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Morphological Changes in Liver of Homeo- and Heterothermic
Animals Under Artificial and Natural Hypometabolism

Pecdhepat: MN3yuanu mopdonornyeckne nameHeHus B nedeHmn kpbic (Rattus norvegicus) n xomsikoB (Mesocricetus auratus) npu
WNCKYCCTBEHHOM (rMnokcuyecku-runepkanHunyeckas mogens) (UFM) n ectectBeHHoMm (rnbepHaumsi) (EFM) runomeTtabonusme, vyepes
2 n 24 4 nocne npobyxaeHus. Habnwopganucb runepemus cocynoB n TpoM6bl B HUX (npu MM y xomsakoB Ha Bcex dTanax
HabnaeHus:, y KpbiC — Yepes 24 4); pacluMpeHne UHTepPCTULUManbHbIX NPOCTpaHCTB (y xoMskoB npu MIFM); renatountsl ¢ sapamu
Ha pasHbIX CTaausix Hekpobunosa (kapuonukHo3, kapuopekcuc n kapuonuauc) (npyu EMM, yepes 2 n 24 4 nocne M y oboux BuaoB);
npuaHakm 6enkoBon AUcTpodun pasHoro Tuna u cteneHun BolpaxeHHoctu (npu EMM un UM y xomsikoB 1 yepes 2 n 24 4 nocne UM
y oboux BMAOB); MHpUNLTPaALMS TKaHW nenkountTamu (Tonbko y xomsikoB npu UMM, EIM u yepes 24 4 nocne EIM); aBysiaepHble
renatouuTsbl (y Kpbic npu UM n yepes 24 4, y xomsikoB npu EFM 1 yepes 24 4). YpoBeHb 06LLEero npoterHa B neveHu bbin yBenuyeH
npu UM n yepes 24 4 nocrne UM y oboux Buaos, a Takke npu EM y xomsakoB. Ha aTux atanax Habnwoganu aktusauuio
fereHepaTUBHO-OUCTPOdMYECKUX NPOLIECCOB ((haHepo3) unm nosiBfieHne ABYsSIAEPHbIX renaTtouuToB (akTMBauMs cuHTe3a Gernka).

KnioyeBble cnoBa: rnbepHaumns, NCKYCCTBEHHbIN rMNnomMeTabonunsm, neyeHb, KpbIChl, XOMSIKU.

Pechepat: BuByanu mopdonorivHi 3MiHM B nediHui wypiB (Rattus norvegicus) i xom’sikiB (Mesocricetus auratus) npu LWTY4YHOMY
(rinokcuyHo-rinepkanHiyHa mogens) (LUMM) i npupogHomy (ribepHadisi) (MMM) rinomeTaboniami, yepes 2 i 24 roguHu nicnst NpobyaKeHHs.
CnocTepiranucs rinepeMisi cyauH i TpoM6u B HUx (npu LUMM y xom’sikiB Ha BCix eTanax CroCTEPEXEHHS, Y LypiB — Yyepes 24 roanHu);
PO3LUMPEHHS iHTEepCTULianbHKUX NpocTopiB (y xom’sikis npu LUITM), renatoumTn 3 sgpamm Ha pisHUX cTagisix Hekpobio3y (kapiomnikHO3,
kapiopekcuc i kapioniauc) (npu MM, yepes 2 i 24 roguHu nicns WUFM y o6ox Buais); o3Haku GinkoBoi AucTpodii pisHoro tuny Ta
ctyneHs BupasHocTi (npu MMM i UMM y xom’sikiB Ta Yepes 2 i 24 roguHu nicns LUMM y o6ox B1AiB); iHpinbTpaLis TKaHUHU neikouutamm
(Tinbkn y xom’sikiB: npu LWUIM, TI'M i yepes 24 rogunn nicns MIM); geosagepHi renatounTn (y wypis npu WM i yepes 24 roguHu, y
xoM’sikiB npu MMM i yepes 24 rogunHu). PiBeHb 3aranbHoro npoTteiHy B nediui 6yB 36inblwennn npy UMM i yepes 24 roamnu nicns UMM
y obox Buais, a Takox npu MM y xom’sikiB. Came Ha LuX eTanax CrnocTepirany akTuBalilo AereHepaTUBHO-AUCTPOdIYHMX NpoLeciB
(cbaHepo3) abo nosBy ABOSIAEPHUX renaTtouuTiB (akTuBalis cuHTedy Ginka).

KntouoBi cnoBa: ribepHauisi, WTy4YHWA rinometaboniam, nediHka, Wwypu, XOM siku.

Abstract: Morphological changes in liver of rats (Rattus norvegicus) and hamsters (Mesocricetus auratus) were studied under
artificial (hypoxic-hypercapnic model) (AHM) and natural (hibernation) (NHM) hypometabolism and at the recovery stages (2 and
24 hrs after arousal). The following changes in liver morphology were observed: blood vessel hyperemia and blood thrombus formation
(under AHM at all the stages in hamsters and 24 hrs after AHM in rats); the interstitial space expansion (in hamsters under AHM);
hepatocytes with nuclei at different stages of necrobiosis (karyopyknosis, karyorrhexis and karyolysis) under NHM, in 2 and 24 hrs
after AHM in both species; signs of protein dystrophies of various types and severity degrees (under NHM and AHM in hamsters, and
2 and 24 hrs after AHM in both species); tissue leukocyte infiltration (only in hamsters under AHM, NHM and 24 hrs after NHM);
binuclear hepatocytes (in rats at AHM and 24 hrs later, in hamsters under NHM and 24 hrs later). The total protein content in liver was
increased under AHM and 24 hrs after AHM in both species, as well as under NHM in hamsters. At these stages either the activation
of degenerative and dystrophic processes (decomposition) or the appearance of binuclear hepatocytes (activation of protein syn-
thesis) were observed.

Key words: hibernation, artificial hypometabolism, liver, rats, hamsters.

EctecTBeHHbBIC THTIOMETA0OTMUECKUE COCTOSHHUSI
(EI'M), B wactHOCTH THOEpHAINA, CBOWCTBEHHbIE
HEKOTOPBIM BHIaM MIICKOITUTAIOIINX, COIIPOBOKIAFOT-
csl 0OpaTHMBIM TOJABICHUEM METa00IM3Ma, XapaK-
TEPU3YIOTCS JUINTENILHBIM COXPAaHEHUEM >KHU3HECIIO-
COOHOCTH OpraHu3Ma IpPU OKOJIOHYJIEBBIX TeMIIepa-
typax Tena (TT) u okpysxaromied cpeap! 0e3 MUY 1
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Natural hypometabolic states (NHM), hibernation
in particular, inherent in some mammals, are accom-
panied by a reversible suppression of metabolism, and
characterised by a sustained survival of an organism
without food and water at near-zero temperatures of
body (BT) and environment. The hibernation is a
discontinuous process, consisting of the periods of
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Bozbl. ['mbepHamust — mporecc mpepbIBUCTHIN, COC-
TOSIIIUN U3 TIEPUOJIOB TOPIHIHOCTHU (TUIIOTEPMUH) U
poOyKICHUH, YepeIOBaHNE U JTTUTEIILHOCTD KOTOPBIX
3aBHUCST OT BUJA JKUBOTHOTO U ycIloBH cpenbl. [Ipu
rudepHaiu MeTadosu3M, TT, cepeuHbIe U AbIXaTeilb-
HbIE PUTMBI, a TAK)KE APYTHe NMOKA3aTEeNIN KU3HEACS -
TEJILHOCTHU CHIIKAFOTCS JIO YPOBHSL, SIBIISIFOIIIETOCS Jie-
TaJBHBIM JIJIS TOMOHOTEPMHOTO OpraHNU3Ma, IO CKOJIb-
Ky B 3TOM cITydae ITy0oKasi TUIIOTEpMHES He0OpaTuMo
[O/IaBJISICT JKU3HEHHO BakHbIe (PyHKIMHU. B mepuos
npoOykaeHuss (PyHKIIMU OpraHN3Ma BOCCTaHABIIH-
BaOTCS JIOCTATOYHO OBICTPO, a 3a/IeHCTBOBAaHHBIC TIPH
ATOM MEXaHHW3MbI MOTYT 3aTparuBaTh KICTOYHBIC U
CUCTEMHBIE PETYISTOPHBIC ITyTH, XapaKTSPHBIC U JIJIS
OPTaHU3MOB, KOTOPBIC HE CITIOCOOHBI K rHOepHaruH [ 18,
24]. B wactHocty, T. Oda u coaBr. [27] ycTaHOBHIIH,
YTO U3MEHEHHS ITPOTEOMa (COBOKYITHOCTh IKCIIPECCH-
POBaHHBIX POTEHHOB) B IICUCHH Y AaHECTE3UPOBAHHBIX
KPBIC ITPH TITyOOKOH THITOTEPMHUH CXOHBI C TAKOBBIMHU
B Pa3HbIX KJIETKaX y THOCPHUPYIOIIUX MIICKOITUTA0-
IIMX, 32 UCKIIOYCHUEM NIANICPOHOB JHJIOMIA3MAaTH-
YECKOT0 PETHKYITyMa.

