa B TKAHAX XOPOLIO
KOpPPETUPYET C COOTBETCTBYIOIIMMHU U3MEHEHHUSIMH Ha
CTPYKTYpHOM ypoBHe. CxoqHast 0COOCHHOCTh Oblia
OTMEUYEHA W TPU HCCIEIOBAHUU THCTOIOTHYECKON
KapTUHBI B HEOKOPTEKCE U THIOTAJaMyCe KPbIC U
XOMSIKOB TIPH TUTIOMETA0OTNIECKUX COCTOSHHUSIX [6].
B pa6ore D. Devici u coast. [20] ObU10 HOKa3aHo,
YTO OTBETHAS PEAKIIMS Ha OXJIAXKJCHHE Y KpbIC (hop-
MUPYETCS 10 THIIEPTPOPUISCKOMY THITY, & Y XOMSIKOB —
o arpoduueckomy. ['mneprpodust Muokapma — 3To
KOMITEHCATOPHO-TIPUCIIOCOOUTENIbHASL PEaKIusl, CBsI-
3aHHasl C 3aIPOrPaMMHUPOBAHHBIM OTBETOM BCEX THUTIOB
KJIETOK, BKJIFOUas KapJUOMHOIUTHI. B rucrorenese
CEpIeYHON MBIIIIEYHON TKaHH KaMOUIl He BO3HUKAET,
[IO3TOMY pereHepanusi TKaHu MPOTEKaeT Ha OCHOBE
BHYTPUKJIETOUHBIX THIEPILIACTUYECKUX IPOIIECCOB.
N3BeCTHO, YTO KapAMOMHUOIUTHI SIBJISIIOTCS TEPMH-
HaIILHO-TU PG EepeHIIMPOBAHHBIMU KIIETKAMU C KpaliHe
OTPAaHMYEHHOHN CIOCOOHOCTHIO K MUTO3y. BmecTe
C TeM ISl KapJAMOMHOILIMTOB MJICKOTIMTAIOIINX, TIPH-
MaTOB M YeJIOBEKa XapaKTEePEeH IMPOLECC MOIUILION-
mu3anuu. Kpome Toro, pa3nuyuHbie BUIBI CTpecca, a
TaKXKe BJIHMSHUE DKCTPEMaIbHBIX (DAKTOPOB MOTYT
CTUMYJIIPOBATh KaK THIEPTPOUIO0, TaKk U npoiude-
pamuio KapJuoMuouToB. [Ipu 3TOM akTHBaNKs CHH-
te3a JJHK B kapauoMuonuTax MOMKET NPUBOAUTH K
00pa30BaHHUIO MHOTOSIJIEPHOH KieTku [12, 25].
Crenyer OTMETHTH, YTO BBISIBJICHHAS HAMU Oeast
3epHHUCTOCTh B KapJHOMHUOIIUTAaX 4epe3 2 4 mocie
Boixoza u3 UI'M (puc. 4, 5), Kpome Mpr3HAKOB 3epHHIC-
TOU AUCTPOGUH, KOTIIa HAPYIIACTCsl O0OMEH ITPOTEHHOB
1 (QYHKIIMOHUPOBAHME SH3UMOB, MOXKET TAKXKE yKa-
3bIBaTh HAa HAKOIUICHUE MPOTEUHOB MPHU (DU3HOIOTH-
yeckoM ux cuHTese. Tak, [.®. XKerynoeim [3] ObL110
YCTaHOBJICHO, YTO MHTEHCUBHOCTh CUHTE3a ITPOTEHHA
y THOCPHUPYIONIUX CYCJIMKOB CHU)KACTCS Ha J[Ba
MOpsIJIKa, HO YK€ Ha HayalbHBIX dTamax BBIXOJA U3
CIISTYKH 110 Mepe BoccTaHoBieHus TT ckopocTs cuHTe3a
MIPOTEUHOB yBEIMYUBAETCS B pa3bl. KpoMe Toro, BO
BpeMsi THOEpHAIINU U OCOOCHHO TIPU MPOOYKICHHUH B
MHUOIIUTaX CepAlla CYyCIMKOB HapsIy ¢ OCHOBHBIMHU
MPOTEUHAMU AKTUBUPYETCS CHHTE3 M HEKOTOPBIX
cnenududeckux nporenHoB. [Ipu mccnegoBaHun
YPOBHSI 00I1IEr0 MPOTEHHA B TKAHU MUOKAP/1a JKUBOT-
HbIX 1npyu ['M Hamu He ObLIO BBISIBJICHO 3HAYUMBIX
W3MEHEHHI, 4TO, BO3MOXKHO, OOBsCHSIETCS cOanaH-
CHPOBaHHOCTBIO POLIECCOB CHMHTE3a U pacnaza. OxHa-
KO Ha paHHEM 3Tare BoccTaHoBieHus nociae UT'™M
(uepes 2 1) JaHHBIN TOKA3aTeIb OB MOBBIILICH KaK Yy
kpeic (Ha 50%), Tak 1 y XoMsaKoB (Ha 35%) (Tabmuia).

