VK 612.826.4:57.043 UDC 612.826.4:57.043
CTpyKTypHO-(PYHKLUMOHAAbHbIE MEXaHU3Mbl AeHCTBUS

IKCTPEMAABHOIO OXAQKAEHUSI Ha TEPMOPETryAaTOPHbIE UEHTPLbI

r’mnoTaAamyca

B. I'. baminuyk, B.C. Map4eHKO, I A. bamiuyk, A.H. MAapP4EHKO, T.M. BOHAAPD
MHCTUTYT npobaem kpmuobmororum u kpuomeanumHsl HAH YkpauHbl, r. Xapbkos

Structural and Functional Effect Mechanisms of Extreme Cooling on

Hypothalamus Thermoregulatory Centers

V.G. BaBicHuk, V.S. MARCHENKO, G.A. BaBljcHUK, L.N. MARCHENKO, T.|. BONDAR
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

VccnenoBaHsl IEHTPaIbHBIC CTPYKTYPHO-()YHKIHOHAIBHBIC MEXaHU3MBbI ACHCTBHUSI IEPUOJMYECKOTO KPATKOCPOYHOTO OXJIAXKICHHS
opranusma B kpuokamepe (-120°C). [TokazaHo nepruoandeckoe MOBIIICHNE TPOHUIIAEMOCTH reMaTodHIepannaeckoro 6aprepa (I'95),
00YCIIOBJICHHOE JI0JITOCPOYHON aKTUBU3ALMEH CHHATITHYECKOTO allapara HeHPOHOB MPEONITHYECKO# 001aCTH runoTatamyca. BeickasaHbl
MIPETIOIOKEHHS O CBSA3H JIedeOHOTro 3 (hekTa KpUOTEepanuH ¢ MOBbIICHHEM (YHKIHOHAIBHON aKTHBHOCTH CHCTEMbI HEHPOTPAHCMHUT-
TEepbl — UKINYECKUE MOHOHYKIICO3H/ bl — peTporpaansie Meccenmkepsl (NO, CO), neiicTBre KOTOPBIX YHUPUIMPYETCS HA yPOBHE
LUTOJIEMMBI U PELIEHTOPHO-LIUTOCKEIETHOTO KOMILICKCA.

Knrouesvie cnosa: >kcTpeMalibHOE OXJIQXKACHHE, KPUOTEPAINs, THIOTEPMHEs, reMaTodHIedaTndecKuil 0apbep, THIIOTaIaMyc,
yIBTPACTPYKTypa.

JlociimkeHo IeHTpallbHI CTPYKTYPHO-(QYHKIIOHATBHI MEXaHI3MH Jii HEPIOANIHOTO KOPOTKOCTPOKOBOTO OXOJIOJKEHHS OpTraHi3My
B kpiokamepi (-120°C). [TokazaHo nepioquyHe i JBUIICHHS MPOHUKHOCTI reMaroeHIedanigyaoro 6ap’epa, 00yMOBJIEHE TIOBIOCTPOKOBOIO
aKTHMBI3aLli€I0 CHHANITHYHOrO amapara HeHpOHiB MPeonTHYHOI o6sacti rimoranamyca. BUCIOBICHO MPUIYIICHHS HPO 3B’S30K
JIKYBaJIBHOTO e(eKTy KpioTeparmrii 3 MiJBUINCHHAM (YHKIIOHAIHHOI aKTHBHOCTI CUCTEMH HEHPOTPAHCMITEPH — LHUKIIYHI
MOHOHYKJIe03u 1 — peTporpanHi mecermxkepu (NO, CO), mist skux yHipIKyeThCS HAa PIBHI HUTOJIEMH 1 PEIIENITOPHO-IIUTOCKEIETHOTO
KOMIUIEKCY.

Knwouoei cnoea: excrpeMallbHe OXOJIOJKEHHS, KpioTepamis, Timorepmis, remMaToeHuedariyauii 6ap’ep, rimoTasamyc,
yIBTPAacTPyKTypa.

The authors studied the central structural and functional effect mechanisms of periodic short term organism cooling in cryochamber
(-120°C). There has been demonstrated a periodic increase of blood brain barrier (BBB) permeability stipulated by a long-term
activation of the neurons’ synaptic apparatus of pre-optic hypothalamus area. There were presented the suppositions on the relation
of cryotherapy therapeutic effect with the increase of functional activity in neurotransmitter-cyclic mononucleosides-retrograde

messengers (NO, CO) system which effect was unified at the level of cytolemma and receptor-cytoskeleton complex.
Key-words: extreme cooling, cryotherapy, hypothermia, blood brain barrier, hypothalamus, ultrastructure.

PasBuTHe KpUOTE€HHBIX TEXHOJIOTHHA 3a MOCIEIHUE
10 yeT BBI3BIBAET MHTEPEC MPAKTHYECKON MEAUIIUHEI
K TepaneBTHYECKOMY UCIIOIB30BAHHUIO HKCTPEMATIHLHO
HU3KkuX (oxoso -120°C) temneparyp. AHaIU3HPYs
(hparmMeHTapHBIE SKCTIEPUMEHTATILHBIE JaHHbIE [3, 0,
19] 1 KTUHUYECKUE Pe3yabTaThl, MO)KHO OTMETHTD KaK
3(pheKTUBHOCTh METOJa B KOMIUJICKCHOM JICUCHUHU
OOJBHBIX C NMCHUXOCOMAaTHYECKON MaToJoTHEH,
JENpecCUsIMU pa3InYHOr0 I'eHe3a, apTpo30-apTpH-
TaMu, HEHPOJEpMHUTAMU, HEHPOTYMOPAIbHBIMH
HapyIICHUSMH PEIIPOLYKTHBHBIX U HEKOTOPBIX APYTUX
($yHKUUMH, TaK 1 HEOOXOIUMOCTh IpoBeaeHUs DyHIa-
MEHTAJIbHBIX MCCIEIOBAHUN MEXaHU3MOB (DyHKIIHO-
HUPOBAHUA IIEHTPOB TEPMOPETYJSAIUU U ITUPOKOTO
KJIUHUKO-3KCTIEPUMEHTAIBHOTO M3y4YEHHUS BCETO
CHEeKTpa OMOJIOTUYECKUX PEaKIuil Ha SIKCTPEMaTbHOE
oxnaxaenue. CylecTByOmmne HeHpo-TpaHCMHUT-

