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CocTosiHHE THIIOTEPMHH NP OXJIAXKIEHUH U THOCpHAINH CONpPOBOXKAAETCS (paKTaIbHOW TUHAMHKOW (pyHKIIMOHAIBHON
APXHUTEKTOHUKH CHHAITHIECKOTO alapara HeHTPOB TepMoperysu. [Ipyu oxnaxaeHun HabmonaoTcs crenuduieckue n3MeHEH S
YIABTPACTPYKTYPHBIX JIEMEHTOB CHHAIICOB, XapaKTEpHBIEC IS JONTOBPEMEHHOI MOoTeHnnanuu, GopMHupyeTcst HapacHHANTHIECKUi
HMHCTPYMEHT, KOTOPBIi HMeeT OTHOIICHNE K BeTeTaTuBHOM namsatu. @pakranbHas pasmepHocTs KT 1 D3I MOXKET CITyXUTh HHTETPaIbHBIM
MOKa3aTeNeM BereTaTUBHOTO CTaTyCa OpraHu3Ma.

Kniouegvie cnoga: runorepmust, ruOepHanus, CHHAIC, ()paKkTaabHAS TEOMETPHS, BETeTaTUBHAS TAMATh.

CraH rinotepMii Ipu 0X0JIO/DKEHHI 1 ribepHarii CynpoBOKY€EThCS (PPaKTaIbHOI AUHAMIKOIO (QYHKIIOHATIBHOI apXiTEKTOHIKH
CHHANTHYHOTO anapaTa HeHTpiB Tepmoperyssiuil. [Ipu oxonomkeHHi cioctepiratoThest crieuiuHi 3MiHU YIBTPACTPYKTYPHHX EIEMEHTIB
CHHAIICIB, XapaKTepHi Ul JOBIFOCTPOKOBOI MoTeHuiawii, GOpMyeThcsl MapacCMHANTHYHUN IHCTPYMEHT, LI0 Ma€ BiJHOLICHHS 10
BereraruBHOl mam’siti. @pakransha po3mipaicts EKI' 1 EEI" Moxke OyTH iHTErpanbHIM HOKa3HUKOM BETeTaTHBHOIO CTaTyCy OpPraHizmy.

Kniouosi cnoesa: rinotepMis, ribepHaiiis, CHHaIC, ppakTaabHa TEOMETPisl, BEreTaTUBHA I1aM SITh.

State of hypothermia during cooling and hibernation is accompanied by fractal dynamics of functional architecture of synaptic
apparatus of thermoregulation center. During cooling there are observed the specific changes in ultrastructural elements of synapses,
which are characteristic for a long-term potentiation, a parasynaptic instrument, related to vegetative memory, is formed. Fractal

dimension of ECG and EEG can serve as an integral index of an organism vegetative status.
Key words: hypothermia, hibernation, synapse, fractal geometry, vegetative memory.

CpaBHUTENBHBIN aHATH3 HEHPOPHU3UOIOTHIECKUX
MoOJeNel LEeHTPaIbHON TEPMOPETrYIAUNA pa3HON
CTETIEHHU CI0KHOCTH IIOKA3bIBAET, YTO HU OAHA U3 HUX
HE HMeeT paJuKalbHBIX HpeumymecTts [14].
JanpHemii mporpecce B U3y4eHUH (PU3N0IIOrHIECKOi
CUCTeMbI 00ecIIeueHus TEMIIEPaTypHOro TOMeoCcTasa
BO3MOXEH TOJIKO MPHU Y4YeTe B3aWUMHOTO BIHSHUS
MHOeCTBa (DYHKIIMOHANBHBIX CUCTEM OpPraHH3Ma.
OOBeKTUBHBIN B3I/ Ha TPOOIEMY MTOKa3bIBAET, YTO
HET JaKe MpeaMeTa ISl TUCKYCCHH O CTPYKTYpHO-
(YHKUMOHATIBHOHN CHEeNHANN3alui TEPMOPELICTILIUH.
OTCyTCTBYIOT OJHO3HAauHBIE [0Ka3aTelIbCTBa
CYLIECTBOBAHHUS CHEUUANTN3UPOBAHHBIX MOP(HOIOTH-
YecKHX 00pa3oBaHUi — TepMopenenTopos. MexaHo-

Comparative analysis of neurophysiological models
of central thermoregulation of various complexity
degree shows that no one of them has radical
advantages [2, 14]. Further progress in studying a
physiological system of providing the temperature
homeostasis is feasible only when taking into account
the joint effect of many functional systems of an
organism. An objective view for the problem
demonstrates, that there is no even a subject for
discussion about structural and functional specialization
of thermoreception. There are no simple evidence
about the existence of specialized morphological
formations, thermoreceptors. Mechano-cold nerve
terminals which are the main group of peripheric quasi-

Aopec ona koppecnondenyuu: Mapuenko B.C., Unctutyr mnpobiem
kprobuonorun n xkpuomenuiuasl HAH Yikpaunsry. Ilepesciasckas,23,
r. XapbkoB, Ykpauna 61015; ten.:+38 (057) 7721119, dakc: +38 (057)
7720084, e-mail: cryo@online.kharkov.ua

NMPOBJIEMbI
KPUOBMHOJIOTUU
2003, N3

Address for correspondence: Marchenko V.S. Institute for Problems
of Cryobiology&Cryomedicine of the Nat. Acad. Sci. of Ukraine,
23, Pereyaslavskaya str.,Kharkov, Ukraine 61015; tel.:+38 (057)
7721119, fax: +38 (057) 7720084, e-mail:cryo@online.kharkov.ua

PROBLEMS

OF CRYOBIOLOGY
2003, N3



XOJIOIOBBIE HEPBHBIE OKOHYAHUS — OCHOBHAS IpyIIa
neprudeprdecKux KBa3ucnennhuaeckux TepMOCEHCO-
POB B OpraHU3M€ — UMEIOT CYIIECTBEHHYIO MEXaHO-
YYBCTBUTEIBHYIO COCTaBIAIONIYI0. TeMmmepaTypHo-
3aBUCHMBIE XapaKTEPUCTUKU UMITyJIbcanu apdepeH-
TOB MPUOOPETAIOT “KIACCUYECKHI~ ISl XOJIOIOBBIX
CEHCOPOB KOJIOKOJIOOOPa3HBIH BHI ¢ MAKCHMYMOM
aKTUBHOCTH Iipu Temieparype 32-33°C Toibko mpu
HEKOTOPOM ypOBHE MEXaHHMYECKOTO pa3apa)keHus
MHHEPBUPYEMOTO ydJacTKa KOXH [6]. OTu u apyrue
JAHHBIE TI03BOJISIFOT TOBOPUTH O BHITIOIHEHUHN (DYHKIIH
TEPMHUYECKOTO BOCTIPUATHS OMOIOTHIECKIMHY JaTIH-
KaMH pa3HOW MOIAJIbHOCTH, HAIIPUMED COCYAUCTHIMU
Gapopenientopamu [7]. AHamu3 paboT MO MEHTPaTh-
HBIM MEXaHU3MaM TEMIIEPaTypHOH IePLUENIIUHU TOJIBKO
YCIOXKHSIET MPoOJIeMy M MO3BOJISIET CAENATh 3aKITIO-
YeHHe, 9TO B MpoIleccax MOAAep KaHud roMoiiorep-
MHUH MOKET BOOOILIE OTCYTCTBOBATh ‘‘yCTAaHOBOYHAs
TeMIeparypHas To4uka”, Toraa OyeT peryaupoBaThCs
HE TeMIlepaTypa WU TEIUIOCOAEpKaHHe, a HEeKHM
WHTETPAJIbHBIHN MMOKa3aTenb. B padote [14] oH Ha3BaH
nokasareneM (HU3UOJIOTUYECKOTO OJIaronoydus,
HaXOAIIMMCS 32 ITpeieslaMi HBIHEIITHET0 TOHUMaHU s
nesoro opranu3ma. Ha Ham B3z, B 9TOH cuTyanuu
YMECTHO HCIOJB30BaTh OCHOBHYIO MapagurmMy
sK3ucTORHIEpanmnyeckor cuctemsl (39C) o peryms-
LUH U TOJ/IeP>KaHUU ONTUMAIBHOTO YPOBHSI CTPYKTYP-
HO-()YHKIIMOHAJILHOM T€OMETPHUU MO3Ta, HHTETPalib-
HBIM TIOKa3aTejeM KOTOpPOHl siBiseTcsl (pakTraibHas
pazMmepHOcTb. OcHOBHBIE HelpoMmenuaTopel 99C —
NO u CO, Hapsny ¢ noanepxxaHueM HeHpopU3noI0-
FHYECKUX MNPOIECCOB THIA IOJTOBPEMEHHOIM
MOTEHIMALUH, 00ECIIEYCHUSI ONTUMAaIbHOTO YPOBHS
CEKpeInH, 3aXBaTa, pereniuu, mpoauraemoct ['Ob
1 DJIEKTPOTEHE3a TOJI0BHOTO Mo3ra [12], obycios-
JUBAIOT ¥ (PU3HKO-XUMHUYECKHE TPOIIECChl, CII0CO0-
CTByIOIIME 00pa3oBaHMI0 (PAKTANBHBIX arperaToB
WM KJIacTepoB BO BHE- M BHYTPUKIIETOYHOU cpene
HEHPOTHAaIbHO-OH/IOTETHATBHBIX aHCAMOJISH MO THITY
mozeneit: DLA (diffusion limited aggregation), CCA
(cluster-cluster aggregation), RLCA (reaction limited
cluster aggregation) [15]. Bo3mMoxHO, B OXJIaXKIEHHOM
MO3re MOHOOKCH/IBI a30Ta 1 YIJIepoa KaKk HeHpoHaIb-
HBI{ T'a3 HHULMUPYIOT B OoJbIIel Mepe pU3nuecKue
MPOLECChl TUIMA MPOTEKAHUS WIIU MEPKOJALIUHU C
BBITECHEHHEM, HO U OHH €CTECTBEHHBIM 00pazoM
MPHUBOJIAT K QpakTanbHBIM CTPYKTYpam [9], KoTopble
MOJJICP>KUBAIOTCS CHIEIIUAILHBIMU HEWPO(DU3UOIOTH-
YEeCKUMHU MeXaHu3MaMu. J[pyrumMu cioBaMu, OCHOB-
Hast QyHkuus 3DC — peryimpoBaHHE YaCTOThI U
aAMIUTUTYBI CYMMapHBIX ((hpaKTaIbHBIX) CTPYKTYpHO-
JUHAMHYECKHX XapaKTePUCTUK (POHOBOI aKTUBHOCTH
¢usnonornuecknx cucreMm. Ho takas “packauxa”
YCTAaHOBOYHBIX MYJIBTHTOUEK I'OMEOCTa3a SBISETCS
HEPBHO-TYMOPAJILHBIM MEXaHU3MOM MEPHOANIECKOTO
pacimMpeHus TeMIIEPaTyPHBIX IPAHUL] 3UMHECIISAIINX
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specific thermosensors in an organism, have a
considerable mechano-sensitive component.
Temperature-dependent characteristics of afferent
impulsation gain a “classic” for cold sensors a bell-
like type with the maximum of activity at the
temperature of 32-33°C only at a certain level of
mechanic irritation of the skin site being innervated
[6]. These and other data allow the speaking about
the performing of the function of thermal perception
by biological gauges of different modality, for instance,
by vascular baroreceptors [7]. The analysis of works
on central mechanisms of temperature perception only
makes more complicated the problem and permits to
conclude, that in the processes of homoiothermy
maintaining the “setting temperature point” may be
absent at all, then there will be regulated not the
temperature or heat-content, but an integral index. In
the paper [14] it was called as the index of physiological
well-being, which was beyond the current notion of
the solid organism. From our point of view, in this
situation it is aptly to use the major paradigm of
existoencephalic system (EES) about the regulation
and maintaining of optimal level of brain structural and
functional geometry, an integral index of which is a
fractal dimension. Basic EES neuromediators, which
are NO and CO, along with maintaining of neuro-
physiological processes of long-term potentiation type,
the providing of optimal secretion level, capturing,
reception, BBB permeability and brain electrogenesis
[12], stipulate as well physical and chemical processes,
contributing to the formation of fractal aggregates or
clusters in extra- and intracellular medium of neuroglial-
endothelial ensembles according to the model types:
DLA (diffusion limited aggregation), CCA (cluster-
cluster aggregation), RLCA (reaction limited cluster
aggregation) [15]. Probably in a cooled brain the
monoxides of nitrogen and carbon as neuronal gas
initiate in a greater extent physical processes of the
type of proceeding or percolation with the displacement,
but even they naturally lead to fractal structures [9],
which are maintained by specific neurophysiological
mechanisms. By other words, EES basic function is
the regulation of the frequency and amplitude of total
(fractal) structural and dynamic parameters of the
background activity of physiological systems. However
such a “swinging” of setting multipoints of homeostasis
is nerve-humoral mechanism of periodic extending of
temperature limits of natural hibernation [11], that
points to one more EES cryobiological function.