Puc. 4. TkaHb Mnokapga xomsika yepes 2 4 nocrie UIMM:
D — npusnaku guctpodun; T — Tpomb; cTpenkamu ykasaHbl
A4pa KapaAMOMUOLMTOB Ha pasfnMyHbIX CTagusi HEKpo-
Oro3a (kapunomnuKHO3, Kapuopekcuc, kapmuonumauc). Okpac-
Ka remMaTtoKCUIIMHOM U 303MHOM.

Fig. 4. Myocardial tissue of hamster 2 hrs after AHM: D is
dystrophy signs; T is blood thrombus; arrows indicate
cardiomyocyte nuclei at different necrobiosis stages
(karyopyknosis, karyorhexis, karyolysis). H&E staining.

Puc. 5. TkaHb Munokapga kpbicbl Yepes3 2 4 nocne UIM:
D — npusHaku guctpodun; T — Tpomb; cTpenkamu ykasaHbl
aapa KapaAnOMUOLMTOB Ha PasfiMYHbIX CTaaus HEeKpo-
O1o3a (KapuonnKHO3, kKapuopekcuc, kapuonuauc). bensim
KOHTYpOM 06BefieHbl KpyMnHble siapa B kapavoMuountax).
Okpacka reMaToOKCUITMHOM U 303UHOM.

Fig. 5. Myocardial tissue of rat 2 hrs after AHM: D is dys-
trophy signs; T is blood thrombus; arrows indicate cardio-
myocyte nuclei at different necrobiosis stages (karyo-
pyknosis, karyorhexis, karyolysis). White outlined large
nuclei in cardiomyocytes. H&E staining.

tion of proteins under their physiological synthesis.
For example, G.F. Zhegunov [39] established the fact
that the intensity of protein synthesis in hibernating
ground squirrels reduced by two orders, but even
at the early arousal stages with the recovery of TB,
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Panee namu ycranoBieHo, uto kak npu MUI'M, Tak u
Ha JTarmax BOCCTAHOBICHUA (depe3 2 u 24 49 mocie
BBIXOJ/Ia M3 TUIIOMETa00JIMYECKOTO COCTOSHUS) B
TKAHU CEPJILia KPBIC MPOUCXOIUT aKTUBALUS pEaKUi
OTPAaHUYCHHOI'0 MPOTEOJIN3a — MOBBINICHUE 00IIeH
MIPOTEOIMTHYECKON aKTUBHOCTH B Pa3bl (0COOCHHO ue-
pe3 2 4) [11]. BeposiTHO, Takast akTUBAIHS POTEHHA3
CIOCOOCTBYET OCYIIIECTBICHUIO HEOOXOAMMBIX TIepe-
CTPOEK B TKaHU MUOKapaa kpbic ipyu UI'M, mockoinbKy
cepaIe MpHu BXOJE M BBIXOJIE M3 TMIIOMETabon-
YECKOTO COCTOSIHUS MPETEepPIIeBaeT MaKCUMAIbHBIC
Harpy3ku. B To jke BpeMs y XOMSIKOB IpH rHOepHa-
MY aKTUBAIIVSI IPOTEHHA3 B TKAHH cepIiia He Habio-
nmanace [5].

Uepes 24 9 y XOMSIKOB MOCTIE BBIXOJA U3 UCKYCCT-
BEHHOTO M €CTECTBEHHOTO rHIiomMeTadoim3ma (puc. 6, 7)
B MUOKapJ€ COXPaHSIOTCS TUIIEPEMUS COCYIIOB, YBE-
JIMYECHUE MEPUBACKYIISIPHBIX U MUHTEPCTULUATBHBIX
MIPOCTPAHCTB, MPU3HAKH TUCTPOPUN KapAUOMHUOITUTOB,
OOJIBITIIOE KOJMYECTBO siJIEp Ha BCEX CTAJUAX HEKPO-
Onoza. Y xomsikoB 4epe3 24 u nocie EI'M oOHapy-
JKEHBI TPOMOBI B COCYy/ax, 0e3biIepHbIC 30HBI HEKPO-
3a (puc. 7). Y xpsic gepes 24 1 mocne UI'M runepemust
cocyioB Oblia 0oJice BBIpaKEHA, YBEINYCHHUE TIEPU-
BaCKYJIIPHBIX IIPOCTPAHCTB U MPU3HAKU JTUCTPODUN
COXPAaHSUTUCh, HAOJFOAJICS CTa3 B KaIMJLIsIpax, TPOMObI
B cocynax (puc. 8).

