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O0630p NOCBAIIEH PACCMOTPEHUI0 HEfPOIPOTEKTOPHBIX MEXaHU3MOB TepaleBTUYeCKON TUIIOTEPMHUH C
MO3UIUH MeTaboIUYeCcKOM Jepeccuy U peaKIuii FeHOMHOT0O IlepelrporpaMMUPOBaHus HefPOHOB, pa3BU-
BAIOMIUXCSA P MOHMKEHUH TeMIIepaTypbl TOJIOBHOTO MO3Ta.

K o6bsicHeHHIO 3¢h(heKTOB BIAMAHUSA HU3KUX TeMIlepaTyp IpUBJIedYeHa KOHIeNINA THI0TePMUYeCKOro
NIPEeKOHIUIIMOHUPOBAHUS, OCHOBAHHAs Ha PAa3BUTUH TUIIOBBIX HeCHeI[n(pUIeCKUX peaKIuii, 00ecrnednBaro-
mux ¢opMUpoOBaHUe IUTONPOTEKTOPHOTO (peHOTHIIa HeHPOHOB NPU JeHCTBUM MOTEHIINATBHO OTaCHBIX
pasgpaskuTesieil — UIIeMuH, pernepdysun U nepeoxiaskgeHus. [lokasaHa posib KpaHuoliepeOpaabHOM ru-
IIOTepMUH, KaK METOJJUKH CeJIeKTUBHOTO TUIIOTEPMUYECKOT0 BO3IeHICTBHA Ha FTOJIOBHOM MOS3T C IIeJIbI0 Hell-
POIIPOTEKITNY U KOPPEKIUU HapyllIeHUH TeMIepaTypHOro 6ajiaHca roJI0BHOTO MO3Ta.

IMoxxof Kk TepaneBTUYECKOl THIIOTePMHUH KaK K THIIOTePMUYEeCKOMY ITPeKOHIUIIMOHUPOBAHUIO TI03BO-
JISIEeT CYI[eCTBEHHO PACHIUPUTD 00JIaCTHU ee IPUMeHEeHHA U UCI0/Ib30BaTh B Pa3INYHBIX METOIUYECKUX Ba-
pUaHTax.

Karoueevte crosa: mepanesmuueckas 2Un0mepmust; NPekoHOULUOHUPOBAHUE; Mena080ll bAlaHC; 20108+
HOTl M032

The review focuses on the neuroprotective mechanisms of therapeutic hypothermia from the standpoint
of metabolic depression and genomic reprogramming of neurons that develop when brain temperature de-
creases.

The concept of hypothermic pre-conditioning based on the development of typical nonspecific reactions
for the formation of the cytoprotective phenotype of neurons due to potentially dangerous stimuli, such as is-
chemia, reperfusion, and hypothermia, was used to explain the effects of low temperatures. The data confirm-
ing the role of therapeutic cerebral hypothermia as a technique of selective brain exposure to mild cold for the
neuroprotection and correction of temperature balance disorders are shown.

The approach to therapeutic hypothermia as a hypothermic pre-conditioning allows to significantly expand
the scope of its use in various procedural variants.

Keywords: therapeutic hypothermia; pre-conditioning; thermal balance; brain
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BBenenue

Hauunas c cepegunbl XX BeKa MeXaHU3MBbI
TepaneBTHYeckol runorepmun (TT) TpagummoH-
HO paccMaTpUBAaIOT C IO3ULIUH Pa3BUTHS MeTa00-
JIMYECKOU JIeTPeCCUH IPY MTOHM;KEHNH TeMIlepa-
TypBI TKaHEH, BJIEKYIEH 3a COO0 yMeHbIIIeHNE

Introduction

Since the mid-twentieth century, the mecha-
nisms of therapeutic hypothermia (TH) have been
traditionally considered within the framework of
metabolic depression due to the tissue temperature
drop, leading to reduction of oxygen and substrate
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MOTpeOJIeHNsT KUCI0POo/a U cyOcTpara, IMoBbIIIe-
HUe YCTOMYNBOCTU TKaHe! K UIIIeMUU U TUIIOKCUU
[1, 2]. TTo3nHEE OBLJIO TOKA3AHO, YTO B YCJIAOBUSX
TUIIOTEPMUM OrPAaHUYMBAETCA CHUHTE3, BBICBO-
0osK/IeHe U B3aUMOJIECTBUSI CUTHATBHBIX MOJIE-
KyJI, TOpPMO3SITCSI BOCIIAJIUTEJIbHBIA OTBET, CBO-
00mHO-paVKaJbHbIE TIPOIECCHI U aloMNTo3 [3].
IToHnyKkeHne TeMnepaTypbl TOJIOBHOTO MO3TIa IIPU-
BOJHUT K YTHETEHHUIO IPAKTUYECKH BCeX U3BECTHBIX
MEeXaHM3MOB 9KCAHTOTOKCUYHOCTH, a 3TO CIIOCO0-
HO 00eCITeuynTh yMeHbIIIeHNe 00'beMa BTOPUYHBIX
TOBPEKIEHUN HEHPOHOB IIPU OCTPOU (poKaTHHOM
HIIEeMHUHU, BHYTPUMO3IOBBIX KDOBOU3JIUAHUAX U
HelpoTpaBMme.

3Ha4YUTEeJbHBIN HEUPOTTPOTEKTUBHBIU ITOTEH-
rmast T, ybeuTeTbHO JOKa3aHHBIN B 9KCITIEPUMEH-
Tax, MOOyIUJI K IIUPOKOMY ITPUMEHEHUIO Pa3JIny-
HBbIX METOAOB IIOHMI)KEHUs TeMIlleparypbl TeJa.
OpHaKo, B KPYIHBIX KJIMHUYECKUX UCCIIeI0BAHUAX
He ObBLIO OOHAPY)KEHO IPENMYIIECTB 0OIIero
OXJIQYKIEHU S I10 CPAaBHEHUIO CO CTAHJAPTHOM Tepa-
nuen y nauueHToB ¢ uHcysasraMu 1 UYMT, a ocionk-
HeHHs U M0O00YHbIe 9 (PEKTHI Y HUX HAOTIONATN
ropa3no yamie [4-6]. O4deBUIHO, MO3UTUBHBIE
acpderTn1 TT okasbIBatOTCA cOaTaHCHPOBAHBI HETa-
TUBHBIMU [TOCJIEICTBUSMHU OOIIEN TUITOTEPMUH.

B aroii cBs3U 1esiecoo6pasHo paccMOTPETh
METOJUKY CeJIEKTUBHOU I'UIIOTepMUU T'OJI0OBHOTO
MO03ra B BapuaHTe KpaHHOIlepedpaibHON TUTIO-
tepmuu (KII'). [TokasdaHo, 4TO OXJIaKI€HME BOJIO-
CHCTOH TOBEPXHOCTH KOYKH T'OJIOBBI CIIOCOOHO
MTOHU3UTH TEMIIEPATYPY KOPHI OOJIBIITNX ITOJTyIIIa-
Py TP MaJIO3HAYMMOM TOHUKEHUH 6a3aJIbHON
TeMmIlepaTypsl [7]. Tem He MeHee, B KIIMHUYECKOU
IIPaKTUKE [IpeBaJupPYIOT METOAbl WHAYKIUU
001I1eTO OXJIAKIEHUS.

B psime omyOJMKOBaHHBIX HCCIEIOBAHUN
adpextuBHOCTH npuMeHeHus KIII' B cocrase
CTaHJAPTHOH TepaluM y MalieHTOB C UIlleMuye-
CKUMU I1epedpaIbHBIMU KaTacTpogaMH IpeJCTaB-
JIEHBI TaHHbIE, JeMOHCTPUPYIOIIYE CYLlIeCTBEHHOE
CHM’KEHHeE JICTAJIbHOCTH, Pa3BUTHE BbIPAsKEHHOI'O
U CTOMKOTO perpecca HeBpOoJOTU4ecKoro neduIu-
Ta, MOBBIIIeHNE (PYHKIIMOHAJBbHOIO pe3yJikTrara
Tepanuy, 10 CPaBHEHMUIO C IPyNIIaMU NAIEHTOB,
roropbiM KITI' He npoBonuiu [8-10]. IIponenypsbl
KpaHNOIepeOpaTbHOTO OXJIAKJEHUS HEe COIpO-
BOSKJTQJINCH TOOOYHBIMU 3(p(PEKTAMU U OCTIO’KHE-
HHUSIMHM, CBOMCTBEHHBIMH METOAMKAaM OOIIero
OXJIKIEeHUA. Bas’KHO OTMETUTB, YTO [IPUMEHEHHe
HenpepbIBHOH npouenypsl KT nynTebHOCTHIO
16-24 4aca, M03B0JIAA CHUSUTDH TEMIIEPaTypy KOPHI
OouthITIX rosTyIIapuii 1o 30-32°C, He TPUBOAMIIO K
MMOHIMKEHNIO 0al3aJbHON TeMIlepaTypbl MeHee
35-35,5°C.

B 0CHOBe NO3UTUBHBIX KIMHAYECKUX Pe3yJIb-
TaToOB IPUMEHEHUs CeJIEKTUBHOU 1epedpaibHON
TUTIOTEPMUM JIeKaT U3BECTHBIE, META00TNYeCKH
00yCJI0BJIEHHBIE, MEXaHU3MbI HEHPOITPOTEKIIHH.

consumption and increase of tissue resistance to is-
chemia and hypoxia [1, 2]. Later, limited produc-
tion, release, and interaction of signal molecules, as
well as inhibition of inflammatory response, free
radical processes, and apoptosis inhibition were
shown to develop in hypothermia [3]. The decrease
in brain temperature leads to the suppression of al-
most all known mechanisms of exitotoxicity, and
this can provide a reduction in the extent of sec-
ondary damage to neurons in acute focal ischemia,
intracerebral hemorrhage, and neurotrauma.

The significant neuroprotective potential of
TH, which has been well established in experi-
ments, has led to the widespread use of various
ways to lower body temperature. However, no ad-
vantages of general cooling over standard therapy
have been found in large clinical trials in patients
with strokes and traumatic brain injury, and com-
plications and side effects have been observed
much more frequently [4-6]. Obviously, the positive
effects of TH are balanced by the negative effects of
general hypothermia.

In this regard, craniocerebral hypothermia
(CCH), a variation of selective brain hypothermia,
should be considered. Cooling of the scalp was
shown to reduce the temperature of cerebral cortex
while the decrease in basal temperature remained
insignificant [7]. Nevertheless, the general cooling
techniques are prevalent in clinical practice.

A number of published studies on the efficacy
of CCH as a component of standard therapy in pa-
tients with ischemic cerebrovascular events have
shown a substantial reduction in mortality, signifi-
cant and persistent regression of neurological
deficits, and an increase in the functional outcome
of treatment compared to groups of patients who
were not treated with CCH [8-10].

A number of published studies on the efficacy
of CCH included in treatment of patients with is-
chemic cerebrovascular events have shown a sub-
stantial reduction in mortality, significant and per-
sistent regression of neurological deficits, and an
increase in the functional outcome of treatment
compared to groups of patients who were not
treated with CCH [8-10]. Craniocerebral cooling
procedures were not associated with side effects
and complications typical for the general cooling
techniques. Importantly, the use of continuous
CCH procedure lasting 16-24 hours and reducing
the cortical temperature to 30-32°C did not result
in a fall in basal temperature below 35-35.5°C.

Positive clinical results of selective cerebral
hypothermia are based on well-known, metaboli-
cally determined mechanisms of neuroprotection.
Apparently, absence of a significant decrease in
body temperature, which requires control of mus-
cular tremor and additional sedation, also seems to
be important. In addition, the targeted cerebral hy-
pothermia allows achieving a positive temperature
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[lo-BupuMoOMYy, onipefiesiIeHHOe 3HaYeHUE UMeeT 1
¢axT Toro, uro npu KIII' He pa3BuBaeTcst 3HAYU-
MOe TOHWKEHWEe TeMIIepaTyphl Tesa, Tpebymoliee
KOHTPOJISI MBIIIIEYHOU IPOSKU U TOIIOJIHUTEJIbHON
cenanyu. Kpowme Toro, TapreTHas 1iepedpanabHas
TANOTePMUSA II03BOJIACT JOCTAYD ITOJI0KUTEIBHO-
ro rpajueHTa TeMmIllepaTypbl — TemIileparypa
rOJIOBHOTO MO3ra HUJKe TeMIIepaTyphbl TeJa.

OnHako, 00bsicHeHUsI 9(PPEKTOB CeJTEKTUB-
HOH I'MIIOTEPMUY TOJIOBHOTO MO3Ta HE MOTYT OBITH
OTpaHWYEHBI TOJIHKO META00TMYECKIM TTOTXOIOM.
[lokasaHO, YTO IpU JOCTUKEHUU TeMIlepaTyphl
28-32°C B HelipOHAaX, HECMOTPsI HA CHUYKEHHYIO
TeMIlepaTypy, UHUIUUPYETCSI 9HEPIrUUHbIN CHUHTE3
cTpecc-0eJIKOB HE CMOTPS Ha CHUPKEHHYIO TeMIIe-
parypy, IPOAYKIMsS KOTOPHIX 00yCI0BJIEHA IKC-
npeccuel TeHOB paHHero pearupoBaHus [11].
TeHoMHas1 mepecTpolika obecredrBasia hOpMUpO-
BaHMeE IUTONPOTEKTOPHOTO (heHOTUIIa HEUPOHOB,
TTOBBIIIAs UX YCTOWYUBOCTD K JIEHCTBUIO CBOOOI-
HBIX PAJUKAJIOB U 9KCAUTOTOKCUYECKOU CTUMYJISI-
nuu NMDA-penenitopos [12].

OnpepeJsieHHas1 IOCI€0BATEIBHOCTE (POP-
MHUPOBAHUS COCTOSIHUSI HEUPONPOTEKIUU IIpU
OXJIQKIEHUH, BRJIIOYAIOIAsi KOMILJICKC PAaHHUX 1
OTCPOYEHHBIX peaKLUi 3alUThl, COOTBETCTBYET
IporeccaM, XapakTepHbIM [ UIIEMHUYECKOro
npekoHgunuonupoBanusa (I1K). Mmemnueckoe
[IK — ABJIeHNe IOBBIICHUA TOJIEPAHTHOCTH KJle-
TOK Pa3JIMYHBIX OPraHOB K IIOBPEKIAI0IIM BO3-
JleficTBHAM, pa3BUBAIOIIeecs II0CJIe IpeIbsiBJie-
HU CEpUU «TPEHUPYIOINAX» STIU30L0B UIIEMUU 1
penepdysuu [13]. B ocHoBe aroro (enomeHa
TaK)Ke JIesKaT paHHss MeTaboJsimdyeckass Iepe-
CTpOIiKa U OTCpOYEHHAs], TeHETUYECKU OII0CPeio-
BaHHAsA YCTOWYMBOCTH KJETOK K HIIEMHU U
penepdyauu [14-17]. B 3T0i1 cBSA3U 3aKPENUIOCH
noHsATHe o runorepmudyeckoM 1K [11, 18].

KpanwnornepebpaabHOE OXJTaKI€HHE, TTO3BO-
JISISl TOHU3UTD TEMITEPATYPY KOPBI OOJIBIIIHX ITOJTY-
mapuii, okasbiBaeTcsi 3 PeKTUBHON METOUKOMN
[ KYIIMPOBAHUSA JINXOPAIKH, 4aCTO COIIPOBOYK-
JlaoIIel OCTPBIH ITeprof; TIOBPEsKAEHN I TOJIOBHO-
ro moara [19]. CymecTBeHHO, 4T0 y 32% NaliieHTOB
c uHcynasTamu 1 UYMT pasBuBaeTca CKpBITO IIPOTe-
Karomas nepebpanabHas runeprepmus 6e3 BbIpa-
SKEHHOTO TorbeMa 0a3aTbHON TeMnepaTypsI [20].
IloBblIlIeHME TeMIlepaTyphl TeJjla ¥ MO3ra Cylie-
CTBEHHO yXy[IIaeT TSKeCTb TeYeHUs U MCXOAbI
1epebpanbHBIX TOpaskeHni [21]. B aTux cirydasx
KT MoskeT crtoco0CTBOBAaTh HOPMATU3AIINH TE -
JIOBOTO HajiaHca rOJIOBHOTO MOS3Ta.