With all the unique feature of the hibernation
phenomenon there are all the grounds to suppose the
presence of the same picture of electrophysiological
and neurochemical processes, homeometry of
neurophysiological mechanisms of hypothermia and
hibernation. We propose to consider these phenomena
as an “order-chaos”, using the fractal approach (the
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opranu3moB [11], uTo yka3pIiBaeT Ha emié OAHY
KpruoOHojoruueckyo Gpynkiuo 99C.

IIpu Bcelt yHUKAIBHOCTH SIBJICHUS 3UMHEH CIISTUKU
€CTb BCE OCHOBaHMS MPEATNOIAraTh HaTMuue 00LIero
PHCYHKa 3JIEKTPO(GHU3UOIOTHYECKUX U HEUpo-
XMMHYECKUX MPOLIECCOB — FTOMEOMETPHHU Helpodu3no-
JIOTHYECKUX MEXaHU3MOB THIIOTEPMHUH U THOEPHALNH.
[Ipennaraercs pacCMOTPETH ATH ABIEHUS B INIOCKOC-
TH TIOPSIIOK-XA0C, UCTIONB3Ys (PpaKTANbHBIN MMOIXO
(otrenKa mPoOHOM pa3MEPHOCTH).

Hens paboThl — CpaBHUTHh HEHPOAUHAMHUKY
OXJIAXKJEHHOT'O MO3Ta MPH UCKYCCTBEHHON THITOTEP-
MUH ¥ 3UMHEH CIIsTuKe 10 (hpaKTaIbHON pa3zMepHOCTH
(D) matTtepHa cBepXMeEJIEHHOW aKTUBHOCTH WU
CTPYKTYPHO-(PYHKIHMOHATIBHOT'O COCTOSHHUS CHHATITH-
YECKOTI'0 anmapara NepeKUBaOLINX CPE30B FOJIOBHOTO
MO3ra KpbIC MOCI€ TUIOTEPMHUHU U CYyCIMKOB MpHU
ruOepHaLHH.

Matepnaabl 1 meToAbI

B skcnepuMeHTax HCIONB30BalM KPBIC-CaMI[OB
nuHUN Buctap u mmHHOXBOCTHIX cycnukoB Citellus
undulatus. KpaaunonepeOpaibHy0 THIIOTEPMHUIO
(KOI') mpoBOoAWIN TPaAULIMOHHBIM MeTOAOM [2] 10
temmeparypsl Tena 30°C.

buosnexrpuyeckyro aktuBHOCTh Mo3ra (BDA) B
nuanazone 0,1-15 I'u oTBOAMIN MOHOMIOJSIPHO
HUXPOMOBBIMH 3JIEKTPOJAMH C CEHCOMOTOPHOMU
0051acTH KOpBI (PAacCTOSIHUE MEXIY OTBEICHUSMH 2
MM), IEPEIHETO U 33AHEr0 OT/AEIOB THIOTAIAMYCa H
peructpupoBanu Ha sHueanorpade pupmsr “Medi-
cor”. OnnoBpemenHo perucrpuposanu IOKI' Bo
BTOPOM CTaHJAapPTHOM OTBEICHHHU. AHaJIOTOBBIH
curtan b2A u OKI" mpeobOpazoBbiBajcs B IIuppoByIO
dhopmy c gactoToii muckpernsanuu 100 I'ip 1 BBoaMIICS
B KoMITbiOTep THITa IBM-PC, mocie uero mpoBomuics
KOPPEJSIIIUOHHO-CIIEKTPAIbHBIN U (ppaKTalbHbIH
ananms [2, 3, 5].

st m3ydeHust BBICBOOOXKIEHUS HEHPOMETNaTOPOB
in vivo B TUIIOTaJIaMycCe TOJIOBHOTO MO3ra MCIOJIBb30-
BaJIM METOJ JIOKAJbHOU cymnepdy3uu Mo3ra mnpu
MIOMOIIH CTEKISIHHO-IIIacTUKOBOM push-pull kaHromM.
B BeIOpanHyI0 A7t SKCIepUMEHTa 00J1aCTh FOJIOBHOTO
MO3Ta 4epe3 HampasIIoNIy0 TpyOKy HpH MOMOLIH
mukpormpuia “‘Hamilton”, Tum 7001 (CLLA), BBOAMIHN
5 Mk (5 MxCi) ME4EHOTO0 IO TPUTHIO HOPaJpeHaInHA
(P*H-HA) unu ceporonunna (*H-CT). ITocie okoH4a-
HUS MHBEKIINH IIIPHUI] YAASUTA ¥ BBOAWIH push-pull
KaHIONI0, COEJUHEHHYIO C MEPHUCTAIbTUUECKUM
HacocoM. [lepdy3uro NpoOBOAMIN CO CKOPOCThIO 25-
30 mkn/muH pactBopoMm Kpebca-Punrepa. Ilepsoie
40 MuH niepQy3uH MPOUCXOANIIO BEIMBIBAHHE HEBKITIO-
YUBIIETOCS W30TOMNa, 3aT€M HAauMHaJIu cOOMpaTh
15-munytHbie (pakuuu nepdysara. CTUMynu-
POBaHHYIO ceKpelyIo [4] HelipomenuaTopa noayJan,
nepdy3upys runotainamyc pactBopoMm Kpebcea-
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assessment of fractional dimension).

The aim of work was to compare the neuro-
dynamics of cooled brain during artificial hydrothermia
and hibernation on fractal dimension (D) of the pattern
of ulrtaslow activity and structural and functional state
of synaptic apparatus of surviving rat’s brain slices
after hypothermia and those for ground squirrels during
hibernation.

Materials and Methods

In the experiments we used Wistar male rats and
long-tailed ground squirrels Citellus undulatus.
Craniocerebral hypothermia (CCH) was performed
down to the body temperature of 30°C using traditional
method [2].

Bioelectrical activity (BEA) of brain within the
range of 0.1-15 Hz was led monopolarly with Ni-Cr
alloy electrodes from sensomotor area of the cortex
(the distance between the leads is 2mm), anterior and
posterior hypothalamus compartments and recorded
with encephalographer (“Medicor”). Simultaneously
there was recorded ECG using the second standard
lead. Analogue signal of BEA and ECG was digitally
transformed with the frequency of discretization of 100
Hz and was entered to the IBM-PC computer and
then correlation and spectral analysis was performed
[2,3,5].

