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Histological Picture in Neocortex and Hypothalamus
of Homoio- and Heterothermal Animals Under Artificial
and Natural Hypometabolism

Pecbepat: M3yyanu CTpyKTypHble U3MEHEHUSI B TKaHsIX HEOKOpPTEKCA W rynotanamyca y reTepoTepMHbIX XOMSIKOB Npu ecTecT-
BEHHOM W UCKYCCTBEHHOM ruMnoMeTabonuamMe u roMOMOTEPMHbIX KPbIC NPU UCKYCCTBEHHOM runoMeTabonuamMe, a Takke Ha dTanax
BOCCTaHOBNEHUs (Yepe3 2 u 24 4 nocrne Bbixoga U3 runomeTtabonuyeckux coctosiHuin). Habnoganu cnepyoline n3aMeHeHus B
M3YYEHHbIX TKaHSIX MO3ra: pacluMpeHue/Cy>XeHue nepuBacKynsipHbIX NPOCTPAHCTB U NOSIBNEHWE TEMHbIX HEMPOHOB; MOSIBNEHME
HEMPOHOB C siApbILLIKaMKU B sApe, ykasblBatollee Ha ycuneHne cuHTesa Genka B OTBET Ha MMMNOKCUI0, YTO MOATBEPXKAEHO COOTBETCT-
BYIOLIMMU KonebaHusiMu ypoBHs obluero 6enka B 3TUX TKaHsIX. BbisiBNeHHble U3MEHEHUSI HE SIBNSIOTCS CreACTBMEM TOKCUYECKOro
BO34ENCTBUS UM NATONOrMYECKUX MPOSIBNIEHNN, @, BEPOATHO, OTpaxatoT pasnnyHble asbl HopMarnbHbIX MeTabonmyeckmx npowec-
CoB npu runometabonuame. NameHeHus nmeroT BUAOCNEUMPUYECKUA XapaKTep, KAYECTBEHHO U KONMYECTBEHHO MO-PasHOMY Mpo-
SIBMNSIOTCA Ha ONpefeneHHbIX aTanax Bxoda W BbiXxoda M3 rMnomMeTabonnyeckux COCTOSIHUNA.

KniouyeBble cnoBa: HEOKOPTEKC, rMnoTanamyc, TEMHble HENPOHbI, TMGepHaLnsi, UCKYCCTBEHHOE runomeTabonuyeckoe
COCTOsIHME, TOMONOTEPMUS, FETEPOTEPMMUSI.

PedepaT: BvByanu CTpyKTypHi 3MiHM B TKaHMHaX HEOKOPTEKCY Ta rinotanaMmyca retepoTepMHUX XOM'siKiB MpyU NPUPOAHOMY
i WTy4yHOMYy rinroMeTaboniami Ta roMOMOTEPMHUX LIYpPIB MPU LITY4YHOMY rinomMeTaboniami, a Takox Ha eTanax BiAHOBMEHHs (4epe3
2 i 24 roguHn nicna Buxody i3 rinometaboniyHmx cTtadiB). CnocTepiranu Taki 3MiHW y BUBYEHUX TKAHWHAX MO3KY: PO3LUMPEHHs/
3BY)XEHHSI NepuBaCKyNsSPHUX NPOCTOPIB i NMOsiBa TEMHUX HEWNPOHIB; NOsiBa HEMPOHIB i3 sAepusaMmn B S4pi, WO BKA3ye Ha MOCUMEHHS
cuHTe3y binka y BignoBigb Ha rinokci i NigTBEPAXXEHO BiANOBIAHUMU KONUBaHHSAMMW PIiBHS 3aranbHoOro Ginka B UMX TKaHUHaXx.
BusiBneHi 3mMiHM He € HacnigkoM TOKCUYHOro BNvMBY abo naTonoriYyHux nposieis, a, MMOBIPHO, BioOpaxatoTb pi3Hi hasn HopMarnbHUX
MeTaboniyHmx npoueciB npu rinometaboniami. 3mMiHM MaTb BugocneundiyHUA xapakTep, siKIiCHO Ta KifnbKiCHO Mo-pisHOMY
NposBNAOTLCA Ha MEBHUX eTanax BXxody i BMXoAy 3 rinomMmeTaboniyHux cTaHiB.

Knro4oBi cnoBa: HeokopTekc, rinotTanamyc, TeMHi HeMpoHM, ribepHauis, WTy4YHWUIA rinomeTaboniyHuin cTaH, roMonoTepMis,
retepoTepmis.

Abstract: Structural changes in the brain neocortex and hypothalamus in heterothermal hamsters under natural and artificial
hypometabolism, and in homoiothermal rats under artificial hypometabolism as well as 2 and 24 hrs later awakening from hypometabolic
states were studied. The following changes in the studied brain tissues were observed: a dilation/constriction of perivascular
spaces and dark neurons appearance; the emergence of neurons with nucleoli in their nucleus, likely indicating an increased protein
synthesis in response to hypoxia. The latter was confirmed by the revealed corresponding fluctuations in the total protein levels in the
tissues. The identified changes probably reflect different phases of normal metabolic processes under hypometabolism and are not
resulted from either toxic effect or pathological manifestations. The changes were species-specific and manifested differently, both
qualitatively and quantitatively, at certain stages of entering and awakening from hypometabolic states.

Key words: neocortex, hypothalamus, dark neurons, hibernation, artificial hypometabolic state, homoiothermia, heterothermia.
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Mammalian hibernation is an example of natural
species adaptation allowing the animals to survive
extreme conditions, and in addition it could serve as an
unique model for studying the mechanisms underlying
the resistance of an organism to the effect of extreme
factors (low temperatures, hypoxia, oxidative stress
etc.).
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[Iporeccrl morpy»keHus 1 BBIXO/Ia U3 THOSPHALINH,
JUTUTEIILHOCTB €€ 02y TOB KOHTPOJIUPYIOTCS IIECHTPAITb-
Hol HepBHOU cuctemoit (LIHC) [10, 18]. Oxnako
CTPYKTYPBI MO3Ta IIpY r’UOSpHAITNY HAXOISATCS Ha pa3-
HOM ypOBHE ()yHKITHOHAILHOM aKTUBHOCTH. X akTHB-
HOCTBH CHIKAETCSI 10 HUCXOJIIECH: C SBOIOIMOHHO
6omnee momonbix cTpykTyp IIHC (HeokopTeke) k 3Bo-
JONMOHHO OoJiee «JIPeBHUM) MOJKOPKOBBIM CTPYK-
Typam (THIOTajJaMyc, TUIITTOKaMIT U 1p.). [Ipu sTom
OoumonekTpuueckas akTuBHOCTH (BOA) B Heokop-
TEKCE TOJHOCTBIO MOJABJICHA, & B TUIOTANIAMYCE H
TUIIIOKAMITE OHA PETUCTPHUPYETCS 1aXkKe B COCTOSTHUN
m1yOoKoii rudepHanun [9, 29].

Y KHBOTHBIX, CIOCOOHBIX TIOTPYXKaThCsl B THOEP-
HAITUIO, KIIETKY M CUCTEMbI YCTOHYUBEI K Pa3INIHBIM
nospexaeHusM [13], mosToMy At 3KCIEpUMEH-
TATbHOW OMOJIOTHH ¥ IPUKIIAHON MEUIIMHBI METOIBI
HMCKYCCTBEHHOTO CHIDKEHHUS MeTadoim3Ma TOMOMO-
TEPMHOTO OpPTaHH3Ma MPEICTABISAIOT OOJBIION HH-
tepec. Ilpu mckyccTBeHHOM rumoMmeTabonuime
(UI'M), B oTIII4HE OT paBHOM 110 TTyOHUHE JTF000# pas-
HOBHUIHOCTHU THIIOTEPMUH, TOTPEOIIeHIE KUCIOPOIa B
ABa pasza Huke. [lorpyxenue B UII'M, korna cHu»ke-
Hue Temieparypsl Tena g0 20...15°C npoucxoaut Ha
(hoHE HapacTaroIeH THIIOKCUU-TUTICPKATTHUY, BBI3bI-
BaeT 00€3BUKCHHOCTh, YTHETCHUE TaKTUIBHON U
00JIeBO YYBCTBUTENBHOCTU, METa0ONIM3Ma, PUTMA
cepaua u BOA ronosHoro mosra [4]; oTMeuyaeTcsi CHU-
JKeHne aMIuTuTyasl BOA HeokopTekca, mempeccus
BCEX YaCTOTHBIX COCTABJISIONINX DJIEKTPOdHIIE]ao-
rpammel (3217) Ha hoHE TOMUHHUPOBAHUS MOIITHOCTH
B O-nuarnasone [7, 8]. I3 3TOro COCTOSHUS JKHBOTHOE
CIIOCOOHO BO3BpAIIAThCS K HOPMOTEPMUH, KaK U IIPH
€CTECTBEHHOM rUIoMeTadonmu3Me [4], mpuueM akThuB-
HOCTh MO3Ta JOCTUTaeT HOPMAIBHOTO ()yHKITHOHAb-
HOTO YPOBHSI B JIBa pa3a OBICTpPEE Y T€TePOTEPMHBIX,
YeM Yy TOMOMOTEpMHBIX KHUBOTHBIX [&].

lumoranamo-runogusapHas cucTeMa sBISCTCS
HelipodddekropubiM 3BeHOM [IHC, oHa akTUBHO
Y9acTBYeT B peasin3aluy THOepHAIINH, U TI0 KapTHHE
ee Mop(PohYHKIIMOHATHFHOTO COCTOSIHUAS MOYKHO CYTUTh
00 M3MEHEHUAX, MPOUCXOMAININX MPH THOCPHAITHH
JKUBOTHOTO [6]. ['McTONOTHYIECKas KapTHHA HEOKOPTEK-
ca u runoranamyca — cTpykryp LIHC, BoBiedeHHBIX
B peaM3aInio ¥ KOHTPOIIb MPOIIECCOB TEPMOPETYIISIN
[30] v ruGepHaryu [ 10, 18], 1acT BO3MOXKHOCTb BbIsI-
BHUTh XapaKTEePHbIC CTPYKTYPHO-()YHKIIMOHAIBHBIC
M3MEHEHUS TP MOTPYKCHUU B TUTIOMETA00TNIYECKUC
cocrosaus (I'MC) u BbIXOIE U3 HUX.