Paccmorpenne KIII' kak cpeacTBa KOppek-
1M 1epedpaTbHON TUTIEPTEPMUU U JIMXOPATKH C
nosunuii runorepmudeckoro IIK mosBosser
CYIIIECTBEHHO PACIIMPUTH 00JIaCTH TPUMEHEHUS
KIII' B pa3/u4HbIX METOAUYECKUX BapUAHTaxX He
TOJIBKO B OCTPOM IIepUO/ie Pa3BUTHUSA ITOpAKeHN
rOJIOBHOTO MO3Ta.

gradient when the brain temperature is lower than
the body temperature.

However, the selective hypothermia effects
cannot be explained only through a metabolic ap-
proach. A vigorous synthesis of stress-proteins de-
spite the reduced temperature was shown to be ini-
tiated when the temperature in neurons reached
28-32°C. This production was due to the expression
of early response genes [11]. Genome rearrange-
ment provided formation of cytoprotective neu-
ronal phenotype, increasing their resistance to free
radicals and excitotoxic stimulation of NMDA-re-
ceptors [12].

A specific pattern of neuroprotection develop-
ment during cooling, including a series of early and
delayed defense reactions, is consistent with the is-
chemic pre-conditioning (PC) processes. Ischemic
PCis a phenomenon of increasing tolerance of cells
of different organs to harmful effects, developing
after exposure to a series of «training» episodes of
ischemia and reperfusion [13]. This phenomenon
is also based on early metabolic rearrangement and
delayed and genetically mediated resistance of cells
to ischemia and reperfusion [14-17]. In this regard,
the concept of a hypothermic preconditioning was
introduced [11, 18].

Craniocerebral cooling leading to a reduction
in the cortical temperature is an effective way to ter-
minate fever which is common for an acute brain in-
jury [19]. Significantly, 32% of patients with strokes
and traumatic brain injury develop latent cerebral
hyperthermia without a distinct rise in basal tem-
perature [20]. An increase in body and brain temper-
ature significantly worsens the course and outcome
of cerebral events [21]. In these cases, CCH can help
to normalize the brain thermal balance.

A view of CCH as a way to correct the cerebral
hyperthermia and fever within the framework of
the hypothermic PC helps to significantly expand
the scope of CCH use in various procedural variants
beyond the acute period of cerebral injury.

The classical ischemic preconditioning. The
concept of «pre-conditioning» is associated with the
discovery of a fascinating type of organ and tissue
adaptation to ischemia/reperfusion. This phe-
nomenon develops due to the preventive subtermi-
nal training effects of recurrent ischemia/reperfu-
sion episodes, which promote activation of
standard nonspecific endogenous cytoprotection
programs responsible for the formation of cytopro-
tective or cytodestructive phenotypes.

For the first time, the PC phenomenon was de-
scribed as the increased tolerance of myocardium
to ischemia developing after exposure to 3-5 short
sequential episodes of interrupted and restored cir-
culation (about 5 minutes of ischemia and 5-10
minutes of reperfusion). Subsequent repetitive ter-
minal test ischemia lasting 40 minutes led to the

development of a myocardial infarction with the
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Ruaaccn4yeckoe nmemudeckoe IIK. [lossiie-
HUe IOHATUSA «IIPEKOHIULIMOHUPOBaHue» (precon-
ditioning— NoAr0OTOBKA, aHIJI.) CBSI3aHO C OTKPHI-
THEM OJTHOU U3 MHTEPEeCHEUTTNX (POPM aJanTanuu
OpraHOB U TKaHeH K UIIeMUYecKu/ perepdy3noH-
HbIM Harpyakam. B ocHOBe pa3BUTHA 3TOr0 (PEHO-
MeHa JIE)KUT IIPUMEeHeHNe TPEeBEHTUBHBIX CyOTep-
MHHAJIbHBIX  TPEHHUPYIOIIUX  BO3JeHCTBUN
anM3omamMu uiIeMun/penepdysun, obdecredn-
BAIOIMX aKTUBAIUIO TUIIOBBIX Heclleln(uIecKux
9HJOICHHBIX IHUTOIIPOTEKTOPHBIX IIPOrPaMM,
aKTyaJIbHasA COCTOATEJbLHOCTH KOTOPBIX Olpefe-
JsieT (popMupoBaHUE ITUTOIPOTEKTOPHOTO HUJIN
LUTOJEeCTPYKTUBHOIO (heHOTHIIA.

BruepBbie penomen ITK ObLT ommcaH, Kak
3¢ (eKT NOBBILIEHUA TOJIEPAHTHOCTHU cepala K
WIIIEMUY, Pa3BUBAIOIIUICA ITOC/IE TPeIbsABIEHNS
Oopraty CJeAyIIux Ipyr 3a ApyroMm 3—-5 KpaTko-
BPEMEHHBIX 3IIM30/10B [IpEePbIBaHMU U BOCCTAHOB-
JIeHUsI KpoBooOpaiieHusi (OKOJI0 5 MUHYT HIIIe-
Muu 1 5-10 MuHyT penepdysun). [locaenyroiiee
BOCIPOM3BeeHNE TEPMUHAIbHON TeCTOBOM UIlle-
MUH AJIUTEIbHOCTBIO 40 MUHYT IIPUBOIUIIO K hOp-
MUPOBaHUIO MH(PAPKTAa MUOKapAa, 06 eM KOTOpPO-
ro B 30HE PUCKA OBLJI 3HAYUTEJTHHO MEHBIIE TI0
CPaBHEHMIO C TAKOBBIM Y 5KUBOTHBIX KOHTPOJIbHON
IpyHIbl, KOTOPbIE He MOJABEeprajuch Iporenype
ITK — 7,3 1 29,4% cooTBeTcTBEHHO [13].

B akcrepuMeHTax OBIIO OOHAPYKEHO, YTO
0COOEHHOCTHI0 KJIACCUYECKOT'0 HWIIEMUYECKOTO
[IK ABasercsa pasBUTHE OPraHOIPOTEKTOPHOIO
adexTa cpasy nocsae npegbsaBIeHUs] TPEHUPO-
BOYHBIX 31IM30/I0B UIlleMUH/ periepdysuu, Ajsie-
rocsi OKOJIO 2-X 9acOB, 3aTeM 0cJIabeBaroIIero, HO
nmajee BO30OHOBJISIIOIIETOCSA Ha Iepuojn 12-24
yaca, ¢ GopMHPOBAaHUEM TaKUM 00pa3oM paHHETO
U IO3HET0 «OKHa» TOJIEPAHTHOCTHU [22].

IIpu ogHOKpATHOM CyOTepMUHAIBHOM 91U~
307i¢ UIIeMUM Pa3BUBAIOTCA PeaKIUU, XapaKTep-
Hble A7 OOpaTUMBIX IOBPEKAEHUN KJIETKHU,
BRJIIOYAIOLIME pa3BUTHE alKu]03a, CHUYKEHUE
IIyJla aJeHUHOBBIX HYKJIEOTHUIOB U HAKOILJICHUE
kpearuHdocdara. [IpemxbsBiieHne TOBTOPHOU
WIIIeMUH T10CJIe NTepruoa penepdysun naMeHser
XapaKTep KJIETOYHOI'0 OTBETa, COIIPOBOKIACTCA
MEeHBIINM pacxogoBaHueM AT® u HakoIIeHUEM
JlakTara [23].

[Iponiecc ¢popmupoBanusa cocrossHus I[1K
YCJIOBHO pa3feJsiAIoT Ha TPU JTalla: BOCIpUATHE
MOBPEXKAAIONIEr0 CTUMYJA (TPUITEPHBIN aTam),
ero BHYTPHUKJIETOUHYIO Iepefauy (CUTHAJIbHBIN
aTar) U COOCTBEHHO TPAHCJISNUIO K CTPYKTYpam
peanu3anuu IUATONPOTEKIUU (3 (PEeRTOPHBIN
aTamn) [24].

B oTBer Ha HMIIEMHUYECKYI0 CTHUMYJIALUIO
HAKaIJIMBAIOTCA BHYTPEHHUE PeLelTOP-3aBUCH-
Mble TPUITEPHI (aleHO31H, OIIMOUAbI, HOpaJgpeHa-
JIMH, OpaJUKUHVH | JIP.) ¥ PENeNTOp-He3aBUCH-

MbI€ TPUITEPDLI (pa,ILI/IKaJIbI KuCJ0poJaa, HMOHbI

much smaller volume in the risk zone compared
with that in the control animals who did not un-
dergo the PC procedure, i.e. 7.3% and 29.4%, re-
spectively [13].

Experiments revealed that in a typical is-
chemic preconditioning the organoprotective ef-
fect occurs immediately after the exposure to train-
ing episodes of ischemia/reperfusion, and lasts
about 2 hours, then fades, but resumes for a period
of 12-24 hours, thus forming an early and late «win-
dow» of tolerance [22].

In a single subterminal episode of ischemia,
responses typical of reversible cell damage develop,
including acidosis, reduction of the adenine nu-
cleotide pool and accumulation of creatine phos-
phate. Repeated exposure to ischemia after a
reperfusion period alters the patterns of the cellular
responses and is accompanied by lower ATP con-
sumption and lactate accumulation [23].

Preconditioning develops in three conven-
tional stages: the perception of the damaging stim-
ulus (trigger stage), its intracellular transmission
(signal stage), and the actual translation to the
structures of cytoprotection implementation (ef-
fector stage) [24].

In response to ischemic stimulation, internal
receptor-dependent triggers (adenosine, opioids,
norepinephrine, bradykinin, etc.) and receptor-in-
dependent triggers (oxygen radicals, calcium ions,
nitrogen oxide, etc.) accumulate [25, 26]. Triggers
may also include external stimuli.

Next, the damage signal is transmitted to the
cell targets with active participation of kinases (pro-
tein kinase C, tyrosine kinase, mitogen-activating
protein kinase, reperfusion injury salvage kinases,
etc.) [27-29]. Pre-conditioning develops following
the activation of effectors, which primarily include
potassium-dependent ATP channels of mitochon-
drial membranes [30]. The intracellular response
cascade leads to deactivation of the mitochondrial
pore, which, in most authors' opinion, lies at the
heart of the cytoprotective effects of the early «win-
dow» of ischemic tolerance [31].

The employment of antioxidants during the
multiple training ischemic cycles (superoxide dis-
mutase, catalase) and Al receptor antagonists pre-
vented the development of preconditioning
demonstrating significant impavt of adenosine
and reperfusion triggers in the myocardial precon-
ditioning [32, 33].

Factors of intracellular signal transmission, in
particular, free radicals and protein kinase C, which
transfers the signal to the cell nucleus, seem to play
a major role in the formation of the late tolerance
«windown». Signal transmission promotes the early
response genes transcription and activates the syn-
thesis of de novo effector stress proteins and an-
tioxidant protection factors [34, 35]. Following the
stabilization of mitochondrial membrane poten-
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KaJbIUs, OKCUI a3ora U Ap.) [25, 26]. Tpurrepsl
MOTYT OBITh ¥ BHEIITHUMU.

Jlasee curHaJj MOBpeEsKIEHUSA NTepelaeTca K
KJIETOYHBIM MHUIICHAM IIPU aKTUBHOM y4acTHUU
KHWHa3 (mpoTenHKMHa3a C, THpPO3WHKWHA3a, MUTO-
reH-aKTUBUPYOIass IpoTenHKHHasa, RISK —
reperfusion injury salvage kinases u np.) [27-29].
dopmupoBanne cocrtossHusa [IK pasBuBaercs
BCJIe] 3a akTUBaIued apeKTopoB, B KaUeCcTBe
KOTOpBIX, B IIEPBYI0 O4Yepenb, PacCMaTpUBAIOT
AT®-3aBucuMbIe KaJiMeBble KaHaJabl MUTOXOH]I-
puanbHbIX MeMOpaH [30]. Kackag BHYTpHUKJIETOY-
HBIX PeakIui, IPUBOJUT K JIeaKTUBAIIUN MUTO-
XOHJIPUAJILHOU  MMOPBI, HYTO, IO MHEHHUIO
OOJIBIIMHCTBA aBTOPOB, JIEXKUT B OCHOBE ITUTO-
MPOTEKTOPHBIX 3(P(PEKTOB PAaHHETO «OKHA» UIIIe-
MHY€eCKOH ToJiepaHTHOCTH [31].

PoJib aleHO03UHOBOIO U penepdy3noOHHOTO
TpurrepoB B ¢opmupoBanum [I1K muokapaa oka-
3bIBA€TCSI 4YpPE3BbIUYAHO Ba’KHOU, IOCKOJIBKY
MpUMeHeHNe aHTUOKCHUJAHTOB B NEpHUOH BOC-
NIPOU3BENEHUsA TPEHUPYIOMUX MIIEeMUYECKUX
OUKJIOB (CylepoKCHUIIHUCMYyTa3a, Karajasa) Hu
AHTAarOHMCTOB Al penenTopoB NpeIoTBpAIAET
passutue cocrossuus [1K [32, 33].

B mporeccax ¢dopMmupoBaHHUs MO3THETO
«OKHa» TOJIEpaHTHOCTU OCHOBHYIO POJIb, 10-BUAM-
MOMY, UTPAIOT (PaKTOPbI BHYTPUKJIETOUHOU 1epe-
JlaYy CUTHAJIa, B YaCTHOCTU — CBOOOIHBIE paTUKa-
Japl U TnporenHKnHa3a C, KOTOpble MepenaroT
CUTHAJ K sAapy KaeTKu. [leperada curaasa odec-
MEeYMBAET TPAHCKPUIILUIO TeHOB PaHHET0 pearupo-
BaHWs U IPUBOJIUT K aKTUBALIMK CUHTE3a «de novo»
3¢ peKTOPHBIX CTpecc-0eJIKOB B (DAKTOPOB aHTHU-
OKCHIAHTHOI 3amuThl [34, 35]. Besen 3a ctabuiim-
3arell  MHUTOXOHIPHWAJIBLHOTO  MeMOPaHHOTO
MOTeHITMa a, YMEHBINIAeTCsl BBICBOOOYKIEHHE
ruroxpoma C [36], 6JIOKMPYIOTCS CUTHAIBHBIE Ty TH
arnonTo3a 1 CUHTEe3 Kaclas, yBeJIMYMBaeTCs CHHTe3
AHTHATIONTOTUYECKUX OeJTKOB Kitacca Bcl, ymeHb-
IITaeTCsI 9KCIPECCUS TPOATIONTOTUYECKOTO OesTKa
Bax [37, 38], nogaBjiAeTcA TPAHCKPUIIIIUA I'€HOB,
AKTHUBUPYIOIIUX IUTONECTPYKTUBHBIE IIPOLIECCHL.

OfHUMU U3 OCHOBHBIX YYaCTHUKOB (popMu-
pOBaHMs UTOMPOTEKTOPHOTO (peHOTUTIA KIETOK
OpraHa-MUIIIeH! TpU uiemudeckoM [ 1K ABJAI0T-
cs1 cTpecc-6eJIku. YBeJIM4YeHne CUHTe3a 0eJTKOB
terioBoro 1oka (BTIL, HSP — heat shock prote-
ins) ABJsieTCA YHUBepCaJbHBIM Heclenuduye-
CKHUM OTBETOM KJIETKU Ha JII0OOe Ype3BhIYaiiHOe
BO3JelicTBUE, BKJIOUAsI UIIEeMUIO, pernepdysuio,
reperpeBanue u nepeoxjaaxkaenue [39, 40].

Hassanue «bTIIl» BeCbMa yCJIIOBHO U CBA3aHO
C U3BECTHBIM (DaKTOM CJIYYAHHOTrO UX OTKPBITUS
IIpU HarpeBaHNU MYIIKU Ipo30¢uJibl. BaykHO TO,
YTO 3TOT KJiacC HauboJjiee KOHCEPBATUBHBIX U
duoreHeTHYECKH TPEBHUX 6€TKOB 00€ecIeYrBa-
€T YHUBepCaJbHble TUIIOBbIE PEaKIUU 3alAThI
KJIETKHU JTI0OBIX OPTaHU3MOB OT CAMBIX PA3HO00-

tial, cytochrome C release decreases [36], signaling
pathways of apoptosis and caspase synthesis be-
come blocked, the synthesis of antiapoptotic pro-
teins of Bcl class increases, the expression of
proapoptotic protein Bax decreases [37, 38], and
the transcription of genes activating cell destruc-
tion is suppressed.

Stress proteins are among key participants in
the formation of the cytoprotective phenotype of
target organ cells in ischemic PC. Increased pro-
duction of heat shock proteins (HSP) is a universal
nonspecific response of a cell to any emergency ef-
fects, including ischemia, reperfusion, overheating,
and hypothermia [39, 40].