Oco0y1o ponb MpH TUMIOTEPMUU UTPAET COCTOS-
HHE OPTaHOB, HEMIOCPEACTBEHHO YYaCTBYIOIIHX B
MO/I/ICp’)KaHUM TOMEOCTa3a OPraHu3Ma, B TOM YHUCIIe
TeMIieparypHoro. OJHUM M3 TaKUX OPraHOB SBISETCS
niedeHb. [Ipu rubepHayu redeHp KUBOTHOTO, KaK U
JKEITYIOYHO-KHUIIICUHBIN TPAKT, HE MCIBITHIBACT HATPY-
30K, CBSI3aHHBIX C MMUIIIEBAPCHUEM, B 3THX YCIIOBHSIX I10-
BBIIITAETCS POJIb MEYCHU KaK JICTTOHUPYIOIIETO U TEIIO-
MPOAYIMPYIONIETO OpraHa ¢ BHICOKUM dHepreTuyec-
KHM TIoTeHIanoM. Ha MmopdonornyeckoM ypoBHE 3TO
MIPOSIBIISIETCSI B KPOBEHATIONIHEHUH COCYJIOB U TIpHUJIC-
JKAIUX K HUM CHHYCOWJIOB, YBEIHMYCHUU 3aIacoB
[JIMKOT€HA U JINITUOB; IIPU TOM MTapeHXMMa MTeYCHU
HaXOJIUTCSl B COCTOSIHUU THII0Omo3a [3, 6, 7]. Kpome
TOTO, 10 JJAHHBIM JICKTPOHHON MUKPOCKOITUH Y CYCITH-
koB (Citellus undulatus) nmpu ruOGepHaLIiU OTMEUACTCSI
AKTUBAIUS] MUTOXOHAPUATIHHOTO M JIU30COMATIBHOTO
anmapaToB IenaTolUTOB, YTO PACCMATPHUBACTCS Kak
BOKHEHUIITNI 2JIEMEHT aIaNTaiuy K Xoaoy [3].

Pesynwrarer uccnenosanwmii J.L. Frehn u J.A. Tho-
mas [19] moka3bpIBatoT, 9T0 (PU3NOIOTHICCKUE H MOP-
(homorngeckre M3MEHEHNS Y THOCPHHUPYIOIINX XOMSKOB
(Mesocricetus auratus) OTINYAIOTCA OT TAKOBBIX Y
XOMSIKOB, ITOJIBEPTIIUXCS XOJIOOBOM IKCIIO3UIUH, HO
HE NIOTPY3UBIINXCS B COCTOsTHUE rTHOepHaIuu. B gacT-
HOCTH, MUTOXOH/IpUaJIbHas aKTUBHOCTh B TICUCHU T'H-
OEpHUPYIOIINX XOMSKOB CHUXKAETCS, & ITOCIIE X000~
BOH KCIIO3UIUH — TOBBIIIACTCS.

[Teuenp TubepHHUpyOIWUX cycnukoB (Ictidomys
tridecemlineatus) yCTOWYNBa K NEUCTBUIO HUIICMHUU-
penepdy3un ex vivo B OTIINYHE OT aKTUBHBIX JISTHUX
CYCIIKOB, OJTHAKO y aKTUBHBIX BECEHHUX CYCIHKOB
AMONTOTUYECKUHN MHICKC B TeMaTonuTax BhIme [28].
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torpidity (hypothermia) and arousals, the alternation
and duration of which depend on animal species and
environmental conditions. Under hibernation the meta-
bolism, BT, heart and respiratory rhythms, as well as
other indices of vital activity, are reduced down to the
level, usually being lethal for homeotherms, since in
this case, the vital functions are irreversibly suppressed
by a deep hypothermia. During arousal period the body
functions are quite quickly restored, and the mecha-
nisms involved in it may affect the cell and syste-
mic regulatory pathways, being characteristic for the
organisms incapable of hibernation as well [5, 19]. In
particular, T. Oda et al. [22] established the changes
in proteome (the entire set of expressed proteins) in
liver of anaesthetised rats under deep hypothermia
to be similar to those in different cells of hibernating
mammals, excepting endoplasmic reticulum chape-
rones.

The state of organs, directly involved into maintai-
ning the body’s homeostasis, including a temperature
one, is essential for hypothermia. The liver is one of
these organs. Under hibernation both liver and gastro-
intestinal tract of an animal do not participate in diges-
tion. Under these conditions the liver is mainly a depo-
siting and heat-producing organ with a high energy
potential. This is morphologically manifested in blood
filled vessels and adjacent sinusoids, increased glycogen
and lipid stocks; hereat the liver parenchyma is in a
hypobiotic state [7, 12, 13]. Moreover, an electron micro-
scopy allowed to reveal the activation of mitochondrial
and lysosomal apparatus of hepatocytes in ground
squirrels (Citellus undulatus) during hibernation, and
this was considered as the most important element in
cold adaptation [7].

J.L. Frehn and J.A. Thomas [6] showed that phy-
siological and morphological changes in hibernating
hamsters (Mesocricetus auratus) differed from those
in the hamsters experienced a cold exposure, but not
entered the hibernation. In particular, a mitochondrial
activity in the liver of hibernating hamsters reduced,
while after a cold exposure it increased.

The liver of hibernating ground squirrels (Ictido-
mys tridecemlineatus) is resistant to ischemia and
reperfusion ex vivo in contrast to the active summer
ground squirrels, however in the active spring animals
a hepatic apoptotic index is higher [23]. There were
revealed the liver-specific temperature-dependent mo-
lecular processes, resulting in a decreased mitochondrial
respiration during the daily torpor in Djungarian hams-
ters (Phodopus sungorus) [14]. A decreased metabo-
lism in mammalian organism during torpor is also
accompanied by a reversible suppression of mitochond-
rial respiration rate. For example, in ground squirrels
(Ictidomys tridecemlineatus) liver it makes 70% [3].
The strongly pronounced seasonal changes in the lipid/
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BrisBiieHsl crienuduyecknue IS MeUYeHU TeMmIepa-
TYPO3aBUCHMBIE MOJICKYIISPHBIE TIPOIIECCHI, IIPUBOJISI-
[I1e K CHUKCHUI0 MUTOXOHPUATHHOTO JIBIXaHUS BO
BpEMS ©KETHEBHOTO TOPIIOPA Y JUKYHTAPCKUX XOMSKOB
(Phodopus sungorus) [22]. Camxenne MeTadoan3mMa
B OpraHu3Me MIICKOMUTAIIIUX B TCUCHUE TOPIIOpa
COIIPOBOXKJAETCS TaKKe 0OpaTHMBIM ITO/IaBIICHHEM
YPOBHSI JIbIXaHUs MUTOXOHJpUH. Tak, y CycIIMKOB
(Ictidomys tridecemlineatus) B Ie4eHN OH COCTABIISICT
70% [16]. Pe3ko BeIpakKCHHBIC CE30HHBIC N3MCHCHHUS
COOTHOIIICHHUS JIUIHJ/TIPOTEHH B MUKPOCOMAIIbHOH
(bpakuuii Ie4YeHN CBUICTEIBCTBYOT 00 YYaCTHH JIUITH-
JIOB 3TON (Ppakiuu MEeYeHH B aJlalTallly CyCIIHKa
(Spermophylis undulatus) x rubepnanuu [12].

B paborax A. Jani u coasr., S.L. Lindell u coasr. [20,
23] oTMedeHo, 4To rudepHaus IpeCTaBIsIeT COO0H
YHUKAJIbHYIO €CTECTBEHHYIO MOJECINb JJIUTEIHHOTO
XpaHEHUsI OPraHOB U TPAHCIUIAHTAIIMY OPTaHOB, KOT/Ia
TOPIIOP (COCTOSIHHE OIIETICHEHMSI ¥l THTIOTEPMHH ) MOYKHO
paccMaTpuBaTh KaK €CTECTBEHHBIN KBUBAJICHT Xpa-
HEHHs OUKH IoHopa npH 4°C, a poOy»KIeHne OT CIisTd-
KM — KaK €CTECTBEHHBIN SKBUBAJICHT «TETIOBOI» pe-
niepdy3un, MPOSBISAIOIICHCS TPH TPAHCIUIAHTAIUN
oprana peaunuenty. Kpome Toro n3BectTHo, 4To e4eHb
CHIOCOOHA aKTUBHO PET€HEPUPOBATE.

[IpuBeneHHbIC BhIIIE (aKThl CBUACTEIBCTBYIOT O
TOM, YTO B IIUKJIC THOEPHAIINH, COITPOBOXKIAIOIIIEMCS,
B YaCTHOCTH, THIIOTEPMHEH OpraHU3Ma, MEYCHb Ipe-
TepIieBacT 3HAUYNTEIIbHBIC U3MCHEHHSI, KOTOPBIE MOTY'T
OTpakaTbCs Ha €€ CTPYKTYpPE, MOCKOIBKY COXPAaHHOCTh
CTPYKTYPBI SBJISCTCS HEOOXOIUMBIM YCIOBHEM JIJIS
HOPMAJIBLHOTO YHKIIMOHUPOBAHHUS OpPTaHa.