Development of cryogenic technologies within 10
recent years has caused the interest of practical
medicine to therapeutic use of extremely low
temperatures (-120°C). Having analyzed the
fragmental experimental data [3, 6, 19] and clinical
results one can note both the method efficacy in
complex treatment of the patients with psychosomatic
pathology, depressions of various origin, arthrosis-
arthritis, neurodermites, neurohumoral disorders of
reproductive and some other functions, and the
necessity of conducting the fundamental studies of the
functioning mechanisms of thermoregulation centers
and wide clinical experimental investigation of the entire
spectrum of biological responses to extreme cooling.
Existing neurotransmitter concepts for central
thermoregulation are known to explain easily such
complicated neurophysiological processes [17, 19],
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TEpHBIE KOHIIETIINU LEHTPAIBHON TepMOPETyIAInn
O0BSCHSIOT CIOXHBIE HEWpo(du3nmoIornueckne
npoueccsl [17, 19], HO B HUX HE YUYHUTHIBAIOTCS
AKTUBHOCTBb U YJIBTPACTPyKTypHOE cocTostHue 1'Ob
runoTragamyca.

Lens nccnenoBanus — BBIACHEHHE POJIM CTPYK-
TypHO-(YHKIHOHAIBHOTO cocTostHusa 1'Ob runora-
JamMyca B HEMpPOTpPaHCMHUTTEPHBIX MEXaHU3Max
JEHCTBUS dKCTpeMajibHO HU3KUX (mopsaka -120°C)
IUTSI TOMOMOTEPMHBIX OPTaHU3MOB TEMIIEPATyp.

Matepunanbl 1 metoAbI

PaGora BeimosHeHa Ha OedbIXx OECIOPOIHBIX
KpBbIcax ¢ coOmoneHneM MexXTyHapOJHbIX PHUHIIUIIOB
EBpomneiickoii KOHBEHIIMU O 3alllUTE MO3BOHOYHBIX
xuBOTHBIX (CtpacOypr, 1985). Purmuueckyro
runorepmuto (PI)) mpoBoaumy Ha npotsoxernu 120 MuH,
00yBast TeJI0 KUBOTHOTO 1-2 ¢ XOJIOIHBIM BO3IYXOM
(4°C) ¢ gactorour 0,1 I'ry [6]. Ilepuoguueckoe
2-MUHYTHOE OXJIa)KJEHHE *KMBOTHBIX MPOBOJUIHU B
Kpuokamepe npu temneparype -120°C. B cootser-
CTBUH C CyIIECTBYIOIIINMH MEKIYHAPOAHBIMH TPeOo-
BaHUSAMH K MEIUIIMHCKOW TEXHUKE MCITOIB30BAHO
KpUOCTaTHpOBaHUE 0e3 MPUMEHEHHS KHIIKOTO a30Ta.
CtpyKTypHO-(DYHKIIMOHATIBHOE COCTOSIHUE 2JIEMEHTOB
I'DOb m3ydanu ¢ mOMOMIBIO DIEKTPOHHO-MHKPO-
CKOIMYECKUX TUCTOXUMUYECKHUX METO/IOB BBISIBIICHHS
AKTUBHOCTH aJICHWJIATIMKIIA3bl, TpoHuIiaeMoctu ['0b
JUIsl IEPOKCHa3bl XpeHa [2], cieKTpaibHO-Koppes-
LMOHHOTO aHaJIM3a CBEPXMEUICHHON OMORIIEKTpH-
YeCKOW aKTMBHOCTH T'OJIOBHOT'O MO3Ta M cepia (B TOM
quclie NpyU CUCTEMHOM BBEJACHUM aJpEeHATNHA).
I[Mpouunaemocts I'Db nmus *H-HopaapeHanuHa
(P*H-HA) u *H-anernnxonuua (*H-AX) onpenensiim
PaAMOU30TOITHEIM METOAOM [6].

[IpenmapupoBanne 00pa3oB TKaHN THIIOTATaMyca
JUIsl TPAHCMUCCUOHHOM 3JIEKTPOHHON MUKPOCKOIIUU
YABTPATOHKHX CPE30B MPOBOIMIN B COOTBETCTBUU C
obumenpuHsATeiME MeTonamu [2]. [lomyTonkue
(0,5 MKM) cpe3bl OKpalIMBaId TOTYUAUNHOBBIM CHHIM
Y aHAJTM3UPOBAJIH B OITUYECKOM MHKPOCKOIIE. YIIbTpa-
TOHKHE CPE3bl U3rOTAaBIMBAJIN Ha YIBTPAMUKPOTOME,
KOHTpacTupoBasin 2%-M ypaHunaneratoM Ha 50%-Mm
STUIIOBOM CHIUPTE, & TakKe IUTPATOM CBUHLA I10
Metony Pelinonbaca. IlpocmoTp u ¢otorpadu-
pOBaHKE OCYIIECTBISITN B SIIEKTPOHHOM MHUKPOCKOTIE
npoceunBaromniero tuma [19M-125K mpu yckopsito-
1eM HanpsbkeHuu 75 kB.

B xauecTBe MapkepHOTO (hepMeHTa JIJIsl U3yUSHHUSI
nporieccoB nmporuraeMocty ['Ob u sHK0TEMMaTBEHOTO
TPAHCIIOPTa BEIIECTB MCIIOIb30BAINA MEPOKCUAAZY
xpena (MonekyssipHas macca 44000). [ BoLsIBIICHUS
MEePOKCUIA3HON aKTUBHOCTU NPUMEHSUIH MeTo [16].
[lepoxcunasy xpena (Reanal, akrusaocts 350-500 en.
B 1 mr) BBoaunu B Bune 20%-ro pactBopa (Ha
¢usmnonornyeckoMm pactsope NaCl) B XBOCTOBYIO BEHY
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though with no consideration of the activity and
ultrastructural state of the hypothalamus BBB.

The work was aimed to revealing the role of
structural and functional state of the hypothalamus
BBB in neurotransmitter effect mechanisms of extra-
low temperatures (-120°C) for homoiothermal organisms.