Takum 00pa3oMm, Ha BCeX ATarax HAOIIONEHUS y
reTepo- ¥ TOMOHOTEPMHBIX )KHBOTHBIX B THIIOMETa00-
JINYECKOM COCTOSIHUM B CTPYKTYpE MUOKAp/a BbISIB-
JIIIOTCSI CYIIECTBEHHBIE U3MEHEHUS, MPOSBISIOIINE-
Ci B YBEJIUUYCHUHU B KapAUOMHOIIMTAX KOJIMYECTBA
s,Iep, HAXOMSAIIUXCS Ha Pa3HBIX CTaIUIX HEKPOOHo3a,

YpoBeHb 06Lero npotenHa (MKr/Mn) B TkaHW cepaua
npu UCKYCCTBEHHOM runomeTabonuame, (M + m)

Total protein level (Lg/ml) in heart tissue at artificial
hypometabolism, (M £+ m)

Bup »uBoTHOrO
Animal
Ycnosua QKCNnepumMmeHTa I
Experimental conditions
Kpbica XowmsAk
Rat Hamster
Kgg;ﬂ’f;‘lb 2,669 + 0,931 1,249 + 0,096
chl 2,512 + 0,91 1,414 + 0,391
A2 4,013 + 0,925* | 1,698 + 0,138*
A 2,814 + 0,95 2,01 + 1,182
MpumeyaHue: * — pa3nuunst 3HaYUMbl MO CPABHEHWUIO C KOHT-

ponewm, p < 0,05.

Note: * — differences are significant as compared to the control,
p < 0.05.
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Puc. 6. TkaHb Mnokapga xomsika 4epes 24 4 nocne UIM:
PS — nepuBackynspHoe npocTpaHCcTBO; IS — nHTep-
cTuumanbHoe npoctpaHcTBo; T — TpoMb; cTpenkamu
ykasaHbl sapa KapAMOMUOLMTOB Ha pasfUYHbIX CTaausi
Hekpobuno3a (KapuvOMnuKHO3, KapuopeKcuc, Kapmomnmauc).
Okpacka remMaTtoKCUIIMHOM U 303MHOM.

Fig. 6. Myocardial tissue of hamster 24 hrs after AHM: PS
is perivascular space, IS defines interstitial space; T is
blood thrombus; arrows indicate cardiomyocyte nuclei at
different necrobiosis stages (karyopyknosis, karyorhexis,
karyolysis). H&E staining.

the rate of protein synthesis increased significantly.
Moreover, during hibernation and especially arousal
in ground squirrel heart myocytes along with the main
proteins the synthesis of certain specific proteins is
activated as well. When studying the total protein level
in myocardial tissue of animals at HM we have not
found any significant changes that might be due to a
balanced state of synthesis and decay. However, at
an early recovery stage after AHM (2 hrs later), this
index was increased both in rats (50%) and hamsters
(35%) (Table).

Previously, we established the fact, that both under
AHM, and at the recovery stages (2 and 24 hrs after
arousal from hypometabolic state) in rat heart tissue
there was occurred the activation of limited proteolysis
reactions: a multifold increase in total proteolytic acti-
vity (especially 2 hrs after AHM) [33]. This activation
of proteases probably contributes to implement the
necessary rearrangements in rat myocardial tissue
under AHM, since the heart undergoes the maximum
loads when entering and arousal from the hypome-
tabolic states. At the same time in hamsters during
hibernation no proteinase activation in cardiac tissue
was observed [21].

In hamsters 24 hrs after arousal from artificial and
natural hypometabolism (Figs. 6 and 7) the vascular
hype-remia, increased perivascular and interstitial
spaces, signs of cardiomyocyte dystrophy, a large
number of nuclei at all the stages of necrobiosis, are
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Puc. 7. TkaHb MrMokapaa xoMmsika yepes 24 4 nocrne EMM:
D — npusHaku guctpocpun; T — Tpomb; IS — nHTEpcTu-
uManbHoOe MPOCTPaHCTBO; CTpenkaMu ykasaHbl sgpa
KapAWOMMOUMTOB Ha pasnu4YHbiX cTagumsa Hekpobuosa
(kapuonukHo3, kapuopekcuc, kapuonuauc). Okpacka
remMaToKCUITMHOM U 303VHOM.

Fig. 7. Myocardial tissue of hamster 24 hrs after NHM: D is
dystrophy signs; T is blood thrombus; IS defines interstitial
space; arrows indicate cardiomyocyte nuclei at different
necrobiosis stages (karyopyknosis, karyorhexis, karyolysis).
H&E staining.

TTOSIBJICHU Y JICTCHEPATUBHO-TUCTPOPHUECKUX H3MECHE-
HUH B KapAMOMHOIMTAX, THIIEPEMHH COCYI0B 1 00pa-
30BaHUU B HUX TPOMOOB.

W3BecTHO, 4TO JUIsi 0OEcrieueHus roMeocrasa u
HOPMAaIbHOM KU3HEIEATEIbHOCTH OpraHu3Ma nporec-
ChI HEKpOOMO03a M arornTo3a MPOTEKAIT B KIETKaX
HEMPEPBIBHO, & UX aKTHBAIIHS CIIOCOOCTBYET CTUMY-
TSN (PU3UOTIOTUYECKON PereHEPaIHH.