Iemb paboThI — CpaBHUTETHHOE H3YICHIE MOP(OIIO-
TUYECKUX U3MCHEHU B TKaHU MTEYCHH KPBIC (TTPH U C-
KYCCTBEHHOM THIIOMETA00IU3ME) U XOMSKOB (IpH
HCKYCCTBEHHOM M €CTECTBEHHOM (THOEPHAIINS) THITO-
MeTaboIM3Me), a TAKIKE Ha dTarax BOCCTAHOBJICHUS
nocie npoOyxaeHus (depe3 2 u 24 4 nocie BhIXona
13 TUIIOMETAa00IM3Ma).

MartepuaJjbl 4 MeTOABI

DKCTIEPUMEHTHI ITPOBOIMIIH B COOTBETCTBUH C «O0-
MY TPUHIUATIAMH SKCIIEPIMEHTOB Ha )KUBOTHBIX),
onobpenabME VI HartmoHambHBIM KOHTPECCOM IT0 OHO-
stuke (Kues, 2016) 1 corracoBaHHBIMU C TTOJIOKECHUS-
MU «EBporeiickoil KOHBEHLIUH O 3aIUTe O3BOHOYHBIX
YKUBOTHBIX, UCTIOJIb3YEMBIX JIJIsl 3KCTIEPUMEHTAIBHBIX
U Ipyrux HayuHbIX Henei» (CtpacOypr, 1986), a Taxske
¢ TpeboBanusmMu komutera o omostuke (MITKuK
HAH VYxpaunsl, XapbkoB). PaboTy BBINONHSIIN B OCCHHE-
3MMHHMH [IEPUOJT HA CaMIIaX 30JI0TUCTBIX XOMSIKOB (Meso-
cricetus auratus) (Mmacca 85-95 r; n = 30) u cammax
OecTopoaHBIX OeNBIX KpbIC (Rattus norvegicus) (Macca
180-220; n=20). Jlo Ha"aa SKCIIepUMEHTA >KHBOT-
HBIX COJIEpKall B YCJIOBHSX BHUBApHs MPH €CTECT-
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protein ratio in microsomal fraction of liver evidence
involvement of lipids of this liver fraction in ground
squirrel (Spermophylis undulatus) during adaptation
to hibernation [24].

In the papers of A. Jani et al., S.L. Lindell et al. [8, 15]
the hibernation was reported to be the unique natural
model for a long-term organ storage and transplanta-
tion, when the torpor (state of stupor and hypothermia)
might be considered as a natural equivalent of donor’s
kidney storage at 4°C and arousal from hibernation
as a natural equivalent to warm reperfusion, occurring
during organ transplantation to a recipient. In addition,
the liver is known to be capable of active regeneration.

The mentioned above testifies to the fact, that during
hibernation, accompanied, in particular, by a body’s hypo-
thermia, the liver undergoes significant changes, likely
affecting its structure, since integrity of the latter is a ne-
cessary condition for normal functioning of the organ.

This research aim was a comparative study of mor-
phological changes in liver tissue of rats (at artificial
hypometabolism) and hamsters (at artificial and natural
(hibernation) hypometabolism), as well as at the reco-
very stages after arousal (2 and 24 hrs later arousal
from hypometabolism).

Materials and methods

The experiments were carried out according to the
General Principles of Experiments in Animals approved
by the 6™ National Congress in Bioethics (Kyiv, 2016)
and agreed to the statements of the European Conven-
tion for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
burg, 1986), as well as with the requirements of the
Committee in Bioethics (Institute for Problems of Cryo-
biology and Cryomedicine of the NAS of Ukraine,
Kharkiv). This research was performed during the
autumn-winter period in male golden hamsters (Meso-
cricetus auratus) (weight 85-95 g; n=30) and outbred
white male rats (Rattus norvegicus) (weight 180-220 g;
n=20). The animals before the experiment were housed
at the animal facility with natural light/dark cycle and
a standard diet ad libitum enriched with wheat and
sunflower seeds.

Before entering the NHM state hamsters were pla-
ced into individual cages, their diet was deprived of
juicy food, the animals were provided with nesting
material (sawdust and hay), and then transferred into
a dark room with air temperature of (5 = 2)°C (indu-
strial 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 [18]. Ani-
mals in a sealed vessel (3 and 2 dm® volume for rats
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BEHHOM CBETOBOM PEXXHMME Ha CTAaHAAPTHOM pPaLllOHE
ad libitum ¢ no6aBIIeHUEM 3€PEH MILECHUIIBI U CEMSH
MIOJICOJTHEYHHKA.

XOMSIKOB nepe orpy»eHueM B coctosiaue EI'M pac-
CaKVBAIIN B MHAMBHU Ty aJIbHBIE KIIETKH, M3 PAIMOHA UCKITFO-
YaJId COYHYIO MUY, CHa0)KaJIl THE3/I0BbIM MaTepHa-
JIOM (JIpEBECHBIE OTTMITKH U CEHO) Y IEPEHOCHITN B TEMHOE
MIOMEIIEHHE ¢ TeMIepaTypoii Bozayxa (5 + 2)°C (po-
MBIIIUIEHHAS XOTOMMIbHAsT Kamepa oosemMom 20 M° ¢ aBTo-
MaTHYECKON PETyIMPOBKOM TeMIeparypsl). XOMSKA
Morpy’Kanuck B crsiuky uepe3 10—14 cytok. Cpennss
JUTHTENBHOCTH OayTa coctaBisuia (3 £ 0,5) cyTok.

CocTosiHHE HCKYCCTBEHHOTO THIIOMETa00In3Ma
(UI'M) MoaenupoBaiy ¢ TOMOILBIO METO/IA «3aKPBITOTO
cocyzay, moipoOHO onrcaHHoro Hamu panee [ 10]. XKu-
BOTHBIX B TEPMETHUECKH 3aKPBITOM cocyrie (00beMOM
3 nm® — st Kphic U 2 M — TS XOMSIKOB) TIOMEIIAIH
B TEMHYIO XOJIOMMIbHYIO Kamepy (2—5°C). Haxomsich
B YCJIOBHSX MOHMKEHHOW TEMITepaTyphl M HapacTaro-
el THTIOKCHH-TUTIEPKAITHIH, )KUBOTHBIE TOCTETIEHHO
(B Teyenwe 2,5-3 9) MOrpy»Kainch B COCTOSHHE, CXOTHOE
1o (PU3HNOJIOTHYECKUM MapaMeTpaM C €CTeCTBEHHOM
ruOepHAIUCH.

JKuBOTHBIX (7 = 5 B KaXKJOH SKCIIEPUMEHTATBHOM
rpyIIie) BEIBOAWIN U3 IKCIIEPUMEHTA Iy TEM JeKaIlu-
TaIuu, MaTepuai 3a0upalii y HHTaKTHBIX KHBOTHBIX
(KOHTpOJIbHAS TpyNINa), IpH JAOCTHKEHUU T'HIIOME-
tabomnueckux cocrossHuil (MI'M u EI'M), a taxxke
Ha JTammax BOCCTAHOBICHUS (depe3 2 u 24 49 mocie
BBIXO/a U3 TUNoMeTabonm3ma). J{ns mopdomornaec-
KOTO MCCIIeIOBaHNS 3a0MPajyl CTaHIapTH3NPOBAHHBIN
YYaCTOK JIEBOH JOJIH MEYESHU KUBOTHOTO.

I'ncronmornyeckoe wcciea0BaHnEe MPOBOIMIN IO
CTaH/JapTHOW MeToauKe [2]: TkaHb (PUKCUpOBAIH B
10%-M pacTBOpe HelTpanpHOro hopMalnHa B Teue-
uue 24 4. [ocne otMbIBaHuMs (PUKCHPOBAHHBII MaTepual
00€3BOKHMBAIIM B CIIUPTaX BO3PACTAIOIICH KOHIICHT-
paumu u 3anuBaiu napadunom. IloaydenHsie cpesbl
TOJILIUHOM 6—8 MKM OKpalIuBaIl FeMaTOKCUIMHOM U
J03WHOM.