Llenb paGoOThI — U3YYUTH CTPYKTYPHBIC U3MECHEHUS
B TKaHSIX HEOKOPTEKCAa W THIOTallaMyca reTepo-
(XOMSIKT ) 1 TOMOMOTEPMHBIX (KPBICHI ) )KHBOTHBIX TIPH
HCKYCCTBEHHOM M €CTECTBEHHOM THIIOMETa0O0IU3Me
Ha 3Talmax BOCCTAHOBIICHUS (depe3 2 u 24 4 mocie
BBIXOJ]a U3 THTIOMETA00IMYECKOTO COCTOSHUA).

%

The processes of the hibernation entering and
awakening, the duration of its bouts are controlled by
central nervous system (CNS) [1, 8]. However, the
brain structures during hibernation are at different
levels of functional activity. Their activity decreases
downward, starting from evolutionarily younger CNS
structures (neocortex) to the evolutionarily more ‘an-
cient’ subcortical structures (hypothalamus, hippocam-
pus efc.): while a bioelectrical activity (BEA) in the
neocortex is completely suppressed, in the hypothala-
mus and hippocampus it is strongly modified but
preserved in deep hibernation [22, 32].

The animals being able of entering hibernation have
the cells and systems resistant to a variety of injuries
[4], so the methods of artificial inhibition of the meta-
bolism of homoiothermal organism are of great interest
for experimental biology and applied medicine. Artificial
hypometabolism (AHM), unlike any of equal depth
hypothermia variations, is accompanied by twice lower
oxygen consumption. Entering the AHM when the
decrease in body temperature down to 20...15°C takes
place on the background of increasing hypoxia-hyper-
capnia, causes immobility, suppression of tactile and
pain sensitivities, decrease in metabolism, heart and
respiratory rhythm and brain BEA [23]; a decline of
BEA amplitude of the neocortex is observed, as well
as a depression of all the frequency components of
the electroencephalogram (EEG) but with relative pre-
dominance of d-oscillations [31, 33]. An animal is able
of rewarming from this state to normothermia, as in
the case of natural hypometabolism (NHM) [23], more-
over the activity of the brain reaches a normal functio-
nal level twice faster in heterothermal than homoiother-
mal animals [31].

Hypothalamic-pituitary system is a neuroeffector
link of the CNS, actively involved into the implementa-
tion of hibernation and the appearance of its morpho-
functional state could indicate the changes occurring
during an animal hibernation [30]. Histological analysis
of' neocortex and hypothalamus, i.e. the CNS structures
involved into the implementation and control of thermo-
regulation [24] and hibernation [1, 8], would provide
an opportunity to identify specific structural and func-
tional changes when entering and rewarming from a
hypometabolic state (HMS) [30].

The research aim was to study structural changes
in the neocortex and hypothalamus tissues of hetero-
(hamsters) and homoiothermal (rats) animals under
artificial and natural hypometabolism and at recovery
stages (2 hrs and 24 hrs after rewarming from the
hypometabolic state).

Materials and methods
The experiments were carried out in accordance
with the General Principles of Experiments in Animals
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MaTepuajbl 1 MeTOAbI

DKCHEPUMEHTH TIPOBEACHBI B COOTBETCTBUH C
«OO0mMMH TPUHIIATIAMY SKCIIEPUMEHTOB Ha KHUBOT-
HBIX», 000peHHbIMU V HalmoHamsHBIM KOHTPECCOM
o ouostuke (Kues, 2013) u cormacoBaHHBIMH C
nonoxeHusiMu « EBporneiickoii KOHBEHIIMU O 3alIUTE
MO3BOHOYHBIX XUBOTHBIX, UCIOJB3yEMBIX IJIS
SKCIEPUMEHTANBHBIX U APYTUX HAyYHBIX LEJIeH»
(Crpacoypr, 1986). Pabora BhIlTOTHEHAa B OCCHHE-
3UMHHUH TIepHoj Ha caMIlaxX 30JI0THCTBIX XOMSKOB
(Maccoif 85-95 r) u cammax OECTOPOMHBIX OEIBIX
kpbic (Maccoit 180-220 r). [lo Hawama 3KCriepuMeHTa
JKHBOTHBIX COJIEP)KAIH B YCIOBHSIX BUBApHUS IPHU
€CTECTBEHHOM CBETOBOM PEXHMME Ha CTaHIApTHOM
patone ad libitum ¢ nob6aBneHNEM 3epeH MIIECHUIBI
U CEMSIH MOJICOTHEYHHKA.

[epen morpyxeHreM B eCTECTBEHHBIN THIOMeTa00-
mu3Mm (EI'M) XxoMsIKOB paccakuBalld B UHIUBUIYallb-
HBIE KJIETKU, U3 pallMOHA UCKIIOYAIN COUHYIO MUY,
CHa0Xalli THE3/JI0OBBIM MaTepuajaoM (IpeBecHBIE
OTIMJIKY M CEHO) ¥ TEPEHOCHIIN B TEMHOE ITOMEIIEHNE
¢ TeMIeparypoit Bo3ayxa okoio (3 £ 1)°C (mpompii-
JICHHAs XOJIOMMIbHAS Kamepa 0obemoM 20 M ¢ aBTO-
MaTHYECKON perylMpoBKOil Temreparypbl). XOMSIKA
MIOTPYKAIHUCH B CIISTIKY depe3 10—14 gaeit. Cpemrsisa
JUTITEIIBHOCTH OayTa cocraBmia (3 £ 0,5) cyTok.

Coctosnue UI'M MonenupoBaiu ¢ HOMOIIBIO Me-
TOJIa «3aKPBITOrO cocynay [4, 7]. JKUBOTHBIX B repMme-
THYECKH 3aKpBITOM cocyne (oObemom 3 am® st
KpbIC U 2 AM® 711 XOMSKOB) MOMEIIATH B TEMHYIO
xosonoByto kamepy (2...5°C). Haxonscek B yciaoBusx
MOHMXEHHOM TeMIepaTyphl U HapacTalOLIEH TUIOK-
CUH-TUTICPKAITHIH, )KUBOTHBIE ITOCTETIEHHO (B TCUCHUE
2,5-3 9) morpy’XKalnuch B COCTOSTHUE, IO (PHU3HOJIOTH-
YECKHM MapaMeTpaM CXOJHOE C €CTECTBEHHOU TH-
Oepuanmeii [4, 7]. JKuBoTHBIX (n = 5) BRIBOIAWIN U3
JKCIEpPUMEHTa IMyTeM JeKanmuTanuu, 3abop mare-
puana nmpoBo v pu goctmkernu [ MC 1 Ha dTamax
BOCCTaHOBJIEHHS (uepe3 2 u 24 u).

l'ucronorudeckoe uccienoBaHUE BBIMOIHSUIM IO
CTaHmapTHOH MeTtonuke [1]: TkaHu (UKCHUPOBaIN B
10%-m pacTBOpE HEHTpaNBLHOrO (popMaIHA B TEUCHHUE
24 4. Ilocne oTMBIBaHUS (PUKCUPOBAHHBIN MaTepUa
00€3BOYKMBAIIM B CITUPTAX BO3PACTAIOIIEH KOHIIEHTPA-
UUM ¥ 3anuBanu B mapaduH. [lomydeHHBIE Cpe3bl
TOJIIIIAHOM 6—8 MKM OKpaITuBaIl TeMaTOKCHINHOM U
s03uHOM. [Ipenapats! n3yyanu u pororpaduposanu
¢ oMol MUKpockona «Axio Observer Zl» («Carl
Zeiss», I'epmanust) ¢ mporpaMMHBIM 00€CTI€deHUEM
JUTs aHaM3a m300pakeHnit «AxioVision Rel. 4.8». Tpu
MOP(}HOIOTHIECKOM HCCIeIOBAHNHN BU3yaIbHO OIICHH-
BaJId COCTOSIHUE TUCTOJIOTHYECKIX 00Pa3I0B TKaHEH
HEOKOpPTEKCa M THIoTalaMyca (JuaMeTp MpocBeTa
COCYZOB, UX KPOBEHAMOIHEHNE, COCTOSIHUE TIEPUBACKY-
JISIPHBIX IPOCTPAHCTB, HEHPOHOB U UX JIep). YPOBEHb
o0miero Oelka B TKaHSIX ONPEAEIISUIH METOI0M bpe-
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approved by the 5™ National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986). The work was performed
in autumn-winter period in male golden hamsters (85—
95 g weight) and male outbred albino rats (180-220 g).
Before the experiment start the animals were kept
under animal house conditions with natural light
conditions on the standard diet ad libitum with wheat
grains and sunflower seeds.