Materials and methods

The work was performed in white mongrel rats
with keeping the International Principles of the
European Convention for Vertebrates Protection
(Strasbourg, 1985). Rhythmic hypothermia (RH) was
done during 120 min by blowing on the animal’s body
with cold air during 1-2 s (4°C) with the frequency of
0.1Hz [6]. Periodic 2-min animal cooling was done in
cryochamber under the temperature of -120°C.
According to the existing international requirements
to medical equipment there was used cryostating with
no liquid nitrogen. Structural and functional state of
BBB elements was studied using electron microscopic
histochemical methods for revealing the adenylate
cyclase activity, BBB permeability for horse reddish
peroxidase [2], spectral correlational analysis of ultra-
slow bioelectrical brain and heart activity (also at
systemic adrenaline injection). BBB permeability for
SH-noradrenaline (*H-NA) and 3H-acetylcholine
(*H-AC) was determined radioisotopically [6].

Samples preparing of hypothalamus tissue for
transmission electron microscopy of ultra-fine sections
was done according to generally approved methods
[2]. Semi-fine (0.5 pm) sections were stained with
tholuidine blue and analyzed using optic microscope.
Ultra-fine sections were prepared in ultramicrotome,
contrasted with 2% uranil acetate with 50% ethyl
alcohol, as well as lead citrate according to Reynolds’
method. Viewing and photographing were performed
using PEM-125K electron transmission microscope
under accelerating voltage of 75 kW.

As alabeling enzyme to study the BBB permeability
processes and endothelial transport of substances we
used horse reddish peroxidase (molecular mass of
44000). To reveal the peroxidase activity there was
used the method [16]. Horse reddish peroxidase
(Reanal, 350-500 units/mg activity) was intraperito-
neally injected as 20% solution (based on NaCl solution)
into an animal’s tail vein directly prior to decapitation
and 10 min beforehand by 1ml. At the same time the
control animals were injected with the identical amount
of horse reddish peroxidase solution. Animals were
decapitated. Quickly procured brain was placed into
4% glutaraldehyde solution based on 0.1M of
cacodylate buffer (pH 7.3). Hypothalamus tissue
pieces were fixed for 90 min and cut to 50-100 pm
sections, and continued to be fixed for 30 min.
Hypothalamus sections which were washed out in
cocadylate buffer (pH 7.4) under the temperature of
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JKUBOTHBIM HETIOCPENCTBEHHO mepen 3aboem u 3a 10
MUH — 110 1 M1 BHyTpuOpromuHHO. OJHOBpEMEHHO
KOHTPOJIbHBIM >KUBOTHBIM BBOJWJIU T€ K€ KOTUUECTBA
pacTBopa nepokcuaasbl xpeHa. JKuBoTHBIX 3a0MBan
JeKanuranuei. BeICTpo n3BIeUYeHHBIN TOJIOBHON MO3T
nomemanu B 4%-i pacTBop IIyTap-aibieruaa Ha
0,1M xakomunatHoM Oydepe (pH 7,3). Kycouku Tkanu
runortanamyca GuUKCcupoBain B TeueHue 90 MHUH H
U3TOTaBAUBANH Cpe3bl TOMmMuHOW 50-100 MKM,
(buKcaIyst KOTOPBIX IPOOIIKaNack B TeueHne 30 MuH.
Cpessl Tunoranamyca, OTMBITBIE B KaKOAMJIATHOM
oydepe (pH 7,4) npu temneparype 4°C ObicTpO
npomseiBaiau 0,05M tpuc-HCI1 oydepom (pH 7,6).
3aTem cienoBaiia HHKyOaius cpe3oB 30 MUH B cpejie
0e3 no0aBneHMs IepeKucH Bogopoaa: 5 mr 3,3‘-au-
amuHOOeH3uanHTUApoxopuaa (JJAB, Sigma) B 10 M
0,05M tpuc-HCI 6ydepa (pH 7,6). Mukybamnuio B
cpexne ¢ nobasienneM 0,2 MII CBEKENPUTOTOBICHHOTO
1%-ro pacTBOpa MEpEeKUCH BOJOPOAA BBHIMOIHSINA B
teuenue 60 muH. OOpa3ubl TKaHU, TPOMBITHIE
JIBKIIBI TUCTHUTAPOBAHHOM BOJION, TIOCT(PUKCHPOBAITI
B 1%-M OydepHOM pacTBOpE YETHIPEXOKHUCH OCMHUSI
90 mMun. O6e3BOXMBaHWE TKAHW MPOU3BOAIIN B
3TaHOJIE BO3PACTAIOIIEH KOHIIEHTPAIIU U A0COTIOTHOM
arterore. OOpasIbl 3aKITI0YaIl B CMECh ATIOKCHIHBIX
cMOJ 3noH-apanauT. KoHTposaem ciyXuiu oOpasibl
rumnorajlamyca, HHKyOUpOBaHHBIE B cpele, He
coJiepkaliei nepekucu Bogopoja. Ilpu mpocmotpe
CpEe30B B 3JIEKTPOHHOM MHKPOCKOIE MPOAYKT
TUCTOXUMUYECKOH peakUuH HPelNCcTaBiIseT co0oi
TOMOT'€HHBIN 3JIEKTPOHHO-TIOTHBIH OCallOK.