[Ipenapatbl n3ydamm u (ororpadhupoBaIy ¢ IIOMO-
pio0 MuKkpockorna «Axio Observer Z1» («Carl Zeissy,
I'epmanus) ¢ mporpaMMHBIM 0O€CTIEYeHHEM IS aHa-
nr3a n3o0pakenmii «AxioVision Rel. 4.8y («Carl Zeiss»).
[Ipu MopdonmornyeckoM MCCIeT0BaHNN BU3YaIbHO
OLICHUBAJIM COCTOSIHUE THCTOJIOTMUECKUX 00pa3IIoB I1e-
YeHU (KpOBEHAIOJIHEHHUE COCYI0B, COCTOSIHUE CTPYK-
TYPHBIX KOMIIOHEHTOB, TIEPUBACKYJISIPHBIX M HHTEP-
CTHLHAJIBHBIX IPOCTPAHCTB, TEMATOLUTOB U UX SIIEP,
HaJIMYHUe JIeTCHEPATUBHO-IUCTOPHUUECCKUX H3MEHEHUH
u z1p.). Conepxxanue odmuiero mpotenna B 10%-x romore-
HaTax TKaHU TEYEHU OIpeessuin MeToaoM bpen-
tdopma [15]. CtaTucTHUecKyr0 00pabOTKy IKCIEpH-
MEHTAIBHBIX JaHHBIX MTPOBOAMIN MeTofoM MaHHa-
YuTHHU.
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and hamsters, respectively) were placed into a dark
cooling chamber (2...5°C). Being under reduced tempe-
rature and increasing hypoxia-hypercapnia, the animals
gradually (within 2.5-3 hrs) entered the state, similar
by physiological parameters to natural hibernation.

The animals (7 =5 in each experimental group) were
decapitated, the material was procured from the intact
animals (the control group), from the animals achieved
the hypometabolic state (AHM and NHM), as well as
those at the recovery stages (in 2 and 24 hrs after arousal
from hypometabolism). The same site of left hepatic
lobe was taken for morphological examination in all
the animals.

Histological examination was performed according
to the standard technique [29]: the tissue was fixed in
10% neutral formalin solution within 24 hrs. After wa-
shing the fixed material was dehydrated in alcohols of
increasing concentration and embedded into paraffin.
The obtained sections of 6—8 pm thickness were stained
with hematoxylin and eosin.

The preparations were studied and photographed
with the microscope Axio Observer ZI (Carl Zeiss,
Germany) equipped with the image analysis software
AxioVision Rel. 4.8 (Carl Zeiss). The state of liver his-
tological samples (blood filling of vessels, state of struc-
tural components, perivascular and interstitial spaces,
hepatocytes and their nuclei, the presence of degene-
rative and dystrophic changes etc.) was visually
assessed during morphological examination. The total
protein content in 10% homogenates of liver tissues
was determined by the Bradford assay [2]. For statis-
tical data processing we used the Mann-Whitney test.

Results and discussion

The analysis of liver histological preparations
showed no changes revealed in rats under AHM as
compared to the control, except the presence of binu-
clear hepatocytes (Fig. 1 A), whereas in hamsters under
AHM we observed the thrombi in vessels, rare foci of
protein dystrophy, increased interstitial spaces, groups
of cells with small round nuclei (possibly, leukocy-
te infiltration) (Fig. 1B, in the center). Multiple foci of
protein dystrophy, a large number of hepatocytes with
nuclei at different stages of necrobiosis (karyopyk-
nosis, karyorrhexis and karyolysis) were found in liver
tissue of rats (Fig. 2A) and hamsters (Fig. 2B) 2 hrs later
arousal from AHM. In hamsters we also observed a ve-
nous hyperemia and thrombi in some vessels (Fig. 2B),
resulting from a decelerated blood circulation and disor-
dered blood outflow. In rat and hamster liver tissue
(Fig. 3, respectively) 24 hrs later arousal from AHP
the degenerative and dystrophic changes were enhanced.
For example, the signs of all kinds of protein dystrophies
such as granular, hyaline-droplet and hydropic (cyto-
plasm ‘vacuolisation’) ones were observed in hepa-
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Pe3yabTarsl m o0cyxnenune

AHanIM3 TUCTOJIOTMYECKHX MPENapaToB MEYCHH
rokaszai, 4to y kpsic npu UI'M u3MeHenuii no cpas-
HEHHIO C KOHTPOJIEM BBISIBIICHO HE OBbLI0, KPOME HATMUHS
IBYSAJIEPHBIX TenaTonuTos (puc. 1, A), Toraa kKaK y Xo-
MsikoB npu MI'M HabOmomaauch TpoMObI B COCYaXx,
HE3HAYUTEIbHBIE 04aru OSIKOBOM TUCTPODHH, YBEITU-
YEeHNE UHTEPCTUIIUAIILHBIX IIPOCTPAHCTB, CKOTIICHHE
KIIETOK C MEJKMMHU KPYIIBIMH siipamMu (BO3MOXKHO,
nHpMIETparus aeikonutoB) (puc. 1, B (B mentpe)).
B Tkanu neueHu kpwic (puc. 2, A) u XoMsKoB (puc. 2,
B) gepes 2 1 nocine Beixona uz UI'M omnpenensiuch
MHOECTBEHHBIE 04aru OeNKoBOH AUCTPOPHH, OOTb-
110€ KOJIMYECTBO TelaTOLUTOB C SIIPaMu Ha Pa3HbIX
CTausIX HEKpOOH03a (KapUOITMKHO3, KAPHOPEKCHUC U
KaproJIM3HUC). Y XOMSIKOB TaK:Ke HaOMIOaIl BEHO3HYIO
TUIIEPEMUIO U TPOMOBI B 4acCTH cocyaoB (puc. 2, B),
YTO SBJSETCS CIEACTBHEM 3aMeJUIeHHs KpOBOOOpa-
IICHUS U HAPYIIICHHUS OTTOKA KPOBU. B TkaHU neueHH
KpsIc (puc. 3, A) 1 xomsakoB (puc. 3, B) uepes 24 1 mocne
BeIxoga 3 UI'M nereHeparuBHO-IHCTpOdHIECKHEC
M3MEHEeHHs YCWIMBANINCh. Tak, B remaronurax Hao-
JOJAJIMCH TIPU3HAKU BCEX BUIOB OCJIKOBBIX AUCTPO-
¢uii — 3epHUCTAS, THATMHOBO-KaTeIbHAS U THIPOTIH-
yeckas («BaKyoJIM3alusy UUTOIIIa3Mbl ). i3sMeHeHus
ObLTH O0JIee BbIpaskeHbI Ha epudepun (BOIM3H cocy-
JIOB OHU OTCYTCTBOBAJIM HJI MEHEE 3aMETHBI ); COXpa-
HSUTUCH TUTIEPEMHUS COCYIOB U TPOMOBI B HUX, OOJIBIIIOE
KOJIMUYECTBO TeIaTOIUTOB C SJ[PaMHU Ha BCEX CTaIUSIX
HEKPOOMOTHYECKOTO Tporiecca. [I[pu3Haku u mpuiu-
HbI BOSHUKHOBEHUSI TUCTPO(DUIL, a TaKKe MPOIIECChI
TpoMO00Opa30BaHMs MOAPOOHO OIMMCAHBI HAMU paHee
[10]. Kpome TorO, B TKaHU TIEYE€HHU KPBIC HAOIIOIATIN
0O0JIBIIIOE KOJTMYECTBO JBYSIICPHBIX TENAaTOLUTOB, YTO
CBHUJICTENILCTBYET 00 YCHJICHUM aKTUBHOCTU OEJIOK-
CHHTE3UPYIOLIETO armnapaTa KICTKH.

[Tpu EI'M (rubepHarius) y XoMsIkoB (puc. 4, A) Taroke
HabIronanmu qucTpoduyeckrue U3MEHEHHUS B Teraro-
uuTax (B OCHOBHOM HPU3HAKU THIPOIMHUYECKON Oe-
KOBOM IHUCTPOQUH), KOTOPBIC OIMKE K COCylaM OT-
CYTCTBOBaJH. S1ipa HEKOTOPBIX I'eNaTOLUTOB ObUIN
Ha CTajusAX KapUONMKHO3a U Kapuopekcuca. Taxxke
OTMedasy 00JIbII0E KOJIMYECTBO ABYSIICPHBIX I'€IaTo-
LIUTOB, YTO HAPsIly C AKTUBALMEl CHHTE3a OelIKa Xapak-
TEPU3YETCs KaK OJIHO U3 IIPOSIBIICHUH KOMIIEHCATOPHO-
npucrnocoOuTeNnbHbIX peakiuii. Kpome Toro, B mose
3peHust 0OHAPY>KEHbI CKOIUICHHS KPYIJIOSAIEPHBIX
KJIIETOK (BO3MOXKHO, JeikounuToB). Yepes 24 4 nocie
BbIXOJa U3 THOEpHAIMU B TKaHHU TCYCHH XOMSKOB
(puc. 4, B) nHabmonanuce ABYsAEPHbIC KIETKU U HE3-
HAYUTEJIbHBIE JIOKAIbHBIEC TUCTPOPHUECKUE U3MEHE-
Hus Ha nepudepuu, Bo3je COCYI0B COXPaHAIACh
HHQUIBTPALUS KPYIVIOSAEPHBIX KJIETOK.

BolsiBieHHBIE HAMU J€T€HEPaTUBHO-IUCTPOPU-
YECKUE M3MEHEHHS B IEUEHH IPU THIOMETadosIu-
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¢ ST R
Puc. 1. TkaHb neveHun kpbickl (A) n xomsika (B) npn UITM:
D — npusHakun 6enkoson auctpodumn; T — Tpomb; IS —
WHTepCcTULManLHoe NpoCTPaHCTBO; BenbiM KOHTYpPOM
nokasaHbl ABysiAepHble renatounTbl. Okpacka reMaTokeu-
FIMHOM U 303MHOM.