Before entering the natural hypometabolism
(NHM) the hamsters were placed into individual cages,
the diet was deprived of juicy food, the animals were
supplied with nesting material (sawdust and hay) and
transferred into a dark room with an air temperature
of about (3 = 1)°C (large scale freezer of 20 m* with
automated temperature control). The hamsters entered
hibernation after 10—14 days. The average bout dura-
tion was (3 £ 0.5) days.

AHM state was achieved using the method of the
‘closed vessel’ [23, 33]. The animals in the sealed
vessel (for rats it was of 3 dm® volume and 2 dm? for
hamsters) were placed into a dark cold chamber
(2...5°C). Being at lowered temperatures and increas-
ing hypoxia-hypercapnia, the animals gradually (within
2.5-3 hrs) entered the state similar by some physiolo-
gical parameters to natural hibernation [23, 33]. The
animals (n = 5) were sacrificied by decapitation, the
samples were collected when achieving the HMS and
at the recovery stages (2 and 24 hrs). Histological
examination was performed according to standard
procedures [34]: the tissues were fixed in 10% neutral
formalin solution for 24 hrs. After washing the fixed
material was dehydrated in alcohols of an increasing
concentration and paraffin embedded. The obtained
6—8 mm slices were stained by hematoxylin and eosin.
The samples were examined and the photos were made
with Axio Observer ZI microscope (Carl Zeiss, Germa-
ny); image analysis was done using the AxioVision Rel.
4.8 software. Morphological study involved visual
assessment of the state of histological samples of
neocortex and hypothalamus tissues (diameter of the
lumen of blood vessels, their blood supply, condition of
perivascular spaces of neurons and their nuclei). The
content of total protein in tissues was determined
according Bradford [2]. Statistical analysis was
performed using the Mann-Whitney test.

Results and discussion

Artificial and natural HMSs in the tissue samples
of neocortex were accompanied by an increased volume
in perivascular spaces, observed especially in hetero-
thermal hamsters (Fig. 1, A). The vision fields in neo-
cortical tissues of homoiothermal rats contained signifi-
cant amount of neurons, in which the nuclei with nucleoli

95



¢dopma [11]. CratucTrueckyro 06pabOTKy JaHHBIX IPO-
BOJIMJIM C UCTIOJIB30BAHUEM KpUTEpHs MaHHa- YUTHH.

Pe3yabTarsl m o0cyxaeHue

[Ipu uckyccreenHoM u ecrecteenHoM I'MC B 00-
pasIax TKaHH HEOKOpTeKca HaOoqaly yBeIn4eHHe
00BeMa IepHUBaCKYISIPHBIX IIPOCTPAHCTB, OCOOCHHO Y
TeTePOTEPMHBIX XOMAKOB (puc. 1, A). B momne 3penus
B TKAHU HEOKOPTEKCa y TOMOHOTEPMHBIX KPBIC OTMe-
YaJIy 3HAYUTENIbHOE KOJIMYECTBO HEHPOHOB, B KOTOPBIX
BUIHBI siapa ¢ aapeiukaMu (puc. 1, Al), yto yka-
3bIBaE€T Ha aKTHBALMIO MPOLIECCOB CHHTE3a OeJKa H
SIBJISICTCS] OTBETHOW peakLuer Ha IeficTBUE TUIIOKCHH.
[HoaTBepkaeHnEM 3TOMY CIIyKaT HAaIlM JaHHbIE O TO-
BBILIICHUH YPOBHS 00IET0 OellKa B TKAaHU HEOKOPTEKCa
kpsic ¢ (1,49 £+ 0,2) MKI/MII B KOHT-
pore mo (3,02 + 1,41) Mxr/ma npu
noctmwkeHnn UI'M. YV XoMsKoB,
MO3T KOTOPBIX, KaK U y Bcex Tuoep-
HUPYIOLIUX MJIEKONUTaromux [1,
26], MeHee YyBCTBUTENEH K THITOK-
CHH, B TKQHU HEOKOPTEKCa, Harpo-
TUB, HAOJIIONAMN TEHACHLUUIO K
CHID)KEHUIO YPOBHS 00111er0 Oenika
KaK IMpu HCKyccTBEeHHOM — (1,22 +
0,15) MKr/MJI, TAK ¥ €CTECTBEHHOM
I'MC—(1,16+0,21) Mxr/m (KOHT-
pois (1,44 £+ 0,29) mxr/mi). Kpo-
Me Toro, y XoMsikoB Iipu I MC B Heo-
KOpTEeKCe OOHapy»XeHBl TEMHBIE
HerpoHsl [22, 25] (puc. 1, A2 u A3).

B Tkanu runoranamyca (puc. 1,
B), kak u B HeokopTekce, npu UMM
u EI'M taxoke HaOIronamm pa3Hyro
CTEIEHb PacUIMPEHUs NEePUBACKY-
JISIPHBIX TIPOCTPAHCTB (O0JIee 3aMeT-
HO y XoMskoB) (puc. 1, B2 u B3).
Otmeuanu MHOXKECTBO (yHKIIHO-
HaJIbHO aKTUBHBIX, HAIIOJHEHHBIX
KPOBBIO COCYJIOB Pa3HOTO IMaMeTpa
(KanuJUTsIpEL, apTEpUH, apTEPHUOIIBI)
(puc. 1, B), 0coGeHHO y XOMSIKOB IpH
EI'M (puc. 1, B3). Kpome Toro,
ObUI0 OOHAPY>KEHO CHIKEHUE YPOB-
Hs1 o01Iero OejKa B TKaHU THITOTa-
namyca: ipu UT'M — kak y KpbIcC

were seen (Fig. 1, A1), that indicated the activation of
protein synthesis and was a response to hypoxia. This
was confirmed by our findings about an increased level
of total protein in rat neocortical tissue from (1.49 +
0.2) ug/ml in the control to (3.02 + 1.41) pug/ml when
reaching the AHM. And vice versa, there was a ten-
dency to a decreased level of total protein both at arti-
ficial — (1.22 £+ 0.15) pg/ml and natural HMS — (1.16 +
0.21) ug/ml (control — (1.44 £0.29) pg/ml) in hamsters
neocortex tissue, which brain is less sensitive to hypoxia
like all hibernating mammals [19, 34]. Moreover, HMS in
hamsters was accompanied with appearance of dark
neurons in neocortex [13, 19] (Fig. 1, A2 and A3).
Hypothalamic tissue (Fig. 1 B), as well as the neo-
cortex both at AHM and NHM had the dilatations of

¢ (1,21 £ 0,38) MKr/MJI B KOHTpOJIE
1o (1,15+ 0,01) Mxr/mi, Tak u y
xomsikoB ¢ (1,34 £+ 0,2) Mkr/mi B
koHTpose 10 (1,09 £+ 0,09) Mxr/mi,
a ipu EI'M y xomskos 1o (0,5 +
0,14) mxr/mi (p < 0,05).

Yepes 2 4 mocie BbIXOJA W3
HI'M B TKaHU HEOKOPTEKCa KaK y
KpbIC (puc. 2, Al), Tak 0 'y XOMSIKOB

Puc. 1. TkaHu ronoBHOro MO3ra KpbIC M XOMSIKOB MPU UCKYCCTBEHHOM U €CTECT-
BEHHOM runomeTabonuame: A — ceHCOMOTOpHas obnacTb HeokopTekca; B —
rmnotanamyc; 1 — kpbicbl npu UIMM; 2 — xomsiku npu UMM; 3 — xomsikm npun EIMM;
nepuBackynsipHble NpocTpaHcTBa (benbie CTPenkn); HeMpPOHbI C SAPbILLKaMK B
snpe (ob6BeneHo 6enbiM KOHTYPOM); MHTaKTHbIE (06BeAEeHO YePHBIM KOHTYPOM)
N TeMHble (YepHble CTpernku) HelpoHbl. Okpacka reMaToKCUIIMHOM Y 303UHOM.

Fig. 1. Brain tissues of rats and hamsters at artificial and natural hypometa-
bolisms: A — neocortex sensorimotor area; B — hypothalamus; 1 — rats at AHM,;
2 — hamsters at AHM; 3 — hamsters at NHM; perivascular spaces (white arrows);
neurons with nucleoli in nucleus (white contour); intact (black contour) and dark
(dark arrows) neurons. Hematoxylin and eosin staining.
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Puc. 2. TkaHV rofIOBHOIO MO3ra KpbIC U XOMSIKOB Yepes3 2 4 rnocrne Bbixoga 13
WCKYCCTBEHHOrO runometabonuama: A — ceHcoMOoTopHas obnacTb Heokop-
Tekca; B — runotanamyc; 1 — kpbicbl npy UIFM; 2 — xomsakm npu FM; 3 — xomsiku
npu EMM; nepuBackynsipHble npocTtpaHcTBa (6enble cTpenku); HERpOoHbl C
aapbllkaMmy B agpe (obBeneHo GenbiM KOHTYPOM); MHTaKkTHble (o6BeadeHo
YEepHbLIM KOHTYPOM) U TEMHbIE (YEpHbIE CTPENKM) HenpoHbl. Okpacka remarto-
KCUTMHOM U 303MHOM.

Fig. 2. Brain tissues of rats and hamsters 2 hrs after artificial hypometabolism:
A — neocortex sensorimotor area; B — hypothalamus; 1 — rats at AHM; 2 — ham-
sters at AHM; 3 — hamsters at NHM; perivascular spaces (white arrows); neu-
rons with nucleoli in nucleus (white contour); intact (black contour) and dark

(dark arrows) neurons. Hematoxylin and eosin staining.