[To-BunmMOMYy, BBISIBICHHBIE HAMH H3MEHCHUS
MOTYT OTpa)kaTh pa3audHbie (a3bl QyHKIMOHATBLHON
AKTUBHOCTH CEpAIla, CTPYKTYPHBIX MEPECTPOCK U
MeTabOMNIECKUX MPOIIECCOB B TKAHU MUOKapaa u
KapIUOMHUOITUTAX KPBIC M XOMSKOB IPH THIIOMETa-
00JINYECKUX COCTOSIHUSIX, YTO B KOHEYHOM MTOTE
o0ecrnevrnBaeT BEDKHBAEMOCTh OpTaHH3Ma B IEJIOM.
[TockonbKy U3BECTHO, UTO Y TETEPO- U Y TOMOMOTEPMHBIX
JKUBOTHBIX CEpJIll€ MPEeTEepPreBacT MaKCUMaJbHbIE
Harpy3Kd IpH TOTPYKEHHH B THIIOMETa00JIN3M, a
taxoke Ha ATane BocctaHoBieHuss YCC u TT nist Hop-
MaJTU3aIuK CBOeH (pyHKIIMOHAIBHON aKTUBHOCTH TTOCTIE
BBIXOJIa M3 THUIIOMETA0OJIMIECKOTO COCTOAHNUSA (depes
2 u 24 u).

OnHako creyeT OTMETHTD, 9TO YKa3aHHbIE JeCTPyK-
THBHBIE U3MEHEHUS B TKAHW MHUOKap/a u depe3 24 1
COXpaHsIIUCh B MOJHOM 00beme. bonbiias yacth
BBISIBJIEHHBIX U3MEHEHUM 11ociie BocctaHoBieHus TT
Y HOpMaJIM3aIK KPOBOOOPAIIEHUS 00paTUMBbI M HOCST
KOMITEHCATOPHO-TIPUCTIO COOUTENBHBIN XapakTep.
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Pwuc. 8. TkaHb Muokapga kpbicbl yepes 24 4 nocne UIM:
T — Tpomb6; IS — MHTepcTMUManbHOE NMPOCTPAHCTBO;
cTpenkamu ykasaHbl sigpa KapaouoMWOLMTOB Ha pas-
NIMYHBIX cTagusa Hekpobumosa (KapuMomnmMKHO3, Kapuo-
pekcuc, kapuonuauc). Okpacka remaTOKCUIIMHOM U
903MHOM.

Fig. 8. Myocardial tissue of rat 24 hrs after AHM: T is blood
thrombus, IS defines interstitial space, arrows indicate
cardiomyocytes nuclei at different necrobiosis stages
(karyopyknosis, karyorhexis, karyolysis). H&E staining.

preserved in myocardium. In hamsters 24 hrs after
NHM we revealed blood thrombus in vessels, nuclear-
free zones of necrosis (Fig. 7). In rats 24 hrs after
AHM the vascular hyperemia was more pronounced,
increased perivascular spaces and signs of dystrophy
were kept, stasis in capillaries, thrombi in blood vessels
were observed (Fig. 8).

Thus, at all the observation stages in hetero- and
homeothermic animals under hypometabolic states
there were revealed significant changes in myocardial
structure, manifested by an increased number of nuclei
in cardiomyocytes, being at different stages of necro-
biosis, the appearance of degenerative and dystrophic
changes in cardiomyocytes, vascular hyperemia and
blood thrombus formation in them.

It is known that to provide homeostasis and a bo-
dy’s normal vital activity the necrobiosis and apoptosis
proceed in cells continuously, and their activation
contributes to a stimulation of physiological regene-
ration.

The changes we revealed might apparently reflect
different phases of functional activity of heart, struc-
tural rearrangements and metabolic processes in myo-
cardial tissue and cardiomyocytes in rats and hamsters
under hypometabolic states, that finally provides an
organism’s survival in a whole. Since in hetero- and
homeothermic animals the heart undergoes the maxi-
mum loads during entering hypometabolism and at the
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BoiBoabI

IIpu nocruxenuu cocrostHust UI'M 3HauuTENBHO
camkanack TT (y xpsic 10 (17 + 1)°C, y XOMSKOB J10
(16 £1)°C) u 3amemsznace UCC (y kpsoic a0 (99 + 20)
yIapoB/MUH, Y XOMSKOB 10 (66 + 16) ynapoB/mMuH).
[Ipu EI'M y xomsixkoB TT cumxkanace go (8 = 1)°C,
YCC — no 5-13 ynapos/mMuH.