Fig. 1. Liver tissue of rat (A) and hamster (B) under AHM:
D points to protein dystrophy signs; T is thrombus; IS is
interstitial space; white contour shows binuclear hepa-
tocytes. H&E stain.

tocytes. The changes were more pronounced at the
periphery (they were either absent or less visible near
the vessels); the hyperemia and thrombosis of blood
vessels, a large number of hepatocytes with nuclei at
all the stages of necrobiotic process were also present.
The signs and causes of dystrophy occurrence, as well
as the thrombolization were described in details pre-
viously [18]. In addition, we observed a large number
of binuclear hepatocytes in rat liver tissue, which testi-
fied to an enhanced activity of protein-synthesising ap-
paratus of cell.

Under NHM (hibernation) in hamsters (Fig. 4A)
we also noted dystrophic changes in hepatocytes (mainly
signs of hydropic protein dystrophy), being absent near
the vessels. The nuclei of some hepatocytes were karyo-
pyknotic and karyorrhectic. There was also observed
a large number of binuclear hepatocytes, being one of
the manifestations of compensatory and adaptive res-
ponses along with the protein synthesis activation. In
addition, the clusters of round-nuclei cells (possibly,
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Puc. 2. TkaHb neveHu kpbickl (A) 1 xomsika (B) yepes 2 4 nocne UMM: D — npuaHaku 6enkoon guctpodpun; T — TpoMmb;

CTpesikaMu ykasaHbl siapa renaTouuToB Ha pasHbIX CTaaMsiX HEKpPOOMOo3a (KapuOMUKHO3, KapUopeKCcUC, Kapuoruaunc).
Okpacka reMaToKCUITMHOM W 303MHOM.

Fig. 2. Liver tissue of rat (A) and hamster (B) 2 hrs after AHM: D points to protein dystrophy signs; T is thrombus; arrows
indicate hepatocyte nuclei at different necrobiotic stages (karyopyknosis, karyorrhexis, karyolysis). H&E stain.

%

YECKUX COCTOSHUSX (cM. puc. 1; 4, A) ckopee Bcero
CBSI3aHBI C HAPYLIEHUEM KPOBOTOKA, UIMEIOT KOMIICH-
CaTOPHO-IIPUCTIOCOOUTEBHBIN XapaKkTep U 00paTUMBbI
y TE€TEPOTEPMHBIX XOMSKOB ITOCJIE BOCCTAHOBIICHHUS
TEMIIepaTypsl Tejaa U KpoBooOpamieHus (puc. 4, B).
PereneparopHsie peakIiy IenaToUUTOB MPOSIBIISITUCH
B YCUJICHHH UX MUTOTHYECKOW aKTUBHOCTH, 0COOCHHO
B MEPUITONISIPHOM 30HE. 371ECh e YBEITNINBAIOCH KOJIH-
YeCTBO JIBYSJICPHBIX I'eMATOIUTOB. Y BCEX )KUBOTHBIX
0TMEYaloCh HapylICHUE FeMOJIMHAMUKHI — HEPABHO-
MEPHOE MOJIHOKPOBHE CHHYCOH/IOB, IIEHTPAILHBIX H
MOPTaILHBIX BEH.

[oyueHHbIC HAMH JaHHBIE COTTIACYIOTCS C PE3YIIb-
TaTaMH HCCIICAOBAHUM, MPOBEACHHBIX HAa IMOEpHU-
PYIOLIMX JUIMHHOXBOCTHIX cycnukax (Citellus undula-
tus) [3, 6, 7], B TKaHU TICYCHN KOTOPBIX OBLITH OTMEUCHBI
MPU3HAKH PEAYKIIMU KPOBOTOKA U 3aCTOWHBIC SIBJICHHS
B cocyaucToi cucrteme. OTMeuanach AeruaparTamnus
MEYCHH, TeMaTOMUThI XapaKTEPU30BAIUCH ITOJUMOP-
(hm3mom: HaOFOMAM THIIEPTPO(UPOBAHHEIE, TUCTPO-
(uveckH M armonTOTUYECKH M3MEHEHHBIE, JBYsIep-
HBIE, MTOJTUTIION/THBIC KIIETKH, 4 TAK)KE TeMaTOIUTHI Ha
PasHbIX cTausax MuTO3a. Kpome Toro, B mapeHxume (Tpeu-
MYIIIECTBEHHO B 30HaX TPHa) TAK)Ke OTMEUEHBI H (-
(y3HO pacmosioKeHHbBIE FeaTOUNThl Ha Pa3HBIX CTa-
JIMSIX )KUPOBOH U rUIpondecKkoii auctpoduii. CreneHb
BBIPQKEHHOCTH JUCTPO(UUECKUX W3MEHEHHMH Tema-
TOLIUTOB KOPpENUpoBalia ¢ MoTepei UMH IIMKoreHa [ 7].
Crnemyer OTMETHTB, YTO 00E3BpEKHBAOIICE JICHCT-
BHE TICYCHH 3aBUCHT OT YPOBHS IIMKOTCHA: IIPH €T0
MaJICHUH CHUYKAIOTCS U 3aIIUTHBIC PYHKIMH TEYCHH.

B pa6ote B.®. Koznosoii u T.H. FOpuenko [6] 1o-
Ka3aHo, YTO B TKAHH MEYCHH THOCPHUPYIONHX JUTHHHO-
XBOCTBIX cycnukoB (Citellus undulatus) nepuBacky-
JISIPHO HAOMFOIAETCS MEJTKOOYaKKOBasi MHQWITLTpaIns
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Puc. 3. TkaHb neyenun kpbicbl (A) n xomsika (B) yepes 24 4
nocne UFM: D — npusHaku 6enkoBon guctpocdum; T —
TpoMB; CTpenkamMu ykasaHbl apa renatoLuToB Ha pasnuy-
HbIX CTaausax Hekpobuosa (KapMOMMKHO3, KapUOpeKCuc,
Kapuomnuauc).

Fig. 3. Liver tissue of rat (A) and hamster (B) 24 hrs later
AHM: D shows protein dystrophy signs; T is thrombus; arrows
indicate hepatocyte nuclei at different necrobiotic stages
(karyopyknosis, karyorrhexis, karyolysis).
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YpoBeHb 06Lero npotenHa (MKr/mn)
B TKaHW MeYeHW Npy eCTeCTBEHHOM U UCKYCCTBEHHOM
runomeTtabonuame (M £ m)

Content of total protein (lLg/ml) in liver tissue under natural
and artificial hypometabolism (M + m)

Bua *uBoTHOro
Animal species
YcnoBuAa akcnepumeHTa
Experiment conditions
Kpbica XomAk
Rat Hamster
KorTpore 3,332 + 0,366 4,708 + 0,701
Control
nrm
AHM 5,628 + 0,54* 6,566 + 0,953*
UM 2 4
AHM 2 hrs 4,79 + 1,502 276 + 0,89
NTM 24 4
AHM 24 hrs 8,507 + 2,295* 8,542 + 0,985*
ErM
NHM 7,07 + 0,85* 7,07 + 0,85*

MpumeyaHme: * — pasnuunsa cTaTUCTUYECKN 3HAYMMbl MO CpaBHe-
HUIO C KOHTponeMm, p < 0,05.

Note: * — differences are statistically significant versus the control,
p < 0.05.

selikonuTamu. [1o MHEHHIO aBTOPOB, CKOIUICHME JIEH-
KOIIUTOB B TKaHSX BHYTPEHHUX OPTaHOB MOXKET OBIThH
CBSI3aHO C BBITIOJTHEHHEM MU HE TOJBKO 3alUTHOH,
HO U TpopuIecKoil (PyHKIIMHU MO TEMOHUPOBAHUIO U
BOBJICUCHHUIO B META0OIM3M HYKJICHHOBBIX KHCIOT H
MIPOTENHOB. B Halem rcciae10BaHny Takke OTMEUeHa
UHQUIBTpALHs TEHKOLUTAMU TKAaHH [IEYEHH Y XOMSIKOB
kak npu UI'M, tak u EI'M (cm. puc. 1, Bu 4, A).
W3BecTHO, 4TO MeueHb aKTUBHO Y4acTBYeT B OOMeHe
MpoTenHOB U 3amacaeT ux Ha 30-60% Oomnbiie, yeMm

leukocytes) were revealed. The binuclear cells and
slight local dystrophic changes at the periphery were
observed 24 hrs later an arousal from hibernation in
liver tissue of hamsters (Fig. 4B), the infiltration of
round cells was kept near the vessels.