(puc. 2, A2) nepuBacKyIsIpHBIC TIPOCTPAHCTBA OCTa-
BaJIMCh PACIIUPECHHBIMU, HAOIIONATH TAKXKe COCYIIbI
0e3 MmepuBacKyIsPHBIX IPOCTPAHCTB. B HeokopTeKce
KPBIC IOSBIJIOCH 3HAYUTEIFHOE KOTUYECTBO TEMHBIX
HEHPOHOB, YPOBEHB O0IIETO OeTKa 3HAYUMO HE OTIIH-
qancsi oT KoHTpoist — (1,58 + 0,24) mkr/n. B Tkanu
HEOKOpTeKca XOMSIKOB yepes 2 1 nmocsie MI'™ nHabmio-
JIaJT TEMHBIE HEHPOHBI, B HEKOTOPBIX KJIETKaX TaKXkKe
OBLTN BUIHBEI sifipa C siApbIKaMu (puc. 2, A2), Kak u
y kpeic B coctostaun MUI'M (puc. 1, Al). YpoBeHs
o0miero Oenka B TKAHU HEOKOPTEKCA XOMSIKOB MOBBI-
mascs go (1,71 £ 0,18) mxr/mn (xoutpons (1,44 +
0,29) MKr/™mI1).

B Tkanm runoramramyca depe3 2 9 mociie BeIXona
u3 coctosuuss UI'M mpocnexuBanuch aHaIOTHYHbBIC
¢ oOpasuamu HeokopTekca u3menenus (puc. 2, Bl u
B2), ogHako pacuivpeHue nepuBacKyJIsPHBIX MPOCT-
paHCTB OBLIO OOJIeE BRIPAXKEHO, 0COOCHHO Y XOMSIKOB,
a TEMHBIX HEHPOHOB B TUIOTajaMyce, HalpOTHB, Y
KpBIC OBLIO OOJIBIIE, YEM Y XOMSKOB.

Uepes 24 g nocie Beixoma u3 I'MC kak y KphIC,
TaK ¥ XOMSKOB B HEOKOpPTEKCe (pHc. 3) IepUBaCKYIAp-
HbIE MTPOCTPAHCTBA OBLIN CYXEHBI, 0COOCHHO BO3JIE
KPYIHBIX COCYZIOB Yy XOMSKOB (puc. 3, A2), BUIHBI
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perivascular spaces of a various
extent (more visible in hamsters)
(Fig. 1, B2 and B3). Multiple func-
tionally active, filled with blood
vessels of different diameters
(capillaries, arteries, arterioles)
(Fig. 1, B) were present, espe-
cially in hamsters at NHM (Fig. 1,
B3). Furthermore, there was
found a decreased level of total
protein in the hypothalamus tis-
sue: at AHM — both in rats (from
(1.21 £ 0.38) pg/ml in the control
down to (1.15+0.01) pg/ml) and
hamsters (from (1.34 +0.2) pg/ml
in the control down to (1.09 +
0.09) pg/ml), and at NHM in ham-
sters —down to (0.5 £0.14) pug/ml
(p <0.05).

In 2 hrs after the AHM the
perivascular spaces were dilated
in neocortical tissue both in rats
(Fig. 2, A1) and hamsters (Fig. 2,
A2), the vessels without perivas-
cular spaces were also observed.
A considerable number of dark
neurons appeared in rat neocor-
tex, the level of total protein was
not significantly different from the
control: (1.58 +0.24) pug/ml. The
dark neurons were observed in
the neocortex tissue of hamsters 2 hrs after the AHM;
some cells had also the nuclei with nucleoli (Fig. 2,
A?2), as in the rats with AHM state (Fig. 1, Al). The
level of total protein in neocortex tissue of hamsters
increased up to (1.71 + 0.18) pg/ml (control — (1.44 +
0.29) pg/ml).

Hypothalamic tissue in 2 hrs after the AHM state
had changes similar to those in the neocortex samples
(Fig. 2, B1 and B2), but the dilatation of perivascular
spaces was more visible, especially in hamsters, and
the number of dark neurons in the hypothalamus was
higher in the rats in contrast to hamsters.

In 24 hrs after the HMS the perivascular spaces
were narrowed both in rat and hamster neocortex
(Fig. 3), especially near the large vessels in hamsters
(Fig. 3, A2), there were the vessels without perivascular
spaces; the number of dark neurons was decreased;
functionally active vessels of different diameters filled
with blood were seen.

Rat hypothalamic tissue 24 hours after AHM (Fig. 3,
B1) contained dark neurons; perivascular spaces were
narrowed. In the same terms the perivascular spaces
in hamster samples remained dilated, especially near
the large vessels (Fig. 3, B2 and B3), the vessels of

97




cocyIsl 0e3 MepUBaCKYJSIPHBIX
MPOCTPAHCTB; YMCIIO TEMHBIX HE-
POHOB YMEHBIIIAIOCH, HAOTOIAIIN
HaIOJHEHHBIE KPOBBIO (DYHKITHO-
HallbHO aKTHUBHBIE COCYABI pa3-
JIUYHOTO TUAMETPA.

B TkaHu runoranamyca KpbIC
yepe3 24 4 nocne UI'M (puc. 3,
B1) Obuti BUTHBEI TEMHBIE HEHPO-
HBI, IEPUBACKYJISIPHBIE IPOCTPaH-
CTBa CyXalucCh. ¥ XOMAKOB B 3TU
e CPOKH IIePUBACKYJISIPHBIE MIPO-
CTpPaHCTBA OCTABAIUCH PACIIUPEH-
HBIMH, OCOOSHHO BO3JIe KPYITHBIX
cocynos (puc. 3, B2 u B3), 6buu
BHJIHBI COCY/IBI MEHBIIIETO Tua-
MeTpa 0e3 MepuBaCKYISIPHBIX
MPOCTPAHCTB.

OTBeT OpraHM3Ma Ha OXJIaXK-
JICHHUE 3aBUCUT OT BUIa M BO3pac-
Ta XUBOTHOTO, TIyOUHBI U JIJTH-
TEJIbHOCTH XOJIOZI0BOM SKCIIO3ULIU.
JaHHble, uMeronuecs: B HayYHOU
JTUTEepaType Mo 3TOMY BOIPOCY,
JOCTaTOYHO MPOTHBOPEUHBHI.

B TepMmoHelTpanibHOW 30HE
(Temmeparypa okpykarouiei cpe-
abl1 27...29°C) y KpBICH M XOMSIKa
0a3abpHBIE METaOOIMYECKUE T10-
Ka3arejy CXOJHbIC, HO B OTBET Ha

MIOCTETIEHHOE CHUYKEHUE TEMITepa-
TYpBl OKPYIKAIOIeH Cpelbl CKO-
pOCTh MeTaboIu3Ma y XOMSKOB
YBEIWYNBAETCS 3HAYUTEIHBHO
obIcTpee, ueM y Kphic [24]. Kpome
TOrO, /11 TOMONO- U TETEPOTEPM-
HBIX YKHBOTHBIX, BO3MOYKHO, XapaK-
TEPHBI Pa3IIUYHBIE COOTHOIIICHUS

Puc. 3. TkaHu ronoBHOro mMosra KpbIC 1 XOMSIKOB Yepes 24 4 nocne Bbixoga 13
NCKYCCTBEHHOIO N eCTeCTBeHHoro runometabonuama: A — ceHCOMOTOpHas
obnacTtb HeokopTekca; B — runotanamyc; 1 — kpbicbl npu UITM; 2 — xomsiku npu
UI'M; 3 — xomsikn npu EIM; neprBackynsipHble NpocTpaHcTBa (6enble CTpenku);
HEeNpPOHbI C AapbllwkamMu B sape (06BefeHO 6enbiM KOHTYPOM); MHTAKTHbIE
(06BEOEHO YEPHBLIM KOHTYPOM) U TEMHbIE (YepHbI€ CTPENIKU) HENPOHDI.
Okpacka reMaToKCUIIMHOM U 303UHOM.

Fig. 3. Brain tissues of rats and hamsters 24 hrs after artificial and natural
hypometabolism: A — neocortex sensorimotor area; B — hypothalamus; 1 — rats
at AHM; 2 — hamsters at AHM; 3 — hamsters at NHM; perivascular spaces (white
arrows); neurons with nucleoli in nucleus (white contour); intact (black contour)

THIIOB TEPMOTEHE3a — COKpaTH-
TEJBHOTO M HECOKPATHTEIBHOTO.
3aBHCHUMOCTh MeTabOIn3Ma OT
TeMIepaTypbl B iepruepuIecKux
TKaHSIX CYIIECTBEHHO HIKE, YeM B «sJpe» Tena,
3HAYUTEIHHO CHUYKAETCS KaK IPU BUIOBOM, TaK ¥ IIPU
WHIUBUIyaIbHOW aIalITAIIN K XOJIO/TY, OTIPEesIeTCs
pa3Mepamu Teja, 3KOJIOTHYECKON crenuain3anuei
KHBOTHBIX U YPOBHEM TEPMOPETYIATOPHOTO META00-
nu3ma [5]. CrnegoBaTelibHO, THOCPHUPYIOIIUE H
HEruOepHUPYIONINE KUBOTHBIE HA XOIIOJJOBOE BO3-
neicTBre OyIyT pearupoBarh HO-pazHOMY.
Hanpumep, panee 6bu10 nmokazaso [16], uto dop-
MHUPOBaHHE OTBETHOM peaKIK Ha XOJI0I0BOE BO3IEH-
CTBHE y KPBIC IPOUCXOIMUT IO TUNEPTPOPHUUECKOMY
THUITY, 3 Y XOMSIKOB — 110 arpoduueckomMy. J{is momyde-
HHS aJICKBaTHOW peakiMu Ha XOJIOAOBOHU (akTop
aBTOPbI MMUTHPOBAJIN YCIIOBUS €CTECTBEHHOTO (hOTO-

9%

and dark (dark arrows) neurons. Hematoxylin and eosin staining.

smaller diameter were observed without perivascular
spaces.