JLiist BBISIBJICHUS a/ICHUIATIMKIIa3bI UCTIOB30BaIIH
rucToxuMudeckuit Meton [26]. O6pasusl puxcu-
poBanu morpykeHuem B 1%-i moTapaibaerun Ha
0,05 M kaxonmmar-auTpataom Oydepe (pH 7,4) ¢
4.5%-# mexkctpo3oil. Kycoukn TKaHH TOJIIUHOMN
0,5 MM mpombIBanu B Oy(epHOM pacTBOpE U MOMe-
1aau B cpeay uHkyOanuu Ha 30 mus nipu 30°C. Cpena
coctosuta n3 80 MM manearroro tpuc-Oydepa (pH 7,4),
8% nexctpo3sl, 2,0 MM Teodunmna, 4.0 MM cynbdara
maraus, 0,3 MM AT® B 0,5 ma Bouwl, 4,8 MM
Pb(NO,),. [lns KOHTpOJIsA NMPOBOAMIM MHKYOAlHUIO B
cpene 6e3 cyoctpata u B cpene ¢ 0,0125 M dropuna
HATpUS U1 yCTPAHEHUS HeCIen(PUIECKUX PeaKuii
HT®-a3p1 u ycuneHus akTUBHOCTHU aJE€HUIIAT-
uukiaa3sl. TkaHe MpoMbIBaiu B 3a0ydepenHoM
pacTBOpe AEKCTPO3bI U IOTIOHUTENHHO (pUKCHpoBau
B 1%-M OsO, na Beponan-anerarnom Oydepe ¢ 7,5%-i
neKkcTpo30it. OOe3BOKUBAHNE TIPOBOIIIIA B ATAHOJIE
BO3pacTaromed KOHIEHTpAauu U aOCOTIOTHOM
arieToHe, 00pasIlbl 3aKITF0YaIN B CMECH SITOH-aPaJI/INT.
VYapTpaToHKHE cpe3bl KOHTpacTupoBanu 2%-M
ypanunaneratoM Ha 50%-M sTHIIOBOM criupTe 0e3
KOHTPAaCTUPOBAHUS UTPATOM CBUHLA. DJIEKTPOHHO-
IUTOTHBIM ocalok nupogocdara CBUHLIA MapKUPYeET
MecTa JJokanu3anuu pepmenta. Yposerb NO B TKaHH
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4°C, were rapidly washed-out with 0.05 M tris-HCI
buffer (pH 7.6). Then followed a 30-min incubation of
sections in hydrogen peroxide-free medium: 5mg of
3.3-diaminobenzidinhydrochloride (DAB, Sigma) in
10 ml 0.05 M tris-HCI buffer (pH 7.6). Incubation in
the medium with adding 0.2 ml of freshly prepared
1% hydrogen peroxide solution was accomplished
within 60 min. Washed twice with distilled water tissue
samples were post-fixed in 1% buffer solution of
osmium tetroxide for 90 min. Tissue dehydration was
done in ethanol of increasing concentration and absolute
acetone. The samples were placed into epoxy resins
epon-araldit mixture. Hypothalamus samples incubated
in hydrogen peroxide-free medium served as the
control. While viewing the sections in electron
microscope the product of histochemical reaction is
seen as homogenous electronically-dense sediment.

To reveal adenylate cyclase we used the histo-
chemical method [26]. The samples were fixed by
immersion into 1% glutaraldehyde based on 0.05M
cacodylate-nitrate buffer (pH 7.4) with 4.5% dextrose.
Tissue pieces of 0.5mm thickness were washed out in
a buffer solution and placed into the incubation medium
for 30min at 30°C. The medium comprised 80mM
maleate tris-buffer (pH 7.4), 8% dextrose, 2.0 mM
thiophyllin, 4.0 mM magnesium sulfate, 0.3mM ATP
in 0.5 ml of water, 4.8 mM Pb(NO,), . With the aim of
the control there was accomplished the incubation in a
substrate-free medium with 0.0125M of sodium
fluorine to remove non-specific reactions of NTPhase
and intensify the adenylate cyclase activity. Tissue was
washed out in buffered dextrose solution and fixed
additionally in 1% OsO, based on veronal-acetate
buffer with 7.5% dextrose. Dehydration was done in
ethanol of an increasing concentration and absolute
acetone, the samples were placed into epon-araldit
mixture. Ultra-fine sections were contrasted with 2%
uranil acetate based on 50% ethanol without contrasting
by lead citrate. Electronically dense sediment of lead
pyrophosphate is known to label the sites of an enzyme
localisation. NO level in brain tissue was evaluated on
the content of nitrites determined by Griss-Ilosvaja
spectrophotometric method [4] with sulphonamide and
N(I-naftilethylen) diaminhydrochloride. Deproteini-
sation was done with the following solution: 75 mmol/l
ZnSO, and 55 mmol/l NaOH [24]. Calibrating diagram
was built within the range of 107 to 10 g/ml of nitrite
(1.43-14.3 pmol/l).

Results and discussion

Referring to morphological and neurophysiological
criteria one can find 3 stages or steps of the central
effect of extreme cooling, which correspond to 3 levels
of BBB permeability. At the 1* stage in a capillary
endothelium there is observed the intensification of the
processes of non-specific pinocytosis of all known

PROBLEMS
OF CRYOBIOLOGY
2004, Ne2



MO3Ta OLIEHUBAJIH 110 COIEPKAHNIO HUTPUTOB, KOTOPOE
OTIPENIeNISANN CIEeKTPO(POTOMETPUIECKH METOA0M
I'pucca-Unoceas [4] ¢ cynbdonamumom u N(1-Had-
TWIATUJICH ) TMAMUHTHAPOXJIOpUIOM. JlenpoTenHu-
3alMI0 IPOBOJIMIIM PACTBOPOM U3 75 MMouib/1 ZnSO,
u 55 mmons/n NaOH [24]. KanuGpoBounslit rpaduk
crpows B auanazone ot 107 mo 10 r/mn HuTpura
(1,43-14,3 MxMoOIIB/1M).