The degenerative and dystrophic changes revea-
led in liver under hypometabolic states (see Fig. 1, 4A)
were most likely associated with blood flow disor-
der. They were of compensatory and adaptive cha-
racter, being reversible in heterothermic hamsters
after body temperature and blood circulation recovery
(Fig. 4B). Regenerative reactions of hepatocytes were
manifested in terms of their mitotic activity enhan-
cement, especially in peripolar zone, wherein an inc-
reased number of binuclear hepatocytes was observed
too. All the animals showed a disorder of hemodyna-
mics: uneven congestion of sinusoids, central and portal
veins.

Our findings were with those, obtained in hiberna-
ting long-tailed ground squirrels (Citellus undulatus)
[7,12,13], in the liver tissue of those the signs of blood
flow reduction and vascular congestion were seen.
There was noted the liver dehydration, the hepatocytes
were characterised by polymorphism: the hypertro-
phied, dystrophically changed, apoptotic, binuclear,
polyploid cells, as well as the hepatocytes at different
mitotic stages were observed. In addition, the paren-
chyma (mainly in the triad zones) contained diffusely
located hepatocytes at different stages of fat and
hydropic dystrophies. The manifestation of dystrophic
changes in hepatocytes correlated with their loss of
glycogen [13]. It should be noted that a detoxifying ef-
fect of liver depends on glycogen level: when it falls,
the protective functions of liver decrease.

Puc. 4. TkaHb neveHn xomsika npu EMM (A) n yepes 24 4y nocne EM (B): D — npuaHaku 6enkoBor Auctpodun; ctpenkamm
yKasaHbl spa renaToumnToB Ha CTagusix HEKpoOMo3a (KapuonMKHO3, KapuopeKkcuc); ABysaepHble renatoumnTbl (Genbin

KOHTYp). OKpacka remMaTtoKCUITMHOM U 303MHOM.

Fig. 4. Hamster liver tissue under NHM (A) and in 24 hrs after it (B): D is protein dystrophy signs; arrows indicate
hepatocyte nuclei at different necrobiotic stages (karyopyknosis, karyorrhexis); binuclear hepatocytes (white contour).

H&E stain.
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apyrue oprausl. [Ipu n3ydyenun ypoBHs o01iero mpo-
TEHHA B TKAaHU MEYCHH KPBIC U XOMSKOB OBIJIO OTMe-
YEHO ero yBenuyeHue npu goctmwkennn MI'M u uepes
24 4 ocie BBIX01a U3 HETO0, a TAK)Ke PU THOepHaLUH
(Tabmuma). MiMeHHO Ha ATHX dTamax HaOIIOJICHUS B
TKaHU niedenu (cM. puc. 1; 3; 4, A) oTMedanu yBeiu-
YeHHE KOJMYECTBA JBYSAEPHBIX IeNaTONNUTOB (YKa3bl-
BaeT Ha YCHJICHNE CHHTETUYECKON aKTUBHOCTH KIIETKH )
60 poucxoauia 1eKoMno3uus (panepos) KIeTod-
HBIX YIBTPACTPYKTYP, 9TO CITOCOOCTBYET HAKOTIIICHUIO
B KJIETKE H30BITOYHOTO KOJIMUECTBA IPOTEHHOB BCIIE -
CTBHE aKTHBALlUH JCTCHEPATUBHO-AUCTPOPUUECKUX
MIPOILIECCOB.

BrIsiBIeHHOE HaMH [TOBBIILICHHE OOIIET0 MPOTENHA
B IIEYCHHU KPBIC U XOMSIKOB MOXET OBITh 00YCIIOBICHO
COXpaHEHUEM OIPENEIEHHOTO YPOBHS AKCIPECCUU
T'CHOB M aKTHBHOCTH CTICIU(PHUUECKUX TPOTCUHOB JISI
MOJIAePKaHMs pa3HBIX cTaani ruromeradonusma. [o-
Ka3aHo, 4TO MPH THOEPHALINHN Yy MIIEKOTTUTAIOIINX TITy-
0oKoe MmosiaBIeHne CKOPOCTH OOMEHa BEIIECTB code-
TaeTCs C CENEKTUBHBIM YBEINYEHUEM JKCIIPECCUU
KITFOYEBBIX TEHOB 1 CHHTE3a CTIenn(PUIecKux OEIKoB
1uis1 o0ecriedeHnst He0OXOIMMBIX YPOBHEH MeTabou-
yeckux npoueccos [17, 18]. Kpome Toro, B cepue u
MEYCHU I'eTEPOTEPMHBIX KUBOTHBIX HA Pa3IUYHBIX
JTanax ruOepHali CHHTE3UPYETCs HE TOIBKO Pa3Hoe
KOJIMUYECTBO MPOTEUHOB, HO U CIEKTP UX CYLIECTBEHHO
n3MeHeH. Takue n3MeHeHHs BUAOCTICHU(PUYHBI U Xa-
PpaKTepHBI TOIBKO [T ONPEICTICHHOTO dTarna rudepHa-
1 [4]: HapuMmep, B aBTOrpadax MUTOXOHAPHIN TIEICHN
AKTUBHBIX UTMHHOXBOCTHIX cyciaukoB (Citellus undu-
latus) obHapyxuBaeTcs 16 mMoI0C MPOTEHHOB, CHHTE-
3UPYEMBIX de novo, a y THOEpHUPYIOIINX — TOJIBKO 5
1 CO 3HAYUTENIEHO MEHBIIEH HHTEHCHUBHOCTBIO.

[lorpyxeHue B THIOMETa00INYECKOE COCTOSHUE
JIOCTUTAETCS B PE3YJIbTaTe CKOOPIUHUPOBAHHOTO CHU-
JKCHUSI PHEPreTHUECKHX 3aTpart, B yacTHocTH AT®D-3a-
BHCHUMBIX MPOLECCOB — TPAHCKPUIILUU U TPaHCII-
uuy. B yacTHOCTH, yCTaHOBIIEHO, UTO BO BpeMsl 11~
TEJFHON THOEPHALINH B TIEYEHN TPUHAIIATUIIOIOCHBIX
cycnukoB (Ictidomys tridecemlineatus) ypoBeHB dKC-
MIPECCUH MUKJIMHOB A U B cHIDKaeTcs, a mpu mpoOyK-
JEHUH MTOBBIIIACTCS, YTO MPEATIONAraeT MPOrpPecCHio
KJIETOYHOTO [IUKJIIA, KOTOPBIA 0OpaTUMO MMPUOCTAHAB-
JIUBAETCS PU TOPIIOPE U BOZOOHOBIISIETCS MTPH TOCTH-
xenun dyrepmudt [31]. N. Kondo u coasr. [21] B kpoBu
OypyHnykoB (Tamias sibiricus) 0OHapy WX CrielpH-
YyecKui koMIuieke mporenHos — HP20, koTopslii, o ux
MHEHHUIO, SIBIISICTCS] KIIIOUEBBIM (DAaKTOpOM, MOATOTaB-
JUBAIOLUIMM OPTraHU3M K HACTYIICHUIO TMOCpHAIHU.
Kommnexc HP20 cuntesnpyercs B kiieTkax e4eHH, ceK-
perupyercst B KpoBb U gajee moctymnaet B [IHC. Kpome
TOTO, IS 3UMOCIIAIINX MJIEKOTHUTAIOMINX BBISBIIC-
Ha TTOCTTPAHCIIAIUOHHAS MO (DHUKAINS TPOTENHOB
nyteM SUMO-nmupoBanus (Small Ubiquitin-like
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V.F. Kozlova and T.N. Yurchenko [12] reported, that
in the liver tissue of hibernating long-tailed ground
squirrels (Citellus undulatus), a small-focal leukocyte
infiltration was perivascularly observed. The authors
believed the accumulation of leukocytes in tissues of
internal organs as possibly associated with implementing
not only protective, but trophic function on depositing
and involving in metabolism of nucleic acids and proteins
as well. Here we also observed the leukocyte infiltra-
tion of liver tissue in hamsters both under AHM and
NHM (see Fig. 1B and 4A).

The liver is known as an active participant of protein
metabolism and accumulates 30-60% more than other
organs. Analysis of the total protein content in rat and
hamster liver tissue revealed its increase when rea-
ching AHM and 24 hrs after arousal, as well as in hi-
bernation (Table). Right at these stages of observation
in the liver tissue (see Fig. 1, 3, 4A) we noted an in-
creased content of binuclear hepatocytes (indicating
an enhanced synthetic activity of cell) or the decompo-
sition (phanerosis) of cell ultrastructures occurred, the-
reby promoting the accumulation of excess protein
number in cell due to activation of degenerative and
dystrophic processes.

An increased total protein we revealed in rat and
hamster liver might be stipulated by the keeping of a
certain level of gene expression and the activity of
specific proteins to maintain different hypometabolic
stages. A deep suppression of metabolic rate in mam-
mals during hibernation was combined with a selective
increase in the expression of key genes and synthesis
of specific proteins to provide the necessary levels of
metabolic processes [4, 5]. In addition, not only diffe-
rent amount of proteins is synthesised in heart and liver
of heterotherms at different stages of hibernation, but
their spectrum is significantly changed. These changes
are species-specific and characteristic only for a certain
stage of hibernation [31]: for example, in mitochondrial
hepatic autographs of active long-tailed ground squir-
rels (Citellus undulatus) there were found 16 bands
of proteins, synthesised de novo, but in hibernating
ones there were only 5 and with much lower intensity.