The response of an organism to cooling depends
on the species and age of an animal, depth and duration
of cold exposure; the available published data on this
topic are quite contradictory.

In thermally neutral zone (with ambient temperature
0f27...29°C) rats and hamsters have similar basal me-
tabolic parameters, but in response to gradual reduction
of ambient temperature the metabolism rate in ham-
sters increases much faster than in rats [15]. Moreover,
homoio- and heterothermal animals are likely characte-
rized with different ratios of thermogenesis types, i. e.
shivering and non-shivering. Metabolism dependence
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MIepHO/a U MCTIOJIb30BaJIN XOJI0A0BOE BO3CHCTBIE C
MOCTENEHHO CHUKAIOIIIEICS TEMITEpaTypoil.
W3BecTHO, 4TO B HOPMAJIBHBIX YCJIOBHSX TOJIOBHOM
Mo3r nosrydaeT 20% Bcero KMCIopoaa opraHusma u
0CcOoOEHHO YyBCTBUTENEH K runokcuu. [logkopkoBeie,
¢uoreHeTHUECcKH 00JIEE «IPEBHUEY CTPYKTYPHI MO3-
ra, K KOTOPbIM OTHOCUTCSl U THIOTAIaMycC, UMEIOT
MIPUOPHUTETHOE CHAOKEHHE KUCIIOPOJOM M YCTOHUIHBEI
K TUTIOKCHH, B OTIIMYHE OT HEOKOpTeKca. [ mnoranamyc
YHpaBIsieT BCEMHU OCHOBHBIMHM TOMEOCTAaTHUECKUMU
MIPOIIECCaMH, €T0 CTPOCHHE OTHOCUTEIHHO OINHAKOBO
y Ha3eMHBIX MJIEKOIHUTAIOIINX, B OTIIMYHE OT Opra-
HU3aluK 605ee MOJIOJBIX CTPYKTYpP — HEOKOpPTEKca U
muMmbudeckoii cucteMbl. Kpome Toro, B rumoranamy-
CE COCYZIOB Ha €AMHUILY TUIOIIAAN 3HAYUTEIBHO 00JIb-
me, yeM B Heokoprekce. Tak, y kpeic npu MI'M B
o0pa3max HEOKOpPTEeKCa Mbl HAOMIONATH 3HAYUTENb-
HOE KOJIMYECTBO KIIETOK C SIPBILIKAMH B SIAPE, UTO
yKa3bIBaeT Ha yCHUJICHUE CHHTe3a OeJiKa U SIBJISETCS
OTBETHOM peakuei Ha THIOKCHIO. DTO MOATBEPKIa-
JIOCh TTOBBIIICHHBIM YpOBHEM 00111er0 6enka (Ha 102%)
B TKaHU HEOKOpPTEKca KphIC. ¥ XOMSKOB yPOBEHb
6enka kak mpu UI'M, tak u ipu EI'M, HaripoTus, 6611
cumxeH (Ha 15,3 u 19,5% B TkaHU HEOKOPTEKCa; HA
21,66 u 62,69% B TKaHU THUIIOTajJaMyca COOTBET-
CTBEHHO). MOXHO NMPEATIONIOKNTE, YTO TAKOE CHUXKE-
HUE ypOBHA 001IeT0 OeKa CBA3aHO, B YACTHOCTH, C
HaOroMaeMoii mpy rTHOepHAIINY PE3KOH PEAYKIHEH ero
cunTtesa [20]. B To ke BpeMst Ha Mozensax (hOKaTbHON
ureMuu-penepdy3un ObLI0 Moka3aHo [ 17], 4To uHrH-
OupoBaHHe cHHTe3a Oeika 00namaeT HEHpOMpOTeK-
TOPHBIM ICHCTBHEM U, BO3MOXKHO, IIPU €CTECTBEHHOI
ruOepHany o0ecreunBaeT 3aluTy HEHPOHOB OT TO-
BpexneHus. CieayeTr OTMETUTD, YTo y Kpbic ipu UM
B TKaHU THIOTaJIaMyca YPOBEHb 00I1Iero Oenka TaKkxke
CHIDKAJICSI, UYTO, BEPOSITHO, MOKET YKa3bIBaTh Ha pea-
JIM3AIMI0 HEUPOIIPOTEKTOPHBIX MEXaHIU3MOB M y TOMOHO-
TepMoB npu pa3zButuu I MC. Y reTepoTepMHBIX XOMSI-
KOB, B OTJINYME OT TOMOMOTEPMHBIX KPBIC, Y KOTOPBIX
HEHPOHBI C SAPHIIKAMU B siApax HAOII0AaId UMEHHO
npu 'MC, Takue KJIeTKH B HEOKOPTEKCE MOSBISIIUCH
TONBKO Yepe3 2 4 mociie Bbixona u3 II'M (ypoBeHb 00-
miero Oelka npy 3ToM noseimancs Ha 18,75% (p < 0,05).
BeposiTHO, IMEHHO Ha 3TOM 3Talme MPOSBISIOTCS
OTCPOYEHHBIE PEAKLUHU Ha THIIOKCHUIO, IEHCTBHE KOTO-
pO¥ OpraHu3M reTepoTepMHOr0 KHUBOTHOTO MOXKET
WCIIBITHIBATh B MIPOIIECCE BBIXOJA U3 TUIIOMETa00H-
Yeckoro coctosiHus. Tak, Obuto mokazaHo [28], uTo
OpraHM3M apKTUYECKOTO CYCJIHMKa MOJABEpraics HI0-
TeHHOM runokcuu (1o yposHio skcripeccun HIF-1a) B
MIPOLIECCE 3YTEPMUH U B IEPUOJ CAMOCOTPEBAHUS.
[Ipu uckyccrBenHoM u ecrectBeHHOM ' MC (co-
yeTaHHbIe 3()(HEKTH THITOKCUU-THIIEPKATHUN, HU3KOH
TEeMIEepaTyphl OKPY’KaloIled cpenbl ¥ THIIOTEPMUH
OpraHu3Ma) B TKaHSX HEOKOPTEKCa M THIOTanaMyca
y TOMOWO- ¥ T€TEPOTEPMHBIX )KUBOTHBIX Ha CTPYKTYP-
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on temperature in peripheral tissues is much lower than
in the ‘core’ of the body, significantly reduces both
due to species-specific and individual cold adaptations,
and is determined by body size, ecological specialization
of animals and the level of thermoregulatory metabo-
lism [29]. Therefore hibernating and non-hibernating
animals will respond a cold exposure in a different way.

For example, it was shown that the formation of a
response to cold exposure in rats occurs by hypertro-
phic type, and in hamsters its corresponds to atrophic
one [7]. For obtaining an adequate response to a cold
factor the authors simulated the conditions of natural
photoperiod and used the cold exposure with gradually
reducing temperature.

It is known that under normal conditions the brain
receives 20% of the body’s oxygen and is particularly
sensitive to hypoxia. The subcortical, phylogenetically
more ‘ancient’ brain structures, which include hypotha-
lamus, have a priority supply of oxygen and are hypoxia
resistant, in contrast to neocortex. Hypothalamus cont-
rols all basic homeostatic processes, and its structure
is relatively the same in terrestrial mammals, unlike
the organization of much younger structures, i.e.
neocortex and limbic system. Furthermore, hypotha-
lamus has considerably higher number of vessels per
a square unit than in neocortex. In particular, we
observed a significant number of cells with nucleoli in
nucleus in the neocortex samples in rats with AHM,
indicating an increased protein synthesis and response
to hypoxia. This was confirmed by an increased level
of total protein (by 102%) in the tissue of rat neocortex.
In hamsters, the protein level both at AHM and at
NHM vice versa was reduced (by 15.3% and 19.5%
in the tissue of neocortex; by 21.66% and 62.69% in
hypothalamic tissue, respectively). It can be supposed
that such a reduction in total protein level was asso-
ciated in particular with the observed during hiberna-
tion sharp decrease in its synthesis [11]. At the same
time, it has been shown in the models of focal ischemia-
reperfusion that the inhibition of protein synthesis had
a neuroprotective effects [9] and likely protected
neurons from an injury during natural hibernation. It
should be noted that in rats with AHM the level of
total protein in hypothalamic tissue was also reduced,
that probably pointed to the implementation of
neuroprotective mechanisms in homoiotherms during
development of HMS. Unlike homoiothermal rats in
which the neurons with nucleoli in the nuclei were
observed exactly at HMS, such cells in the neocortex
of heterothermal hamsters appeared only 2 hrs later
the AHM (level of total protein herewith increased up
to 18.75%, p < 0.05). Probably this stage is exactly
the point of delayed response to hypoxia, which action
could be experienced by the heterothermal animal when
rewarming from the HMS. For example, it was shown
that the body of Arctic ground squirrel was exposed to
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HOM YPOBHE MBI HAOJIOAIN PaCIIUPEHUS IEPUBACKY-
JISIPHBIX IIPOCTPAHCTB Pa3HOM CTETIEHH BHIPAKEHHOCTH.
Pacmmpenus nepuBacKynsipHBIX NPOCTPAHCTB SIB-
JISIIOTCS XapaKTEepPHOM U HanboJiee paHHel THCTOI0TU-
YECKON KapTHHOM OT€Ka MO3Ta M NMPENCTaBIISIOT B
JIEHCTBUTENBHOCTU OTEK HOXKEK aCTPOLIUTOB, OT CTe-
[IEHU KOTOPOTO MOXKET 3aBUCETh pasMep NMEePUBACKY-
JIIPHOTO MPOCTPAHCTBA. Y T€TEPOTEPMHBIX XOMSKOB
pacmmpeHne MepuBacKyISIPHBIX IPOCTPAHCTB OBLIO
BBIPAKEHO CHIIbHEE. DTO MOXKET, B YACTHOCTH, OIpe-
JENIATHCS 3HAYUTENHHO OONBITUME pa3MepaMy HOKEK
ACTPOLIUTOB y XOMSKOB II0 CPaBHEHHIO C KPBICAMHU
(mmmanroe coobmenue x.6.H. JI.H. Mapuenko). B Tkanu
runoraiamyca npu ' MC HaOmroganu HallOJHEHHBIE
KpPOBBIO KPOBEHOCHBIE COCY/IbI Pa3JIMYHOTO TUAMETpa
(KanuJuIApBI, apTEepPHH, apTEPUOIIBbl), YTO YKa3bIBAeT
Ha aJIeKBaTHOE KPOBOCHAOKEHUE M JOCTATOYHBIN ypO-
BEHb €ro (PyHKIMOHANBHON AKTUBHOCTH.