To study the release of neuromediators in vivo in
brain hypothalamus we used the method of local brain
superfusion with glass-plastic push-pull cannula. To the
chosen for the experiment area of brain via directing
tube with “Hamilton”, type 7001 syringe (USA) 5 mcl
(5 mcCi) of 1abelled on tritium norepinephrine (*H-NE)
or serotonin (*H-ST) were injected. After the injection
the syringe was removed and the push-pull cannula,
connected to peristaltic pump was introduced.
Perfusion was performed with the rate of 25-30
mcl/min with Krebs-Ringer solution. During the first
40 min of perfusion there was occurred the lavaging
of non-included isotope, and then we started to pick
the 15-min fractions of perfusate. Stimulated secretion
[4] of neuromediator was obtained during the perfusion
the hypothalamus with Krebs-Ringer solution with an
increased concentration of potassium ions up to
60 mmol/l and lowered concentration of sodium ions
down to 95 mmol/l. The concentration of the rest ions
did not change. After finishing the experiment the
perfusate was laid to the column with ion-exchanging
resin Dowex 50x4 and *H-NE and *H-ST were
separated from their metabolites. The coefficient of
releasing was determined as the ratio of radioactivity
of the studied fraction to the one of last washing-out
fraction with a stable level of radioactivity.

When isolating synaptosomes the methodical
recommendations were strictly met [20]. The animals
were decapitated, brain cortex and hypothalamus were
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Punrepa c yBennueHHON KOHLIEHTpaUE HOHOB KaJIMs
110 60 MMOJIB/JT ¥ TIOHWKEHHOW KOHILICHTPAIUEH HOHOB
HaTpus 10 95 Mmonb/n. KoHIEHTpalus ocTalbHBIX
HMOHOB He MeHs1ack. [locne okoHuaHMs SKCIIEpUMEHTA
nepdy3aT HAHOCUIIK Ha KOJIOHKY C MOHOOOMEHHOM
cmonoit Dowex 50x4 u ornensum *H-HA u *H-CT ot
nx meTabonutoB. KoagduuueHT BHICBOOOKACHUS
OompeneNsIl KaKk OTHOIIEHHE PaJiHMOaKTUBHOCTH
uccieayeMon Gpakiyy K pailioakTHBHOCTH MOCTET-
Hell (GpaKiu¥ OTMBIBKH, UMEIOIIEH CTaOMIbHBIN
YpOBEHB PATUOAKTHBHOCTH.

[Ipu BBIIENIEHUN CHHANTOCOM TOYHO MPHUIEPIKU-
BaJINCh MeToAMYECKNX pekoMeHaanui [20]. )Kupot-
HBIX JIEKallUTHPOBAIN, KOPY MO3Ta M THIIOTAIaMyc
ObICcTpO oTnensn 1o cxeme [19] Ha xomone (4°C).

Hdns uzyuenusa npeiictBus KIIIT Ha cexpeuuto
‘H-HA u *H-CT anuKBOTHI CYCIIEH3HH CHHANITOCOM
13 KOPBI ¥ THIIOTaIaMyca BHOCHIIH B JISISTHOM pacTBOP
Kpebca-Punrepa ( pH 7,4 nmpu 25°C). IloTtom
n00aBIsuIM pacTBOp TpedyeMoro Helipomenuaropa u
npoBoawK MHKYyOarmto ipu 37°C. KoneuHast KOHIICH-
tpamust *H-HA, *H-CT B cpene nHKyOaInuu cocras-
nsma 0,1 MkM. 3areM anmuKBOTHI MpoO oTOMpanu u
HAaHOCHJIM Ha cTeKiIoPuisTpbl “Whatman GF/C”,
Haxo[sAlHecs B sidekkax s puibTpamuu. s
n3yyenuns K -unnynupoBanHoii cekperun *H-neiipo-
MEIUaTOPOB CHHANTOCOMBI, “Harpy>KeHHbIE” Mede-
HBIMU MEAMAaTOpPaMU M HaxoAsLIHecs Ha CTEKIO-
(uETpax, MPOMBIBAIN ACTIOIAPHU3YIOIIIM PaCTBOPOM
Kpebca-Punrepa ¢ moBbIIEHHOW KOHIIEHTpaIuen
nonoB K* — 60 MM. Harpetsriit (37°C) pacTBOp
Kpebca-Punrepa (60 MM K¥) nBaxkasr mo 5 mu
HaHOCWJIM Ha (DUIIBTPHI U [TO OYEHb CIA0BIM BAKYy yMOM
¢unsTpoBanu. [lapannensHo yacTh QUIABTPOB C
HaHECEHHBIMH CHHAIITOCOMAMH IPOMBIBAJIN, UCTIONb-
3ys pactBop KpebOca-Punrepa ¢ mHopMansHOU
KoHIeHTparmei noHoB K* (5 MM). @unsTps! BRICYIITH-
BaJIH, IIOMENIAJIN BO (PIIAKOHBI CO CIIMHTHILISITOPOM H
MIPOCYNTHIBAJIN aKTUBHOCTH Ha mpubope “Beckman
LS-7800” (CLIA). Cekperuto *H-Heiipomeanatopos
OTpEeAEIsSUI KaK Pa3HOCTh 3HAYCHWH PaJuOaKTHUB-
HOCTH (UIBTPOB KOHTPOJIS, T.€. IPOMBITHIX OOBIYHBIM
pactBopoM Kpebca-Punrepa, 1 puibTpoB, IPOMBITHIX
nenosspusytomum pactBopoM Kpebca-Punrepa
(60 MM K). Pe3ynbraTsl Bolpakaiau B UMI / MUH / MT
oenka: K'-unayupoBaHHas ceKperus (MMIT /MUH /MT
Oenka) paBHSETCS MMII /MUH /MT Oesika (GUIBTPOB
KOHTPOJISI MUHYC UMIT /MHH /MT Oeka ¢punsrpos ¢ K+
(60 MM).

[IpemapupoBanme TKaHW THIIOTAIaAMyCa U HEOKOP-
TEeKCa I TPAHCMUCCUOHHOW AJIEKTPOHHOW MHUKPO-
CKONIMU HPOBOJUIN TPAAUIUOHHBIMH METOJAMH.
VYnpTpaToHKHE Cpe3bl M3rOTABIMBAIN Ha yIbTpa-
Mukporome YMTII-6 1 KOHTpacTHpOBaJIM BOIHBIM
pacTBOpOM ypaHWIaLeTaTa U LHUTPATOM CBUHIA IO
Peitnonbacy. Ilpocmotp u hororpadupoBanue cpe3os
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rapidly separated according to the protocol [19] on a
cold (4°C).

To study the effect of CCH on the secretion of
*H-NE and *H-ST the aliquots of the suspension of
synaptosomes from the cortex and hypothalamus were
placed into an icy Krebs-Ringer solution (pH 7.4 at
25°C). Afterwards the solution of needed neuro-
mediator was added and the incubation was performed
at 37°C. Final concentration of *H-NE and *H-ST in
the incubation medium made 0.1 mcM. Then the
aliquots of the samples were taken and placed to glass
filters “Whatman GF/C” being in the wells for filtration.
To study the K*-induced secretion of 3H-neuro-
mediators the synaptosomes, loaded with labelled
mediators and being on glass filters, were washed with
depolarising solution of Krebs-Ringer with an
increased concentration of K* ions, 60 mM. Heated
(37°C) Krebs-Ringer solution (60mM K*) were twice
put by 5 ml on the filters and filtered under very slight
vacuum. In parallel the part of the filters with placed
on them synaptosomes were washed-out using Krebs-
Ringer solution with normal concentration of K* ions
(5mM). The filters were dried, placed in the flasks
with scintillator and the device (BECKMAN LS-7800,
USA) counted the activity. Secretion of *H-neuro-
mediators was determined as the difference of the
values of the radioactivity of the control filters, i.e.
washed with usual Krebs-Ringer solution and those
washed with depolarising Krebs-Ringer solution
(60 mM K*). The results were expressed in imp/min/
mg of protein; K*-induced secretion (imp/min/mg of
protein) = imp/min/mg of protein of the control filters
minus imp/min/mg of protein of the filters with K+
(60mM).

Tissue preparing of hypothalamus and neocortex
for transmission electron microscopy was accomplished
according to the same protocol with traditional
methods. Ultrathin sections were made by UMTP-6
ultramicrotome and contrasted with aqueous solution
of uranyl acetate and citrate of lead on Reynolds.
Viewing and making photos of the sections were
performed in PEM-125K electron microscope at
accelerating voltage 75 kV.

In the experiments we have used the brain slices
of ground squirrels, caught in Yakutiya, which are
deeply hibernating with the temperature not higher
than 5°C and aroused with the temperature not higher
than 15°C. To compare under the same conditions we
have tested the activity of brain slices of Wistar rats,
maintained at a warm vivarium and after CCH. After
isolation of brain, the tissue was placed to agar blocks
and the slices were prepared with the width of 450
mcm using serial microtome of our own modification.
Frontal sections of brain, hypothalamus and neocortex
were incubated in Krebs-Ringer solution according to
the standard methods [8]. The solution containing
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MIPOBOMMJIH B 3IEKTPOHHOM MUKpockone [[OM-125K
[IpY YCKOPSIIOLLIEM HanpskeHuu 75 kB.

B skcnepuMeHTax MCHOJIB30Balu CPE3bl MO3ra
CYCIIMKOB, OTJIOBJIICHHBIX B SIKyTHU, TTyOOKO CIISIIIIX
¢ temneparypoii He Boimie 5°C U pa3OyKEeHHBIX C
temrneparypoir He Boitne 15°C. J[ns cpaBHEeHHS B
AHAJIOTUYHBIX YCJIOBUSAX TECTUPOBAIU aKTUBHOCTD
Cpe30B Mo3ra KpbIC IMHUM Bucrtap, cogepxaBmmxcs
B TeruioM BuBapuu u nocie KIII" ITocie uzBneuenus
MO3Tra TKaHb NMOMEI[aJdd B arapoBble OJOKH U
TOTOBUJIN CPe3bl TOMMHUHON 450 MKM C MOMOIIBIO
CepUITHOT0 MHKPOTOMA B Halled Moau(UKAILIHH.
@poHTalbHBIE CpE3bl MO3ra, THIoTajaMyca u
HEOKOpTeKca MHKyOupoBanu B cpeae Kpebca-Punrepa
no crangaptHoi metoguke [8]. PactBop, comep-
xamuii OukapOoHaTHBIN Oydep, Hachlmam Kapoo-
regoM (95% O, u 5% CO,). Cynepdysuro cpe3os
OCYIIECTBJISIIMN B HE3aMKHYTOM HENpPEPBIBHOM
MpoTOKE. B cpe3ax nmeperHUX OTAEIOB THIIOTaIamMmyca
CYCIIMKOB H KpPBIC PETMCTPUPOBAIN CBEPXMEVIEHHYIO
OMO3JIEKTPUYECKYI0O aKTUBHOCTh HUXPOMOBBIMHU
MaKpOd3JIEKTPOJaMH, OTIPEIETISIIH YPOBEHD CEKPEIINU
SH-HA u *H-CT ¢ ucnions3oBanvem push-pull kamrom.