Entering the hypometabolic state is achieved due
to a coordinated reduction in energy consumption, in
particular ATP-dependent processes: transcription and
translation. In particular, during prolonged hibernation
in liver of thirteen-band ground squirrels (Ictidomys
tridecemlineatus), the expression level of cyclins A
and B was established to decrease, and during arousal
it was increased, thereby suggesting the cell cycle prog-
ression, which was reversibly suspended at torpor and
recovered upon achieving the euthermia [30]. N. Kon-
do et al. [11] have found in blood of chipmunks (7amias
sibiricus) a specific complex of proteins: HP20, which,
in their view, was the key factor in preparing the body
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Modifier). JlanHO€ CEMEWCTBO ITPOTEHHOB C IIOMOIIIBEO
KOBaJIGHTHOH CBsI3M 0OpaTHMO NMPUCOEAMHAETCS K
BHYTPHUKJIETOYHBIM IPOTEMHAM U U3MEHSIET X CBOMCTBA.
Moaudukanus myrem SUMO-1upoBaHus BOBJICKaeT-
Csl BO MHOTHE KJIETOYHBIE TPOIIECCHI: SIEPHO-ITUTO-
30JTbHBIN TPAHCTIOPT, PETYIISILIS TPAHCKPHUITIIUH, allOTITO3,
cTadmIM3anwsi 6eJIKOB, KIIETOUHBIH UK, CTPECCOBBIC
peaknuu. Y CyCIWKOB, HAXONAIIUXCA B COCTOSHHUHU
ruOepHanmy, ysennansaercs yposenb SUMO-cBsi3an-
HBIX IPOTEHHOB B MO3Te, TICYCHU M TIOYKAX; IIPHU TPO-
Oy KICHUH KOJIMYECTBO TAKUX KOHBIOTATOB YMEHBIIIACT-
cs [30], buonoruueckuit cmpicn SUMO-nupoBanusi, Be-
POSITHO, 3aKJII0YAETCs B CTAOMIIN3aLUU IPOTEHHOBBIX
MOJIEKYJI M IPEJOTBPALICHUH UX JIeTPaJlalliy IPH TU-
OepHauuu [26]. B neuenu sikyTckoro cycnuka (Sper-
mophylus undulates) npy ruOepHaNY YBEITUUUBACTCSI
KOJIMYECTBO alleTHII-CBI3BIBAIOIINX TPOTEHHOB, TPAHC-
MTOPTEPOB KUPHBIX KUCIOT U (DEPMEHTOB CHHTE3a KETO-
HOBBIX Ten [§].

IIpu ectecTBeHHON THOCPHAITUN OOJBIIOE KOJIH-
YECTBO KPOBH JCTIOHUPYETCS B CelIe3eHKE [5], oTMe-
YaloTCs M3MEHEHMS (DM3UKO-XMMHYECKUX CBOWCTB
KpOBU U cocTOsiHUS S3puTpoutoB [ 11]. [lorpyxenue B
TUIIOMETa00INYECKOE COCTOSIHUE COMPOBOXKIACTCS
CYLIECTBEHHBIM CHMKCHHUEM apTepHaIbHOTO JaBiie-
Hus (¢ 70-72 no 16 mm p. cT.) [5, 25], moaTomy oTMe-
YEeHHbIC HAMH JIeTeHEPaTHUBHO-TUCTPOUIECKHE U3-
MEHEHHS B TKAHU MIEYCHH MOTYT OBITH 00YCIIOBJICHEI
PE3KUM 3aMeTIeHHeM KpOBOOOpaIieHusI.

Panee Hamu ObLIIM BBISIBIIEHBEI OCOOEHHOCTH IMHA-
MHUKH aKTHBHOCTH XMMa3bl M TOHHHA — SH3UMOB, y9acT-
BYIOIIMX B 00Pa30BaHNWU Ba30KOHCTPHUKTOPHOTO TIETI-
tuaa anaruotrensuHa (A) Il n3 Al B meueHu Kpwic u
XOMSKOB IIPHU TUIIOMETA0OIMYECKUX COCTOSHUSX [1,
13, 14]. Xumasa — BupocneupuaHbi SH3UM. Y KpbIC
U MBIIIEH (B OTIMYME OT YeJI0BEKa, IPUMATOB, COOaK
1 XOMSIKOB) OHA SIBJISICTCS aHTHOTEH3MHA301: OBICTPO
rugponusupyert cBsa3b Tyrd-lle5 B All u oOpasyer All
IIpY BBICOKUX KOHIEHTpaiuax Al. ¥V xomsixos mpu ETM
aKTHBHOCTh XMMa3bl U TOHWHA HE M3MeHseTcs [14].
VY kpsic npu UT'M akTUBHOCTH XMMa3bl U TOHMHA CHHU-
skaetcs [ 1], y xomsikoB ipu IT'M akTHBHOCTH XUMa3bl
TTOBBIMIACTCS (TIOYTH B TPH pas3a), a TOHMHA CHIKACTCS
(6omee uem B aBa pasza). Takas TUHAMUKA AKTHBHOCTH
XUMa3bl U TOHHHA MOXET CIYXHUTh OOBICHEHUEM
HEKOTOPBIX BBISIBICHHBIX HAMH U3MEHEHUH B CTPYK-
Type W TeMOJMHAMUKE MEUEHH P THIIOMeTaboIun-
YECKUX COCTOSHHAX (TUIIEPEMUsI COCYIOB, JlereHepa-
TUBHO-AUCTPOPHUUECKUE U3MEHEHHS, TPOMOO0oOOpa-
30BaHME H JIp.), OOYCIOBICHHBIX PE3KOH peayKUuei
KpPOBOOOpaICHHUSI.

B nuxite rubepHariy opranu3M MIEKOMTUTAIOIAX
3aIUIIeH OT TIOBPEXKIAIOIIET0 JACUCTBHS THITONEP-
(dhy3um u penepPy3un, MPOUCXOIAIINX TPH OXJTAKIE-
HHUW/COTpEeBaHUU. B TO ke BpeMsl y THOSPHUPYIOIIHX
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for hibernation. The HP20 complex is synthesised in
liver cells, secreted into blood and then entered the CNS.
In addition, a post-translational modification of proteins
via SUMOlation (Small Ubiquitin-like Modifier) was
revealed for hibernating mammals. This protein family
reversibly binds the intracellular proteins by means of
covalent bond and changes their properties. The modi-
fication by SUMOlation is involved in many cellular
processes: nuclear-cytosolic transport, transcription
regulation, apoptosis, protein stabilization, cell cycle,
stress reactions. In hibernating ground squirrels the
level of SUMO-associated proteins in brain, liver and
kidneys is increased; during arousal the amount of these
conjugates reduces [28]. A biological importance of
SUMOlation is probably in stabilising protein molecules
and preventing their degradation during hibernation
[21]. In the liver of Yakutian ground squirrel (Spermo-
phylus undulates) anumber of acetyl-binding proteins,
carriers of fatty acids and enzymes of ketone body
synthesis increases in hibernation [10].

Under natural hibernation, a large amount of blood
is deposited in spleen [9], the changes in physical and
chemical blood properties and erythrocyte state are
noted [17]. Entering the hypometabolic state is accom-
panied by a significant decrease in blood pressure (from
70-72 down to 16 mm mercury) [9, 20], therefore the
degenerative and dystrophic changes we observed in
liver tissue might result from a sharp deceleration of
blood circulation.

Previously we revealed the features in dynamics
of enzyme activity, involved in vasoconstrictor peptide
formation of angiotensin (A) II from Al, chymase and
tonin, in rat and hamster liver under hypometabolic
states [1, 25, 26]. Chymase is a species-specific enzyme.
In rats and mice (unlike humans, primates, dogs and
hamsters), it is the angiotensinase: it rapidly hydrolyses
the Tyr4-115 bond to AIl and forms AlI at high con-
centrations of Al. In hamsters under NHM the activity
of chymase and tonin remains unchanged [26]. In rats
under AHM the activity of chymase and tonin decreases
[1], in hamsters under AHM the chymase activity aug-
ments (almost threefold), and that of tonin decreases
(more than twice). This dynamics of chymase and tonin
activity may explain some changes we revealed in the
structure and hemodynamics of liver under hypome-
tabolic states (vascular hyperemia, degenerative and
dystrophic changes, thrombus formation etc.), caused
by a sharp reduction in blood circulation.