CreneHp paclIMpeHHUs] MEPUBACKYISAPHBIX MPO-
CTPaHCTB B TKaHAX MO3ra y TeTepo- H TOMOHOTEPMOB
npu ['MC MOXeT 3aBUCETh OT Pa3THMYHON BHIOBOH
YyBCTBUTEIBHOCTH MO3Ta 3TUX KUBOTHBIX K THITOKCHHU
Y TUTIOTEPMHH, OCOOEHHOCTEN Ba30JMHAMHUKH, JIOKAJTh-
HOW MHUKPOITPKYJISIIMN, COOTHOIIEHHS JOJIN aKTUBHBIX
Y HEaKTUBHBIX KallWJLUISIPOB B CETH, YBEIHMUEHUS HIIN
YMEHBIIIEHUS TUaMETPa COCYAOB, a TAK)KE pa3MepoB
HOXEK acTpOLUTOB. Pa3Mephl nmeprBacKyIspHBIX MPO-
CTPAHCTB MOTYT ONPENENATHCS IPOLIECCaMH PETyJIs-
LMY TOHYCa W YPOBHEM ITyJIbCAIlMH COCYAOB, Pa3HON
MIPOHHULIAEMOCTHIO FeMaTo3HLEe(haTnIecKoro dapbepa
(3a cyeT M3MEHEHHH B MEXXIHIOTEINAIBHBIX CTPYKTY-
pax), a Tak’Ke 0COOCHHOCTSIMH LIepeOpaIbHBIX aHTHO-
APXUTEKTOHUKU U KPOBOTOKA, OTPAXKaTh Pa3JInUHbIC
(ha3bl METaOOIMIECKHX MTPOLIECCOB ¥ YPOBHHU (PYHKITHO-
HalbHOM akTHBHOCTH B [THC.

B TkaHSIX HEOKOpTEKca W THIOTATaMyca MBI Ha-
Omronany TeMHbIe HeHpOHBI (dark neurons), KOTOpbIE
B OOJIBIIMHCTBE HCTOUHUKOB JIUTEPATYPHI TPAKTYIOTCS
KaK MapKep U KPUTEPHi BRIpa)KEHHOCTH JII0001 maTo-
JIOTMHU MO3Ta, a caM (peHOMEH CBSI3BIBAIOT C OTCPOYECH-
HO¥i rubenpro HelipoHoB [12, 14, 25,27, 33, 34]. Boxnee
TOT'O CYIIECTBYET TaK)Ke MHEHHE, YTO TEMHbIE HEHPO-
HBI SBJISIIOTCA apTedakTaMu npenapupoBanus [23].

I'pynmotii uccnemoBareneii ObLTO BEICKa3aHO MPEI-
MOJI0XKEHHE: €CTIM TEMHBINA HEHPOH —3T0 apTedaKT npe-
MapUpPOBaHUsI WJIM HEaJIeKBaTHON (PMKCAIMY TKaHH, TO
CTPYKTypa CHHAIICOB CBETJIBIX (MHTAKTHBIX ) U TEMHBIX
HEUPOHOB HE MoJDKHA oTimdaThes [2]. Iporecc moss-
JICHUSI HOBBIX CHHAIICOB 7 Vifro peajanu3yeTcs 3a HeC-
KOJIBKO JICCATKOB MUHYT, a i1 Vivo OH 3aHUMAET €l
0oJbllie BpEMEHH, TOINIa KaK XUMHUYecKast (huKcaIus
CTPYKTYPBl TKAHU OCYILECTBIISIETCS 32 HECKOJIBKO
cekyHn [19]. Ha ocHOBaHNH pa3nu4uid, BBISIBICHHBIX
B CTPYKTYpE CUHAIICOB MHTAKTHBIX M TEMHBIX HEHPOHOB,
ObUI clieaH BBIBOA O TOM, YTO TEMHbIC HEHPOHBI Ipe/I-
CTaBIISIIOT CO00H 0c000€ (PYHKITMOHAILHOE COCTOSTHUE
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endogenous hypoxia (on the expression rate of HIF-
1a) during euthermia and self-warming [21].

At artificial and natural HMSs (combined effects
of hypoxia-hypercapnia, low ambient temperature and
boy hypothermia) in the neocortex and hypothalamus
tissues in homoio- and heterothermal animals at the
structural level, we have noted the dilatation of peri-
vascular spaces of various severity extent. Dilated
perivascular spaces are the feature and most early
histological manifestation of brain edema and actually
is the swelling of astrocytes' end-feet, the degree of
which may depend on the size of perivascular spaces.
In heterothermal hamsters the dilatation of perivascu-
lar spaces was more pronounced. It can in particular
be determined by the considerably bigger sizes of the
astrocytes end-feet in hamsters if compared with rats
(Dr. L.N. Marchenko, personal communication). In
hypothalamic tissue at HMS there observed in the
blood vessels filled with blood of different diameters
(capillaries, arteries, arterioles), which indicated an
adequate blood supply and a sufficient level of func-
tional activity.

The dilatation rate of perivascular spaces in the
brain tissues from hetero- and homoiotherms at HMS
may depend on various brain sensitivity of these animals
to hypoxia and hypothermia, vasodynamics features,
local microcirculation, the ratio of the share of active
and inactive capillary in a network, increased or
decreased diameter of the vessels, as well as the size
of the astrocytes' end-feet. Dimensions of perivascular
spaces can be determined by the processes regulating
the tone and level of pulsation of blood vessels, by
differences in blood-brain barrier permeability (due to
changes in interendothelial structures), as well as by
the features of cerebral architecture and blood flow,
reflect different phases of metabolic processes and
level of functional activity in the CNS.

In the neocortex and hypothalamus tissues we
observed the dark neurons, which in most reports are
considered as the marker and criterion of any of brain
pathology manifestation; their appearance is associated
with delayed neuronal death [3, 5, 16, 20, 27, 28].
Moreover, there is also the notion that dark neurons
are the preparation artifacts [14].

A group of researchers has suggested that if the
dark neuron is either an artifact of preparation or inade-
quate tissue fixation, then the structure of synapses of
light (intact) and dark neurons should not be different
[17]. The appearance of new synapses in vitro takes
usually several dozens of minutes, in vivo it does much
longer time, while the chemical fixation of the tissue
structure lasts only a few seconds [10]. Basing of the
differences identified in the synapse structure of intact
and dark neurons it was concluded that the dark neurons
represented a special functional state of the cell asso-
ciated with the protection against nonspecific stimula-
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KJISTKH — 3allliTa OT HeCrenu(puIeckoro Bo30y K ICHUs
1 ’KcaiToTokcuaHOCTH [2]. Kpome Toro, mosiBienne
TEMHBIX HEHPOHOB MOXeT ObITb 00paTuMbIM [15, 21,
22]. B cepeaune 90-x rT. Takxke ObLIO MMOKA3aHO, YTO
B OHTOTEHE3€¢ TEeMHbIE HEHPOHBI OOHAPYKUBAIOTCA,
TOJILKO €CJIM YCTAaHOBJIEHBI OCHOBHBIE HEHPOHHBIE
CBSI3H ¥ C(HOPMUPOBAH CHHANTHYECKUN aIlapar, a y
B3POCIBIX )KUBOTHBIX U3MEHEHUS KOJMUYECTBA TEMHBIX
HEWUPOHOB 3aBUCAT OT IUPKAIHBIX PUTMOB: YTPOM
TaKuX HEHPOHOB MAaJIO, a MO3/JHO BEUYEPOM — MHOTO
[31, 32]. B Mo3re CyCcnUKOB NPH THOSPHAIINH TaKXKe
HaOonaH OOJTBITIOE KOMYECTBO TEMHBIX HEHPOHOB,
MIPH BXOZI€ B TOPIIOP TAaKUX HEHPOHOB OBIIIO MEHBIIIE,
yeM 1ipu Beixonie [2]. IIpoOyxkieHre OT CISIYKHU, KakK
H3BECTHO, COMPOBOXKAAETCS B3pbIBHOW BDA Mosra,
TUMOIIMKEMHEH, OKCUIATUBHBIM CTPECCOM. 3a MEPHUOL
rUOEpHAIUU CYCIIMKHU MPOXOMAAT JO JIECATKA TAKUX
LMKIIOB BXO/1a ¥ IpoOy xaeHus. Eciiu Obl Bce TeMHBIS
HEHPOHBI MOTUOANN, TO THOEPHUPYIOIINE )KUBOTHBIC
HE CMOTJTH OBl BEDKUTE. Kpome Toro, 001mas Hecnelm-
(bmueckas akTHBAIMs CUHANITHYECKOHN Tepemadn
MIPUBOIUT K YBEIMUEHUIO YHCIIa TEMHBIX HEUPOHOB U
WX OTCPOUEHHOU THOENH, U, HA000POT, yCHIICHHE TOP-
MO3HOH aKTHMBHOCTH WM OJIOKaaa BO30YXkIarolel
CHHANTHUYECKOH Nepeadn criacaeT HeHpoHBI OT rHbde-
mu. CHIDKEHHE KPOBOTOKA, TOCTYTUICHHUS KHCIIOPOIa U
[JTFOKO3BI BO BPEMs €CTECTBEHHOMN IrMOepHAITNH, a TaK-
K€ MOCIIEAYIOIIAsl PEOKCUTEHALINS IIPU BBIXO/IE U3 HEe
HE IMPUBO/IIT K TIOBPEKACHHIO U THOEIH KeTok [ 18, 26].