Pe3yAbTatbl M 00Cy)xaeHue

[To mopdonornvaecknm u HeMPOHU3NOTOTHIECKUM
KPUTEPUAM MOYKHO yCIOBHO BBIJICNHTH 3 3Tara win
CTaauU IEHTPAITHHOTO NEHCTBUA IKCTPEMAIBHOTO
OXJIaXXJI€HUs, KOTOPbIE€ OTBEYAIOT 3 yPOBHAM
npouunaemoctu ['DOb. Ha mepBom aTame B Kammi-
JSIPHOM SHAOTETNH HaOJII0NaeTCsl yCUIIeHHE IpoLec-
COB HECTIeUU(PUUECKOTO MMHOLMTO3a BCEX H3BECTHBIX
BHJOB M UX KOMOWHAIIUH C COOTBETCTBYIOIIUMHU
W3MEHEHUSIMHU JIIOMUHAJIBHON IJIa3MaTH4YeCKON
MeMOpanbl SHAO0TEnHOIUTOB (puc.l). Ilepoxcuaasza
XpeHa, KoTopasi MapKHUpyeT MHHOLIMTO3, 0OHAPYKHU-
BaeTcs 3a OazanpHOI MeMOpaHoi. Hecrienmpnaecknii
MMUHONIUTO3 MPOTEKAET MapajuIeIbHO C PEIenTop-
WHAYIUPOBAHHBIM TPAHCIIUTO30M, O YE€M CBH/E-
TEJIHCTBYET YBEIHMYCHHE KOJMYECTBA KIATPUHOBBIX
BE3MKYJI. AKTUBAIMs CIeNU()UISCKOTO M HECIelH-
(hryeckoro TpaHCIMTO3a MPHUBOAUT K TOBBIIICHHUIO
nponunaemoctu I'0b [6, 20, 21,25, 27]. [Ipu nanbHei-
LIeM YCHJICHUH POLIECCOB MMHOLUTO3a (BTOPOii Tall)
PEaKTUBHOCTb COCYAMCTOrO YHAOTENNS MOBBIIIAETCS
3a CUET 3HAYMTENBHBIX MEPECTPOEK HUTOCKEIETHO-
MeMOpPaHHbIX B3aUMO/ICHCTBHUI, COMTPOBOKIAIOIIIXCSI
o0Opa3oBaHuEM OONBIINX KOJBLEBUAHBIX BBIPOCTOB
IJ1a3MOJIEMMBI, 3aXBaThIBAIOIINX arperarbl OEJIKOB
I1a3Mbl KPOBH, @ BMECTE C HUMH U Ba30aKTHBHBIC
BEI[ECTBA, KOTOPBIE MOTYT CBSI3BIBATHCA HE TOIBKO
¢ MEMOpaHHBIMH, HO U CO CBOOOTHBIMHU PEIIETITOPAMHU
mia3Mbl. Hamu naHHbIE MOATBEPKAAIOT TAKyIO
BO3MOXXHOCTh, TaK KaK TMCTOXMMHUYECKH aJCHUIIAT-
[UKIIa3HAsT aKTUBHOCThH OblIa BBISBIICHA B KOJIbIIE-
BUAHBIX BBIPOCTAaX JHIOTEIMOUUTOB (puc. 2), a
CHCTEMHOC BBEJCHHE aJpCHAJIMHA HUMEJO SPKO
BBIPQKEHHOE LEHTPAIbHOE ACHCTBUE — OTPHULIATEIb-
HBIC KapAUOTPOIHBIE 3P (PEKTHI, YTO CBUACTEIbCTBYET
0 NoBbIIeHNH NpoHunaeMoctu I'DOb. Ha Tpethem
JTamne JAeHCTBHUS 3KCTPEMaJIbHOTO OXJIAXJCHUS
nponunaemocts I Db (o nepokcuaasze xpena u IKI -
KpuTepuio) otBedaeT HopMme (puc. 3). Omgnako I'Db
Kak (hu3mojoruyecKkas cUCTeMa MPUXOIUT B HOBOE
(yHkumoHanbpHOE cocTosiHME. Ha ynbTpacTpykTypHOM
YPOBHE HAOIIOAAIOTCS MIEPECTPONUKH KIECTOK Oa3alb-
HOTO ci10s1. OTPOCTKU MEPUIIUTOB XaPaKTEPU3YIOTCS
3HAYHUTETHHON BE3UKYJISILIUEH, THIIEPTPOGHEH KOMILIEK-
ca lonpmxu (puc. 4), o0pa3yrT KOHTaKTHI C
OTPOCTKAaMH U TEJIaMH SHIOTEIMOLHUTOB, HHOTIA
CHHAIICOIT0100HOH (hopMBbI. BhIsSBIICHIE MHTEHCUBHOMN
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types and their combinations with the corresponding
changes of luminal plasmatic membrane in endothelio-
cytes (Fig.1). Horse reddish peroxidase, which is
known to label pinocytosis is found behind the basal
membrane. Non-specific pinocytosis appears in parallel
with the receptor-induced transcytosis, testified by the
increase of the amount of clatrine vesicles. Activation
of specific and non-specific transcytosis results in an
increase of BBB permeability [6, 20, 21, 25, 27]. At
further intensification of pinocytosis processes (step 2)
the reactivity of vascular endothelium increases due
to considerable rearrangements of cytoskeleton-
membrane interactions accompanied by the formation
of large ring-like plasmolemma outgrowings, capturing
the aggregates of blood plasm proteins, evolving also
vasoactive substances, which may bind not only to
membranous but also free plasm receptors. Our data
approve such a possibility, as histochemically adenylate
cyclase activity was found in endotheliocytes’ ring-
like outgrowings (Fig.2), and systemic adrenaline
injection possessed a strongly manifested central
effect: negative cardiotropic effects, that testifies to
an increased BBB permeability. At the 3™ step of the
effect of extreme cooling the BBB permeability (on
horse reddish peroxidase and ECG criterion)

AT . ™ s

Puc. 1. YnerpacTpykTypa KalIISPHON CTEHKU FMIIOTala-
Myca KpBICBI IIOCIE HKCTPEMAIBHOrO OXJaXAeHHs: 1 —
SPUTPOLMT B MPOCBETE Kanumuisipa; 2 — GopMUpOBaHHE
“ONyIIEeHHON” KJIATPUHOM BE3HKYJNBI; 3 — KOMILIEKC
MUHOLMTO3HBIX BE3UKYT; 4 — ocMuo(oOHbIe (THapaTH-
POBaHHBIE) KOHIIEBbIE OTPOCTKH aCTPOLUTOB. AKTHUBAIH
nmuHOIMTO3a. MamrabHas muHelika 0,5 M.