During hibernation cycle the mammalian organism
is protected against a damaging effect of hypoperfusion
and reperfusion, occurring during cooling/warming. At
the same time, the hibernators experiencing low blood
flow, hypotension and increased blood viscosity (due
to low body temperature) have elevated risk of throm-
bolization. However, an increased expression of oi2-mac-
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JKUBOTHBIX B YCJIOBHSIX HU3KOTO KPOBOTOKA, MOHM-
YKEHHOTO JaBJICHUS U MOBBIILIEHHON BSI3KOCTH KPOBU
(BcnencTBUE HU3KOM TEMIIEpaTyphbl Teja) BOZHUKAET
puck TpomMO03a. OHAKO YBEIWYEHHE SKCIIPECCHH 0.2~
MakpormoOynrHa (CHHTe3upyeTcs B niedeHn) [29], a
TaK)ke HEKOTOPBIX IMPOTENHOB CEMEeCTBAa CEPIIMHOB
CHIDKAeT PUCK TPOMOOOOpa30BaHUS IyTEM WHTHOU-
poBaHMs PaKTOPOB CBEPTHIBAHMS KPOBH, TPOMOHMHA U
(nbpurHa (cunTe3npyrorcs B neueHu) [30].

Munnmmzays Gu3HoIorHuecKruX GyHKIMNA He TIPH-
BOJIUT K HEOOPAaTHUMbBIM U3MEHEHHUSM Y reTepoTepM-
HBIX MJIEKOITUTAIOIINX, TOCKOJIBKY UX OpraHu3M o0na-
JaeT PEeryJsITOPHON cucTeMol, obecneunBaroniei
roMeocTas3 P MUHUMaJIbHOM, HO CTA0MIIEHOM YPOBHE
oOMmeHa BemiecTB. Tak, JereHepaTUBHO-TUCTPOPH-
YeCKHUe W3MCHEHHS B TKAHU IEUYCHU, BBISIBICHHBIC
HaMU Ha 3Tarax runoMeTabosiM3Ma 1 BEIXOZIE U3 HETO,
TaKke, Kak W HaOogaeMple HAMU paHee B TKaHAX
cepana [10] u movex [9], o0OpaTuMbl TOCTIe BOCCTAHOB-
nernst T'T u HOpManbHOTO KpoBoOoOpamenusa. Kpome
TOTO, TIPH €CTECTBEHHOM M MICKYyCCTBEHHOM THUITOMeE-
Tabomm3Me (y XOMSIKOB), a TAaK)Ke Ha dTamax BOCCTa-
HOBIICHHS (Y KPBIC U XOMSIKOB), Ha0II0Ja/1ach aKTHBa-
LS HEKPOOMOTHYECKUX MPOLIECCOB, UTO, KaK M3BECTHO,
CIOCOOCTBYET CTUMYIISILIMK JallbHEeHIeH (PU3UO0IIOTH-
YECKOW pereHepalyy B OpraHu3Me.

BriBOABI

1. IIpu II'M B TKaHM NE€YEHU KPbIC OTMEUYAIUCH
NIBYSIICPHBIC TEAaTOITUTRI, TPOMOBI B COCY/Iax, He3Ha-
YUTENIbHBIC 09aru OCIIKOBOH TUCTPOGUH, yBEIIMICHUE
WHTEPCTULIMATIBHBIX MPOCTPAHCTB, 0Yaru MHQUILT-
paIuy TKaH! JICHKOITUTaMH.

2. B TkaHUW Ne4YeHH KPHIC U XOMSKOB depe3 2 4
nocie Beixoaa u3 UI'M Habromanuch MHOXKECTBEH-
HbIE O4aru OeJIKOBOW IUCTpoduHU, OOIBIIOE KOIHU-
YECTBO I'eMaTOIUTOB C SIPAMH Ha PA3HBIX CTaJMSIX
HEeKpoOro3a (KapuOMHUKHO3, KAPHOPEKCUC U KapHO-
TU3UC). Y XOMSKOB TaKKe OTMEYAINCh BEHO3HAs TU-
repeMust ¥ TPOMOBI B cocy/ax.

3. ¥V 060oux BUAOB KUBOTHBIX depe3 24 4 mocie
BeIxona n3 MI'M nmereHepaTtuBHO-IUCTPOPHUICCKIE
M3MEHEHHS B TeNaToOUNTaX YCHINBAIUCH: OOHAPYKH-
BaJINCh BCE THITHI OCITKOBBIX TUCTPOQUil (3epHHUCTAS,
THATMHOBO-KAIleJIbHAs U THAPOMUYECKas ), BOIMU3H
COCYJIOB OHU OTCYTCTBOBAJIM WK OBUTH MEHEE BhIpa-
JKEHBI; COXPAHSUIMCh THIIEPEMHUS COCYIOB M TPOMOBI
B HUX, a TaK)Ke OOJIBIIIOE KOJMYECTBO T'eIaTOLUTOB C
sIIpaMU Ha BCEX CTaAMsAX HekpoOuosa. Kpome toro, B
TKaHH NICUYEHU KPBIC OTMEUAIO0Ch OOJIBIIIOE KOJINYECT-
BO JIBYSJICPHBIX TEMATOIUTOB.

4. Tlpu ecTecTBEHHOI THOCPHAINY B TKAHH TICUCHH
XOMSIKOB TaKk)Ke HaOIIOMAUCh KIETKH C SApaMy Ha
CTaIMsAX KAPHOMUKHO3a W KAPHOPEKCHCa, IBYAACPHBIE
TeTaToONUTHI, O4arid HH()MIIBTPAIINY TKAaH! TIEYSHH JIeH-
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roglobulin (synthesised in liver) [27], as well as some
proteins of serpin family reduces the risk of thrombus
formation via inhibiting the blood-coagulation factors,
thrombin and fibrin (synthesised in liver) [28].

Minimisation of physiological functions does not
result in irreversible changes in heterothermic mam-
mals, since their body has a regulatory system, pro-
viding homeostasis under the minimum, but stable
metabolic level. In particular, the degenerative and dyst-
rophic changes in liver tissue, revealed by us at hypo-
metabolic stage and arousal from it, as well as those
observed by us previously in heart [18] and kidney
[16] tissues, are reversible after recovery of BT and nor-
mal blood circulation. In addition, under natural and
artificial hypometabolism (in hamsters), as well as at
the recovery stages (in rats and hamsters), we observed
the activation of necrobiotic processes, known as pro-
moting the stimulation of further physiological regene-
ration in a body.

Conclusions

1. Under AHM in rat liver tissue we observed the
binuclear hepatocytes, blood thrombi in vessels, rare
foci of protein dystrophy, increased interstitial spaces,
and foci of tissue leukocyte infiltration.

2. Multiple foci of protein dystrophy, a large number
of hepatocytes with nuclei at different necrobiotic
stages (karyopyknosis, karyorrhexis and karyolysis)
were observed in liver tissue of rats and hamsters 2 hrs
after arousal from AHM. A venous hyperemia and
blood thrombi were also noted in the vessels.

3. In both animal species, 24 hrs after arousal
from AHM the degenerative and dystrophic chan-
ges in hepatocytes were enhanced: there were found all
the types of protein dystrophies (granular, hyaline-
droplet and hydropic ones), they were absent or less
pronounced near the vessels; the vascular hyperemia
and blood thrombi in vessels, as well as a large num-
ber of hepatocytes with nuclei at all the stages of necro-
biosis were kept. In addition, a large number of binu-
clear hepatocytes was observed in rat liver tissue.

4. Under natural hibernation in hamster liver tissue
we also observed the cells with nuclei being karyo-
pyknotic and karyorrhectic, binuclear hepatocytes, foci
of leukocyte infiltration of liver tissue, as well as the
signs of hydropic dystrophy at the periphery (they were
absent near the vessels). In 24 hrs after the animal
arousal from hibernation, the binuclear hepatocytes
were noted in liver tissue, the slight dystrophic changes,
as well as the foci of leukocyte infiltration were kept
locally at the periphery.

5. Under hibernation, as well as when achieving
AHM in rats and hamsters, and 24 hrs later arousal
from it the level of total protein in liver tissue augmen-
ted.
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KOIIUTAMH, a TAK)KE MPU3HAKU TUAPOIMUECKON TUCT-
poduu Ha nepudepun (BOIMU3M COCYJ0B OHU OTCYTCT-
BoBanu). Yepes 24 4 mocie BhIXOJa XUBOTHBIX W3
ruOepHalMy B TKAHH IIEUSHN OTMEYANINCh JIBYSIICpHbIE
rernaTolnThl, JIOKATLHO Ha nepudepun COXpaHsITUCh
HE3HAYMTENbHbIE UCTPOPUICCKIE N3MEHEHUS, a
TaK)Ke 04ard MHPHIBTPAITUH JIEHKOLIUTaMH.

5. Tlpu ruGepHaruy, a TakkKe NMPH JOCTHKECHUU
NI'M y KkpbIC 1 XOMSKOB U 4epe3 24 9 rmocie BhIXo/a
13 HETO B TKAaHW TI€UYEHU yPOBEHb OOIIETO MPOTEHHA
MTOBBILIAJICS.

Asmopul sbipasicarom 61a200apHOCmb C. H. C., K. 0. H.
U ®. Kosanenxo, cm. H. c., K. 6. H. J.LH. Mapuenko u cm. H. c.,
K. M. H. MU Konoaxosy 3a memoouueckyo u KOHCYlb-
MAMUSHY10 NOMOUb.
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