Pe3yAbTatbl M 00Cy)xaeHue

Pe3ynpTaTel ucciaenoBaHuii mokasanu, 9to bBOA
CpPE30B TOJIOBHOT'O MO3Ta KpbIC TP IOMEIIEHUH UX B
CTaHJAapTHBIE yCJIOBUSA MHKYOallMu OTCYTCTBYET,
BoccTaHaBiauBasichk dyepes 40-60 mun. CHHKEHUE
TeMneparypsl nHKyOaunonnou cpeast (30-20°C)
MPUBOJUT K MOHOTOHHOMY YMEHBIIEHUIO aMILTHTYIBI
cekyHnHoro purma bOA u uzonunuu npu 15°C.
XpaneHue cpe3oB B Ookcax ¢ oxjaxaeHHbIM (4°C)
pacTBOpOM B TeueHHE 24-X YaCOB MPHUBOIHUT K
HEOOpaTUMBIM U3MEHEHUSM WX CHCTEM DJIEKTPO-
reHe3a. OTH OCOOEHHOCTH XapaKTepHBI B paBHOMN
CTETIeHH KaK JIJIsl KOHTPOJIBHBIX, SYTEPMHBIX KUBOT-
HBIX, TaK W JAJA KPBIC MOCHE OXJaXAEHUS 0
temmeparypsl Teaa 30°C. Ognaxo cekpenus *H-HA
MIEePEKUBAIOIINX CPE30B F'OJJOBHOI'O MO3Ta OXJIaXKICH-
HBIX KpBIC MpeBbIIIaga KOHTpoJb B 1,5-2 pasa, a
cekpenusi *H-CT Obu1a HECKONBKO CHIDKEHA (Tab. 1).

VY mepexuBarOIINX CPe30B I'OJOBHOIO MO3ra
CYCIIMKOB PETUCTPHUPYETCA BBIPAKEHHBIN CEKYHIHBIN
put™ BDA kak B mepBble MUHYTHI HHKYOAIMH B Cpee
Kpebca-Punrepa ¢ temneparypoii ~20°C, Tak u mocie
xpaHenus (24 4, 4°C). Ceepxmennennas BOA cpe3os
HaJeXXHO PErHCcTPUPOBANACh MPU OXJAXKIEHUU
MHKYOalMoHHOH cpefnl BIUIoTh a0 3-1°C (puc.l).
JlaHHBIE 3aKOHOMEPHOCTH XapaKTepHBI Al OOIpCT-
BYIOIIMX Y THOEPHHUPYIOIMINX KUBOTHBIX. B oTimdne
OT OXJaXAEHHBIX KPBIC MEPEKUBAIOIINE CPE3bI
THOEPHUPYIOIIHNX CYCIHKOB XapaKTepH30BaIuCh
noBbimenHoi cekpeuuedt *H-CT (B 1,5 pasza mo
CPaBHEHHIO C OOAPCTBYIOIMMHU) U CHUKEHHOMU
cexpenueit *H-HA (tabm. 1).
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bicarbonate buffer, was saturated with carbogen (95%
0, and 5% CO,). Superfusion of the slices was
accomplished in non-closed continuous flow. In the
slices of anterior hypothalamus compartments of
ground squirrels and rats there was recorded ultraslow
bioelectrical activity with Ni-Cr alloy macroelectrodes,
the level of secretion of *H-NE and *H-ST was found
using push-pull cannula.

Results and Discussion

The results of investigations demonstrated, that BEA
of rat’s brain sections when placing them under
standard incubation conditions was absent, with the
recovering in 40-60 min. The temperature decrease in
the incubation medium (30-20°C) results in a
monotonous reduction of amplitude of the BEA second
rhythm and isoline at 15°C. The section storage in the
sterile rooms with cooled (4°C) solution for 24 hrs
results in the irreversible changes in their electrogenesis
systems. These peculiarities are characteristic in an
equal degree for both control, euthermic animals and
the rats after cooling down to the body temperature of
30°C. However, the *N-NE secretion of surviving
sections of cooled rat’s brain exceeded the control in
1.5-2 times, but the *N-ST secretion was slightly
reduced (Table 1).

In the surviving sections of ground squirrels’ brain
there was recorded the manifested second rhythm of
BEA both during the first minutes of the incubation in
the Krebs-Ringer medium with the temperature ~20°C,
and after storage (24 hrs 4°C). Ultraslow BEA of
sections was reliably recorded during cooling the
incubation medium right down to 3-1°C (Fig. 1). The
data of regularity are characteristic for active and
hibernating animals. In contrast to the cooled rats the
surviving sections of hibernating ground squirrels were
characterized by an increased secretion of 3N-ST (in
1.5 times in comparison with the active ones) and a
decreased *N-NE secretion (Table 1).

The BEA fractal analysis of the rat’s brain surviving
sections demonstrated (Fig. 2), that both the incubation
solution cooling, and the NE adding were accompanied
by an increase in the persistence of BEA dynamics
(D from 1.45 to 1.25). The solution heating or ST or r-
aminobutyric acid addition leads to the anti-persistence
(D~1.7). For surviving sections of hibernating ground
squirrels, on the contrary, the cooling of incubation
medium or NE adding is accompanied by the anti-
persistence of BEA dynamics, but heating or adding
ST or GABA: by the persistence (Fig. 1).

Thus, under artificial hypothermia the NE provides
the maintaining, and ST the rearranging tendencies of
neurodynamics, preventing the hyperactivity.
Meanwhile during hibernation the ST stabilizes the brain
functional state, but NE activates the processes,
preventing cooling beyond the limits.
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Tabéuauua 1. Cexpenus HeiipoMeIHaTOPOB MEPEKUBAIOIINX CPE30B TOJIOBHOT'O MO3Ta KPBIC B YCIIOBHSIX THIIOTEPMHH U
CYCITHKOB IIPH 3UMHEH CIITYKe

Table 1. Secretion of neuromediators of the rat’s brain surviving sections under hypothermia conditions and ground
squirrels during hibernation

Cekpenus *H—HA Cekpenus 3H—CT
SH— NE secretion SH — ST secretion
YcaroBust
SKCIEpHMEHTa MrT 3rT T 3rT
Experiment HAC HPC HAC HPC
conditions
on K+ on K* on K+ on K+
background background background background
KouTtpoas ([38°C)
KpBLC o 0,97+0,08 1,81=%0,06 0,87=0,06 1,77=+=0,08 0,90=+0,07 1,70=0,08 0,92=+0,05 1,77+0,08
Control ([38°C)
rats
Hapxkos (B7°C)
xprie 0,74 =0,05 1,6120,07 0,65=0,05 1,55%0,07 0,79£0,05 1,55%0,06 0,900,08 1,65%0,06
Narcosis ((B7°C)
rats
KLIT (CB6°C)
KPBIC _
CCH ([B6°C) 2,27=+0,09 0,67=0,07 1,47=0,05 0,81=0,07 1,59=+0,04 0,89=+0,06 1,72=0,07
rats
KLIT ((85°C)
KpPBIC _
CCH ([B5°C) 2,12+0,08 0,59=+0,06 1,49=+0,05 0,78=+0,06 1,50+0,07 0,77%+0,05 1,65=+0,05
rats
KLIT ((B3°C)
KPBIC _
CCH ([B3°C) 1,90=+0,07 0,59=0,06 1,39=+=0,06 0,70=0,08 1,41=0,06 0,65+0,07 1,54=+0,08
rats
KLIT ((B1°C)
c CI‘_‘IP(IEEO o 0,90£0,05 1,300,05 0,49%0,05 1,130,08 0,610,06 1,220,06 0,60=£0,04 1,23=0,07
rats
TubGepHanus
([I3°C) cycanxon 0,81%0,06 1,53%0,04 0,77=0,06 1,45%0,06 0,87=0,05 1,10%0,07 0,67%0,08 1,15%+0,05
Hibernation (013°C)
ground squirrels
I'mbepnanusa ([B°C)
| CYCAHKOB 0,780,08 0,90%0,07 0,81=0,08 0,81=0,06 0,90=0,08 1,55%0,07 0,79=0,06 1,50%0,08
Hibernation (B°C)
ground squirrels

Ipumeuanmne: I[1I'T — nepenuuii otnen runoraisamyca; 31 T — 3aauuii oTaen runoranamyca; GoH — GpoHoBas (CIIOHTaHHAs) CEKPELUS;

K* - K*-unnynupoBanHas cekpeuus.

Notes: HAC — hypothalamus anterior compartment; HPC — hypothalamus posterior compartment; the background is the back-

ground (spontaneous) secretion; K* — K*-induced secretion.