Ha cTpykTypHOM YpOBHE B TKAaHH MHOKap/a Npu
Pa3BHUTHHU KaK €CTECTBEHHOTO, TaK U NCKYCCTBEHHOTO
rUnoMeTadbosn3Ma OTMEYAINCh CXOJHBIE N3MEHEHUS:
TUTepeMusi BEH, apTepUid U KallWUIIpOB, TPOMOBI B
KPYIHBIX COCY/IaX, yBeINYCHNE IEPUBACKYIISPHBIX U
MHTEPCTUITNATFHBIX IPOCTPAHCTB, MPU3HAKN 3epHHUC-
TOM, THAPONUYECKON U THATTMHOBO-KaNeJIbHON JUCTPO-
¢uii, mosiBIeHNE B KapAHMOMHUOLUTAX OOJBLIOTO
KOJIMYECTBA SIACP Ha PasHBIX CTaausAX HEKpoOHo3a
(KapuONMKHO3a, KapHopeKcHca U Kkapuonusuca). Kpome
TOTO, Y KpbIC uepe3 2 4 nocie Beixonaa u3 MI'™ obOHa-
PYKHBAIMCH KapIMOMHOLUTHI C OONBLIMMH SAPaMH,
YTO SIBJISIETCS NMPU3HAKOM THIEPTpoPHUH MHOKapJa.
OTMedeHHbIe U3MEHEHHS COXPaHsINCh U 4yepe3 24 4
OCTI€ BBIXOZA )KUBOTHBIX M3 THIIOMETa00IM3Ma.

JanpHeiinme nccienoBanus OyayT HallpaBIeHbI HA
M3y4YeHHE CTPYKTYPHBIX n3MeHeHni B TKaHax [LIHC u
nepuQepruyecKux OpraHoB MPHU HCKYCCTBEHHOM H €C-
TECTBEHHOM THTIOMETA00IU3ME Y TETepO- H TOMOMO-
TEPMHBIX KHBOTHBIX.

Aemopul svipadicarom 01a200apHOCMb CHILH.C., K.M.H.
U . Kounoakosy 3a KOHCYIbMAMUBHYIO NOMOWb NPU
uoeHmuukayuu cmpyKmypHvixX UsMeHeHull 6 MmKaHU
Muoxapod.
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HR and TB recovery stage as well to normalize its
functional activity after arousal from hypometabolic
state (2 and 24 hrs later). However, it should be noted
that the mentioned destructive changes in myocardial
tissue even 24 hrs after hypometabolism were comple-
tely preserved. Most of the revealed changes after
TB recovery and blood circulation normalization are
reversible, having compensatory and adaptive nature.

Conclusions

When achieving the AHM state the TB signifi-
cantly reduced (in rats and hamsters down to (17 + 1)
and (16 £ 1)°C, respectively), and HR decelerated (in
rats and hamsters down to (99 + 20) and (66 + 16)
beats/min, respectively). Under NHM in hamsters the
TB and HR decreased down to (8 + 1)°C and 5-
13 beats/min.

At a structural level in myocardial tissue under
development of both natural and artificial hypometa-
bolism there were noted the similar changes such as:
hyperemia of veins, arteries and capillaries, blood
thrombi in large vessels, increased perivascular and
interstitial spaces, features of granular, hydropic and
hyaline-drop dystrophies, the appearance in cardio-
myocytes of a large number of nuclei at different stages
of necrobiosis (karyopyknosis, karyorhexis and karyo-
lysis). In addition, in rats 2 hrs later AHM there were
revealed the cardiomyocytes with large nuclei, being
a sign of myocardial hypertrophy. The noted changes
persisted 24 hrs after animal arousal from hypome-
tabolism.

Further researches will be directed to study the
structural changes in tissues of CNS and peripheral
organs under artificial and natural hypometabolisms in
hetero- and homeothermic animals.

The authors gratefully acknowledge 1.1. Kondakov,
senior research fellow, Ph.D. for assisting in identification
of structural changes in myocardial tissue.

References

1. Bayevsky R.M., Ivanov G.G. Heart rate variability: theoretical
aspects and clinical application. Moscow; 2000.

2. Barros R.C. H., Abe A.S., Carnio E.C., Branco L.G.S. Regulation
of breathing and body temperature of a burrowing rodent during
hypoxic-hypercapnia. Comp Biochem Physiol A Mol Integr Physiol.
2004; 138(1): 97-104.

3. Blackstone E., Morrison M., Roth M.B. H,S induces a suspended
animation-like state in mice. Science 2005: 308(5721): 518.

4. Bouna H.R., Verhaag E.M., Otis J.P. et al. Induction of torpor:
mimicking natural metabolic suppression for biomedical applications.
J Cell Physiol 2012; 227(4): 1285-1290.

5. Bradford M.M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 1976; 72(7): 248-254.

319



9. ®usnonoruns kpooobpalleHns. Pusnonorusa kposu. Cepus:
«PykoBoacTtBo no cdumanonorumny. — J1.: Hayka, 1980. — 598 c.

10.lUnno O.B. 3miHa akTUMBHOCTI cepusi NpU LWTYYHOMY Fino-
meTaboniyHoMy cTaHi i BUXOAi 3 HbOro y ribepHyw4nx i
HeribepHytounx TBapuH // HaykoBuin BicHuk HAY. — 2008. —
Ne126. — C. 81-87.