Fig. 1. Capillary wall ultrastructure of rat hypothalamus
following the extreme cooling: 1 —erythrocyte in a capillary
lumen; 2 — “fuzzied* vesicle formation with clatrine; 3 —
complex of pynocytotic vesicles; 4 —osmiophobic (hydrated)
terminal outgrowings of astrocytes. Activation of non-
specific and receptor-induced pinocytosis. Scale bar 0,5 pm.
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Puc. 2. YnerpactpykTypa pparMeHTa Karuisipa rurnorasna-
Myca KPBICHI TTOCTIE SKCTPEMAJbHOTO OXJaXACHUS: 1 —
MIPOCBET KAMJUIAPA; 2 — PO SHAOTEIHOINTA; 3 — KOHLICBEIE
OTPOCTKH acTpouuToB. dopMHUpOBaHHE KOIBLEBHIHBIX
BBIPOCTOB DHIOTEIHOIUTOB (cTpeika). MacmrabHas
nuHeika 1 YM.

Fig. 2. Ultrastructure of rat hypothalamus capillary fragment
following the extreme cooling: 1 — capillary lumen; 2 —
endotheliocyte nucleus; 3 — terminal outgrowings of
astrocytes. Formation of ring-like outgrowings of endo-
theliocytes (arrow). Scale bar 1 pm.

alCeHUJIaTIUKIa3HOH aKTUBHOCTH B OTPOCTKAX
MIEPUIINTOB MOKET KOCBEHHO CBHJIETEIHCTBOBATH 00
Y4acTHH 3TUX BPEMEHHBIX 00pa30BaHUii B 3aXBaTe U
9K30IIUTO3€ Ba30aKTHBHBIX BEIIECTB B MapEHXUMY
Mmoazra. [lo HameMy MHEHHIO, TaKHe YIBTPACTPYKTYp-
HbIE MEPECTPOUKU CIOCOOCTBYIOT MOBBIILICHUIO
aJanTallMOHHBIX BO3MOXHOCTEN OpraHu3ma.

BMmecte ¢ TeM Hago 3amMeTHTbh, 4TO y 30%
SKCIEPUMEHTAJIbHBIX dKUBOTHBIX OTMEUATIUCh 0Yaro-
BBIC YJIBTPACTPYKTYPHBIC HApYILICHUS B KIJETKax,
OKPY’KAIOIIMX KPOBEHOCHBIE Kamuyuisipbl. B psne
cllyyaeB HaOIIONANMCH 3HAYUTETIBbHOE 00YCIIOBICHHOE
TUApaTanueil MpoCBETIeHNE KOHIEBBIX OTPOCTKOB
aACTPOIIUTOB, pa3peIXJicHHEe Oa3albHBIX MeMOpaH,
nosiBlicHWe ayToarocoM W amoNTO3HBIX TEJ B
MEepPUINTaX W MEPUKANMIIAPHBIX acTPOLUUTaX. DTH
W3MEHEHUS MBI CKJIOHHBI TPaKTOBAaTh KaK aJarnTa-
LIMOHHBIE, HO OHU MOT'YT UMETh U MPEINaTOJIOTHIECKUI
Xapakrep.

N3BecTHO, 4TO (PyHKIMOHANbHASA aKTHBHOCTH
COCYIUCTOTO DHJOTENHS PETyIupyeTcsl HE TOJIBKO
ryMoOpajibHbIMH (aKTOpaMu, HO U HeHpoTpaHCc-
MUTTEPHBIMU MeXaHu3Mami [9, 12, 22]. YeraHoBieHo,
YTO yXKe TOCJie MEePBOr0 ceaHca dKCTPEMAaTbHOTO
OXJIXKACHUS TIPOUCXOIST OIpe IeIICHHbIE N3MEHEHUS
CyOMHUKPOCKOTIMYECKON OpraHu3aluy UCCIeayeMbIX
obmacTedl rumorajamyca. Y 4YacTH HEHpPOHOB
CHHAIITUYECKHUH ammapaT HaXOIUTCS B COCTOSTHUHU
MOBBIMIEHHOTO (YHKIMOHAIHHOTO HANPSKEHHUS,
CONPOBOKIAIOLIETOCS IEPECTPOUKON BE3UKYIIPHOTO
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corresponds to the norm (Fig. 3). However BBB as a
physiological system enters its new functional state.
In an ultrastructure level there are observed basal layer
cell rearrangements. Pericyte outgrowings are
characterized by a strong formation of vesicles,
hypertrophy of Golgi complex (Fig. 4), form the contacts
with endotheliocytes’ outgrowings and bodies,
sometimes of a synapse-like shape. Revealing the
intense adenylate cyclase activity in pericytes’
outgrowings may testify indirectly to the participation
of these temporary formations in capture and
exocytosis of vasoactive substances to brain
parenchyma. We think such ultrastructural rearrange-
ments promote the increase of an organism’s adaptive
capabilities.

We should also note that in 30% of experimental
animals there were found focal ultrastructural
impairments in blood capillaries surrounding cells. In
the series of cases we observed strong hydration-
caused enlightenment of the astrocytes’ terminal
outgrowings, basal membrane crumbling, appearance
of autophagosomes and apoptotic bodies in pericytes
and pericapillary astrocytes. We tend to consider these
changes as the adaptational ones, though they may
also have a pre-pathological character.

Functional activity of vascular epithelium is known
to be regulated by not only humoral factors, but
neurotransmitter mechanisms as well [9, 12, 22]. It
was found that even after the first extreme cooling
session certain changes of submicroscopic organisation
of hypothalamus areas under study occurred. Synaptic
apparatus in some neurons is in the state of increased

Puc.3. YnpTpacTpykTypa Kalmuuisipa ruroTagamMmyca KpbIChl
B HopMe. [lepokcuaaza XxpeHa 3anoaHseT NPOCBET COCya,
HE NPOHHUKAs B MapEHXUMY MO3Ta 4Yepe3 CTPYKTYpHbIE
anemeHTbl ' Ob. Macmrabnas nuHelika 1 M.

Fig. 3. Ultrastructure of rat hypothalamus capillary in
norm. Horse reddish peroxidase fills in vascular lumen with
no penetrating into brain parenchyma through structural
BBB elements. Scalebar 1 pm.
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Puc. 4. Ynerpactpykrypa pparMeHTa KanuuIipHON CTCHKU
C OTPOCTKOM IIEPHUINTA U3 THIIOTajJaMyca KpPBICHI MOCIE
AKCTPEMAIBFHOTO OXJIAXKICHUS: | — 3pUTpOIHT; 2 — Oa3aapHast
MeMOpaHa Kanmuuisapa; 3 — KoMIuieke ['ob/pku nepuuuTa.
Macmmrabnas nuHeika 0,5 pm.