B Hamumx uccnenoBaHusX TEMHbIE HEHPOHBI ObLTH
o6Hapy>keHbl pu | MC TOJIBKO Y XOMSIKOB, a Ha 3Tarax
BOCCTaHOBIIEHUs (depe3 2 u 24 4 mocie BhIXOJa U3
I'MC) u y KpbIC, U Y XOMSIKOB.

[To-BuauMOMYy, BBISIBJICHHBIC HAMH U3MCHCHHS B
TKaHSIX MO3Ta (CTENECHb PACIIUPEHUS TTEPUBACKYIIAP-
HBIX MPOCTPAHCTB, MOSIBJICHUE TEMHBIX HEHPOHOB,
HEUPOHOB C SAPHIIIKAMH B SIIPE ¥ KOJICOaHUS YPOBHS
o0miero Oejka B TKaHSAX) HE SBISIOTCS CIICICTBUEM
TOKCHUYECKOIO BO3JCHCTBMSA MM IATOJOTHYECKUX
W3MEHEHHI, a MOTYT OTpa)xxaTh pa3IndHbIe (ha3bl HOp-
ManbHBIX MeTabonanueckux mnpoueccoB B LIHC mpu
I'MC. OTu u3MeHeHHs HOCAT BHIOCTENH(DHIECKUN
XapakTep, KaueCTBEHHO U KOJIMYECTBEHHO MT0-Pa3HOMY
MPOSIBIIOTCS HA ONpPEACNICHHBIX dTamax BXolIa U
BBIXO/Ia U3 €CTECTBEHHOI0 U uckyccrBeHHoro I'MC.

Kpome Toro, CcymecTByer MHEHHE, YTO CTPYK-
TypHBIE TOBpEXACHUS (M3MEHEHUs) TKaHEH Mo3ra
OTHOCSTCS K YHCITY «IBOJIIOITMOHHO KOHCEPBATUBHBIX)
1 aKTUBUPYIOT ONTUMAJIBHBIC aIallTUBHO-IIPUCIIOCO-
ouTenpHbIC peakiuu [3].

BriBoaBI

Takum 006pa3om, pu eCTECTBEHHOM U HCKYCCTBEH-
HoM I'MC y rerepoTepMHBIX XOMSIKOB U NpPH HC-
kycctBeHHOM ' MC y roMOHOTEpMHBIX KPBIC HAOIIIO-
JAIOTCSl CXOAHBIE M3MEHEHUS: B THCTOJIOTHYECKOU
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tion and excitotoxicity [17]. In addition, the appearance
of dark neurons may be reversible [6, 12, 13]. In the
mid-90s it was also shown that the dark neurons are
found in ontogenesis only if the basic neural connections
are established and the synaptic apparatus is formed,
and in adult animals the change in the number of dark
neurons depends on the circadian rhythms: in the mor-
ning the number of these neurons is small, but in late
evening there are lots of them [25, 26]. The brain of
ground squirrels during hibernation also contained a
large amount of dark neurons, the number of such neu-
rons was less when entering the torpor than during
rewarming from the state [ 17]. Awakening from hiber-
nation is known to be accompanied with the burst of
brain BEA, hypoglycemia, oxidative stress. During hi-
bernation period the ground squirrels are subjected to
a dozen of such cycles of entering and awakening. If
all the dark neurons would die, then hibernating animals
could not survive. In addition, total non-specific activa-
tion of synaptic transmission leads to an increase in
the number of dark neurons and delayed death, and
vice versa the increasing of inhibitory activity or block-
ing the excitatory synaptic transmission rescues neu-
rons from a death. The reduced blood flow, oxygen
and glucose supply during natural hibernation and sub-
sequent reoxygenation when awakening does not lead
to a damage and cell death [8, 19].

In our studies dark neurons were detected during
HMS only in hamsters, and at the recovery stages (2
and 24 hrs after rewarming from HMS) both in rats
and hamsters.

It looks like the changes we identified in the brain
tissue (the dilatation rate of perivascular spaces, the
appearance of dark neurons, neurons with nucleoli in
the nucleus and variations of total protein content in
the tissues) are not the result of toxic effects or patho-
logical changes, and may reflect the different phases
of normal metabolic processes in CNS at HMS. These
changes are species-specific, they are differently (both
qualitatively and quantitatively) manifested at certain
stages of entering and rewarming from the natural and
artificial HMS.

In addition, the structural damages (changes) of
brain tissue are believed to be among the ‘evolutionarily
conservative’ phenomena and activate the optimal
adaptive responses [18].

Conclusions

Thus, natural and artificial HMS in heterothermal
hamsters and artificial HMS in homoiothermal rats are
accompanied by similar changes: histologically, the
neocortex and hypothalamus had the dilatation of
perivascular spaces, the appearance of dark neurons,
neurons containing the nucleus with nucleoli; and
biochemically, there were changes in the level of total
protein indices in these tissues.
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KapTHHE HEOKOPTEKCa U TUII0TajJaMyca — paclIupeHue
MIEPUBACKYIIIPHBIX TIPOCTPAHCTB, OSBICHUE TEMHBIX
HEHPOHOB, HEHPOHOB C SAPHILIKAMH B siApE; HAa OMOXU-
MHYECKOM YpOBHE — B [TOKa3areNiax o0Iero Oenka B
ITUX TKaHIX.

BrlsiBneHHBIE N3MEHEHUS TPOSIBISIIOTCS Y KPBIC U
XOMSIKOB B pa3HOM CTENEHU BBIPAKEHHOCTH Ha BXOIE
B THIIOMETa00JIMYeCKUEe COCTOSHHS U Ha 3Tanax Boc-
cTa”HOBJIEHU (depe3 2 u 24 u).

Asmopwl brazooapsam cm.u.c., k.0.n. U.D. Kosanenko
30 MEMOOUYECKYIO HOMOUYb.
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The found changes occur in rats and hamsters in a
different extent when entering and rewarming from
hypometabolic states and at the recovery stages (2
and 24 hrs).

We are grateful to Senior Researcher, PhD I.F. Kova-
lenko for methodological assistance.

References

1. Beckman A.L., Stanton T.L. Properties of the CNS during the
state of hibernation. The Neural Basis of Behavior. NY: MPTP
press; 1982.

2. 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.

3. Capo |., Lalosevic D. Interpretation of dark neurons in experi-
mental model of ischemia, neurointoxication and brain infection.
Med Pregl 2011; 64 (1-2): 101-106.

4. 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: 1153-1181.

5. Cortez S.C., Mcintosh T.K., Noble L.J. Experimental fluid percus-
sion brain injury: vascular disruption and neuronal and glial
alterations. Brain Res 1989; 482 (2): 271-282.

6. Csordas A., Mazlo M., Gallyas F. Recovery versus death of
"dark" (compacted) neurons in non-impaired parenchymal envi-
ronment: light and electron microscopic observations. Acta
Neuropathol 2003; 106 (1): 37—49.

7. 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 (Pt. 6): 829-840.

8. Drew K.L., Buck C.L., Barnes B.M. et al. Central nervous system
regulation of mammalian hibernation: implications for metabolic
suppression and ischemia tolerance. J Neurochem 2007; 102
(6): 1713-1726.

9. Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adaptations in hibernation: therapeutic implications for ische-
mia-reperfusion, traumatic brain injury and neurodegenerative
diseases. Free Radic Biol Med 2001; 31 (5): 563-573.

10.Engert F., Bonhoeffer T. Dendritic spine changes associated
with hippocampal long-term synaptic plasticity. Nature 1999;
399 (6731): 66-70.

11.Frerichs K.U., Smith C.B, Brinner M. et al. Suppression of pro-
tein synthesis in brain during hibernation involves inhibition of
protein initiation and elongation. Proc Natl Acad Sci USA 1998;
95 (11): 14511-14516.