The name of HSP is quite tentatively related to
the fact of their accidental discovery when heating a
drosophila fly. Importantly, this class of the most con-
servative and phylogenetically old proteins is respon-
sible for universal typical cell protection reactions of
any organism against various types of damage. The
most important functions of HSP are control over the
tertiary structure of proteins formation (folding/re-
folding), regeneration of damaged proteins or their
degradation (renaturation/denaturation), and pro-
tein transport through intracellular membranes. The
HSP class is very diverse, and their participation in
organism reactions is fundamental [41, 42].

Within a few hours after PC initiation, the
number of stress proteins in the cell may increase
manifold, which ultimately provides effective cel-
lular protection [43]. A direct correlation between
the number of HSPs in cardiomyocytes and the
level of myocardial ischemic tolerance was found
[44]. The late «<window» of PC initiates in parallel
with the activation of the acute cellular protection
phase. Protein-synthetic processes take time and
fully develop within 12-24 hours, being the basis of
delayed cell tolerance.

The ischemic PC phenomenon is typical not
only for the heart, but also for other organs, includ-
ing the brain [45], where it is observed as the re-
duced neuronal injury during the long-term test is-
chemia preceded by the training periods of
ischemia/reperfusion [46].

The triggers of cerebral ischemic PC include
both cardiomyocyte-specific inducers and excito-
toxic cascade mediated reactions, triggered by the
release of glutamate from neurons during ischemia
and regulated by the GABA system [47].

Moderate stimulation of NMDA receptors
with glutamate leads to adaptation of potential-de-
pendent calcium channels and reduction of cal-
cium overload during the test cerebral ischemia
(48], and the use of NMDA receptor antagonists
blocks the ischemic neuronal tolerance caused by
a temporary decrease in the delivery of substrate
and oxygen.

The neuroprotective effect of NMDA receptor

activation by physiological levels of glutamate can
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pasHbIX BHIOB MOBpEsKAEeHUs. BakHeHIuMu
¢ynkuamu BTII ABAAIOTCS KOHTPOJIb KOPPEKT-
HOTO (POPMHUPOBAHUS TPETUYHOU CTPYKTYPHI OeJI-
KOB ((posnuHr/pedosiuHr), BOCCTAaHOBJIEHUE
MTOBPESKIEHHBIX OEJKOB WM WX Jerpamganus
(peHaryparusi/ meHaTyparus), TPaHCIIOPT OEJTKOB
yepes BHYTpHUKJIeTOYHbIe MeMOpaHbl. Kiacc BTII
BeCchbMa pa3HOOOpas3eH, a UX Y4acTHhe B PeaKIHAX
opranuama GpyHaaMeHTaIbHO [41, 42].

B TeueHM e HECKOJIBKUX 4aCOB I10C/Ie THULAA-
nnu [TK Kogm4ecTBO cTpecc-0eKOB B KJIETKE
MOYKET YBEJIMYUTHC MHOTOKPATHO, YTO B UTOTE
obecrieunBaeT 3(p(PeKTUBHYIO KIETOYHYIO 3AIIUTY
[43]. ObHapykeHa psiMasi KOPPEJIAIUS MERIY
KoJsimuecTsoM BT B kapauoMuouUTax u crere-
HBIO WIIeMHUYEeCKON TOJepaHTHOCTH MHUOKapaa
[44]. Tlo3nHee «okHO» [IK HaunmHaeT OpMUPO-
BaThCsI MapaJsJieJIbHO C aKTUBAIMer oCcTpoil asbl
KJIETOYHOU 3aluThl. BesJKoBOCHHTETHYECKUe
Mporiecchl TpebyoT BpeMeH: U (pOPMUPYIOTCS B
TeueHUuU 12-24 4acos, COCTABJIAA OCHOBY OTCPO-
YeHHOU TOJIePaHTHOCTH KJIETOK.

®enomeH nmemmyeckoro I 1K okasasca xapak-
TepeH He TOJIBKO /1A CepaLia, HO U A1 IPYTUX opra-
HOB, B TOM 4HCJIe — JJIs1 TOJIOBHOT'O Moara [45], Ipo-
SIBJIsISI ce0s1 B YMEHBIIIEHUH CTETIEHH TIOBPESKIIEHUS
HeUPOHOB IpU IIPebsABJIEHUU TECTOBOU JJIATEIb-
HOU UIIIEMUU, KOTOPOU IpeIecTBOBAIN TPEHU-
pyolye nepruoabl uiemMun/ penepgysuu [46].

TpurrepHble MexaHU3MbI IepedPaHLHOTO
umemuyeckoro [TK BK/II0YaloT Kak CBOMCTBEHHbIE
KapA¥OMUOLMTaM MHULIMUPYIOIIYE peaKIuy, TaK
U peakliuy, OII0Cpe0BAHHbIE KAaCKalaMU aKcai-
TOTOKCUYHOCTH, 3aITyCKaeMble BBIOPOCOM LIy Ta-
Mara 13 HeipOHOB BO BpeMs UIIIEMUU U PEryiIu-
pyemsble nipu yuactuu [AMK-cucremsr [47].

YMmepennaa crumynAanusa NMDA-penenTto-
POB INIyTamMaTOM IIPUBOJUT K afalTalluy IIOTCHIIN-
aJI-3aBUCUMBIX KaJIbIIeBbIX KAHAJIOB U YMEHbIIIe-
HUIO KQJIbLIMEBO Ileperpy3Ku BO BpeMs TECTOBON
niepebpaIbHON HiieMud [48], a BBeleHNe aHTaro-
HrctoB NMDA-perienTopoB 6/10KApyeT (hopMUpO-
BaHUE UIIEMUYECKOH TOJIepaHTHOCTU HEUPOHOB,
BBI3BAHHOU BpEMEHHBIM CHUKEHUEM [I0CTaBKU
cyOcTpaTa 1 KHCJI0pPOo/a.

HetiporipoTekTUBHBIN 3 dEKT aKTUBAIIUUA
NMDA-penientopoB (HU3UOJIOTUUYECKUMU KOH-
IEeHTPAIUsIMY TTyTaMaTa MOYKeT OBITh OII0CPeIo-
BaH BHICBOOOKIEHIEM MO3TOBOTO HEHPOTpOhu-
4yecKoro akTopa U CTUMYJANUENR 3KCIIPecCuu
1IeJI0TO psifia cTpecc-0eskoB [49].

ITokasaHo, yTo runokcuueckoe I1K KynasTyp
HEHPOHOB M ACTPOLMUTOB TUIIOKAMIA KPBICHI
COIIPOBOYKIAETCA YCUJICHUEM IIOCTYIJIEHUS [UII0-
KO3bI BHYTPb KJIETKH, a 9 (PeKT ToJIepaHTHOCTU
MOJKET OBITh CBSI3aH KaK C (pakTOM oOecrieueHus
HEHUPOHOB CcyOCTpaTOM, Tak W C YyJaydlIeHueM
KaJabIueBoro romeocrasa [50]. ITK Bo3nericTBue

obecreunBaeT CTa6I/IJ'II/ISaHI/IIO FeMaTOZ-)HHe(l)aJ'II/I-

be mediated by the release of the brain neu-
rotrophic factor and stimulated expression of sev-
eral stress proteins [49].

The hypoxic PC of neuronal cultures and as-
trocytes of rat hippocampus was shown to associ-
ate with the increase in glucose entry into the cell,
and the tolerance effect can be associated with
both the availability of substrate for the neurons
and the improvement of calcium homeostasis [50].
Preconditioning stabilizes the hemato-encephalic
barrier and reduces brain edema in small rodents
after terminal ischemia exposure [51].

Another effect of brain PC is the activation of
synaptogenesis as a mechanism of nerve tissue regen-
eration after injury, including the growth of axonal
branches and changes in the dendritic spines [52].

Ischemic PC reduces the expression of proin-
flammatory factors (IL-1, IL-6) after ischemia, as
well as a number of genes involved in inflammation.
Remarkably, the blockade of the proinflammatory
component of responses developing in different
types of PC and the activation of anti-inflammatory
factors neutralize the effects of PC [53].

Reproduction of ischemic PC in the brain has
specific features. For example, a series of
ischemia/reperfusion episodes is required for the de-
velopment of myocardial tolerance, whereas in the
ischemic brain PC a single ischemic episode is more
often used [54], because the exposure to repeated
subterminal stimuli may lead to significant neuronal
damage prior to the development of PC [55].

The cerebral ischemic tolerance was found to
grow slowly for several hours, while a single sub-
lethal stimulus produces a strong neuroprotective
effect after 24-48 hours rather than immediately
upon the test ischemia exposure, and it can persist
for up to 7 days [56, 57].

This also suggests that an early PC «window»
may only play a minor role in providing the basic is-
chemic tolerance of the brain, but is necessary for
the late «window». However, there is evidence indi-
cating relationship between intensity of the effect of
training ischemia episodes and the dose of PC [58].

Preconditioning can be measured out by re-
ducing or increasing the duration of ischemia and
reperfusion periods and changing their amount in
series. An important factor of efficacy for the train-
ing episodes of abnormal brain circulation is occlu-
sion of a large caliber artery i. e. one or more cere-
bral arteries. However, it is not possible to identify
the objective criteria of PC sufficiency, the accept-
able limits of ischemia and reperfusion periods du-
ration, especially since the cell actual condition due
to ongoing injury can considerably modify them.

Sublethal intensity of exposure, mobilizing the
emergency defense responses and creating the
structural trace of adaptation, is a prerequisite for
the development of the classic PC state. The well-
known phrase of Friedrich Nietzsche: «What does
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YecKoro Oapbepa ¥ yMeHbIIIeHHe OTeKa MO3Ta Y
MeJIKUX T'PBI3YHOB I10CJIe IPebsIBJIEHUS] TepMU-
HaJBHOU uiiemMuu [51].

Eme oqaum apdexrom 1K rosoBHOro Mmosra
ABJIAETCA aKTUBAIIUA CUHANITOTeHe3a, KaKk MEXaH!3-
Ma pereHepaly HEPBHOU TKaHU MOCJIE TIOBPEsKIe-
HWUSs1, BKJIIOYAsi POCT BETBEH aKCOHOB U U3MEHEHU S
IIMIIMKOBOIO arrapara JeHIpuToB [52].

Nmemnyeckoe [1K ymeHbIIaeT aKCIIpeccuio
npoBocHanuTeabHbIX (dakTopos (IL-1, 1L-6) B
MOCTHUIIIEMAYECKOM TIEPHOJIE, A TAKIKE PsiJia TEHOB,
Y4aCTBYIOIIUX B BocHaseHuU. IIpumeuaTesibHO,
4To OJIOKAIa MIPOBOCIATUTEIHHOTO KOMITOHEHTA
peakiuii, pas3BUBAIONIETOCS MPU PAIJIUUYHBIX
Bujax [1K, u akTuBanus mpoTUBOBOCIIAJINTENb-
HbIX (pakTOpOB HUBeJUpyeT a(pdexTs! [IK BO3-
IerucTBui [53].

BocnpousBenenue wuiniemuyeckoro I[IK B
FOJIOBHOM MO3I€e UMeeT CBOu ocobeHHocTH. Tak,
IIJIsT pa3BUTHSI TOJIEPAHTHOCTHU cepIia Tpedyercs
HECKOJIBKO Cepuil s1IM30/10B ullleMuu/pemnepdy-
3WH, TOTIa Kak Ipu uiieMmudeckoM [ 1K rosioBHOTO
MO3ra yaille UCI0JIb3yeTCs1 ONHOKPATHBIN UIIEMU-
4ecKUU anu3on [54], TOCKOJIbKY IpeabsBIeHNE
MTOBTOPHBIX CYyOTEPMUHABHBIX CTUMYJIOB MOSKET
MPUBECTHU K BBIPAYKEHHBIM TTOBPEKIEHUAM HEll-
poHOB 10 pa3sutus cocrosgsaus [1K [55].

Bb110 0OHApY3KEHO, YTO UIIIEMIYECKas TOJIe-
PaHTHOCTH T'OJIOBHOTO MO3Tra HapacTaeT Me/JlJIeH-
HO B TeueHUe HECKOJIbKHUX YaCOB, a OJTHOKPATHBIN
cy0JieTaJIbHBIA CTUMYJI 0O€ecrieqnBaeT pa3BUTHE
BBIPA)KEHHOTO HEWPONMpPOTEKTOPHOTOo 3adderTa
IIpU IpebsBJIEHUN TECTOBOU UIIIEMHUH HE CPasy,
ayepes 24-48 4acoB, U OH MOKET COXPAHSATHCS J10
7 CyTOK [56, 57].

W3 aToro TaksKe cjieiyeT, UTO paHHEe «OKHO»
[TK Mo>keT He UTparh 3aMeTHOI poJIu B obecreue-
HUM 0a30BOW WINEMUYECKONH TOJIePaHTHOCTU
TrOJIOBHOTO MO3Ta, HO HE0OX0TUMO JJ1sT (HOPMUPO-
BaHWsA TMO3JHEr0 «OKHa». BripoyeM, ecTh ykasa-
HUS, YTO BBIPA’KEHHOCTD BJIMSIHUSA 9TTU30/I0B Tpe-
HUpYIOIlefl HWIIeMuUu 3aBUCUT OT no3bl [IK
BO3NercTBUuAa [58].

Hosuposars 1K Bo3geiicTBHsI MOYKHO YMEHb-
11asg WM YBeJIMUYUBAs AJIUTEJbHOCTh IIepUOA0B
UIIIEMUU U pertepys3uu U ONpeaesis UX YUc/Io B
cepun. BaskHa m106aIbHOCTH TPEHUPYIOIINX ITTH -
30/10B HapyIIeHNsI KPOBOOOpaIeHNsI — OKKJIIO-
3Ws1 OTHOU W/ HECKOJbKUX MO3TOBBIX apTEPUH.
OJHaKO 70 HACTOSAIIEr0 BpeMeHHU He MpeICcTaB-
JISIeTCSA BO3MOSKHBIM OOBEKTHUBHO OIPEIEUThH
Kputepuu nocrarounoctu [1K BoadelicTBus, rpa-
HUIIBI TOMYCTUMBIX [IEPHUOIOB UIIIEMUU U penep-
¢ysuu, Tem GoJiee YTO aKTyaabHOE COCTOSTHUE
KJIETOK, B TOM UYHCJIE B CBSI3U C YK€ IIPOU3OIIe-
UM IOBpEKIEHNEM, MOKET UX CYIIeCTBEHHO
KOPPEKTHUPOBATh.

Ob6s13aTeTbHBIM YCIOBUEM PA3BUTHSI COCTOS -
HusA Kiraccuueckoro [TK siBasercs cybJieranbHas

not kill me makes me stronger» fully conveys the
main requirement of ischemic PC.

In other words, the consequences of training
exposures can lead to both cell protection and cell
destruction. This limits the clinical use of ischemic
PC and prompts the search for safer ways to acti-
vate endogenous cytoprotection programs. Alter-
native methods of PC induction include remote,
hypoxic, pharmacological and hypothermic PC. In
relation to the issue under discussion, we will con-
sider the specific features of a hypothermic PC.

Hypothermic PC. Tissue hypothermia is a
well-known cause of blood flow depression, and
this type of ischemia has no negative consequences
within the specified limits of temperature drop [59].
The hypothermia reduces neuronal reactions to is-
chemia and extends their lifespan in low perfusion
due to decreased demand. The release of the ener-
gizing amino acids and glutamate-mediated exci-
totoxicity, cellular respiration activity, and produc-
tion of reactive oxygene species is decreasing;
transmembrane permeability (including mito-
chondrial) is stabilized, and intracellular calcium
overload becomes limited. Thus, the main trigger
reactions of neuronal damage provoked by the is-
chemic cascade are blocked [60].

Hypothermia limits the local aseptic inflam-
mation in brain ischemia and neurotrauma, re-
duces the release of proinflammatory factors,
leukocyte migration and brain tissue infiltration,
reduces edema, lowers the intracranial pressure,
stabilizes the blood-brain barrier, and suppresses
apoptosis cascades. Positive impact of low temper-
ature on the development of pathogenetic reac-
tions is shown both in the acute phase of ischemia
and during the reperfusion.