®paxtanpHblil aHanu3 bOA mepekuBarmux
CpPEe30B roJIOBHOT'O MO3Ta KpbIC IIOKa3al (puc. 2), 4To
KaK OXJIaXIeHHE MHKYOallMOHHOTO PacTBOpa, TaK H
nobasnenne B Hero HA compoBokaeTcs MmoBblIILIe-
HUEeM nepcucTeHTHOCcTH nTuHaMuku BOA (D ot 1,45
mo 1,25). HarpeBanue pacTBopa win 100aBJICHHE B
Hero CT wmnm y-amuaomacnsgao# kucinotsl (TAMK)
BeJeT K aHTumepcucteHTHoctu (D~1,7). Hus
MIEPEKUBAIOIINX CPE30B THOSPHUPYIONIUX CYCIUKOB,
Ha00O0pOT, OXJaXAEHNE CpeAbl MHKYOaIuu HiIn
nobasienne B Hee HA compoBoXaaeTcst aHTHIIEPCHC-
TEHTHOCThIO AMHAaMUKH BDA, a HarpeBaHue ummn
no6asnenne CT unmu FTAMK — nepcucTeHTHOCTBIO
(puc. 1).

Takum 06pa3zoM, IpH KCKYCCTBEHHOW THIIOTEPMHUH
HA o6ecneunBaer nmoaaepxuBaromue, a CT —
[IEPECTPOCUHbIE TEHIEHIINN HEUPOAMHAMUKH, ITPETIAT-
CTBYIOIIME THIEPAKTUBHOCTH. Torma Kak mpu
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The cooling effect leaves the long (up to 8-9 days)
neurochemical and vegetative “traces” in an organism’s
functional state. At CCH there is the triggering of the
neurophysiological mechanism for a long-term
potentiation in brain centers of thermoregulation, which
manifests in a long increase and deviation of the NE
secretion level in hypothalamus. The figure of the trace
neurosecretory processes after cooling occurred to be
a scale-invariant in a time scale within the minute-day
limits. Under these conditions in the same scales of
time values there were proceeded in a natural way
the consequent changes in vegetative status of an
organism right up to the complete sympathetic-
parasympathetic switching [2]. Such dynamics
indicated to the possibility of a fractal organisation of
the studied process. Really, the fractal analysis of ECG
and EEG at CCH found out the transfer of BEA
dimension from a close to Euclidean one (within the
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rubepraunn CT crabunusupyer QyHKIHOHAIBHOE
cocTosiHMe Mo3ra, a HA akTUBHM3HMpYeT Mpouecchl,
MPEIATCTBYIOIINE 3aMpeaebHOMY OXJIKICHHUIO.
HeiicTBUE OXJIaXXACHUSA OCTABJSET AJUTEIbHbIC
(mo 8-9 cyT) HEeHpPOXMMUYECKUI U BEreTaTHUBHBIN
“cnenpl” B QyHKIMOHAILHON aKTUBHOCTH OPraHnu3Ma.
[pu KUI' 3amyckaercst HeWpoPU3HOIOTHIECKHI
MEXaHHU3M J0JTOBPEMEHHOM NOTEHIIUAIIH B MO3TOBBIX
HEHTPax TePMOPETyIAlUH, HEHPOXUMHUUYECKUM
MPOSIBIEHUEM KOTOPOTO SBISIOTCS JJIHTEIbHOE
MOBBIIIEHNE U KoneOaHua ypoBHS cekpeunn HA B
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Puc.1. buosnexrpuueckast aKTUBHOCTD ITE€PEKHUBAIOLIETO
cpe3a rumnorajamyca rHOCpHHUPYIOLIEro CycluKa: a —
(bpakranbHbIii ananu3 BOA nepexxuBaroniero cpesa B cpene
nHKyOanuu npu remneparype 37°C. 311ech 1 Ha CIIe Iy FOIINX
PHUCYHKaX: OCh y — JIOTapu(M IJIHHBI K1acTepa (B TUKCEIISX )
13 TOYEK H300paKeHMS 3aJaHHOM HHTEHCUBHOCTH (=50%)
OKpacku 00BEKTa; OCh X — JIoTapu(M IUIOMAaN HPSIMO-
YTOJIBHON paMKH (B ITHKCEISIX ), B KOTOPOIl HAXOAUTCS KJIacTep.
®pakranpHas pasmepHocTs (D) paBHa HaKIIOHY TIPAMOH y(X),
R? — omeHKa JOCTOBEPHOCTU ANNPOKCHMAaUHH; 0 —
(hpakTanpHeli aHanun3 BOA mepexwuBaromero cpesa mpu
CHIDKEHHMHU TeMITepaTyphl cpeibl MHKyOarwm ot 27 1o 17°C;
B — (pakTaspHBIN aHann3 BOA nepexnBaromero cpesa Ha
thomne nerictBus TAMK npu 37°C.

Fig. 1. Bioelectrical activity of a surviving section of
hibernating ground squirrel’s hypothalamus: a— fractal
analysis of the surviving section BEA in the incubation
medium under 37°C. Here and in the next figures: axis y —
logarithm of cluster length (in pixels) from points of the
image of the fixed intensity (=50%) of the object staining;
axis x — logarithm of the rectangular frame square (in pixels),
where the cluster is located. Fractal dimension (D) is equal
to the slope of line y (x), R? — the evaluation for the
approximation statistical truth; b — fractal analysis of the
surviving section BEA at the incubation temperature
decrease from 27 down to 17°C; ¢ — fractal analysis of the
surviving section BEA at the background of GABA effect
under 37°C.

limits of noise flickers: 0.8<2-D<1.4) to the persistence
alternation (0.5<2-D<1) and anti-persistence (0<2-
D<0.5) in a good correspondence to sympathetic-
parasympathetic switching.

Demonstrated by us the changes in the secretion
of neuromediators and BEA at hypothermic effects
have not only functional-dynamic base. This conclusion
results from the fact that an increased level of *H-NE
at CCH is found (Table 1 and 2) both in the
experiments in vivo (using push-pull cannula) and ex
vivo (on surviving slices of brain structures) and in vitro
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Puc. 2. buosnexrpuueckas akTHBHOCTh IEPEKUBAIOIIETO cpe3a THIIOTaIaMyca KPhICh: a — (paKkTaibHbIN aHaan3 BOA Ha
¢one neiictBust HA; 6 — ppaxranbubiii ananus BOA na one nevictus TAMK.

Fig. 2. Bioelectrical activity of a surviving section of rat’s hypothalamus at the background of the effect of NE (a);

GABA (b)

runotanamyce. PUCyHOK cieoBBIX HeHWpocekpe-
TOPHBIX IPOLIECCOB MOCIE OXJIAXKACHUSA OKaszaucs
MacIITaOHO-WHBApUAHTEH BO BPEMEHHOH IIKaie B
npenenax MUHYTBI-CYTKH. B 9THX yCIOBUSX B TEX e
MacmTabax BPEMEHHBIX BEJIUYMH €CTECTBEHHBIM
00pa3oM MPOUCXOIUIN MOCIEI0BATEIbHBIE U3Me-
HEHUS BET€TaTUBHOTO CTaTyca OpraHu3Ma BILUIOTH 710
MOJHBIX CHMIIATO-TIAPACUMIIATHYECKUX TEePEKII0-
yennit [2]. Takas AuHaMyKa yka3piBajia Ha BO3ZMOXK-
HOCTh (pakTalbHOW OpPraHU3AlNU U3y4aeMOTO
mporiecca. /leiictButensHo dpakTansHbii anamm3 DK
u 90T npu KUI' obHapyxui nmepexon pa3MepHOCTH
BOA ot 6nu3koi K 3BKIMI0BOH (B Ipeaenax QIukkep
myma: 0,8<2-D < 1,4) 1o monepeMeHHOro yepeno-
Banus nepcuctenTHoct (0,5<2-D < 1) u aHTHIIEpCHC-
teHTHOCTH (0 < 2-D < (,5) B XOpOI1IeM COOTBETCTBUU
CHUMIIaTO- NapacUMIATHYECKUM NEPEKIIOUEHUSM.
ITokazaHHbIE HAMU U3MEHEHUS CEKPELIMU HENPO-
MeanaTopoB U bOA mpu runmorepMmUIecKux BO3-
OeHCTBUAX MMEIOT HE TOJBbKO (YHKIIMOHAJIBHO-
JTUHAMUYECKYIO, HO M CTPYKTYPHYIO OCHOBY. DTOT
BBIBOJ| CJeAyeT U3 TOTO (pakTa, YTO MOBBIIIEHHBIN
ypoBenb cexpermu *H-HA npu KLII" o0HapyxuBaeTcs
(Tabm. 1 1 2) B ombITax Kak in vivo (C UCTIOIh30BAHUEM
push-pull xaHrOIIM) U ex vivo (Ha TEPEKUBAOIINX
cpes3ax CTPYKTyp Mo3ra), Tak H in vitro (Ha
cuHanTocoMax). [lpu BblZeNeHUU CHHANTOCOM W3
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(on synaptosomes). When isolating synaptosomes from
brain tissue, they are cooled down to 5°C, and then
warmed up to 37°C, and any dynamic changes (phase
transitions of membrane lipids, conformation
rearrangements in molecules of carriers) should be
neglected. It is supposed that in the base of formation
of individual adaptation there are the “traces” of
preceding receptor system irritation. Traces of
temperature effects can serve as the elements of
formation of thermoregulatory conditioned reflex, in
the base of which there is laid the formation of bonds
of not only between the centres of distant analysers
and those of effectors but as well between separate
elements of effector systems: tissue processes,
vascular reactions, changes of hormonal situation, etc.
[2]. Such interpretation of the problem leads the
necessity of introduction of vegetative, “cold” or
thermoregulatory memory.