Fig. 4. Ultrastructure of capillary wall fragment with
pericyte’s outgrowing of rat hypothalamus following the
extreme cooling: 1 — erythrocyte; 2 — basal membrane of a
capillary; 3 — Golgi complex in pericyte. Scale bar 0,5 pm.

anmnapara NpeCHHANTHYCCKUX OYyTOHOB: BE3UKYJIBI
arrIIOTHHUPYIOT MEXIYy co00il M cIMBaIOTCA C
CHHANTHYECKOH MEMOpPaHO!, YBETMUUBAIOTCS AJTMHA
1 3JIEKTPOHHAS IMJIOTHOCTH 30H CHHANTHYECKUX
KOHTAKTOB, a TAKXE JJIMHA aKTUBHOU 30HHI (pHC. 5).
B nocrcunantuueckux 001acTsax o0pasyrorcs cyoro-
BEPXHOCTHBIE IIUCTEPHBI, XapaKTEPHbIE JTSI SBICHUS
JIOJITOBPEMEHHOM MOTEHIUALINH.

Wunnmanms nporiecca A0JToBpeMEHHON IOTeHITHA-
LM TOATBEPIKIAETCS K MOJEIbHBIMH 3JIEKTPOPHU3NO-
JIOTUYECKUMH HCCIENO0BAHUAMH MO PUTMHUUYECKOMY
XO0JIOZOBOMY pa3gpa)keHUIO MepudepruyecKkoro
amnmnapara TepMopelenuuu. B 3Tux ycnoBusax, Kak u
IIpH DKCTPEMAJIbHOW KPHOTEPANINU, HE MPOUCXOIUT
o01Iero oxJaxAeHUs] OpraHu3Ma, OJHAKO HaOIo-
JaeTCs yCUJICHUE CBEPXMEICHHOW OMO3JICKTpH-
YEeCKOW aKTUBHOCTH B KOpe M THIIOTajamyce, B
CIIEKTpE KOTOPOH JTOMUHUPYET KBA3UCHUHYCOUIAHBIN
CEeKYH/JHBII PUTM; TIOBBIIIAETCA MPOCTPAHCTBEHHAS
CHUHXPOHHU3ALHS OMOIIEKTPUUECKOW aKTHUBHOCTH
HeokopTekca. [Iporecchl 1onroBpeMeHHOM MOTeHITHA-
LUU TIOJAEPKUBAIOTCS PETPOrPaTHBIMU MECCEHIXKE-
pamu NO u CO [14, 15, 18, 28, 29]. Kak cBunereinn-
CTBYIOT MOJIEJIbHbIE HEHPO(DU3HOIOTHUECKHUE OIIBITHI,
CYILECTBYIOT ONITHMAJIbHBIE JIsI TOBBILIEHMSI TPOHU-
naemoctu I'Ob konunentpanuum NO u CO. Ha
MakcuMyMax nponunaemoctu I'Ob kak GnokaTopsl,
Tak ¥ akTuBatopsl NO-CHHTa3 BeIyT K CHHYKEHHUIO
MpoHHUIaeMocTH [6, 7]. B 3TOM CBS3M MOKa3aTenbHa
orieHka ypoBHst NO 10 COAepKaHUIO HUTPUTOB B MO3Te
B YCIOBHUSIX PUTMHYECKOW THUIOTEpMHUU (pHC.6).
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functional tension accompanied by the rearrangement
of vesicular apparatus of pre-synaptic buds: vesicles
agglutinate and fuse with synaptic membrane, the length
and electron density of synaptic contact zones, as well
as the length of active zone were noted to increase
too (Fig. 5). In post-synaptic areas sub-superficial
cisterns are formed, characteristic for the phenomenon
of long-term potentiation.

Initiation of the process of long term potentiation is
also approved by model electrophysiological investi-
gations on rhythmic cold irritation of peripheric
thermoreception apparatus. Under these conditions the
same as at extreme cryotherapy, no general cooling of
an organism occurs, but the intensification of over-
slow bioelectric activity in cortex and hypothalamus,
in the spectrum of which a quasi sinusoid second
rhythm dominates; a spatial synchronisation of
neocortex bioelectric activity increases. The processes
of long term potentiation are supported by retrograde
NO and CO messengers [14, 15, 18, 28, 29]. As model
neurophysiological experiments testify, there exist
optimum NO and CO concentration to increase BBB
permeability. In the maximums of BBB permeability
both blockers and activators of NO synthases cause
the permeability reduction [6, 7]. In this respect the
estimation of the NO level is demonstrative in terms
of nitrite content in brain under the conditions of
rhythmic hypothermia (Fig. 6). The phenomenon of
increase in the NO concentration oscillations of
hypothalamus in the rhythm of BBB permeability
dynamics and under extreme hypothermia regimens is
thought to be quite possible. Electron-microscopic data
obtained by us on lipofuscin, the final LPO product

s »
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Puc.S. AKTHBHBIE CHHAIICHI B THIIOTAJIaMyCe KPBICHI TIOCIIE
HX KCTPEMAIBHOTO OXJIAXKIEHUS: | — BE3UKYJIbI IPECHHAI-
TUYECKUX OKOHYAHUUW HEHPOHOB; 2 — aKTUBHAs 30HA
cuHarcoB. Macmtabaas nuHeika 0,5 pm.

Fig. 5. Active synapses in rat hypothalamus after their
extreme cooling: 1 — vesicles of preisynaptic neuron
endings; 2 — active synapses zone. Scale bar 0,5 pm.
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Puc. 6. NO-3aBucuMbie (DU3UOJIOTHUYECKHE MTAPAMETPhl CEPIIeUHO-COCYANCTON M LIEHTPaIbHOM HEPBHOW CUCTEM I1OCIIE
puTMHUecKoi runorepmun: 0 — KOHTPOJIBbHBIE apameTpsl 10 oxynaxacHus; M — korddunuent nponnnaemoctn I'Ob s
SH-HA (xonTpois 0,07); O— koaddument nponutaemoct B mst *H-AX (kontposs 0,06); O — aprepuanbHoe qaBicHHe
(xoHTpOJIb 120 MM PT.CT.); O — KOHIIEHTPALMSI HATPUTOB B MO3re (KOHTPOJIb 6,8 MKM/J1); ® — KOHLICHTPAILHsl HUTPUTOB B CEP/ILIE
(xonTpOIB 6,4 MKM/1T). OXJT2XKIeHIEe IpeKpaleHo Ha 60-if MUHyTe.