The development of cytoprotective reactions
immediately after reaching the therapeutic values
of temperature reduction would apparently repro-
duce the effects of early «window» of tolerance.
However, the resemblance of these effects of hy-
pothermia with the emergency adaptation re-
sponse in the classical PC appears to be only for-
mal, because the decrease in the tissue temperature
does not stimulate, but rather suppresses the main
endogenous stages of PC development. The trigger
stage is inhibited due to restricted free radical and
NMDA-receptors stimulation processes, and re-
duced metabolism is accompanied by decrease in
adenosine accumulation. When the temperature
drops, the signaling stage is also inhibited due to
reduced activity of enzymes, particularly kinases.
In addition, the hypothermia contributes to the sta-
bilization of mitochondrial membranes, thus com-
pleting the effector stage. This means imitation of
the early endogenous mechanisms of PC but not
their activation.

Notably, the therapeutic hypothermia in
emergency conditions is used in the acute period
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WHTEHCUBHOCTb BO3JEWUCTBUs, MOOHIN3YIONIas
CpOUYHBbIEe peakIUM 3alUThl U (popMUpyIOIas
CTPYKTYpHBIN cJjen ajantauuu. l3BecTHoe
BbIcKa3bIBaHue ®. Humire: «To, 4To Hac He yOMBa-
€T, JIeJIaeT HaC CUJIbHEee» OYeHb ITOJTHO IepeaaeT
OCHOBHOE cojieps;kaHue niemudeckoro [1K.

Wuaue roBopsi, MOCAEACTBUS TPEHUPYIOIINX
BO3/ENCTBUII MOTYT IPUBOIUTH K PA3BUTHIO KAK
IUTONPOTEKTOPHBIX, TAK U UTONECTPYKTUBHBIX
IpoIieccoB. B cBOIO o4yepenp 3TO OrpaHUYUBAET
KJIMHUYECKOe NpuMeHeHue uiieMudeckoro [1K u
mo0ysk/1aeT MonucK 6oJiee D€30IMacHbBIX CIIOCOO0B
AKTHUBAIMU 9H/IOT€HHBIX [IUTOIPOTEKTOPHBIX ITPO-
rpamm. K asnsrepHaTUBHBIM CITOCOH6aM BOCITPOU3-
BeJleHUs cocTtostHUA [IK oTHOCATCA ynasneHHoe
(AuCcTaHTHOE), TUIIOKCHUYECKOe, (papMakoJioruye-
ckoe u runorepmuueckoe [1K. [IpuMeHUTEBHO K
obcy>kIaeMoii mpobsiemMe, pacCCMOTPUM OCOOEHHO-
ctu runorepmuyeckoro [1K.

I'mnorepmuueckoe ITK. Xopoirio nu3BecTHO,
YTO FUIIOTEPMUS TKAaHEH NPUBOIUT K JAEIPECCUU
KpOBOTOKA, IpUYeM TaKOr0 poja HUIIeMUsI He
“MeeT HeraTuBHBIX MOCJIeJCTBUH B M3BECTHBIX
npepeJsax NOHWXEeHU TeMIieparypsl [59]. ['umno-
TepMUsI CHOCOOCTBYeT YMEHBIIEHWIO peaKkIui
HEHpOHOB Ha HIIEMUIO, YAJUHSIET Iepuof ux
SKU3HU B YCJIOBHUSAX UNOINEpPdy3UU B CBSA3U CO
CHIDKEHVWEM  IOoTpeObHOCTel.  YMeHbIIaeTcs
BBIOPOC BO30OYRIAOIINX AMUHOKHCJIOT U TTyTa-
MaT OIOCpeJoBaHHAsI 9KCAWTOTOKCUYHOCTD,
AKTUBHOCTD KJI€TOYHOTO ABIXaHUS U IPOAYKIUA
CBOOOIHBIX PAIMKATIOB, CTAOMJIM3UPYETCS TPAHC-
MeMOpaHHasi TPOHUIIAEMOCTh (BKJIIOYasi MUTO-
XOHAPUM) OTPAHUYUBAETCS IEperpy3Kka BHyTpU-
KJIETOYHBIM  KajblueM. TakuM  oOpasom
OJIOKUPYIOTCA OCHOBHBIE ITyCKOBBIE peaKIUN
MOBpesKIeHNsI HEPOHOB, IIPOBOILIUPYEMBIE UIlle-
MHYECKHM Kackajiom [60].

[unorepmus orpaHnyMBaeT pa3BUTHUE MECT-
HOT'0 AaCENTUYeCKOro BOCHAJIEHUs IIPU UIIEeMUU
M03ra 1 HelpoTpaBMe, 06ecrieYnBaeT CHIKEHNE
BBICBOOOSK/IEHNS IIPOBOCIAJIUTE/THHBIX (PAKTOPOB,
MUTpaUU JIeUKOIUTOB U UH(PUJIBTPAIUN UMU
TKaHU MO3ra, YMEHBIIIAeT OTeK, oHkaeT BU/I u
CTabMIM3MPYET reMaToaHIedaTnieckuii bapbep,
MOAABJIsIeT Kackaabl amnonro3a. [lo3uTuBHOE
BJIMSIHYE IOHUKEHHOH TeMIlepaTypbl HA pa3BUTHE
[aTOreHeTUYEeCKUX PeaKIuii TOKa3aHo KaK B OCT-
poii (pase umemMun, Tak U B liepuoj; penepysuu.

PasBuTHe IUTONPOTEKTOPHBIX peaKIul
cpady 1ocJie AOCTU’KEHUsI TepaleBTUYeCKUX
3HAaUYeHUU OHMUIKEHUsI TEMIIEPATYpPhl, Ka3aJd0Ch
ObI, BOCITPOU3BOIUT 3P (PEKTHI paHHETO «OKHAa»
ToJIepaHTHOCTH. OJHAKO CXOACTBO JAHHBIX
3¢ (HeKTOB rUNOTEPMUU C PEAKIIUAMU IKCTPEH-
HOM ajanTanuu npu kiaaccuiueckom [ 1K okasbiBa-
€TCs1 BHEIITHUM, IOCKOJIbKY IOHUKEHNe TeMIlepa-
Typbl TKaHell He CTUMYJIUpYyeT, a CKopee
II0/1aBJIsIET OCHOBHBIE 9H/IOT€HHbIE 3TaIbl (POPMU-

after severe vascular events, e. g. as a part of car-
diopulmonary resuscitation, when the endogenous
PCreactions have already been initiated, the spon-
taneous circulation has been restored, and the de-
crease in temperature leads to a safer terminal pe-
riod of ischemia due to the working factors of
ischemic PC initiation.

Apparently, the adequate balance of the
metabolic cell protection intensity with temperature
decrease and actual consistency of the functional
endogenous cellular protection programs after the
cerebrovascular accident and reperfusion is the
main factor of prognosis for early period course.

Furthermore, the role of emergency response
in the development of ischemic brain PC, in con-
trast to the heart, may prove to be insignificant and
consist mainly in the initiation of genomic repro-
gramming of neurons, which results in basic long-
term tolerance to ischemia/reperfusion. In this case,
the hypothermia may reduce the negative conse-
quences of acute terminal ischemia episode and,
quite probably, maintain the state of late tolerance.

In particular, the animal experiments and stud-
ies with human cortical neuronal culture have shown
that a decrease in temperature by 5-7°C, i. e., to
28-32°C, initiates the development of a sequence of
delayed intracellular reactions, which are character-
istic of the classical ischemic PC for neurons. Thus, a
significant temperature signal triggers a drastic in-
crease in the synthesis of different HSP molecules of
ditinct molecular masses (20-70 kDa). The activation
of synthetic processes occurs with reduced temper-
ature and affects mainly stress-proteins [61, 62].

In addition, under these conditions, the syn-
thesis of cold shock proteins (CSP) is activated,
their cellular level starts to increase in an hour,
reaching a maximum after 24 hours and remains
high for several days after a single temperature ex-
posure lasting from 3—4 to 24 hours [11, 63]. The
role of CSP in the hypothermic PC, in contrast to
the classical PC, seems to be quite significant.

Cold shock proteins were discovered when
studying the effect of low temperatures on plants
and microorganisms. Later, they were found to be
stress-protective proteins that protect cells from
various adverse factors, not only cold, in animals
and humans.

The most studied proteins of the CSP family
are RNA-binding proteins RBM3 (RNA-Binding
Proteins) and CIRBP (Cold Inducible RNA Binding
Protein). They prevent the aggregation of matrix
RNA, thus facilitating the process of protein synthe-
sis, possess the properties of chaperone proteins,
antioxidant properties and have a peculiar an-
tifreeze effect on membranes [64].

The decrease in brain temperature to 32°C has
also been shown to provoke the transcription of the
c-fos early reaction gene, its content in neurons in-
creasing threefold. Particularly noticeable increase
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posanus cocrosaHusa [IK. Topmosurca Tpurrep-
HBIHM 9Tall B CBA3U C OTpaHUYEHWEM CBOOOTHO-
palyuKaJNbHBIX IIPOLECCOB U IPOLIECCOB CTUMYJIA-
nuu  NMDA-penentopoB, a  IOHUMKEHUE
MeTabOoJM3Ma COMPOBOSKIAETCS YMEHbIIeHUEM
HaKOILJICHUA afleHO3uHa. [ Ipn noHnyKennu temie-
parypsl, I0-BUIUMOMY, TAKKE TOPMO3UTCS CHUT-
HaJIBHBIN 3Tall 34 CUeT CHUKEHUSI aKTUBHOCTHU
¢depMeHTOB, B 4aCTHOCTH KuHa3. Kpome Toro,
TUTIOTEPMUsT  CIIOCOOCTBYeT  CTaOMIM3aIruu
COCTOSTHUSI MeMOpaH MUTOXOH/IPUN, TEM CaMbIM
3aBepinasi apdeKkTopHbIH aTar. To ecTb, TOHUKe-
HHe TeMIlepaTrypbl He aKTUBHpPYyeT paHHUE 9HI0-
reHHble Mexanu3Mel [1K, a ckopee ux UMUTHUpPYeT.

OpHako HAIO yYUTBIBATh, YTO TepalleBTuYe-
CKYIO TUIIOTEPMUIO B HEOTIOKHBIX COCTOSAHUAX
IIPUMEHAIOT B OCTPOM IIepUoJie II0CJe Pa3BUTHUA
TSI3KEJIBIX COCYIMCTBIX KaTacTpod, Hanpumep B
cocrase CJIP, To ecThb TOrga, KOrga 3amyck aHgo-
reHHbIX peakiuii [1K y:xe npousoiies, CIOHTaH-
HOe KpOoBOOOpaIlleHre BOCCTAHOBUJIOCH, a CHIKE-
HUe TeMIleparypbl IIPUBOJUT IIOCJIEACTBUA
TepMUHAJIBHOTO IEpHOo/a UIIeMUH K OoJiee 6e3-
OTIACHOMY TedeHHIo Ha (poHe cpaboTaBmMX (ak-
TOPOB MHUIIMAnUU niemudeckoro [TK.

[To-BunMOMY, UMEHHO aJleKBaTHOE COOTHO-
IIIeHVe BBIPAYKEHHOCTH MeTaboJIMIeCKH 00yCI0B-
JIEHHOU ITUTONIPOTEKIINY IPU IOHWYKEHUU TeMIIe-
paTrypel W  AKTYaJbHOH  COCTOSATEJIBbHOCTU
OIlepaTUBHBIX 9H/IOT€HHBIX IPOrPAMM KJIETOYHON
3aIUTHI IIOCJIE OCTPOTO HAPYIIEHUsT KPOBOOOPa-
IeHus: 1 perepdy3nn obecreynBaT HapaB-
JIEHHOCTb Pa3BUTHUS MOCJIEACTBUU COCYIUCTHIX
KaracTpod B paHHEM IIepUo/Ie.

Kpome Toro, poJsib CpOUHBIX peakIuii B pas-
BUTHMM umeMmudeckoro IIK rososBHOro mosra, B
OTJIMYNeE OT CepJLa, MOYKET OKa3aThbCA HeBeJIUKa 1
3aKJII0YaTbCA B OCHOBHOM B 3allyCKe FTeHOMHOT'O
IepernporpaMMUpOBaHus HEUPOHOB, IOCJEe[-
CTBHUSI KOTOPOTO OOecredYmBaloT 0A30BYIO JIJIH-
TeJIbHYIO TOJIEPAHTHOCTB K HllleMun/ pernepdysun.
B aToM ciydae rUIIOTEpPMUA MOKET YMEHBIIUTH
HeraTuBHBIE [I0CJIECICTBUASA OCTPOIO TEPMUHAJIBHO-
I'0 9NIM30Ja UIIIEMUH U, BIIOJIHE BEPOATHO, IIOAAEP-
5KaTh COCTOSIHUE TI03HEN TOJIEPAHTHOCTH.

B yacTtHOCTH, B 9KCIIEpUMEHTaX Ha JKUBOTHBIX
U B UCCJIEJOBAHUSIX B KYJIETYpe KOPKOBBIX HEHPO-
HOB 4eJI0BeKa II0KAa3aHo, YTO CHUYKEeHHe TeMIlepa-
Typbl Ha 5-7°C, To ecTb 1o 28-32°C, uHULIUUPYET
pasBUTHE II0CJIENOBATEJIBbHOCTA OTCPOYEHHBIX
BHYTPHUKJIETOYHBIX PEaKIIi, KOTOpbIe OKa3bIBAIOT-
Cs1 CBOMICTBEHHBI KJIACCUYECKOMY UIIIEMUYECKOMY
[IK nnsa "HelipoHOB. Tak, 3HAUUMBIN TeMIlepaTyp-
HBIU CUTHAJI 00eCcTieurBaeT B HUX JIABUHOOOpa3Hoe
yBesuuenue cuHTesda BTIII ¢ pa3muyHoOi MoJIeKy-
JasspHoi maccowt (HSP 20-70 k/a). [Ipuuem akTHBa-
M CUHTETUYECKUX IIPOLIECCOB IIPOUCXONUT Ha
(¢ oHe CHUKEeHHOU TeMIlepaTypbl 1 KacaeTcsl IPaK-
TUYECKH TOJIBKO CTpecc-0eJikoB [61, 62].

in c-fos is observed after 24 hours of hypothermia.
The RMB3 stress-protein production also increases
manifold when the temperature drops to 32°C, re-
maining high after cooling. Equally interesting is the
fact that the hypothermia leads to the activation of
the c-jun early response gene, which provides a sig-
nificant increase in the CIRBP synthesis, which is
also most significant after 24 hours of hypothermia.

The participation of CIRBP in changing the
balance of tau protein forms synthesis contributes
to the restoration of the damaged microtubular sys-
tem of the neuron, improvement of axonal trans-
port, maintenance and restoration of cellular cy-
toskeleton. In addition, CIRBP is also involved in
the refolding of pathological proteins, in particular
beta-amyloid, which suggests a positive role of neu-
ronal hypothermia not only in the formation of is-
chemic tolerance, but also in preventing the devel-
opment of neurodegenerative processes.

The data on the role of tau-protein in the for-
mation of neuronal tolerance appeared to be highly
interesting. In experimental models of human cor-
tical neuronal culture, the effect of reduced temper-
ature (to 28°C and to 32°C) on phosphorylation-de-
phosphorylation of tau-protein and the associated
effects of increasing neuronal resistance to damage
were studied. Injury was modelled by stimulation
of NMDA receptors and introduction of free radi-
cals into the culture.

Tau phosphorylation was found to be re-
versibly activated at a temperature of 32°C, which
was accompanied by a decrease in the extent of
neuronal damage in excitotoxic and free-radical
load. Dynamic transitions of the main key isoforms
of tau-protein (phosphorylation-dephosphoryla-
tion) due to temperature decrease, in the authors'
opinion, can promote synaptic plasticity and recov-
ery of damaged neurons [64, 65]. The temperature
reduction to 28°C did not affect the result in any
fundamental way.

These facts confirm that the genomic repro-
gramming of neurons plays a key role in the devel-
opment of the late tolerance effects of hypothermic
PC, as well as in classical ischemic PC, contributing
to the structural adaptation trace. On the other
hand, we can assume potentiation of positive ef-
fects of both PC types.

As aresult of increased stress proteins produc-
tion, the cytoprotective phenotype develops which
associates with the increase in the synthesis of
stress proteins, which eventually makes it possible
to reduce the extent of brain damage in cerebrovas-
cular accidents.