Morphological mechanisms of memory attract lots
of scientists. According to the data [10, 13, 16] in the
formation of memory engramme an extra value is
signed to synapses with the spines on the dendrites of
pyramidal cells of brain cortex. Long-term changes of
slow post-synaptic potentials of bioelectrical activity
of spines in the process of training are related to the
hypertrophy or bud formation and branching of spines,
formation of secondary spines synapses, developing
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TKaHU MO3Tra UuxX oxXJjiax-
maror g0 5°C, a 3areM
ororpesatot 1o 37°C, u

Tab6muua 2. Cekperust HA in vivo (push-pull meton) u in vitro (ciHanToCoOMbI) B
runorajgaMmyce u Heokoprekce Kpbic npu KT
Table 2. Secretion of NE in vivo (push-pull method) and in vitro (synaptosomes) in
hypothalamus and rat’s neocortex at CCH

TI00EIE JUHAMHUYCCKHEC

In vivo (Ks) In vitro (uMI1./MUH XMT 6eAKa)
U3MCHCHUA ((1)330]31’16 In vivo (Kv) In vitro (pulse/min xmg of
nepexoabl MCM6paHHBIX Ycaosust protein)
SKCIIepuMeHTa
JIUIIN 0B, KOH(l)OpMa- Experiment Kopa T'unoTtaramyc
[IHOHHBIE MEPECTPONKH conditions cortex Hypothalamus Kopa Tunoraramyc
Cortex Hypothalamus
B MOJIEKyJNax MEpPEeHOC- don K* dbon K+
background background
YUKOB) JOJKHBI OBLIN
HuUBeNUpoBartbes. [Ipen- Kgﬁi%%ﬁégg?g) 0,89=0,05 | 1,96 =0,08 | 0,94 =0,05 | 2,10 =0,07 | 31041 %4149 33978 =828
1ojararOoT, 4YT0 B OCHOBE
(hopMHpOBaHUS NHIUBH- lapKoa ((‘DB;% 080 =0,07 | 167008 | 080%0,06 | 1,72%006 | 220722023 24620%2498
JlyallbHOW aJlanTaluuu P—
nexar “ciemsl” mpe- CCH ([36°C) 1,90 0,06 - 2,31 =0,08 - 58757 3745 815304938
LIECTBYIOUUX pasapa- KU (5°C)

o =+ - =+ — + +
KEHUH PelenTOpPHbIX CCH (B5°C) 1,92 0,05 2,15 =0,07 41234 %3324 | 13561713254
cuctem. Crenpl TeMIie- .

ARL T g o () 1,78%0,07 - 1,890,08 - 2326542380 | 12542411197
paTypHBIX BO3IEUCTBUN ( )
MOTYT CIYXHUTH 3JC- (I;]C_[gl {(Elg}g)) 0,02+0,06 | 1,23=0,05 | 0,95%0,09 1,30=0,06 158192807 489103856
MeHTaMH (OPMHPOBa-

HHSI TEPMOPETYIATOP-
HOTO yCJIOBHOTO pediekca, B OCHOBE KOTOPOTO JICKHUT
oOpa3oBaHHe CBsA3EH HE TOJIBKO MEXIy LEHTPAMH
JIMICTAHTHBIX aHAJTU3ATOPOB U [IeHTpaMu 3(H(HEeKTOPOB,
HO U MEXY OTACIbHBIMHU dJIEMEHTaMU 3P PEKTOPHBIX
CHCTEM: TKaHEBBIMH IPOILECCAMH, COCYIUCTBIMHU
peakuusIMu, N3MEHEHUSIMU TOPMOHAJILHON CUTYaIlnH
u T.0. [2]. Takag mocTaHOBKa BOIPOCA MPUBOIUT K
HeOoOXOAMMOCTH BBEACHHUS MOHSITHS BETETAaTUBHOM,
“X0II07J0BOI” MJIN TEPMOPETYIIATOPHOU MTAMSTH.
Mopdonoruyeckre MEXaHU3MbI IAMSITH PUBJIE-
KaloT MHOTHX yueHbIX. Ilo manneiM [10, 13, 16] B
(hopMHPOBaHUY SHIPAMMBI IAMSITH UCKITIOYUTEIIEHOE
3Ha4eHHE MPUAAETCSA CHHAICAM C INUMUKAMHU Ha
JIEHAPUTaX MUPAMHIATBHBIX KIETOK KOPBI TOJIOBHOTO
Mo3ra. J[urensHpie H3MEHEHNUS MEJIJICHHBIX IIOCTCH-
HANTUYECKUX TMOTEHIIHAIOB OMOIIEKTPUIECKOM
AKTUBHOCTH IIIUITUKOB B TIpoIiecce 00yueHHs CBI3bIBa-
0T C THNEPTPOQHE TN TOYKOBAHHEM U BETBIICHHEM
LIIUIUKOB, 00pa30BaHUEM BTOPHYHBIX MIMITHKOBBIX
CHHAIICOB, Pa3BUBAIOIIMXCS IPY 00yYEHUH B poLiecce
3allOMUHAHUsA. ABTOPBI CUUTAIOT, YTO YHHMKaJIbHBIE
MPOCTPAHCTBEHHO-BPEMEHHBIE MAaTTEPHBI MOTYT
TUIEPTPOPHUPOBATHCS MOCIIEI0BATEIbHBIM BKIIOUE-
HHEM B LUPKYIAUI0 HEHpOHOB Mo3ra. CienoBsie
npouecchl GUKCUPYIOTCS B BHJIE MHOKECTBEHHBIX
SHTpaMM, OHHM ABISAIOTCS KOMHUSIMHU MAaTTEPHOB
HCXOTHOTO OMBITA U HCIIOJIB3YIOTCS JIJISI CYNTHIBAHUS.
YKka3pIBaeTcsl, YTO MPHU MOTYYEHUH HUHTCHCUBHOIO
TParu4eckoro WM BO30YXIAIOIIETO MepeKUBAHUS
THIIEPTPOQHUPYIOTCS U CTAOHIM3UPYIOTCS HEHPOHAITb-
HBIE Ty TH. JTO IPUBOJIUT K NOTEHIIMAILHON CTA0HIIb-
HOCTH 3HTPAaMMBbI, IIOTOMY YTO COCTaBIISIIOIIHNE €€
LIMIIMKOBBIE CHHAICHI pocay OOJblIe W JIydlle.
OnHako, M0 MHEHHIO JIPyTUX aBTOPOB, THIEPTPOPHS
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in the memorising process. The authors believe that
unique spatial-time patterns can be hypertrophied with
consequent inclusion into brain neuron circulation.
Trace processes are fixed as multiple engrammes, they
are the copies of the patterns of initial type and are
used for reading. There is noted that for obtaining an
intensive tragic or exciting experience the neuronal
pathways are hypertrophied and stabilised. This results
in potential stability of engramme, because spin
synapses being its part grew more and better. However
from the point of view of other authors the hypertrophy
or dividing of spines could be the cause of brain
pathology. The obtained facts about the role of spine
apparatus in the memory mechanisms show [10], that
the brain can solve this task by other way and more
efficiently. In post-synaptic terminal there are an
activation and development of spine apparatus as the
complication of membrane complexes. The number
of membranes in these apparatuses can reach some
dozens and in this case the dimensions of the spines
themselves do not increase and their dividing or bud
formation are not observed. Big experimental material
obtained in various animals is of fascinating and
pronounced evidence of specific ultrastructural
reaction of post-synaptic apparatuses in the process
of preserving activation and stabilisation of structural
and functional activity of brain during training [10].
Less convincing is the statement of these authors that
genesis of membrane complexes of spine apparatus
results only from postsynaptic membrane or
plasmolemma. Constructive criticism of these notions
basing on electrophysiological and electron microscopic
studies of the same surviving brain slice at long-term
potentiation [13] seems to be quite justified and well
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WJIH JIeTICHHUE IUMTUKOB MOTJIH OBl IPUBECTH JIUIIH K
natonoruu mosra. [lomydenasie ¢akTel 0 poiu
IIUIMKOBOrO ammapaTa B MEXaHH3Max MaMsATH
noka3eiBaroT [10], 4TO MO3r MOXKET pemaTb 3Ty
npo0ieMy Mo-apyroMy U 3HaYUTEIbHO IKOHOMUYHEE.
B noctcuHanTHueckodl TepMUHAINU MPOUCXOIAT
aKTUBALMS U Pa3BUTHUE IIHUITMKOBOIO anmnapara B BUJIE
YCIIOKHEHUS] MEMOpaHHBIX KOMIUTEKCOB. KonnuecTBo
MeMOpaH B 3THX ammapaTax MOXET JOCTHTHYTb
HECKOJBKUX JECSITKOB, NMPU 3TOM pa3sMEPBl CaMUX
LIIUTIUKOB HE YBEIWYMBAIOTCS M WX JEJNEHUE WU
MTOYKOBaHME He HabromaeTcs. bonpioit axcepuMeH-
TaJbHBIM MaTepHuaj, MOJYYEHHBIH Ha Pa3IMIHBIX
YKUBOTHBIX, IPEACTABIISAET YAUBUTEIHHOE 110 BHIPA3H-
TEJIbHOCTH M yOeOHuTeNbHOE [0Ka3aTelbCTBO
cneuu(UYecKoil ynbTpacTPYKTYPHOH peakuuu
[IOCTCHHANTUYECKHX allllapaToB B POLIECCE COXpaHe-
HHSl aKTHUBALMU U CTAaOMIM3allMH CTPYKTYpPHO-
(YHKLIMOHAIBHON aKTHBHOCTH MO3Ta MpH 00y4eHUH
[10]. Menee yOenuTenbHO yTBEPKACHHE I3TUX
aBTOPOB, YTO reHe3 MEMOpaHHBIX KOMIIIEKCOB
IIATAKOBOTO alnmnapara IPOUCXOAUT TOJBKO OT
MTOCTCUHANTUYECKOH MEMOPAHBI UITH TIA3MOJIEMMBI.
KoHCTpyKTHBHAsI KpUTHKA 3TUX NPEICTABICHUNA Ha
OCHOBE 3JIEKTPO(PHU3UOIOTUYECKUX U IIEKTPOHHO-
MUKPOCKOITMYECKHX UCCIEI0BAHUI OJHOTO U TOTO JKe
MepeXMUBAIOUIETO Cpe3a TOJOBHOTO MO3Ta NpHU
JOJIrOBpeMeHHOM noTteHuuanu [ 13] kaxxercs BOOJIHE
OIpaBIaHHON M XOPOIIIO COMIACYEeTCs C pe3yJIbTaTaMu
Hammx MophoQyHKINOHATBHBIX SKCIIEPUMEHTOB.
Ycranosneno, yto B guHamuke K" npoucxonsar
OIpe/eTICHHbIE U3MEHEHHS CyOMHKPOCKOIIMYECKON
OpraHM3alUK HCCIIeIyeMBbIX 00JIacTell rumoTanamyca,
CBHUIETENBCTBYIONMUE 00 aKTHBALMKM Pa3IUYHBIX
KJIETOYHBIX TPYII. Y 9aCTH HEHPOHOB, HAXOMSIIINXCS
BOJIM3H KPOBEHOCHBIX COCYZOB (pHC. 3), BBISBISAIOTCS
pEaKTUBHBIE U3MEHEHUS: MOBBIIIAETCS HACHINICH-
HOCTh MaTpHKCa U MHOTHX OpTraHell, Habmiomaercs
akTUBanMsA KomIuiekca ['ombpaKu, mpuBOAAMmIas K
00pa30BaHMIO MY3BIPEKOB M I'PAHYIN, HOSBISIOTCS
MHOTOYHMCIEHHBIE JIN30COMBI, MUTOXOHAPUHN U
pubocombl. CHHaNTUYECKUH anmapar HaXOAWUTCS B
COCTOSIHUH MTOBBIIEHHOTO (PYHKIIMOHAIEHOTO HAIpsi-
JKEHMA: CUHANTHYECKHE My3bIpbKH BO MHOTHX
CHHAIICaX arrIIOTHHUPYIOT MEXAy coOoi M ciuBa-
FOTCS C CHHANITHYECKOW MeMOpaHoii (puc.4), Bo3pac-
TaIOT MPOTSHKEHHOCTH U 3JIEKTPOHHAS IUIOTHOCTH 30H
CHHANTHYECKUX KOHTAKTOB, YBEITUYHBACTCS JJIMHA
AKTHBHOW 30HBI. HeoOX0AMMO OTMETHUTH, YTO
oOHapy)KEeHHBIE U3MEHEHUS YJIbTPACTPYKTYPHI
HelipoHOB HamboJiee BHIPAXKEHBI B MEJAUOIPEO-
TUYECKOH 00JIaCTH MEepeNHero rumoraiamyca (1o
CPaBHEHHIO C 3aJJHUM), B KOTOPOW, KaK U3BECTHO,
pacroararoTcsi HEpBHbIE KJIETKH, aKTUBUPYIOLIUECS
npu TeMIOepaTypHbIX Bo3aehcTBusix. [losTtomy
MOKa3aHHbIE HAMH PEaKTHUBHBIE U3MEHEHUS YaCTH
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co-ordinated with the results of our morphofunctioal
experiments.