Fig. 6. NO-dependent physiological parameters of cardiovascular and central nerve system in the dynamics of rhythmic
hypothermia: 0 — control parameters prior to cooling; ll— BBB permeability coefficient for *H-NA (control —0,07); O0— BBB
permeability of *H-AC (control — 0,06); O arterial pressure (control — 120 mm of mercurium column); o — nitrites concentra-
tion in brain (control — 6,8 pmol/l); ® —nitrites concentration in heart (control — 6,4 pmol/l). Cooling was terminated by the

60" minute.

BecpMma BeposiTeH (heHOMEH yCUIICHHS KOJeOaHMI
koHIeHTparuu NO rurnorajiamMmyca B puTMe JHHAMHAKH
nporunaemMoctr ['Ob 1 mpu aKcTpeMabHBIX peKuMax
runotepMun. OO 3TOM CBUICTEILCTBYIOT MONTYYCH-
HbIC HAMH 3JIEKTPOHHO-MUKPOCKOMUYECKHUE TaHHbBIE
(puc. 7) 0 HAKOTIJIGHUH B HEHPOTITHATBHBIX KOMILTEKCAX
TUIIOTajaMyca Ha Pa3HbIX 3Tamax KCTPEeMalbHOro
OXJIAKACHHS JIUITO(PYCIIMHA — KOHEYHOTO MPOJIyKTa
MIEPEKUCHOTO OKUCIICHHS JIUIUIOB, OJTHAM U3 HHTHOH-
TOPOB KOTOPOTO SIBISICTCSL OKCUJ a30Ta, a UHIYKTO-
poM — cBOOOIHBIC pamuKaisl [5, 8].

Mps1 cumnTaeM, 9TO JiedeOHOe MEeUCTBUE DKCTpe-
MaJIbHON KPUOTEPAIHH B PSIE CIIyIaeB MOXKET OBITh
cBs3aHO ¢ Monmdukanueit mporeccoB (HuU3NO-
JIOTHYECKOTO NEHCTBUS MOHOOKCHIOB a30Ta U
yniepona. HenoctaTounslil CHHTE3 OKCHAA a30Ta
MIPUBOJIUT K CBOOOTHOPAIUKAIEHOMY TIOBPEXKICHUIO
MeMOpaH, ero M30bITOYHBIH CHHTE3 00YyCIIOBINBACT
aroNTO3HYI THOETh KIIETOK W JIMIIh KOHIICHTPAIUS
NopsAAKa HECKOJbKHUX HAHOMOJIEH OKa3bIBAETCS
ONTHUMAJILHOU JUISI POLIECCOB JKU3HEACATEIBHOCTH [ 1,
7,10, 11, 13]. CH>KeHHEe KOHLIEHTPALMU OKCHJIA a30Ta
SBIISCTCS OJHUM W3 MEXaHHU3MOB CTApCHUS Opra-
HHU3Ma, KOTOPOE MPUBOAUT K MOBBIMICHUIO PHICKA
Pa3BUTHSI APTEPUATIHLHON TUIIEPTEH3MUH, aTEPOCKIIePO3a,
CHIDKEHHUIO TIPOTHBOOITYXOJICBOM M MPOTHBOUH(EK-
[IMOHHOM aKTUBHOCTH UMMYHHOU CHCTEMBI, K yTHETE-
HUIO cexcyanbHol (pynkimu [13,21]. Emé B 1992 rony
OKCHJI a30Ta ObLT OOBSIBICH MOJIEKYJIOW Iofia, C TeX
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accumulation in neuroglial hypothalamus complexes at
different extreme cooling stages, one of the inhibitors
of which is nitric oxide, and free radicals are known to
be its inductor, testify to this fact [5, 8].

We consider the medical effect of extreme
cryotherapy to be related to the processes modification

Puc. 7. JIunodycruHoBEIE TPaHyIIBI B IIUTOIIIa3ME IIeprKa-
MWIISIPHOTO acTPOLMTA B THUIOTAJaMyce KPBICHI IOCIIEe
IKCTPEMAIBHOTO OXJIAXKCHUS: | — SPUTPOLIUT B IPOCBETE
Kanwiusipa. MaciraOHas JiuHeika 1 M.

Fig. 7. Lipofuscin granules in cytoplasm of pericapillary
astrocyte in rat hypothalamus following the extreme cool-
ing: 1 —erythrocyte in a capillary lumen. Scale bar 1 pm.

PROBLEMS
OF CRYOBIOLOGY
2004, Ne2



[IOp HE YMEHBINAETCs KOINYECTBO MyOIUKAIIHIA 110 €TO
Y9aCTHIO B (PU3UOTOTHUECCKUX, OMOXUMHUECCKUX U
natodu3nonornuecKkux npomeccax [7, 13, 23].
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in the physiological effect of nitrogen and carbon
monoxides. The lack of nitric oxide synthesis causes
free radical membrane damage, its surplus synthesis
results in apoptotic cell death and only the concentration
of some nanomoles was found to be the optimum for
vital activity processes [1, 7, 10, 11, 13]. The fall of
nitric oxide concentration is known to be one of the
mechanisms of an organism aging, causing the risk
increase for arterial hypertension, atherosclerosis, the
decrease of antitumor and anti-infectious immune
system activity, sexual function suppression [13, 21].
Even in 1992 nitric oxide was announced as the
molecule of the year, since then the number of
publications on its participation in physiological,
biochemical and pathophysiological processes is high
aswell [7, 13, 23].

Conclusions

Extreme cooling was found to cause a periodic
change of the BBB functional activity, long term acti-
vation of synaptic apparatus in hypothalamus neurons,
optimisation of the content of retrograde messengers,
which effect is integrated at the level of cytolemma
and receptor-cytoskeletal complex of endotheliocytes.
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