Importantly, the launch of genomic reprogram-
ming requires a significant decrease in the temper-
ature of neurons up to 28-32°C. If we consider the
cooling of incoming blood as the only way to reduce
the cerebral temperature, we can clearly see that in
order to achieve the required level of hypothermia it
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KpomMme TOTO, B 9THX YCJI0BUAX aKTUBUPYETCA
cuHTe3 0esKoB xoJ10m0Boro moka (BXIII, CSP —
cold shock proteins), comepskaHue KOTOPBHIX B
KJIeTKe HayMHaeT Hapacrarb ysKe depes d4ac,
JOCTUTast MaKCUMYyMa yepes 24 yaca ¥ COXpaHseT-
Cs1 Ha BBICOKOM YPOBHE B T€YECHUU HECKOJBbKUX
CYTOK IIpY OJHOKPATHOM TeMIIepaTyPHOM BO3eM-
CTBUH JIJINTEJIBHOCTBIO OT 3—4 110 24 yacos [11, 63].
Pouss BXIII B runnorepmuyeckoM I 1K, B oTinyue ot
Kjgaccudeckoro [1K kaskercsa BecbMa 3SHAYUMOM.

BXIII Ob1/1M OTKPBITHI IPU U3YYEHUH BJIUSI-
HUA HU3KUX TeMIlepaTyp Ha pacTeHUs U MUKPO-
opraauamel. [To3iHee 6110 0OHAPYKEHO, YTO OHU
OTHOCAITCSI K CTPeCcC-IIPOTEeKTOPHBIM OejkaM U
06ecneynBaloT 3alUTy KJIETOK OT AeHCTBUS pas-
JIMYHBIX HEOJIArONIPUATHBIX (DAKTOPOB, a HE TOJIb-
KO X0J10[1a, Y YKMBOTHBIX U YeJI0BeKa.

HauboJstee naydensl 6esiku cemericta BXIII,
aro PHK-cBsa3wiBaromiue 6eaxu RBM3 (RNA-Bin-
ding Proteins) u CIRBP (Cold Inducible RNA Bin-
ding Protein). OHU IPeNATCTBYIOT arperanuy Mar-
puunoii PHK, obJjierdast TeM caMbIM IIPOIIECC
cuHTe3a OeJsika, 00J1a7al0T CBOMCTBAMU OEJIKOB-
I1aTIEPOHOB, aHTUOKCHUIAHTHBIMU CBOMCTBAMU U
CBOeOOpas3HbIM aHTHU(PU3HBIM [EeHCTBUEM Ha
MeMOpaHbI [64].

[TokasaHo Takske, YTO NOHUKEHNE TeMIlepa-
TypbI MO3ra 10 32°C IpoBOLYpYyeT TPAHCKPUIIIUIO
reHa pa”HHero pearupoBaunus c-fos, conepskanue
KOTOPOTO B HEWpPOHAx TPOEKPATHO HapacTaer.
OcobeHHO BBIpa’keHHOe yBenaudeHue c-fos
HabJTI0aeTcs ciycTs 24 yaca runorepmuu. [pn
aTOM, cCHHTe3 cTpecc-0esskoB RBM3 Takske yBe-
JAYMBAETCA MHOTOKPATHO NIPY CHUKEHUY TEMIIe-
parypsl o 32°C, ocTaBasiCh Ha BBICOKOM YPOBHE
rnocJje oxJjaskJaeHus1. He MmeHee WHTepeCHO U TO,
4TO TUIMOTEPMUSA NMPUBOAUT K aKTUBAIIUUA TeHA
paHHETo pearnpoBaHus C-jun, 06eCIeYnBaIOIIETO
3HauMTeJIbHOE HapacTaHnue cuHTe3a CIRBP, uto
TakKe HanboJiee 3HAYMMO Yepe3 24 Jyaca HHIYK-
IV TUTIOTEPMHUU.

Yuactue CIRBP B uaMeHeHUU COOTHOIIIEHU ST
cuHTe3a opM tau-IpoTerHa CIIocoOCTBYET BOC-
CTAHOBJIEHUIO TIOBPEYKIEHHON MUKPOTYOYISIPHON
CHUCTeMBbl HeHpOHA, YJIy4YIleHNI0 aKCOHAJIbHOTO
TPAHCIIOPTA, COXPAHEHUIO W BOCCTAHOBJIEHUIO
nurockesera kietku. Kpome toro, CIRBP yua-
CTBYeT B pe(OJAMHTE ITaTOJIOTHIECKUX OEJIKOB, B
YaCTHOCTHU OeTa-aMUJIOU 1A, U3 Yero MOKHO ITpeI-
MIOJIOSKUTh TO3UTHUBHYIO POJIb TUIIOTEPMUM HEH-
POHOB He TOJILKO B (DOPMUPOBAHUU UITIEMUYeE-
CKOU TOJIEPAHTHOCTH, HO U B IIpeAylpesKAeHuU
pas3BUTHUS HEWPOJ/IETeHEPATUBHBIX MTPOIIECCOB.

Becbpma MHTEpeCHBIMM OKa3aJIMCh TaHHbBIE O
poJiu tau-porerHa B hOPMUPOBAHUU TOJIEPAHT-
HOCTHU HEMPOHOB. B aKcIieprMeHTaTbHBIX MOAEJISIX
KYJBTYpbl KOPTUKAJbHBIX HEHPOHOB Yej0BeKa
HMCCJIeI0BAIU BJIUIHNE CHIKEeHHOM 10 28°C n1 32°C

TeMIeparypbl Ha Iporecchl ¢ocdopuaupona-

is necessary to reduce the basal temperature to a
dangerous level, invariably leading to complications,
neutralizing the desired positive results.

Taking into account the clinical risks of reach-
ing the critical body temperature necessary for ini-
tiation of cellular mechanisms of endogenous pro-
tection, the attempts to model fragments of the late
hypothermic PC development with the use of drugs
affecting tau-protein phosphorylation have been
made. As a result of imitation, we can obtain the
processes typical for cooling of neurons and boost-
ing their resistance to hypoxia and conclude: «One
can reap the benefits of cooling — without cooling
the patient!» (Rzechorzek N. M., 2015).

This approach is typical for the pharmacological
PC techniques where the early and delayed ischemic
tolerance is reproduced by imitation of endogenous
mechanisms but not by their real initiation.

Several studies reveal the mechanisms of de-
layed cellular resistance to hypoxia/reperfusion
and show the persistence of the hypothermic ef-
fects over a long period after cooling has stopped
[]. In this sense, the above statement seems to be
extremely important and accurate.

The high risks of general hypothermia compli-
cations should be eliminated, but an adequate level
of brain hypothermia should be achieved at the
same time. The use of selective cerebral hypother-
mia in the CCH variant appears to be the most ad-
equate in this respect, making it possible to lower
the temperature of neurons, at least in the cortex,
to the specified limits without a significant de-
crease in basal temperature.

Selective hypothermia of the hemispheric
cortex. Brain is the main target of hypothermia in
cerebral damage. Considering CCH as a technique
of predominant hypothermia of the hemispheric
cortex, we should determine what mechanisms and
to what extent the scalp cooling can lower the tem-
perature of the brain.

Convection provided by powerful central flow
of arterial blood (about 20% of the minute blood
volume) is usually considered as the main way to
remove excess heat from the brain. Heat removal is
also associated with heat exchange in the anatom-
ical junctions of jugular veins (carrying externally
cooled blood) with internal carotid arteries (coun-
tercurrent heat exchange), which makes the normal
resting temperature of blood in the internal carotid
artery approximately 0.2°C lower than in the aorta
[66-68]. As a result, the cooling of the scalp can re-
duce the temperature of the outgoing blood, which
may lower the temperature of the inflowing blood
after entering the jugular vein system. Under nor-
mal hospital conditions, the temperature of the
blood flowing from the scalp is not lower than 34°C.
With CCH, scalp temperatures of 8-10°C and lower
can be achieved, which can increase the efficiency
of heat exchange.
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HusA/ fedochopuaupoBaHusi tau-IpoTeruHa U CBsI-
3aHHbIE C HUMHU 9((PeKThbI HOBBIIIEHU YCTONYN-
BOCTHU HEMPOHOB K ITOBpeskAeHuI0. [loBpeskienue
MonenaupoBau crumysisinueit NMDA-penenitopos
Y BBEJIEHNEM B KYJIBETYPY CBOOOHBIX PAIUKAJIOB.

OxasaJsocsk, 4To IpHU TeMIlepaType KyJIbTyphl
32°C obpatuMo akTuBUpYyeTcs tau-pocdopuiim-
poBaHue, YTO CONPOBOMKAAETCS yYMEHbIIIEHHueM
obbemMa TOBpEKRIEeHNsI HEHPOHOB B YCJIOBHAX
9KCANTOTOKCUYECKOHN U CBOOOMTHO-PATUKATbHOM
Harpysku. /[lMHaMHU4HbIEe Ie€peXolbl OCHOBHBIX
KJII0YeBBIX N30¢opM tau-mporenHa (pochopuiin-
poBanue/nedochopuinpoBaHue) NoJ BIUSIHIEM
CHU’KEHUsI TeMIlepaTyphl, 10 MHEHUIO aBTOPOB,
MOTYT CIIOCOOCTBOBAaTh Pa3BUTHIO CHUHAITHYE-
CKO JIaCTUYHOCTU ¥ BOCCTAHOBJIEHUIO ITOBPEK-
JIEHHBIX HEUPOHOB [64, 65]. [ToHnKeHne TeMIiepa-
Typbl 00 28°C IpUHIMIMAJIBHO He BJIMAJIO Ha
pesyJbrar.

YkaszaHHbIe (DAKThI CBUETEJIBCTBYIOT O TOM,
4YTO TeHOMHO€ IIeperporpaMMUpOBaHue Helpo-
HOB UI'PaeT KJIIOYEBYIO POJib B (popMUpoOBaHUU
adderToB MO3THEN TOJIEPAHTHOCTU TUIIOTEPMU-
yeckoro [1K, Tak ske, Kak U IIpU KJIACCUYECKOM
nmemmyeckoM [1K, obecieunBast hopMupoBaHme
CTPYKTYPHOTO cJiefia afantanuu. B cBoio ouepenn
MOSKHO JONYCTUTh HaJU4Me IOTeHIIUAUN 103KU-
TUBHBIX 3P ekrToB 000ux BuioB I1K.

MIMeHHO Cc HapacTaHUeM CHUHTe3a CTpecc-
0eJTKOB CBSA3BIBAIOT (P OPMUPOBAHUE ITUTOTIPOTEK-
TOpPHOrO0 (DEHOTUIIA, YTO B UTOTE (POPMUPYET yCJIIO0-
BUs, TPHUBOAAIIME K YMEHbIIEHHWI0 o0beMma
MIOBPEXKIEHUsI MO3Ta IIPU OCTPBIX HAPYIIEHUSIX
KpOBOOOpAIIeHus.

BaskHO OTMETUTH, YTO 3allyCK F'€HOMHOTO
IepenporpaMMUpPOBaHUs TpeOyeT 3HAUYNTETHHO-
ro IOHMKEHUsI TeMIlepaTypbl HEUPOHOB — [0
28-32°C. Ecsim paccmarpuBarh B Ka4eCTBE €IUH-
CTBEHHOTO CIIoco0a MOHWKeHUs 1lepedpasbHON
TeMIIepaTyphl OXJIasKIeHNe IPUTEKAIOIINI KPOBH,
CTaHOBHUTCS SICHO, UTO JIJIsI IOCTH)KEHMs HeoOXo-
JIVMOTO YPOBHS TUTIOTEPMUU TPeOyeTCs MOHMIKe-
Hre 0a3aTbHOU TEMITePATyPhI 10 OTTACHOTO YPOB-
HsI, Hen30€eKHO BJIEKYIIEro 3a COO0U pa3BUTHE
OCJIO’KHEHUH, HUBEJIMPYIOIINX MCKOMbIE TO3U-
TUBHBIE Pe3YJIBTAThI.

YuuThIBasA KINHUUYECKHUE PUCKU OCTUKE-
HUSI KPUTUYECKOH TeMITepaTyphl Tesia, HeoOXOmu-
MOU /i1 MHULMAIMKU KJIETOYHBIX MEXaHU3MOB
9HJIOTEHHOM 3alllUThl, BBINOJHEHBbl MOIBITKU
MOJeJupoBaHusa (¢parMeHoB (OPMUPOBAHUSA
nosnHero runorepmudeckoro [1K ¢ ucrosnbs3oBa-
HUEM IIpenaparos, BJAUAIOIINX Ha pochopuanpo-
BaHHUe tau-nporenHa. [losyueHue B pesysbrare
MMUTALMUA IIPOIeCCOB, PAa3BUBAIOIIUXCS IIPU
OXJIKJIEHUN HEWPOHOB U IIOBBIIIAIIINX UX
YCTOWYMBOCTh K TUIIOKCHUH, II03BOJIUJIO ClleJIaTh
BBIBOJI: «[10sKMHATH MJIOABI TUTIOTEPMUU MOYKHO
6e3 runorepmuul» (Rzechorzek N. M., 2015).

Cold blood flowing from the scalp through the
emissary veins and the parietal bone perforations
enters the dural sinuses and, through pial vessels,
directly reaches the surface of the hemispheric cor-
tex, lowering its temperature [69]. When cooling the
scalp surface, the blood flow in the skin is main-
tained but reduced to 35% of the baseline [70], cre-
ating a way for convection cooling of the hemi-
spheric cortex.

Cooling the cranial region can produce a sig-
nificant temperature difference between the skin
and brain surface of about 25°C. Despite the low
thermal conductivity of soft tissues and flat bones
of the skull, the resulting temperature gradient can
provide a significant outward heat flow from the
hemispheric cortex through conduction.

The analytical approach to the problem of
heat transfer in the targeted hypothermia of the
brain induced by the cooling of the craniocerebral
region has demonstrated that the values of the ex-
ternal scalp temperature during cooling signifi-
cantly affect the temperature distribution in the
surface area of the cerebral cortex, causing its de-
crease. The estimated results were confirmed by ex-
periments on rats [71]. Cooling of the scalp has
been shown to have less effect on the temperature
of the base of the brain than on the surface area.

The pattern of temperature distribution in the
human brain was studied using MRI, which made
it possible to build a 3D model of the brain thermal
profile based on the NMR spectroscopy data. Using
this approach, the researchers revealed that when
the temperature of the scalp decreases, hypother-
mia of the cerebral cortex develops without signifi-
cant changes in the temperature of subcortical
structures [70].

There have been a lot of theoretical publica-
tions on the construction of a thermal brain model.
In particular [72], when modeling brain cooling and
the thermodynamic temperature distribution using
the solution of the heat conductivity equation for
living systems, the modeling of 4-hour cooling of
the scalp at a temperature of 0-10°C was shown to
reduce the temperature of the surface brain regions
to 33.2°C to a depth of 25 mm. Estimates took into
account the characteristics of cold impact on the
scalp and thermal properties of tissues that make
up the path of heat conduction (soft tissues of the
scalp surface, flat bones of the skull, brain mem-
branes). The estimated data very accurately match
the model of brain thermal balance in craniocere-
bral hypothermia, presented in another study [74].

Thus, the experimental results, NMR spec-
troscopy modeling and estimates of thermody-
namic temperature distribution inside the brain
demonstrate the possibility of lowering the cortical
temperature during craniocerebral cooling. How-
ever, experimental and computational models do

not take into account all possible pathways of heat
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JIaHHBIN TTOAXO/T XapaKTePEH /ISl pa3BUTUS
MeToIuK (papmarosioruyeckoro 1K, mpu KoTopbIx
PaHHIOIO U OTCPOYEHHYIO HUIIEMHYECKYIO TOJIe-
PaHTHOCTH BOCIIPOMU3BOJAT 34 CUET UMUTAIAH, HO
He BOCIIPOU3BeIeHUS 9HIOTEHHBIX MEXaHU3MOB.

B psime paboT pacKkpbIThI MeXaHU3MBI POP-
MHUPOBaHUsI OTCPOUEHHOU YCTOHUYUBOCTH KJIETOK
K TUIIOKCUU/pernepdy3uu U MOKa3aHO COXpaHe-
HHEe 9(p(HEKTOB TUIIOTEPMUYECKOTO BO3TEHCTBUSA
Ha JJIUTEJbHBIA MEepuoj Mocje MpeKpalleHus
oxJaskneHus [11, 12, 15-17, 56]. B aToM cMmbIcTie
MMpUBeJeHHOEe BhICKA3bIBAHNE KAKETCS YPE3BbI-
YalHO BAKHBIM 1 TOYHBIM.