It has been established that in CCH dynamics there
are certain changes of submicroscopic organisation of
the hypothalamus areas under investigation, testifying
about the activation of different cell groups. In part of
neurones, being close to blood circulatory vessels
(Fig. 3), there are revealed the reactive changes: the
saturation rate of matrix and many organelles increase,
there is observed the Golgi complex activation, which
leads to the formation of vesicles and granules, multiple
lysosomes, mitochondria and ribosomes appear.
Synaptic apparatus is in the state of an increase
functional tension: synaptic vesicles in many synapses
agglutinate between each other and merge with
synaptic membrane (Fig. 4), there is an increase in the
extent and electron density of the zones of synaptic
contacts, the length of active zone increases. It should
be noted that the found changes of neurone
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Puc. 3. Cunaric 6e3 BbIpa)XEHHOI aKTUBHOI 30HBI BOIN3H
KPOBEHOCHOTO KalJuIsApa U3 runoranamyca Kpsichl. X 70000.
| — cuHanTHYeCKHe MMy3bIphKHU; 2 — 6a3anpHas MeMOpaHa;
3 — nepuuuT; 4 — MPOCBET COCYAA.

Fig. 3. Synapse without manifested active zone close to

blood capillary from rat’s hypothalamus. X70000. 1 —synaptic
vesicles; 2 —basal membrane; 3 — pericyte; 4 — vessel’s lumen.
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HEHPOHOB MOT'YT KOCBEHHO CBUIIETEIbCTBOBATH 00 UX
NPUHALJIEKHOCTH K MYyNy TEPMOKOMIETEHTHBIX
KIIETOK.

Hanubie GpakTanbHOW MOpPHOMETPHUH YIbTpa-
TOHKHX CpPE30B MEpEeaHEro OTAeNa TUIloTajaMyca
JEMOHCTPHPYIOT PUHINTTHAITLHBIE Pa3iInuKs pa3Mep-
HOCTH pacIpe/elIeH!s] CHHANTHYECKHX IMTy3bIPHKOB
AKTHBHBIX U HEaKTUBHBIX CHHAICOB (puc. 3, 4). Tax,
reoMeTpHsl BE3WKYJ MPECHHANTHYECKOro OyToHa
AKTHBHBIX HOPaIPEHIPIUIECKUX CHHATICOB — [IEPCHUC-
teHTHA (D~1,3), aKTUBHBIX allETHIIXOIUHIPTUIECKUX —
antunepcucrentHa (D~1,7), Torna Kak HEaKTUBHBIX —
O0muska k 3BkaunoBoit (D~1). [lpu oxnaxaeHun
HabronaroTes crienuduuecKue yapTpacTpyKTypHbIE
W3MEHEHHS, XapaKTepHbIE IS SIBJIICHHS JOJITOBPEMEH-
HOIH noTeHnmani. BOan3y akTHBHOH 30HEBI CHHAIICA
JIOKaJIbHAsl TEOMETPHsS paclpeneseHnus] Be3UKyll
00HapyXUBaeT YepeJOBaHNE MEPCHUCTCHTHBIX H
AHTUIIEPCUCTEHTHBIX 00JacTeil, MOSIBISIOTCS YIOPSI-
JIOYeHHBIe MeMOpaHHbIe 00pa3oBaHMs, BO3MOXKHO,
chopMupoBaHHBIE B pe3ylbTaTe CIUSHHUS CHHAII-
TUYECKUX IMy3bIPHKOB, HAIIOMHHAIOLINE CIBOCHHBIE
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Puc.4. AXTHUBHBIE CHHAICH B THIOTAJaMyC€ KPBICHI.
Crpenkamu 0003Ha4E€HBI AKTUBHBIC 30HBL; a 1 0 — (pakTaib-
Hasi MOp(GOMETpHs NpEeCHHANTHIECKNX OyToHOB A U B
COOTBETCTBEHHO.

Fig. 4. Active synapses in rat’s hypothalamus. The active
zones are marked with arrows; a, b - the results of fractal
morphometry of presynaptic buds A and B, correspondingly.

ultrastructure are the most manifested in mediopreotic
area of anterior hypothalamus (in comparison with the
posterior one) in which as it is known there are nerve
cells, activating under temperature effects. Therefore
shown by us reactive changes of the part of neurones
can indirectly testify to their belonging to the pool of
thermocompetent cells.

The data on fractal morphometry of ultrathin slices
of anterior hypothalamus compartment demonstrate
the principal differences of dimensions of distribution
of synaptic vesicles of active and inactive synapses
(Fig. 3 and 4). So, geometry of vesicles of presynaptic
bud of active (norepineprinergic) synapses is persistent
(D01.3), active (acetyl cholinergic ) is antipersistent
(D0O1.7), meanwhile for inactive that is close to
Euclidean (D). During cooling there are observed
specific ultrastructural changes, characteristic for the
phenomenon of long-term potentiation. Close to an
active zone of synapse the local geometry of vesicle
distribution reveals the interchange of persistent and
antipersistent regions, ordered membrane formations
appear, probably they are formed as a result of the
merging of synaptic vesicles, which look like doubled
cisterns, one of them has a fractal dimension D1.3,
the second one is of DUI.7. For the convenience of
terms we will call them as synaptic strings. These
formations are frequently transsynaptically located,
they comprise pre- and postsynaptic buds. They are
found in postsynaptic buds as well as areas, being
grouped into piles and by forming parasynaptic
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LUCTEPHBI, OJTHA U3 KOTOPHIX HMEET (PaKTaIbHYIO
pasmepHocth D~1,3, BTOpas — D~1,7. Jlns yno6ctBa
u3noxxkeHus: OyaeM Ha3bIBaThb UX CHHANTHYECKUMH
ctpyHamu. Takue oOpa3oBaHHs 4YacTO pacroiia-
ralTcsl TPaHCCHHANTUYECKH, OOBEeNUHSS Ipe- H
nocTcuHanTHaeckue 0yToHbl. OHU 0OHAPYKHUBAIOTCSI
B MIOCTCHHAINITHYECKUX OyTOHAX, a TAKXkKe B Mapacu-
HANTHYECKUX O0IACTAX, TPYNIHUPYSICHh B Ma4YKH,
00pa3zyst mapaCHHANTUIECKUI HHCTPYMEHT (TI000HBIIH
MIATHKOBOMY ammapary), rae Kaxnaas CTpyHa
“HacTpoeHa” MO-CBOEMY, UMesl pa3HyI0 QPaKTaILHYIO
pasmepHocTh (puc. 5). Ilo HameMy MHEHMIO, 3TH
o0pa3oBaHusl MOT'YT UMETh OTHOIICHHE K YJIbTpa-
CTPYKTYPHBIM 3JIEMEHTaM BETre€TaTUBHOW NaMSITH.
MHorue aBTOpHI BBICKa3bIBalOT 00OCHOBAHHBIE
MIPEATIONI0KEHHS O CYILIECTBEHHOM BIMSHUH T€OMETPUN
CHHAIITHYECKOTO armnapara ¥ 0COOCHHO MOCTCHHAI-
THYECKOH €€ 4acTH Ha IMPOBOMIMOCTh U BO30YJIUMOCTb
[13, 21]. DxcmepuMeHTalbHBIE WCCIEIOBAHUS
BBISIBIJTM M3MEHEHUS! ()OPMBI M Pa3MEpPOB IIUITHKOB
TI0CJTe BO3HUKHOBEHHMS TOJITOBPEMEHHOHN MTOTEHIIMAIINH.
B skcmepumeHnTax in vivo U3MEHEHUS (OPMBI
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Puc. 5. DneKTpOHHO-MUKPOCKONUYECKUI CHUMOK y4acTKa
HEHpOIWIIs TIepeJHero TunoTagamyca Kpbichl. CI0XKHBINA
cunarc (0630p) X50000. [TapacuHanTHYECKUE CTPYHBI
(dparment) x120000; a u 6 — pe3ynpTarsl HpaKTaIbHON
MopdoMeTpun napacHHaNTHYECKUX CTPYH A 1 B, cooTBeT-
CTBEHHO.