12.Gallyas F., Zoltay G. An immediate light microscopic response
of neuronal somata, dendrites and axons to noncontusing
concussive head injury in the rat. Acta Neuropathol. 1992; 83
(5): 386-393.

13.Gallyas F., Zoltay G., Balas I. An immediate light microscopic
response of neuronal somata, dendrites and axons to contu-
sing concussive head injury in the rat. Acta Neuropathol 1992;
83 (5): 394-401.

14.Garman R.H. Histology of the central nervous system. Toxicol
Pathol 2011; 39 (5): P. 22-35.

15.Himms-Hagen S. Brown adipose tissue and cold-acclimation.
In: P. Trayhurn and D.G. Nicholls, editors. Brown Adipose
Tissue. London: Edward Arnold Ltd, 1986. p. 214-267.

16.Jortner B.S. The return of the dark neuron. A histological artifact
complicating contemporary neurotoxicologic evaluation. Neuro-
toxicology 2006; 27 (4): 628-634.

17 .Klimenko O.A., Rogachevsky V.V. Volumetric ultrastructure of
dendritic synapses of identified light and dark rats hippocampal
neurons. Proceedings of XXIV Russian Conf. on Electron Mic-
roscopy (RKEM 2012); Chernogolovka, 2012: 427-428.

npobnembl Kpuobuonorum 1 KpuomeaULINHbI

problems of cryobiology and cryomedicine
Tom/volume 25, Ne/issue 2, 2015



16.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, Pt. 6. —
P. 829-840.

17.Drew K.L., Rice M.E., Kuhn T.B., Smith M.A. Neuroprotective
adaptations 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.

18.Drew K.L., Buck C.L., Barnes B.M. et al. Central nervous sys-
tem regulation of mammalian hibernation: implications for meta-
bolic suppression and ischemia tolerance // J. Neurochem. —
2007. — Vol. 102, Ne6. — P. 1713-1726.

19.Engert F., Bonhoeffer T. Dendritic spine changes associated
with hippocampal long-term synaptic plasticity // Nature. —
1999. — Vol. 399, Ne6731. — P. 66-70.

20.Frerichs K.U., Smith C.B, Brinner M. et al. Suppression of
protein synthesis in brain during hibernation involves inhibition
of protein initiation and elongation // Proc. Nation. Acad. Sci.
USA. — 1998. — Vol. 95, Ne11. — P. 14511-14516.

21.Gallyas F., Zoltay G. An immediate light microscopic response
of neuronal somata, dendrites and axons to noncontusing
concussive head injury in the rat // Acta Neuropathol. (Berl.). —
1992. — Vol. 83, Ne5. — P. 386-393.

22.Gallyas F., Zoltay G., Balas |. An immediate light microscopic
response of neuronal somata, dendrites and axons to contu-
sing concussive head injury in the rat // Acta Neuropathol.
(Berl). — 1992. — Vol. 83, Ne5. — P. 394-401.

23.Garman R.H. Histology of the central nervous system //
Toxicologic Pathology. — 2011. — Vol. 39, Ne5. — P. 22-35.

24 Himms-Hagen S. Brown adipose tissue and cold-acclimation //
In: Brown Adipose Tissue / Ed. P. Trayhurn and D.G. Nicholls. —
London: Edward Arnold Ltd, 1986. — P. 214-267.

25.Jortner B.S. The return of the dark neuron. A histological artifact
complicating contemporary neurotoxicologic evaluation //
Neurotoxicology. — 2006. — Vol. 27, Ne4. — P. 628-634.

26.Larson J., Drew K. L., Folkow L. P. et al. No oxygen? No prob-
lem! Intrinsic brain tolerance to hypoxia in vertebrates // J. Exp.
Biol. —2014. — Vol. 217, Pt. 7. — P. 1024-1039.

27.Lowenstein D.H., Thomas M.J., Smith D.H., McIntosh T.K.
Selective vulnerability of dentate hilar neurons following trau-
matic brain injury: a potential mechanistic link between head
trauma and disorders of the hippocampus // J. Neurosci. —
1992. — Vol. 12, Ne12. — P. 4846-4853.

28.Ma Y. L., Zhu X., Rivera P. et al. Absence of cellular stress in
brain after hypoxia induced by arousal from hibernation in
Arctic ground squirrels // Am. J. Physiol. Regul. Integr. Comp.
Physiol. — 2005. — Vol. 289. — P. R1297-R1306.

29.Magarinos A.M., McEwen B.S., Saboureau M., Pevet P. Rapid
and reversible changes in intrahippocampal connectivity during
the course of hibernation in European hamsters // PNAS. —
2006. — Vol. 103, Ne49. — P. 18775-18780.

30.Morrison S.F., Nakamura K. Central neural pathways for ther-
moregulation // Front Biosci. — 2011. — Vol. 16, Ne1. — P. 74 —104.

31.Murakami T., Ohtsuka A. Dark neurons in the mouse brain: An
investigation into the possible significance of their variable
appearance within a day and their relation to negatively charged
cell coats // Arch Histol. Cytol. — 1996. — Vol. 59, Ne 1. — P. 79-85.

32.Murakami T., Ohtsuka A., Taguchi T., Piao D.X. Perineuronal
sulfated proteoglicans and dark neurons in the brain and spinal
cord: A histochemical and electron microscopic study of
newborn and adult mice // Arch Histol. Cytol. — 1995. — Vol. 58,
Ne5. — P. 557-565.

33.Nawashiro H., Shima K., Chigasaki H. Selective vulnerability
of hippocampal CA3 neurons to hypoxia after mild concussion
in the rat // Neurol. Res. — 1995. — Vol. 17, Ne6. — P. 455-460.

34.0oigawa H., Nawashiro H., Fukui S. et al. The fate of Niss-
stained dark neurons following traumatic brain injury in rats:
difference between neocortex and hippocampus regarding
survival rate // Acta Neuropathol. — 2006. — Vol. 112, Ne4. —
P. 471-481.

npobnembl Kpuobuonorum 1 KpuomeaULINHbI

problems of cryobiology and cryomedicine
Tom/volume 25, Ne/issue 2, 2015

18.Kryzhanovsky G.N. General pathophysiology of nervous
system: Handbook. Moscow: Medicine; 1997.

19.Larson J., Drew K.L., Folkow L.P. et al. No oxygen? No problem!
Intrinsic brain tolerance to hypoxia in vertebrates. J Exp Biol
2014; 217 (Pt. 7): 1024-1039.

20.Lowenstein D.H., Thomas M.J., Smith D.H., Mcintosh T.K.
Selective vulnerability of dentate hilar neurons following trau-
matic brain injury: a potential mechanistic link between head
trauma and disorders of the hippocampus. J Neurosci 1992;
12 (12): 4846-4853.

21.Ma Y.L., Zhu X., Rivera P. et al. Absence of cellular stress in
brain after hypoxia induced by arousal from hibernation in
Arctic ground squirrels. Am J Physiol Regul Integr Comp Physiol.
2005; 289: R1297-R1306.

22 .Magarinos A.M., McEwen B.S., Saboureau M., Pevet P. Rapid
and reversible changes in intrahippocampal connectivity during
the course of hibernation in European hamsters. PNAS 2006;
103 (49): 18775-18780.

23.Melnichuk C.D., Melnichuk D.O. Hypobios of animals (molecular
mechanisms and practical value for agriculture and medicine).
Kyiv: Vydavnytstvo NAU; 2007.

24 Morrison S.F., Nakamura K. Central neural pathways for ther-
moregulation. Front Biosci 2011; 16 (1): 74-104.

25.Murakami T., Ohtsuka A. Dark neurons in the mouse brain: An
investigation into the possible significance of their variable
appearance within a day and their relation to negatively
charged cell coats. Arch Histol Cytol 1996; 59 (1): 79-85.

26.Murakami T., Ohtsuka A., Taguchi T., Piao D.X. Perineuronal
sulfated proteoglicans and dark neurons in the brain and spinal
cord: A histochemical and electron microscopic study of new-
born and adult mice. Arch Histol Cytol 1995; 58 (5): 557-565.

27.Nawashiro H., Shima K., Chigasaki H. Selective vulnerability
of hippocampal CA3 neurons to hypoxia after mild concussion
in the rat. Neurol Res 1995; 17 (6): 455-460.

28.0oigawa H., Nawashiro H., Fukui S. et al. The fate of Nissl-
stained dark neurons following traumatic brain injury in rats:
difference between neocortex and hippocampus regarding
survival rate. Acta Neuropathol 2006; 112 (4): 471-481.

29.Pastukhov Yu.F., Maksimov A.L., Khaskin B.B. Adaptation to
cold and subarctic conditions: Problems of thermal physiology.
Magadan: NESC FEB RAS, 2003; 1.

30.Polenov L.A. Functional morphology of Gomori-positive hypo-
thalamic-pituitary neurosecretory system during the winter
torpor in poikilothermal and homoiothermal vertebrates from
hibernation. Cryobiology and Cryomedicine 1984; (15): 44—47.

31.Shilo O.V. Dynamics of electrographic indices in rats and ham-
sters under artificial and natural hypometabolic states. Neuro-
fiziologiya 2015; 47 (1): 87-95.

32.Shtark M.B. Brain of hibernators. Novosibirsk: Nauka; 1970.

33.Timofeev N.N., Prokofieva L.P. Neurochemistry of hypobiosis
and limits of organisms cryoresistance. Moscow: Medicine;
1997.

34.Volkova O.V., Eletskiy Yu.K. Bases of histology and histological
techniques. Moscow: Meditsyna; 1982.

103