11.Wwnno A.B., Nlomako B.B., CamoxuHa J1.M., Babuiuyk I A.
AKTUBHOCTb NPOTEUHAa3 U UX UHIMOUTOPOB MPU UCKYCCTBEH-
HOM runomeTabonmyeckoM cocTosiHumM y kpbic // Mpobnemsl
kpnobuonorun. — 2004. — Ne2. — C. 17-27.

12.WnsxTo E.B., Bokepus J1.A., PoibakoBa M.I. n ap. KnetouHble
acnekTbl naTtoreHesa runepTpoduryeckon kapamoMmonaTu:
ponb MONUNAOVMAMN KapAMOMUOLMTOB M akTUBaLuu B MMWO-
Kapae siAepHoro aHTureHa nponudepuvpytowlen knetku // Lin-
Torornsi. — 2007. — T. 49, Ne10. — C. 817-823.

13.Barros R.C.H., Abe A.S., Carnio E.C., Branco L.G.S. Regulation
of breathing and body temperature of a burrowing rodent
during hypoxic-hypercapnia // Comp. Biochem. Physiol. Part
A: Molecular & Integrative Physiology. —2004. — Vol. 138, Ne1. —
P. 97-104.

14.Blackstone E., Morrison M., Roth M.B. H,S induces a suspended
animation-like state in mice // Science. — 2005. — Vol. 308,
Ne5721. — P. 518.

15.Bouna H. R., Verhaag E. M., Otis J. P. et al. Induction of Torpor:
Mimicking Natural Metabolic Suppression for Biomedical Appli-
cations // J. Cell. Physiol. — 2012. — Vol. 227, Issue. 4. — P. 1285-1290.

16.Bradford M.M. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding // Anal. Biochem. — 1976. — Vol. 72, Ne7. —
P. 248-254.

17.Carey H.V., Andrews M.T., Martin S.L. Mammalian hiber-nation:
Cellular and molecular responses to depressed meta-bolism
and low temperature // Physiol Rev. — 2003. — Vol. 83, Ne4. —
P. 1153-1181.

18.Chatfield P.O., Lyman C.P. Circulatory changes during process
of arousal in the hibernating hamsters // Am. J. Physiol. —
1950. — Vol. 163, Ne3. — P. 566-574.

19.de Vrij E. L., Vogelaar P. C., Goris M. et al. Platelet Dynamics
during Natural and Pharmacologically Induced Torpor and Forced
Hypothermia // PLoS One. — 2014. — Vol. 9, Ne4. — e93218.

20.Deveci D., Egginton S. Differing mechanisms of cold-induced
changes in capillary supply in m. tibialis anterior of rats and
hamsters // J. Experim. Biology. — 2002. — Vol. 205, Ne6. —
P. 829-840.

21.Dikic D., Heldmaier G., Meyer C.W. Induced torpor in different
strains of laboratory mice. In: Hypometabolism in Animals:
Torpor, Hibernation and Cryobiology / Ed. by B.G. Lovegrove,
A.E. McKechnie. — Pietermaritzburg: University of KwaZulu-
Natal, 2008. — P. 223-230.

22.Dickson B.A. Venous Thrombosis: On the History of Virchow’s
Triad // University of Toronto Medical Journal. —2004. —Vol. 81,
Ne3. — P. 166-171.

23.Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adapatations in hibernation: therapeutic implications for ische-
mia-reperfusion, traumatic brain injury and neurodegenerative
diseases // Free Radic. Biol. Med. — 2001. — Vol. 31, Ne5. —
P. 563-573.

24 Eagles D.A., Jacques L.B., Taboada J. et al. Cardiac arrhy-
thmias during arousal from hibernation in three species of ro-
dents // Am. J. Physiol. Regulatory Integrative Comp. Physiol. —
1988. -— Vol. 254, Ne1. — P. 102—-108.

25.Field L. Modulation of the cardiomyocyte cell cycle in ge-
netically altered animals // Ann. N.-Y. Acad. Sci. — 2004. —
Vol. 1015. — P. 160-170.

26.Heldmaier G., Ortmann S., Elvert R. Natural hypometabolism
during hibernation and daily torpor in mammals // Respir. Physiol.
Neurobiol. — 2004. — Vol. 141, Ne3. — P. 317-329.

27.Horwitz B.A., Chau S.M., Hamilton J.S. et al. Temporal
relationships of blood pressure, heart rate, baroreflex function,
and body temperature change over a hibernation bout in Syrian

320

6. Carey H.V., Andrews M.T., Martin S.L. Mammalian hibernation:
cellular and molecular responses to depressed metabolism and
low temperature. Physiol Rev 2003; 83(4): 1153—-1181.

7. Chatfield P.O., Lyman C.P. Circulatory changes during process of
arousal in the hibernating hamsters. Am J Physiol 1950; 163(3):
566-574.

8. de Vrij E.L., Vogelaar P.C., Goris M. et al. Platelet dynamics during
natural and pharmacologically induced torpor and forced
hypothermia. PLoS One 2014; 9(4): €93218.