HeobxomumMo mTpeomosieTh BBICOKWE PHUCKU
OCJIO’KHEHUH 00IIIel TUIIOTEPMUH, HO 00€eCIIeYnTh
JIOCTATOYHBIN YpPOBEHBb T'UIIOTEPMUH MO3ra. B aTom
CMBICJTE TIpUMeHeHE CeJIEKTUBHOU 1epedpaTbHOM
runorepmuu B Bapuante KIII' okasbiBaeTcss Hanoo-
Jiee aleKBaTHbIM, II03BOJ1As IIOHU3UTh TeMIlepary-
Py HEHPOHOB, IO KpaiiHEN Mepe KOPbI OOJIBIITNX
TIOJTYIIIAPWH, 10 YKa3aHHBIX IIPeiesIoB 0e3 3HaAYH-
MOTO ITOHWKeHNsI 6a3aTbHOI TeMITepaTypHhI.

CeJIeKTUBHAsI TUTIOTEPMH S KOPBI OOJIBIIINX
nosaymapuii. OCHOBHOU MUIIIEHBIO TUTIOTEPMUYE-
CKOT'0 BO3TEeMICTBUSA IPU IlepedpaIbHBIX ITOpasKe-
HUSX SABJISIETCS TOJIOBHOU MO3Tr. PaccmarpuBast
KIII, kak MeTOIUKYy NpeuMyIeCTBEeHHOU T'UII0-
TePMUH KOPBI OOJIBITNX OTyIIIapUiA, HEOOXOTUMO
OIpeNe/TUTh OJiarogapss KaKUM MeXaHnu3MaM U B
KaKOU CTeNeHM OXJIaKIeHUe BOJIOCUCTOM TOBEPX-
HOCTH KOKU I'0JIOBBI CIIOCOOHO IIOHU3UTH TEMIIe-
parypy r'oJIOBHOTO MO3ra.

B kayecTBe OCHOBHOTO IyTH yAaIeHUsT N30bIT-
Ka TETJIOThI OT TOJIOBHOTO MO3ra B HOpMe OOBIYHO
paccMarprBaroT KOHBEKIIHIO, 0OeCIIeYeHHYI0 MOIII-
HBIMU II€HTPAJIbHBIMU TIOTOKAMHU apTepuasbHON
KpoBH (0roJ10 20% MOR). TeriooTBeieHre CBA3aHO
Takyke C 0OMEHOM TEeILJIOThI B 00JIaCTU aHaTOMUYe-
CKHX KOHTAaKTOB COCY[IOB CHUCTEMb] IDEMHBIX BEH,
HeCYIIUX OXJIa’K/IeHHYIO BO BHEIIIHEH cpeJie KPOBb,
C BHyTPEHHUMU COHHBIMU apTepysIMU (IIPOTABOTOY-
HBIU Terio0OMeH), GJiaromapsi YeMy TeMIieparypa
KpPOBU BO BHyTpPEHHEU COHHOI apTepuu B HOpMe B
okoe npuMepHo Ha 0,2°C H1 ke, ueM B aopTe [66-68].
W3 aroro ciaepyer, 4YTO OXJIKIECHUE KOYKYU I'OJIOBBI
CIIOCOOHO MPUBECTHU K MOHMKEHUIO TEMIIEPATYPhI
OTTeKaroIell KpOBU, KOTOpas, onagasi B CUCTEMY
SIPEMHBIX BeH, MOJKeT CITOCOOCTBOBATh ITOHMKEHUIO
TeMIlepaTypbl NpUTEKalolled K MO3ry KpoBuU. B
OOBIYHBIX YCJIOBUSX CTAIFIOHApa TeMIIEparypa oTe-
KaloIIel 0T KOYKY TOJIOBbI KPDOBU OKA3bIBAETCS He
Hike 34°C. TTpu KT MoskeT OBITH TOCTUTHYTA TEM-
Teparypbl KO3KY rosI0BbI 8-10°C 1 HIKE, YTO CITOCO0-
HO YCWJIUTB 3(P(DEKTUBHOCTH TEIJI00OMEHa.

Hano Takske yuecTb, 4TO X0JI04HASA KPOBb OT
KO3KH T'OJIOBHI T1I0 3MUACCAPHBIM BEHAM Uepes ep-
¢dopaHTHBIE OTBEPCTHS TEMEHHBIX KOCTEN TPOHU-
KaeT B CUHYCHI TBEP/IOH MO3TOBON 0OOJIOYKH U
NMaJbHbIE COCYAblI HEIIOCPEACTBEHHO K II0OBEPX-

removal and may not fully reflect the real picture of
the influence of CCH on the brain thermal home-
ostasis. To solve this problem, the technique of
non-invasive microwave radiothermometry can be
used.

This technique consists in measuring the
power of human deep tissues' own electromagnetic
radiation (EMR) registered in the microwave range
(wavelength 3-60 cm, frequency 109-1010 Hz),
which makes it possible to measure the tempera-
ture at the depth up to several centimeters from the
skin surface [75].

Any physical body with a temperature above
absolute zero (-273 °K) is known to be a source of
EMR in a wide range of frequencies, and in the
radio range the intensity of radiation is directly pro-
portional to the temperature of a biological object.
In the medical literature [76], the terms «radio-
brightness» and «internal» temperature of biologi-
cal tissues, which corresponds to the true thermo-
dynamic temperature, are the most common.

The obtained temperature values are esti-
mates taking into account the dielectric tissue
properties, the depth of EMR tissue attenuation,
and other parameters. The penetration depth of ra-
diation in biological objects depends on its fre-
quency. In particular, the depth of internal tissue
temperature measurement in the centimeter range
of about 3 GHz is about 5-7 centimeters from the
surface [77]. At the same time, measurements are
made by placing an antenna of a specific area on
the skin surface.

The measurement of the power of deep tissue
EMR allows obtaining the average temperature val-
ues in a sufficiently large volume, depending on the
diameter of antenna and spreading of radiation.

Thus, the contact antenna of about 30 mm in
diameter can register deep tissue EMR in the volume
up to 1500-1800 mm?, and the estimated tempera-
ture values in this case will correspond to the average
temperature in the whole volume for a predeter-
mined period of time required for measurement.

The recorded radio-brightness (internal) tem-
perature values are affected by the initial skin tem-
perature and the ambient temperature. In this re-
gard, modern devices for non-invasive registration
of internal temperatures usually contain a dual-
band antenna that can register EMR in the infrared
(skin temperature) and microwave (internal tem-
perature) ranges.

Computerized measuring devices (microwave
radiothermometers), such as RTM-01-RES (Russia),
provide an automated calculation of radio-bright-
ness temperature based on the numerical solution
of the Maxwell equation.

The measurement procedure itself is quite
simple. The antenna is installed by pressing it firmly
against the skin surface in the target tissue or organ
projection. Within 3-5 seconds the measurement is
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HOCTH KOPBI OOJIBIITNX OJTYIIIAPUH, TIOHIKAS ee
TeMmieparypy [69]. [Ipu oxaakIeHUnY IOBEPXHOCTU
CKaJIbIla KPOBOTOK B KOYKE COXpaHAETCs, HO IIOHU-
skaetcsi 10 35% ot ucxongHoro [70], popMupys IyTh
KOHBEKIIMOHHOTO OXJIAKJAEHUS KOPBI OOJIBIINX
MOJIyIIApUH.

Citenyer TakyKe yYUTHIBATh, YTO OXJIAsKICHUE
KpaHUAJIBHON 00JIaCTH TOJIOBBI CIIOCOOHO cop-
MHPOBaTh 3HAYUTEJbHYIO Pa3HOCTh TeMIleparyp
MEeXK1y KOsKell 1 IOBEepXHOCTBhIO MO3Ta, KOTopasi
cocTaBUT OK0J10 25°C. HecMOTps Ha HU3KYIO Tell-
JIOIPOBOAHOCTh MSATKUX TKaHeld U IIJIOCKUX
KOCTell Yeperla, co3/laBaeMblil TeMIlepaTypHBIN
rpagueHT crocobeH 06eCeYnTh 3HAYNTETHbHBIN
ITOTOK TETJIOTHI OT KOPBI OOJBIINX MOJYIIapyui
Hapy Ky IIyTeM KOHAYKIIWH.

[Ipu anaIMTAYECKOM pellleHun 3aJadi Irepe-
Jlau¥ TEeIJIOTHI IIPU 11eJIeBOU TUIIOTEPMUU I'OJIOB-
HOTO MO3ra, UHAYIUPYEMOU OXJIaKIeHUeM Kpa-
HHOIepedpaJbHOMN 00J1aCTH OBIJIO TOKa3aHO, YTO
3HA4YEeHUsI HAPY>KHOU TeMIIepaTyphbl KOKHU FOJI0BbI
IIpHA ee OXJIAKIEHUHU CYILIEeCTBEHHO BJIMAIOT Ha
pacripefiejieHle TeMIIEPATYPhl B TIOBEPXHOCTHOMU
30He KOpPHI TOJIOBHOTO MO3Ta, obecrieunBasi ee
noHuskenue. [losydyeHHble pacyeTHbIe JaHHbBbIE
OBLTN TTOTBEPSKIEHBI IKCIIEPIMEHTaMH Ha KPbI-
cax [71]. IlokasaHO, 4TO OXJIaXKJIeHHEe KOYKH r0JIO-
BBI He TaK CUJIBHO BJIMsAET Ha TeMIlepaTypy OCHO-
BaHMUA MO3ra, KaK Ha II0BEPXHOCTHYIO 30HY.

Xapakrep pacupefeseHusl TeMIleparypbl B
rOJIOBHOM MO3re 4eJIOBeKa UCCJIe0BaJIu C IIpU-
MeHeHrueM MPT, uTo mo3BOJINJIO HA OCHOBE [1aH-
HbIX IMP-cnekTpockonuu chopmupoBarb 3/1-
MOJIeJTh TENIJIOBOU KAPTUHBI B 00'beMe Moara. [Ipu
TAKOT0 pojia MOX0aX OBIJIO BBISIBJIEHO, YTO IPU
MIOHWKEHNU TeMIIepaTypbl KOXKU I'0JI0BbI (hOPMU-
pyeTcsi TUIIOTEPMUsT KOPBI TOJIOBHOTO M0O3ra 6e3
3HAYMMBbIX U3MeHEeHUH TeMIlepaTypbl IOIKOPKO-
BBIX CTPYKTYp [70].

Teoperndeckux  paboT, TOCBSIIEHHBIX
IIOCTPOEHUIO TEIJIOBOU MOJIeJIM TOJIOBHOTO MO3Ta
BBIOJIHEHO JOCTAaTOYHO MHOT0. B yacTHOCTH, [72]
IIpA MOJEJHPOBAHUU IIpoLiecca OXJIaKIeHUs
MO3Ta U pacnpeiesieHusi TepMOIUHAMUYECKON
TeMIlepaTyphl C IIOMOIIbIO pelIeHUsl YpaBHEHUA
TEMJIONPOBOHOCTH [IJISI SKUBBIX CHCTEM OBILIO
II0OKa3aHO, 4YTO MOJeJMpOBaHue 4-X 4acoBOr0
OXJIKIEHUsI KOKU TOJIOBBI IIpU TeMIleparype
0-10°C cnocoOHO TOHUBUTH TEMIIEPATYPY TOBEPX-
HOCTHBIX 00J1acTell roJIOBHOro Mo3ra J0 33,2°C Ha
ryouHy 1o 25 MM. B pacderax y4MTHIBaJIN 0CO-
OEHHOCTH XOJIOJOBOTO BO3JIEHCTBUS HA KOXKY
rOJIOBBI U TEIJIOBBIE CBOMCTBA TKaHEU, COCTaB-
JIAIOIUX NYTh TEIJIONPOBeJeHns (MArKYe TKaH!
IIOBEPXHOCTH TOJIOBHI, IIJIOCKME KOCTH 4epena,
000JI0YKYM MO3Ta). ITU pacyeTHbIE TaHHbIE OYEHb
TOYHO COBHIAAIOT C MOJIEJIHIO TETIIOBOTO DaJranca
rOJIOBHOTO MO3Ta IpPHW KpaHuolepedpasbHOI
TUIIOTEPMUY, IPUBEIEHHBIE B IPyroi padore [74].

performed and the data are received in °C, averaged
with due regard to the measurement duration.

Itis essential to change the position of the an-
tenna sequentially, making measurements in spec-
ified areas, getting a pattern of distribution of the
organ's internal temperature in the volume of the
measurement depth resolution.

The technique [78] of measuring the brain
temperature has been developed, with the antenna
successively moving along the surface of the scalp
and being installed in the standard symmetric pro-
jection areas of the left and right hemispheres. This
helps assess the pattern of temperature field distri-
bution in the hemispheric cortex over the entire
surface of the brain. The depth of deep tissue EMR
localization averages 5-7 cm from the skin surface,
so the technique only allows estimating the tem-
perature of the cortical surface of hemispheres.

Despite the sufficient body of publications
confirming the correct use of microwave radiother-
mometry for estimating brain temperature [85], it
is appropriate to refer to the study [7], which vali-
dated the measurement technique in experiments
on animals (rabbits) and in clinical trials.

Induction temperature sensors were im-
planted into the brains of experimental animals
and the registered parameters were compared with
the results of microwave radiothermometry.

In the clinical section of the study, the brain
temperature values recorded with the temperature
sensors (Pressio® Sophysa) implanted into the
brain parenchyma of neurosurgical patients to a
depth of 6-7 cm were compared with the data ob-
tained in microwave radiothermometry.

Based on the comparison of brain temperature
values recorded by different methods (number of
measurements: rabbits n=100, patients n=200), a
satisfactory data agreement was obtained: in ani-
mals +0.23°C, in neurosurgical patients +0.52°C [8].

Discrepancies in the temperature measure-
ment of the implanted temperature sensor are
quite objective, since the brain tissue volume in
contact with the active part of the sensor does not
exceed 10-20 mm?3, whereas microwave radiother-
mometry covers the tissue volume up to 1800 mm?
and records the values of the average temperature
in the whole volume. At the same time, the repre-
sentativity of the results is confirmed by repeated
measurements done at different times and by dif-
ferent researchers. In microwave radiothermome-
try, a good agreement of results was found in re-
peated measurements.

A study of the hemispheric cortical tempera-
ture in healthy individuals (#=120) using mi-
crowave radiothermometry [7] showed that by the
4™ hour of cooling, the use of CCH to stabilize the
scalp temperature at about 8-10°C provided a reli-
able reduction in the average temperature of the
left hemisphere from 36.74+0.37°C to 32.9+0.26°C,
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Takum 0Opas3oMm, pe3ysbTaThl IKCIIEPUMEH-
TaJIbHBIX MCCJIEJ0BAHNN, MOJIeJINPOBaHue Ha OCHO-
Be AAMP-cnekTpockonuu u pacuer pacupeneieHust
TepMOIMHAMUUYECKOU  TeMIlepaTypbl BHYTpPU
TrOJIOBHOI'O MO3ra IeMOHCTPUPYIOT BO3MOKHOCTH
MTOHM>KEHUS TEMITEPATyPhI KOPBI OOJIBIITNX TOJTY-
IIapuii TPU KpaHHoIlepeOpaTbHOM OXJIasKIEeHUH.
OpHako, sKCIIepuMeHTaNIbHbIE U paCYeTHbIC MOZe-
JI He YYUTBIBAIOT BCE BO3MOJKHbBIE IIyTU OTBeJe-
HUA TENJIOTHI U MOTYT He B IIOJIHOM Mepe OTPasKaTh
peasibHy10 KapTuny BiausHuA KT Ha TenioBoil
romMeocTas roJIOBHOIO MO3ra. [lJis1 perieHus sTon
3alayd MOSKET OBITh HCIIOJIb30BaHA METOAMKa
HeuBasuBHOU CBY-pasmoTepMoOMeTpUN.

Cy1lecTBO METOIMKU COCTOUT B M3MEPEHUU
MOIITHOCTA COOCTBEHHOTO 3JIEKTPOMAarHUTHOTO
nasyuenuss (OMU) mIyOOKMX TKaHEH 4YesIOBeKa,
3aperucTpupoOBAHHOIO B MUKPOBOJIHOBOM JUAIa30-
He (A=3-60 cM, yacToTa 109-1010 I'r), yTO ITO3BOJIAET
OTIpeIeSTUTh TEMITEPATYPY Ha IITyOWHE HECKOTbKUX
CaHTUMETPOB OT IIOBEPXHOCTU KOKU [75].