Fig. 5. Electron-microscopic image of the site of the rat’s
anterior hypothalamus neuropil. Complicated synapse (re-
view). X50000. Parasynaptic strings (fragment). x120000; a,
b — results of fractal morphometry of parasynaptic strings
A and B, correspondingly.

instrument (similar to spine apparatus), where each
string has its own “tuning” with different fractal
dimension (Fig. 5). From our point of view, these can
be related to ultrastructural elements of vegetative
memory. Many authors give evidence about the
existence of the effect of synaptic apparatus geometry
and especially its postsynaptic part on the conductivity
and excitability [ 13, 21]. Experimental studies revealed
the changes in the shapes and dimensions of spines
after long term potentiation appearance. In the
experiments in vivo the changes in the spine shapes
were traced for 23 hrs, that related them to potentiation
mechanism. To regulate the work of some synapses
at strengthened sensor stimulation the certain
postsynaptic mechanisms which are structurally
isolated in subsynaptic cisterns, are needed [17]. It
looks like probable that such structural and functional
organisation is capable of preventing the synapses from
surplus exhaustion, because a regulatory mission is
accomplished by postsynaptic neuron.

Perhaps, such a morphofunctional rearrangement
particularly during its formation contributes to the
triggering of the secondary humoral processes in an
organism, which cause general adaptation reactions,
being an important condition of effective realisation of
specific homeostatic reactions. The effect of humoral
factors is performed by hormonal and mediator
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LIUIHAKOB MPOCIEKUBAINCH 23 4, 9TO CBSI3BIBAJIO UX C
MEXaHHW3MOM MOTeHIHanuu. s peryssinun paboTh
HEKOTOPBIX CHHAIICOB NPU YCUJICHHOW CEHCOPHOM
CTUMYJISIIMU TPEOYIOTCA ONpeesieHHbIC TOCTCHHAI-
THYECKUE MEXaHU3MBI, CTPYKTYPHO 000COOJICHHBIE B
cyocuHantuueckux nucrepHax [17]. [Ipeacrasnsercs
BEPOSITHBIM, UTO TaKas CTPYKTypHO-(QYyHKIIMOHATIbHAS
OpraHu3alus criocoOHa NPEAOXPaHUTh CHUHAIICHI OT
Ype3MEpPHOTO HCTOIEHHS, TOCKOIBKY PETYISATOPHYIO
MHCCHIO BBIIOJIHAET IOCTCUHANITUYECKUI HEHPOH.

[Mo-BugumMomy, Takas MOpGOPYyHKIIMOHATbHAS
nepecTpoika, 0cOOCHHO BO BpeMs ee popMupoBanus,
CIIOCOOCTBYET pa3BEpPTHIBAHUIO BTOPUYHBIX T'YMO-
PabHBIX TIPOIIECCOB B OPTaHU3MeE, KOTOpPbIE BBI3bIBA-
10T O0IIMe aJanTalMOHHBIE PEAKINH, SBIISIFOIIUECS
BaXXHBIM yCJI0BUEeM > PEeKTUBHONW peanu3anuu
cnenuPpuUecKuX TOMEOCTaTUUYECKUX PEaKLHi.
Bnustane rymMopanbHBIX (aKTOPOB OCYIIECTBIISETCS
C MOMOUIBI0 TOPMOHAJIBHOTO U MEAMUAaTOPHOTO
BO3JIEHCTBHS CO CTOPOHBI CUMIIATO-aJPEHANOBOM,
TUMOTAJIaMO-THUIIOPHU3apHO-HAIIOYEUHUKOBOU U
npyrux cucteM. ['ymopanbHbIil 3¢ ekt ropMOHOB U
HelpoMeanaToOpoOB Ha H3MEHEHHE CTPYKTYpPHI
CHHAIICOB TP MOBTOPSIONIINXCS aKTUBAIIUAX HCCIIe-
J0BaH HexocTtaroyHo. OJHAKO OTMEYEHO, YTO HX
BIIMSTHHE MOXKET PacIpOCTPAHATHCA BECbMa HIMPOKO.
Hanpumep, XxpoHnueckasi HecHHaNTHYECKas aKTUBA-
LMl CEPOTOHMHOM CHUXKAeT UYyBCTBHUTEIbHOCTD
MeMOpaHBbl HEHPOHOB K aneTunxonuHy [1]; mpu
ajanTalnydu K CTPECCyY yMEHbIIAeTcsl IIOTHOCTD
aJpeHOpeenTopOB B Mo3re [22]; Mo BO3AeHCTBUEM
AKTI-mogo0HBIX HEHPONENTHIOB U3MEHSIETCS
(hocopunrpoBaHrie MEMOPaHHBIX OEITKOB H JIUIHIOB,
YTO MIPUBOAUT K MOIYIISIIMH TPOLIECCA CHHAIITHIECKOTO
npoBeaeHus B mo3re [18]. CoBepiieHHO OYEBHIIHO,
YTO B TaKOTO poja IMpolieccax BakKHOE 3HaueHHUeE
WMEeeT ypOBEHb NMPOHUI[AEMOCTH TreMaTodHIIe-
dhanmuueckoro Oapbepa, KOTOPBIM KapAWHAIBHO
W3MEHSEeTCs IPY TUTIOTEPMUH, oTIpeesist pyHKIo-
HaJbHYIO akTUBHOCTH DIC.

OOuIHOCTh MEXaHMU3MOB aJaNTallii HEHPOHOB K
MIOBTOPSIIOLLEHCS CEHCOPHOM, B TOM YHCJIE XOI0A0BOM
CTUMYJISIIUU (OJITOBPEMEHHAasi MOTEHLIHUALNS), U
MEXaHU3MOB OOYUYEHHUS U MaMATH CTaBUT 3TY
poOeMy B psii HanOoee MHTEPECHBIX HallPaBIICHUI
o01eit HelpoOHOIOTUH ¥ KPHOOHOJIOTHH B YACTHOCTH.

BbiBOADI

CocTosiHHE TUMIOTEPMHUU MPHU HUCKYCCTBEHHOM
OXJIKJICHUH W €CTECTBEHHON rubOepHaImuu COIpo-
BOXAaeTcsl QpakTaibHOW AMHAMHUKON (QYyHKIHO-
HaJIbHOM apXUTEKTOHUKH CUHANITUYECKOTO ammapara
LIEHTPOB TEPMOPETYIISILIUH.

CnenoBeie peakuun BOA mosra u cepaua npu
TUMOTEPMUH U 3UMHEH CHSYKE XapaKTepU3YITCs
(hpaxTanbHON Pa3MEpHOCTHIO.
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influence from the side of sympatho-adrenal,
hypothalamus-hypophysis-adrenal and other systems.
Humoral effect of hormones and neuromediators on
the change in synapse structure at repeating activations
has been poorly investigated. However it has been
noted that their effect can be extended quite widely.
For instance, chronic non-synaptic activation with
serotonin reduces the sensitivity of neurone membrane
to acetyl choline [1]; during adaptation to stress the
density of adrenoreceptors in brain decreases [22];
under the effect of ACTH-like neuropeptides the
phosphorylation of membrane proteins and lipids, that
results in modulation of the process of synaptic lead in
brain [18].

It is quite evident, that in such processes the level
of blood brain barrier permeability, which radically
changes under hypothermia by determining the EES
functional activity, is of great importance.

The community of the neuron adaptation mecha-
nisms to a repeating sensory stimulation, including a
cold one (long-term potentiation), and the mechanisms
of teaching and memory, aligns this problem among
the most interesting directions in general neurobiology
and cryobiology, in particular.

Conclusions

Hypothermia state under artificial cooling and
natural hibernation is accompanied by fractal dynamics
in functional architecture of synaptic apparatus of
thermoregulative centers.

The trace reactions of brain and heart BEA under
hypothermia and winter hibernation are characterised
by fractal dimension.

The ECG and EEG fractal dimension can serve as
an integral index of an organism’s vegetative status
(D~1.7: the predomination of parasympathetic activity;
D~1.3: sympathetic activity).

During cooling there are observed the specific
changes in ultrastructural elements of synapses, typical
for a long-term potentiation, there is formed the
parasympathetic instrument, which can concern the
vegetative memory.
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OpaxkransHas pazMepHocTs DKI u 331" moxer
CIy>XUTh WHTETPAIbHBIM ITOKa3aTeJIeM BETETaTHB-
Horo craryca opranusma (D~1,7 — nmpeoOiiananue
rapacuMIiaTu4eckoi aktuBHoctu; D~1,3 — cummnaru-
YeCKOM aKTUBHOCTH ).

[pu oxnaxxaeHnn HaOIIOMAIOTCS CrIeU(pUIECKUE
U3MEHEHUS YIBTPACTPYKTYPHBIX 3JE€MEHTOB CHHAII-
COB, XapaKTEPHBIE /U151 JOITOBPEMEHHON NOTEHLIMALINY,
dbopmupyeTcs mapacCUHANTUYECKUN MHCTPYMEHT,
KOTOPBI MOXET UMETh OTHOIIIEHUE K BET€TaTUBHOMN
ITaMSTH.
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