9. Deveci D., Egginton S. Differing mechanisms of cold-induced
changes in capillary supply in m. tibialis anterior of rats and
hamsters. J Experim Biology 2002; 205(6): 829-840.

10.Dickson B.A. Venous thrombosis: on the history of Virchow's
triad. University of Toronto Medical Journal 2004; 81(3): 166—171.

11.Dikic D., Heldmaier G., Meyer C.W. Induced torpor in different
strains of laboratory mice. In: Lovegrove B.G., McKechnie A.E.,
editors. Hypometabolism in animals: torpor, hibernation and
cryobiology. Pietermaritzburg: University of KwaZulu-Natal; 2008.
p. 223-230.

12.Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adapatations in hibernation: therapeutic implications for ischemia-
reperfusion, traumatic brain injury and neurodegenerative di-
seases. Free Radic Biol Med 2001; 31(5): 563-573.

13.Eagles D.A., Jacques L.B., Taboada J. et al. Cardiac arrhythmias
during arousal from hibernation in three species of rodents. Am
J Physiol 1988: 254(1): 102—-108.

14.Field L. Modulation of the cardiomyocyte cell cycle in genetically
altered animals. Ann N 'Y Acad Sci 2004; 1015: 160-170.

15.Heldmaier G., Ortmann S., Elvert R. Natural hypometabolism during
hibernation and daily torpor in mammals. Respir Physiol Neurobiol
2004; 141(3): 317-329.

16.Horwitz B.A., Chau S.M., Hamilton J.S. et al. Temporal relationships
of blood pressure, heart rate, baroreflex function, and body
temperature change over a hibernation bout in Syrian hamsters.
Am J Physiol Regul Integr Comp Physiol 2013; 305(7): R759-R768.

17 Jarsky T.M., Stephenson R. Effects of hypoxia and hypercapnia
on circadian rhythms in the golden hamster (Mesocricetus
auratus). J Appl Physiol 2000; 89(6): 2130-2138.

18.Johansson B.W. The hibernator heart-nature's model of resis-tance
to ventricular fibrillation. Cardiovasc Res 1996; 31: 826-832.

19.Kuhnen G., Wloch B., Wunnenberg W. Effects of acute hypoxia
and/or hypercapnia on body temperatures and cold induced
thermogenesis in the golden hamster. J Therm Biol 1987; 12(2):
103-107.

20.Kozlova V.F., Yurchenko T.N. Structural aspects of adaptation in
hibernators. Problems of cryobiology 1996; (3): 44-51.

21. Lomako V.V., Samokhina L.M., Shylo O.V. Effect of natural and
various artificial hypometabolism on activity of protease-protease
inhibitor system in hamsters and rats. Problems of Cryobiology
2011; 21(3): 280-290.

22.Lomako V.V., Shylo A.V. Histological picture in neocortex and
hypothalamus of homoio- and heterothermal animals under
artificial and natural hipometabolism. Probl Cryobiol Cryomed 2015;
(2): 93-103.

23.Lyman C.P., O'Brien R.C. Autonomic control of circulation during
the hibernating cycle in ground squirrels. J Physiol (Lond) 1963;
168(3): 477-499.

24 Melnichuk C.D., Melnichuk D.O. Hypobiosis of animals (molecular
mechanisms and practical implications for agriculture and
medicine). Kyiv: Publishing Center NAU; 2007.

25. Mertens A., Stied| O., Steinlechner S., Meyer M. Cardiac dynamics
during daily torpor in the Djungarian hamster (Phodopus
sungorus). Am J Physiol Regul Integr Comp Physiol 2008; 294
(2): R639-R650.

26.Milsom W.K., Zimmer M.B., Harris M.B. Regulation of cardiac
rhythm in hibernating mammals. Comp Biochem Physiol 1999;
124(4): 383-391.

27.Nielsen K., Owman C. Difference in cardiac adrenergic innervation
between hibernators and non-hibernating mammals. Acta Physiol
Scand Suppl 1968; 316: 1-30.

npo6nembl KPpMOOGMONOIrMM U KPUOMEAVLMHBDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



hamsters // Am. J. Physiol. Regul. Integr. Comp. Physiol. —
2013. — Vol. 305, Ne7. — P. R759-R768.

28.Jarsky T.M., Stephenson R. Effects of hypoxia and hyper-
capnia on circadian rhythms in the golden hamster (Meso-
cricetus auratus) // J. Appl. Physiol. — 2000. — Vol. 89, Ne6. —
P. 2130-2138.

29.Johansson B.W. The hibernator heart-nature's model of
resistance to ventricular fibrillation // Cardiovasc. Res. — 1996. —
Vol. 31. — P. 826-832.

30. Kuhnen G., Wloch B., Wunnenberg W. Effects of acute hypoxia
and/or hypercapnia on body temperatures and cold induced
thermogenesis in the golden hamster // J. Therm. Biol. — 1987. —
Vol. 12, Ne2. — P. 103-107.