M3BecTHO, uTO JII000E (pr3HIECKOoe TeJI0 C TEM-
meparypoil BbIe abcosotHoro HynsA (-273 °K),
ABJIAETCA UCTOYHUKOM DMV B IIMPOKOM AuarnasoHe
4acToT, IpUYeM B pagyonrana3oHe MHTEHCUBHOCTD
H3JIy4eHNs IPAMO IPOIIOPLMOHAIbHA TeMIleparype
OmoJTOrYeCKOT0 0O'BEKTa. B MeTUITMHCKOM TTepa-
Type [76] HarboJIbIIIEE PACITPOCTPAHEHIE TIOTYIHITN
TEPMUHBI «PaIAOSPKOCTHASI» U «BHYTPEHHS» TEMITe-
parypa 6MoI0TYeCKYX TKAaHEeH, KOTOPasi COBIAJAeT C
HMCTUHHON TEpMOIHAMUYECKOU TeMIIepaTypoil.

[losyuyaemble  3Ha4YeHUs  TemIlleparypbl
ABJIAIOTCA PACYETHBIMU U YYUTBIBAIOT JUAJIEKTPHU-
YyecKye TapaMeTpbl TKaHeH, NTyOMHY 3aTyXaHUs B
Hnx OMU u ap. mapameTpsl. [myOHA MPOHUKHO-
BEHUSI M3JIy4eHUsI B OMOJOTHMYECKUX 00BEKTax
3aBUCHUT OT €T0 YacTOThlL. B wacTHOCTH, TITyOMHA
“3MepeHusl TeMIlepaTypbl BHyTPEHHUX TKaHel B
CaHTHUMETPOBOM nuana3oHe okoJio 3 I'Tit nocrura-
eT 5-7 CaHTUMEeTPOB OT ItoBepxHocTHu [77]. IIpu
9TOM, U3MEpEHUs IIPOBOJAT, padMelllasd aHTeHHY
oIlpenieJIeHHOU IJIOIIAAM Ha IOBEPXHOCTH KOYKU.

Heo0xoauMo mMeTh BBUY, YTO U3MEPEHUS
MOIITHOCTH coOcTBeHHOTO MU riTy0OKMX TKAaHEH
obecriednBalOT MOJy4YeHUe 3HAYEHWH CpegHel
TeMIIepaTyphl B JIOCTATOYHO OOJIBIIIOM OOBEME,
YTO 3aBUCUT OT TUMeTpPa aHTEHHBI U 0OCOOEHHO-
cTell pacpocTpaHeHUs U3/IyYeHusI.

B yacTHOCTH, KOHTaKTHas aHTEHHA AuaMeT-
poM 0KoJ10 30 MM IIO3BOJIAET PErUCTPUPOBATH
OMU rnyboKuX TKaHEH B 00bEME, TOCTUTAOIIIEM
1500-1800 mM?, a pacueTHBIE 3HAYEHUS TEMITepa-
Typhl B 3TOM cJjy4ae OyIyT COOTBETCTBOBATH
yCpeIHeHHOH TeMIlepaType Bo BceM 00'beMe, TIpu-
4yeM 3a ompefiesIeHHbBIH ITeproj] BpeMeH!, Heo0Xo-
JUMBIY JJ151 U3MEPEeHUs.

Ha 3aperuncrpupoBaHHble 3HAaYECHUSA Paluo-
SIPKOCTHOH (BHYTpeHHEN) TeMIlepaTyphl BJaUsSET

nucxogHad TeMmilieparypa KOKH, TeMIlepaTrypa

and of the right hemisphere from 36.64+0.32°C to
32.95+0.26°C. At the same time, the axial tempera-
ture did not change. Notably, these results coincide
quite accurately with the estimates obtained in the
previous paper [72].

The same authors have shown that in patients
in the first day of ischemic stroke (n=121) the aver-
age temperature of the left hemisphere was
37.11+0.1°C, and the average temperature of the
right hemisphere was 37.14+0.1°C. After a 16-hour
session of CCH, the temperature of the left hemi-
sphere decreased to 32.64+0.54°C, the temperature
of the right hemisphere decreased to 33.01+0.45°C,
and after 24 hours of cooling the temperature of the
left hemisphere reached 31.05+0.4°C, and the tem-
perature of the right hemisphere reached
30.41+0.2°C. Basal temperature remained within
the range of 36-35.5°C, and such a mild general hy-
pothermia was not accompanied by muscular
tremor and did not require additional pharmaco-
logical correction.

The fact of the decrease in the cortical hemi-
spheric temperature caused by CCH without signifi-
cant changes in basal temperature was also con-
firmed in another study, which included non-invasive
microwave brain radiothermometry in healthy indi-
viduals and patients with ischemic stroke [9].

In addition, in neurosurgical patients (n=3)
with severe traumatic brain injury after decompres-
sive trepanation and restoration of bone defect, the
brain temperature was measured with temperature
sensors implanted into the brain parenchyma at a
depth of 6-7 cm (Pressio®, Sophysa) [7]. Craniocere-
bral hypothermia was found to cause a rapid de-
crease in brain temperature by 3-5°C.

These data demonstrate that CCH can effec-
tively reduce the brain surface temperature and,
with sufficient duration, help to achieve the tem-
perature values initiating the hypothermic PC.

Using microwave radiothermometry, the areas
of elevated temperature up to 38-41°C were de-
tected in the first and second days of the focal cere-
bral ischemia, regardless of the localization of the
lesion site. These areas coincided with the primary
focus projections in 85% of cases. The average tem-
perature of the hemispheric cortex was 0.5-0.7°C
higher than in healthy individuals. This means that
in acute ischemia almost all patients developed
cerebral hypothermia. In 32% of cases, it was latent,
without raising the basal temperature. Craniocere-
bral hypothermia reduced the average temperature
of the brain cortex, including in hyperthermic foci,
and normalized the body temperature in patients
with fever, emphasizing the cerebroprotective ca-
pabilities of CCH [80].

The increase in neuronal temperature during
the acute period of brain damage is caused by the
development of almost all stages of the ischemic
cascade in the area of penumbra [81]. Thus, the glu-
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BHeIIIHEN cpedbl. B aTOM CBsI3U COBpeMeHHbIE
yCTpOUMCTBa i1 HEMHBA3UBHOU perucrpanuu
BHYTPEHHHX TEMIIEPATYP OOBIYHO COIEPIKAT ABYX-
JIUANla30HHYIO aHTEHHY, II03BOJIAIOIIYIO peru-
crpupoBarb OMHU B UK (Temneparypa Koxu) u
CBY (BHYTpEeHHME TeMIIepaTyphbl) AUalla3OHax.

B KOMIIBIOTEpU3MPOBAHHBIX YCTPOUCTBAX
n3Mmepenus (CBYU-paguorepMoMeTpbl), HATPUMED
PTM-01-P3C (P®), npesycMOTpEH aBTOMaTU3upO-
BaHHBIU pacueT paguosipKOCTHON TeMIlepaTyphl,
OCHOBAHHBIN HA YNCJIEHHOM pellleHN ypaBHEHU s
MaxkcBeJia.

Cama 1o cebe mporierypa UsMepeHus 10CTa-
TOYHO IIPOCTA. YCTAaHABJIUBAIOT aHTEHHY, IIJIOTHO
MIPUKUAMasi ee K TOBEPXHOCTU KOYKU B IPOEKIUN
TKaHH UJIM OpTaHa, TeEMIIePaTypy KOTOPHIX TPeby-
eTcs1 U3MepuTh. B TeueHne 3-5 cek MpOBOJAT U3Me-
peHue U IoIy4aloT faHHble B °C, yCcpegHeHHbIe C
Y4eTOM OIpefiesIeHHOM AJINTETbHOCTA U3MEPEHUSI.

Becbma cCyliecTBeHHO, 4YTO IIOJIOKEHUE
AHTEHHBI MOKHO MOCJ€eI0BaTeIbHO MEHATH, IIPO-
BOIIsI M3MepeHUs] B OIpeHesIeHHBIX 00JaCTsX,
noJsiyyass KapTUHY paclpeiesieHusi BHyTpeHHeN
TeMIlepaTyphl opraHa B 00'beMe pa3pernraiiei
TTyOMHBI U3MEPEHUSI.

PaspaboTana MeTomuka [78] UsMepeHUs TeM-
Ieparypbl FOJIOBHOTO MO3Tra, IPU KOTOPOI aHTEHHY
MOCJIEA0BATebHO TTepeMeIaioT M0 MTOBEPXHOCTHU
BOJIOCHCTOI YaCTU TOJIOBBI U YCTAHABJIMBAIOT B
CTaHTAPTHBIX CHMMETPHUYHBIX 00/TaCTIX TPOEKITUIA
JIEBOT0 U IIPABOTO MOJIYIIIAPUH, YTO IIO3BOJISIET OL1e-
HUATH OCOOEHHOCTH pacIipe/ie/IeHHsI TeMIeparyp-
HBIX IT0JIEH KOPBI DOJIBINNX MOJIyIIIapUid TI0 BCeH
MMOBEPXHOCTU TOJIOBHOTO MO3Ta. YUMTHIBAsi, YTO
rIyomHa Jokanuy MU rryOoKHMX TKaHel COCTaB-
JsieT B CpeJlHeM 5-7 CM OT IOBEPXHOCTU KOKH,
METOAMKA II03BOJIAEeT OLIEHUTD TOJIBKO TeMIlepary-
PY ITOBEPXHOCTH KOPHI OOJTBIITNX ITOJTyIIIapUH.

HecMmoTpsi Ha 10CTaTOYHBIA 00'bEM ITyOJINKA-
WY, TOATBEPKIAIOIUN KOPPEKTHOE UCIIOIb30-
Banue CBY-pagrorepMoMeTpun AJIS1 OIleHKHU TeM-
rneparypsl TOJIOBHOrO Mo3ra [85], yMeCTHO
COCJIaThCS HA UCCJIeIOBaHME [7], B KOTOPOM ObILIa
MMpOBeJleHa BAMUIalsd METOOUKN U3MePEeHUs B
3KCIIEpUMEHTAX HA YKUBOTHBIX (KPOJIMKU) U IPU
KJIMHUYECKUX UCCJIeJOBAHUSX.

B MO03r akcnepuMeHTaJbHBIX KHUBOTHBIX
MMIIAaHTUPOBAIN UHIYKIIMOHHbIE TEPMOJATYNKHA
¥ CPAaBHUBAJIU 3aPETUCTPUPOBAHHBIE ITIOKA3aTeJ !
¢ pesyssraramu CBY-pagnorepMoMeTpyn.

B k/JInHM4YECKOM pasjese HCCIeOBAHUSA
NIPOBOJUJ/IN CPAaBHEHHNE 3HAYEHUN TeMIlepaTyphl
MO03ra, 3apEruCTPUPOBAHHBIX C UCIIOJIb30BAHNEM
TepMmonaTyukoB (Pressio®,Sophysa), umnantupo-
BaHHBIX B TApPEHXUMY M03Ta Ha IyOuHY 10 6-7 cM
y HelpoXyupypruueckux MalueHToB, ¢ JAHHBIMY,
nosay4yeHHbIMU 1pu CBY-paguorepmomerpun.

Ha ocHOBaHHMH COIIOCTaBJIEHUS 3HAUYEHHH
TeMIlepaTypbl MO3Ta, 3aperuCTPUPOBAHHBIX pa3-

tamate «hit» and the resulting neuronal excitation
is inevitably accompanied by an increase in
metabolism, i. e. a focal temperature increase. Cel-
lular respiration disorders with the activation of
free radical processes lead to an increase in non-
enzymatic oxidation, i. e. to the activation of inef-
fective metabolism, resulting in an increase in tem-
perature [82]. Inflammation leads to a metabolic
«fire» and a temperature increase. At the same time,
hyperthermia has an independent damaging effect
on neurons, causing their additional excitation, in-
creasing excitotoxicity reactions, activating proin-
flammatory processes and completing patho-
genetic vicious circles [83].

Obviously, more research is needed to obtain
a complete picture of the effects of CCH on the
thermal processes in the brain. At the same time,
the presented data and obtained positive clinical
effects of the technique in patients with acute cere-
bral accidents suggest its preference over general
cooling.

Firstly, in brain damage, edema develops, in-
tracranial pressure increases, and cerebral perfu-
sion decreases. As a result, the central delivery of
chilled blood to penumbra (which is the only way
of brain hypothermia in general cooling) is difficult.
In the case of CCH, heat removal is accomplished
both by convection and conduction (two heat re-
moval paths), which seems to be preferable.

Secondly, in contrast to general hypothermia,
CCH offers very «mild» lowering of basal tempera-
ture, can be done to patients with different levels of
consciousness, does not require additional seda-
tion and muscular tremor control, reduces the
pharmacological burden on the patient. The typical
complications and side-effects of general hy-
pothermia capable of neutralizing the positive ef-
fects of cooling do not develop in CCH.

Third, basic therapy involves the use of nu-
merous drugs with various types of action, which
can interfere with the endogenous mechanisms of
PC. Ketamine, barbiturates, propofol, beta-block-
ers, calcium channel blockers inhibit the PC effects.
Antioxidant and anti-inflammatory drugs, hypo-
glycemic drugs and hyperglycemia have the same
effect [84-88].

Obviously, the above-mentioned list of factors
hampering the positive effects of hypothermia is
incomplete. Nevertheless, it is reasonable to as-
sume that the lack of evidence for the effectiveness
of general hypothermia in stroke and traumatic
brain injury is largely related to them. Hypotheti-
cally, a certain «conflict» between general and cere-
bral hypothermia can be suggested to develop in
focal brain lesions due to an unreasonable decrease
in the temperature of internal organs.

This suggests that the induction of selective
cerebral hypothermia of sufficient depth along with

the general very «mild» hypothermia or normal
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HBIMU METOIAaMU (YHUCJI0 U3MEPEHUN: KPOJUKU
n=100, maruedTsI 1=200), OBIJIO TOJTYUYEHO YI0B-
JIETBOPUTEJIbHOE COBIIaJCHUE JAHHBIX: Y 3KUBOT-
HbIX — +0,23°C, y HeipOXUPYPrU4eCKUX MalueH-
ToB — +0,52°C [8].

Hasimame pacxosk/ieHUN UMeET BITOJTHE 00b-
€KTHBHbIC OCHOBAHHUS, 3aKJ/II0YAIOIIEC B TOM,
4TO IIPY U3MEPEHUU TeMIlepaTypbl UMILJIAHTUPO-
BaHHBIM TEPMOJATYNKOM OOBEM TKAaHHW MO3ra,
KOHTAaKTUPYIOIINY C aKTUBHOM 4aCThIO 1aTYNKA,
He npesbIaet 10-20 mm3, Torma kak CBY-panno-
TEPMOMETPUsI OXBaThIBaeT 00'beM TKaHH 10 1800 mm3
U (pUKCHpyeT 3HAYEHUsI yCpeJTHEHHOU TeMIlepary-
PBI BO BceM o0beme. B Toske Bpemsi, perpe3eHTa-
TUBHOCTb Pe3y/IbTaToB I10JUePKUBAETCS IIPOBeIe-
HHEM MHOTOKpAaTHBIX U3MEPEeHU B pa3HOe BpeMs
U pasHbIMU ucciaegoBareasamu. [Ipu CBY-panmo-
TepMOMETPHY OBLJIO 0OHAPYKEHO XOPOIllee COB-
najeHye Mpy II0BTOPHBIX U3MEPEHUSIX.

HcciienoBanme TemiepaTypbl KOpPbI O0JIb-
KX [TOJTYIIAPUN Y 3T0POBBIX JiuIL (n=120) ¢ npu-
MmeHeHneMm CBY-paguorepmomMeTpum [7] mokasa-
jgo, uro mnpumeHeHue KIII, mo3BoJswOIen
CTabMIM3UPOBATh TEMIIEPATYPY KOKHU TOJIOBHI Ha
ypoBHe okoJ10 8-10°C, o6ecreynBasIo K 4-My yacy
OXJIKIeHUsI IOCTOBEPHOe MOHYKeHNE CpelHeN
TeMmIlepaTryphl JIEBOI'O IToJIylIapus or 36,74+0,37°C
1o 32,9+0,26°C, a mpaBoro — ot 36,64+0,32°C o
32,95+0,26°C. AkcraJibHas1 TemMIiteparypa lpy 3TOM
He u3MeHunacb. OTMETUM BeCbMa TOYHOE COBIIa-
JleHUEe 9TUX Pe3yJIETaTOB C PACYETHBIMH, II0JIyYeH-
HBIMU B IIpUBEIEHHON paHee pabote [72].