31.Lyman C.P., O'Brien R.C. Autonomic control of circulation during
the hibernating cycle in ground squirrels // J. Physiol. (Lond).
—1963. — Vol. 168, Ne3. — P. 477-499.

32.Mertens A., Stiedl O., Steinlechner S., Meyer M. Cardiac
dynamics during daily torpor in the Djungarian hamster (Pho-
dopus sungorus) // Am. J. Physiol. Regul. Integr. Comp. Physiol. —
2008. — Vol. 294, Ne2. — P. R639-R650.

33.Milsom W.K., Zimmer M.B., Harris M.B. Regulation of cardiac
rhythm in hibernating mammals // Comp. Biochem. Physiol. —
1999. — Vol. 124, Ne4. — P. 383-391.

34.Nielsen K., Owman C. Difference in cardiac adrenergic inner-
vation between hibernators and non-hibernating mammals //
Acta Physiol Scand Suppl. — 1968. — Vol. 316. — P. 1-30.

35.Reil J.-C., Custodis F., Swedberg K. et al. Heart rate reduction
in cardiovascular disease and therapy // Clin. Res. Cardiol. —
2011. — Vol. 100, Ne1. — P. 11-19.

36.Phillips P.K., Heath J.E. Comparison of surface temperature in
13-lined ground squirrel (Spermophilus tridecimlineatus) and
yellow-bellied marmot (Marmota flaviventris) during arousal
from hibernation // Comp. Biochem. Physiol. — P.A: Molecular &
Integrative Physiology. — 2004. — Vol. 138, Issue 4. — P. 451—
457.

37.Polderman K.H., Herold I. Therapeutic hypothermia and cont-
rolled normothermia in the intensive care unit: practical
considerations, side effects, and cooling methods // Crit. Care
Med. — 2009. — Vol. 37, Ne3. — P. R1101-R1120.

38.Shylo O.V., Lomako V.V., Babiychuk G.O. Atrtificial hibernation-
caused cardiac arrhythmia in homoio- and heterothermal
animals // Kapguonorusi ¥Y3bekuctana. — 2016. — Ne1-2 (39—
40). — C. 271-272.

39.Swoap S.J., Gutilla M.J. Cardiovascular changes during daily
torpor in the laboratory mouse // Am. J. Physiol. Regul. Integr.
Comp. Physiol. — 2009. — Vol. 297, Issue 3. — P. R769-R774.

npo6nembl KpMOOMONOrUM 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016

28.Phillips P.K., Heath J.E. Comparison of surface temperature in 13-
lined ground squirrel (Spermophilus tridecimlineatus) and yellow-
bellied marmot (Marmota flaviventris) during arousal from
hibernation. Comparative Biochemistry and Physiology. Part A,
Molecular & Integrative Physiology 2004; 138(4): 451-457.

29.Physiology of circulation. Physiology of blood. In a series:
Physiology Guide. Leningrad: Nauka; 1980.

30.Polderman K.H., Herold I. Therapeutic hypothermia and controlled
normothermia in the intensive care unit: practical considerations,
side effects, and cooling methods. Crit Care Med 2009; 37(3):
R1101-R1120.

31.Reil J.-C., Custodis F., Swedberg K. et al. Heart rate reduction in
cardiovascular disease and therapy. Clin Res Cardiol 2011; 100(1):
11-19.

32.Shlyakhto E.V., Bokeria L.A., Rybakova M.G. et al. Cellular aspects
of pathogenesis of hypertrophic cardiomyopathy: the role of
cardiomyocyte polyploidy and activation of proliferating cell
nuclear antigen in the myocardium. Tsitologiya 2007; 49(10):
817-823.

33.Shylo A.V., Lomako V.V., Samokhina L.M., Babijchuk G.A.
Proteinases and its inhibitors activity at artificial hypometabolic
state in rats. Problems of Cryobiology 2004; (2): 17-27.

34.Shylo O.V. Change of heart activity at artificial hypometabolic
state and in the course of arousal in hibernators and non-
hibernators. Naukovyy Visnyk NAU 2008: (126): 81-87.

35.Shylo O.V., Lomako V.V., Babiychuk G.O. Artificial hibernation-
caused cardiac arrhythmia in homoio- and heterothermal animals.
Cardiology of Uzbekistan 2016: 1-2 (39-40): 271-272.

36.Swoap S.J., Gutilla M.J. Cardiovascular changes during daily
torpor in the laboratory mouse. Am J Physiol Regul Integr Comp
Physiol 2009; 297 (Issue 3): R769-R774.

37.Timofeyev N.N., Prokof'eva L.P. Neurochemistry of hypobiosis
and limits of organism cryoresistance. Moscow: Meditsina; 1997.

38.Volkova O.V., Eletskiy Yu.K. Fundamentals of histology and
histological techniques. Moscow: Meditsina; 1982.

39.Zhegunov G.F. Adaptation peculiarities of hibernators' heart.
Problems of Cryobiology 1993; (3): 21-33.

321