TeMu sKe aBTOpaMu [I0Ka3aHo, 4TO y ITalleH-
TOB B IIepBble CYTKHA Pa3BUTHUA UIIEMHAYECKOIO
UHCyJIbTa (n=121) cpegHsaA TemMieparypa JieBoro

noJjyurapusi cocrasuia 37,11+0,1°C, a npasoro
37,14+0,1°C. ITocse npoBeneHus 16-TH 4aCOBOTO
ceanca KII' Temmeparypa JieBOro IOJIyLIapus
noHuawjgachk no 32,64+0,54°C, mpaBoro — mo
33,01+0,45°C, a mocJjie 24-X 4acOB OXJIAKIeHUsI
TeMIeparypa JieBOro IOJyliapus AOCTULJIA
31,05+0,4°C, npaBoro — 30,41+0,2°C. basaspHas
TeMIleparypa ocTasaJjiach B IpepeJsax 36-35,5°C, a
TaKOTO pofla MsATKasg oO0Imass TUIOTEPMUS He
COITPOBOYK/IAJIaCh Pa3BUTUEM MBIIIIEYHOU JPOKU
1 He TpeboBaJIa IOMOJTHUTETLHOH (papMaKoJIOTH-
YEeCKOU KOPPEKITNH.

@DaKT CHU)KEHUsI TeMITepaTypbl KOPhI 60JIb-
IUX noJymiapuii nof BiausiareM K1 6e3 3aHa4m-
TeJTbHBIX U3MEHEHWH 0a3aJbHOU TeMmIepaTyphl
IIOATBEPSKAEH U B IPYTOM MCCJIEOBAHNY, KOTOpPOE
TaK)Ke IIPOBONWJIM HenHBa3duBHyI0 CBY-panuno-
TEepPMOMETPHIO F'0JIOBHOI'O MO3Ta y 30POBbIX JIUI]
U MMAIEeHTOB C UIIIEMUYECKUM UHCYJIBTOM [9].

Kpome Toro, Y HEpOoXupypruuecKux namu-
eHToB (n=3) c Tsskenonn YMT mocse mpoBeieHus
JIEKOMIIPECCUOHHOM TpelnaHaluy yeperna u Boc-
CTaHOBJIEHMSI KOCTHOTO JieheKTa U3MEPSIIU TEM-
reparypy MO3ra MMILJIAaHTUPOBAHHBIMU B ITapeH-

temperature may be preferable and safe both in the
management of the acute period of brain damage
and in the rehabilitation period, as well as in the
prevention of neurodegenerative diseases.

Conclusion

The neuroprotective mechanisms of selective
cerebral therapeutic hypothermia can be consid-
ered from the standpoint of metabolic depression
and a series of reactions caused by genomic repro-
gramming of neurons. This will help outline the
main promising trends in the use of this technique
for achieving the hypothermic PC.

By increasing the brain tolerance in the acute
period of disease, the CCH allows to reduce the
temperature to a level creating the long-term neu-
ronal resistance to pathogenic factors. This, in
turn, supports not only urgent but also preventive
use of the CCH, e. g. in scheduled revascularization
interventions. It is reasonable to assume a positive
impact of hypothermic effects on the brain in re-
habilitation in order to increase the brain neurore-
generative potential and plasticity, and to limit the
neurodegeneration.

The general hypothermia can neutralize the
positive effects of the selective cerebral hypother-
mia, while the CCH is devoid of the negative con-
sequences of lowering the body temperature. This
is why their combination seems unreasonable.

Craniocerebral hypothermia helps control the
cerebral hyperthermia and fever, while maintaining
the normal temperature. The brain thermal bal-
ance disorders can be corrected using this tech-
nique which can be considered promising for man-
agement of fever-associated disorders.

XMMY FOJIOBHOTO MO3Ta Ha IyOWHY 6—7 CM TEpMO-
narurnkamu (Pressio® Sophysa) [7]. OkasaJjiocs, 4To
KIII BbI3BIBAET OBICTPOE TOHMIKEHNE TEMIIEPATY-
prI Mo3ara Ha 3-5°C.

OTH JaHHbIe JeMOHCTPUPYIOT HE TOJIBKO BO3-
MOYKHOCTb IIOHM)KEHMsI TeMIleparypbl IIOBepX-
HOCTHBIX OTJeJIOB I'OJIOBHOI'O MO3Ta IIPU OXJIaK-
JIeHNY KpaHuolepedpasbHON 00J1aCTH TOJIOBHI,
HO u TO, yTo KIII' mocTaTOuYHON AJIUTESBHOCTU
[I03BOJIsSIeT JOCTUYb 3HAYEHUN TeMIIeparypsl,
COOTBETCTBYIOIINX YPOBHIO MHUIIMAUU (POPMU-
poBaHus runorepmudeckoro I1K.

BaskHo otmeTuTh, yTO TpU CBY-panuorepmo-
METpUHU y IIalMEHTOB B IIEpPBbIE-BTOpPBIEC CYTKU
nebiora (poKaTbHOW HMIIEMUM TOJIOBHOTO MO3Ta
BHE 3aBMCHAMOCTH OT JIOKAJIN3alAY o4ara nopasxe-
HUSL BBISABJISJINCH 00JAaCTA TIOBBINIEHHOW [0
38-41°C remneparypsl, B 85% ciy4aeB COBIIanalo-
Iye C IPOEKIUAMY IIEPBUYHOIO O4ara. YCpeIHeH-
Hasi TeMIlepaTypa KOphI ITOJTyIIapuii OKa3bIBaIach
BhIlle Ha 0,5-0,7°C, yeM y 340pOBBIX Jiogei. To
€CTh, B OCTPOM II€pUOJie UIIEMUU IIPAKTUIECKU Y
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BCeX TAIMEHTOB pa3BUBajIach IepebpabHas
runiorepmuda. B 32% ciaydaeB oHa IpoTeKaJsia
CKPBITHO, 0€3 TTOBKITIIeHUs 0a3aJIbHOM TeMITepaTy-
pol. KII' mo3BoJis/a TOHU3UTH CPETHIOK0 TEMIIepa-
Typy KOPbI MO3r'a, B TOM YUCJIe B o4arax rureprep-
MHH, a y JHXOpagAIWX [alyueHTOB
HOpMaJIN30BaTh TeMIlepaTypy TeJa, 4TO IIOAYePKU-
BaeT 1epedponpoTeKTUBHEBIHN moTeHuast KIIT [80].

[ToBbIIIeHNE TeMIIepaTypbl HEUPOHOB B OCT-
poM Tiepuojie TMOPa’KeHUH TOJIOBHOTO MO3ra
00yCJIOBJIEHO Pa3BUTHEM IIPAKTUYECKH BCEX
II0CJIeI0BATEILHOCTE UIIIEMHUYECKOTO Kackaaa B
obutactr meHyMOpsI [81]. Tak, IyTaMaTHBIH «yIap»
U cjenyoliee 3a HUM BO30yKIeHWe HEHPOHOB
Hen30eKHO COMTPOBOKIAETCS POCTOM METab0 TN 3-
Ma, TO eCTb IIOBbIIIIEHNEM (POKATBHOU TeMIepary-
pyl. HapymeHnusa KaeTOYHOro ObIXaHus C aKTUBa-
nuen CBOOOTHO-PaTUKATbLHBIX MIPOIeCCOB
MPUBOJAT K HapacTaHU0 HedepMeHTATUBHOTO
OKUCJIEHUs, TO €CTh aKTUBAITUH HEA(P(HEKTUBHOTO
MeTab0J/IM3Ma, TIOBBIIIAsI TeMIiepaTypy [82]. Boc-
rajieHre IPUBOIIUT K «II03Kapy» 0OMeHa U poCTy
TeMIteparypsl. [Ipu aToM, TUTIEpTEPMUS 00J1aaeT
CaMOCTOSITeJIbHBIM TTOBPESKIAIOIINM JIEHCTBUEM
Ha HEWPOHBI, BbI3bIBAsI UX JIOTMIOJHUTETbHOE BO3-
Oy:kIeHre, yCUINBas peakIny 9KCAHTOTOKCUYHO-
CTH, aKTUBUPYA IIPOBOCIIAINATEIbHBIE IIPOLIECCHI A
3aMblKasi IOPOYHbIe KPYI'U naroresesa [83].

O4eBHUIHO, JJIs1 TOJyYEHUsI IOJTHOU KapTu-
Hbl BausaHUA KII' Ha TemnsjoBbIe MpOIECCHl B
FOJIOBHOM MO3Ire HeoOXOQUMbI JOIIOJTHUATEIbHbIE
HccJIefoBaHus. B Toske BpeMs, MpuBeAeHHbIe TaH-
Hbl€ U [0JIyYeHHbIE [IO3UTUBHBIC KINHUYECKHUE
3¢ peKThl TPUMEHEHNSI METOIVKHY y ITAIIUEHTOB B
OCTpOM Iepuojie epedpaabHbIX KaTacTPod CBU-
JIeTeJIbCTBYIOT O IPEAIIOYTUTEIbHOCTH ee IIpUMe-
HEHUS II0 CPAaBHEHUIO C OOIIUM OXJIasKIEHUEM.

Bo-miepBBIX, IPpHU MOPasKEHUSIX TOJJOBHOTO
MO3Tra pa3BUBAETCA OTeK, IoBbINIaeTcsa BU/I, cHu-
skaeTcs nepebdpasnbHas nepdysus. M3 aroro cie-
JIyeT, YTO LIeHTPaJIbHasI TOCTABKA OXJIasKIeHHOU
KpOBU K oOjacTh TeHyMOphI OKa3bIBAETCS
3aTpyJIHEHA, a 3TO eIMHCTBEHHBIH IIyTh TUIIOTEP-
MHYECKOT0 BO3AeMCTBUS Ha TOJIOBHOW MO3T NPHU
obtem oxstakneruu. [Tpu KIII' oTBeeHme U30bIT-
Ka TeIIOThI OCYIIECTBJIAETCS KaK KOHBEKIIMOHHO,
TaK 1 IIyTeM KOHIYKUWU (IBa IIyTH TEIJI00TBee-
HUS), YTO KASKETCA NIPeINIOYTUTEIbHEe.

Bo-BTOpPBIX, B OTVIMYKE OT OOIIEel TUIIOTEP-
mun, KIII' o6ecreunBaeT 04eHb «MATKOe» IIOHUKe-
Hre 6a3aTbHOH TEMIIEPATYPHI, MOKET ITPOBOIUTh-
Csl TalMeHTaM C pas3juYHOU XapaKTepPUCTUKOU
CO3HaHWsA, He TPeOyeT MOTOTHUTETHFHON Ceariui
Y KOHTPOJIS MBIIIIEUHOH IPOsKU, CHUKAeT hapma-
KOJIOTMYECKYIO HAarpy3Ky Ha nauuesTa. [Ipu KIIT
He pPAa3BUBAIOTCA TUOWYHBIE OCJOKHEHUS WU
1mo6o4HbIe 3(h(HEKThI, CBOUCTBEHHBIE OOIIEH TUII0-
TepPMUU U CIIOCOOHBIE HUBETNPOBATh TO3UTUBHbBIE
3 deKThI OXJIaKIEHUS.

B-Tperbux, 6a3oBasi Tepamnus Ioapasyme-
BAIOT ITIPUMEHeHe OOJIBIIIOTO YK CJIa PENapaToB
pas3JIMYHOrO TUTIA JEUCTBUS, KOTOPbIE BXOIAT B
«KOH(JIUKT» C 9HJIOTeHHbIMU MexaHn3mamu [TK.
Keramun, 6apbutypartsl, mpomnodoJi, bera-aape-
HOOJIOKATOPBI, DJIOKATOPHI KATbIIEBBIX KAaHAJIOB
o6mokupytoT pasdsutre agderros [TK. [IpemapaTst
C aHTHUOKCHUAAHTHBIM M IMPOTHBOBOCIAJNTEIb-
HBIM JIefICTBUEM, TUTIOVIMKEMUYECKHE TIperapa-
Thl W TUNEPIVIMKEMHUs 00JaJaloT TaKUM >Ke
adderrom [84-88].

OdeBUHO, TPUBEIEHHBIN TepeYeHb HaKTO-
pOB, 3aTpPyJHSIOMNX pPa3BUTHE ITO3UTUBHBIX
a¢pderToB runorepmMun HeroJs0oH. Tem He MeHee
MIPAaBOMOYHO TPEINOJ0KATh, YTO HeJOKa3aH-
HOCTB 3((DEKTUBHOCTH OOIIEH TUTIOTEPMUU TPU
nHCysnbrax 1 YMT B GOJIBIIION CTENeHH CBs3aHa
VMEHHO C HUMH. [ITTOTETHYECKH MOSKHO TIPE/IIIO-
JIO3KUTH Pa3BUTHE CBOEOOPA3HOT0 «KOH(MINKTa»
MesK Ty 00111elt 1 iepeGpabHOM TUTTOTEpMUEH TP
(poraTbHBIX MOpPAsKEHUSIX TOJIOBHOTO MO3Ta, pas-
BUBAIOIIETOCS B CBSI3W C HEOTPABJIaHHBIM ITOHU-
SKEHUEM TeMIlepaTyphbl BHYTPEHHUX OPTAHOB.

W3 3TOro mpearoJiosKeHUusI CJeayeT, 4TO
WHIYKIWS CeJIEKTUBHOM IlepedpaibHOM THIIoTEp-
MHM JIOCTAaTOYHOU WIyOWMHBI Ha (oHe obIIei
OYeHb «MSITKOM» TUTIOTEPMUHU WJIM HOPMOTEPMUM
MOJKET OKasaTbCsl OoJsiee TMPEeaINoYTUTETbHON U
Oe30macHO# B Tepanuy He TOJIBKO OCTPOTO ITePHO-
Jla TOpa’keHMH TOJIOBHOTO MO3Ta, HO U B peabuu-
TAIIOHHOM TIEPHOJIE, A TAKYKE B IIPEIYTIPEsKIeHIN
pas3BUTHS HeHpoereHepaTUBHBIX 3a00IEBAHU.

3akJrouenue

AHaJIN3 HEHPOIPOTEKTOPHBIX MEXaHU3MOB
CeJIeKTUBHOM IiepebpaibHON TepamneBTUYeCKOM
TUMIOTEPMUU C TO3UIUH MeTaboJTUYeCcKOi
IeTpeccuy U KOMILJIEKCA peaKIiil, BhI3BAHHBIX
TeHOMHBIM ITeperporpaMMUPOBaHUEM HEHPOHOB,
ITO3BOJISIET MTPEACTABUTH OCHOBHBIE ITEPCIEKTUB-
HbIe HalpaBJIeHUsI IPUMEHEHUS 9TOI METOTUKH B
acrekre runorepmMudeckoro ITK.

IToBbIIIas TOJIEPAHTHOCTH TOJIOBHOTO MO3Ta
B OCTPOM Ilepuoje pasBuTus marosoruu, KIIT
MMO3BOJISIET JOCTHUYb TAKOTO YPOBHS CHIKEHUS
TeMITepaTyphl, KOTOPHIN oOecrieunBaeT GopMUpO-
BaHMUeE J0JITOCPOYHON YCTOUUYUBOCTH HEHPOHOB K
IefICTBUIO ITAaTOTeHHBIX (DaKTOPOB. B cBOIO oue-
penb, 9TO CBUIETEIbCTBYET B TIOJb3Y HE TOJTBKO
CPOYHOTrO0, HO U ITpeBeHTUBHOTO mpuMeHeHust KI1T,
HarpyuMep, IpU IJIAHUPYEMbBIX PEeBACKyJIsIpU3a-
IIMOHHBIX BMeIIlaTe/ IbCTBaX. [[paBOMOYHO IIPEIo-
JlaraTh IMTO3UTUBHOE BJIMSIHIE TUIIOTEPMUYECKOTO
BO3JIENCTBUSI Ha TOJIOBHOU MO3T IIPU IPOBETEHUN
peadbuIUTAIMOHHBIX MEPOTIPUSITUH B I1€JISIX ITOBBI-
IIIeHUsI HeWpOopereHepaTuBHOrO MOTeHIMada U
CTeleHN HeHpPOIJIaCTUYHOCTHA MO3Ta, OTpaHuYe-
HUSI TIPOIIECCOB HeWpoereHepaIum.
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KIII' mo3BoJsisier nM306eskaTh IMOCIENCTBUHN
HETaTUBHOTO BJIVSHUS IOHWKEHUS TeMIlepaTy-
PBI TeJIa, TPUYEM CJIeAyeT YIYUTHIBATh, UTO pas-
BUTHE 00IIIel TUTIOTEPMUY CIIOCOOHO HUBEJIHPO-
BaTh 9(P(PEeKThl CeJEeKTUBHOU IepedpaibHOU
TUTIOTEPMUH, a UX COYETaHNE, [T0-BUIUMOMY, HE
1eJiecoobpasHo.
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