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TepaneBTHYecKkoi runorepmun (TT) Tpagummon-
HO paccMaTpUBAIOT C IO3ULIUH Pa3BUTHS MeTa00-
JIMYECKOU JIeNTpeCcCUy IPpY MTOHWKEHNH TeMIlepa-
TypBI TKaHEH, BJIEKYIIIeH 32 COO0I yMeHbIIIeHNE

O0630p NOCBAIIEH PACCMOTPEHUI0 HETPOIPOTEKTOPHBIX MEXaHU3MOB TepaleBTUYeCKO TUIIOTEPMUH C
TIO3UIUI META00INYECKOU IeTTPEeCCHUU U PeAKIINI TeHOMHOTO IIepenporpaMMUPOBaHNS HEHPOHOB, Pa3BU-
BAIOIIMXCSI IPY TIOHMYKEHUY TEMITEPATyPhI FOJIOBHOTO MO3Ta.

K o6bsicHeHUIO 3¢h(PeKTOB BIANUAHUSA HU3KUX TeMIlepaTyp IpUBJIedYeHa KOHIIeNINA FTUI0TepMUYeCKOro
NIPEKOH/INIIMOHMPOBAHYs], OCHOBAHHAs Ha PAa3BUTUY TUIIOBBIX HeCclelM(UIECKUX PeaKIuii, 00ecrevynBao-
mux GopMUPOBaAHUE IUTOIPOTEKTOPHOTO (heHOTHUIIa HEHPOHOB MIPU IEHCTBUY MOTEHIIUAIBHO OMACHBIX
pasapakuTeseil — UIIeMUH, penep@ysun 1 nepeoxyiakaeHus. [lokazana posb KpaHuolepeopasbHOU TH-
IIOTEPMHUH, KAK METOJUKH CEJIEKTUBHOIO TUIIOTEPMUYECKOT0 BO3/IENCTBYS HAa TOJIOBHOM MOST C I1eJ1bI0 HEl-
POIIPOTEKIINY 1 KOPPEKIIMK HAPYIIIEHUH TeMIIEpAaTypPHOTo HGasiaHca roJIOBHOTO MO3Ta.

IToxxop K TepaneBTUYECKOM THIIOTEPMUN KaK K THIIOTEPMUYECKOMY IIPEKOHJUIIMOHUPOBAHUIO II03BO-
JISIET CYIECTBEHHO PACIIMPUTH 00/1aCTH ee IPUMEHEHHUSI U UCII0/Ib30BATh B PA3J/INYHBIX METOIUYECKIX Ba-
pUaHTax.

Knrouesbwle cnoea: mepanesmuyeckas 2unomepmust; npeKoOHOULUOHUPOBAHUE; MeNnJ080l balanc; 20108-
HOUL MO32

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 Introduction

Hauwmnas c cepequubl XX BeKa MEXaHU3MBbI 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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OTpeOIeHN s KUCI0POo/a U cydcTpara, ImoBbIIe-
HHe YCTONYNBOCTU TKaHe! K UIIIeMUU U TUIIOKCUN
[1, 2]. TTo3nHEE OBLJIO TTOKA3AHO, YTO B YCIAOBUSX
TUIIOTEPMUM OIPAaHUYMBAECTCA CHUHTE3, BBICBO-
0osKIeHe Y B3aUMOIECTBUSI CUTHATBHBIX MOJIE-
KyJI, TOpPMO3SITCSI BOCIIAJIUTEJIbHBIN OTBET, CBO-
6omHO-paguKaJbHbIE TTPOIECCHI U aloMNTO3 [3].
[Tornykenne TeMnepaTypbl TOJIOBHOTO MO3Tra IIPHU-
BOJHUT K YTHETEHHUIO IPAKTUYECKU BCEX U3BECTHBIX
MEeXaHM3MOB 9KCAUTOTOKCUYHOCTH, a 3TO CIIOCO0-
HO 00€eCIeuynTh yMeHbIIIeHNEe 00'beMa BTOPUIHBIX
TOBPEXKIEHUN HEHPOHOB IIPU OCTPOH (POKaATHHOM
HWIIEeMHUH, BHYTPAUMO3TOBBIX KDOBOU3JIUAHUAX U
HelpoTpaBMme.

3Ha4YUTEeJbHBIN HEUPOTTPOTEKTUBHBIH ITOTEH-
rmast TT, ybequTesbHO JOKa3aHHBIN B 9KCIIEPUMEH-
Tax, MOOyIUJI K IIUPOKOMY ITPUMEHEHUIO Pa3JInd-
HBbIX METOAOB IIOHMIKEHUs TeMIleparypbl TeJa.
OpHako, B KPYIHBIX KIMHUYECKUX UCCIIeN0BAHUAX
He ObBLIO OOHApPY'KEHO IPENMYIIECTB 0OIIero
OXJIQYKIEHUS 110 CPAaBHEHUIO CO CTAaHJAPTHOM Tepa-
nveu y nanueHToB ¢ uHcysnsraMu 1 UYMT, a ociosk-
HeHHA U M0O00YHbIe 9 (PEKTHI Y HUX HAOTIONATA
ropa3no 4ame [4-6]. O4eBUIHO, NO3UTUBHBIE
acpderTn1 TT okasbIBaIOTCA cOATaHCUPOBAHBI HETa-
TUBHBIMU [TOCJIEICTBUSAMHU OOIIEN TUITOTEPMUH.

B aroii cBs3U 1esiecoo0pasHo paccCMOTPETh
METOJUKY CeJIEKTUBHOU I'UIIOTepMUU T'OJIOBHOTO
MO03ra B BapHaHTe KpaHHOoIlepedpabHON THUIIO-
tepmuu (KII'). [TokasdaHo, 4TO OXJIaKI€HIE BOJIO-
CHCTOH TOBEPXHOCTH KOYKH TOJIOBBI CIIOCOOHO
MTOHU3UTH TEMIIEPATYPY KOPHI OOJIBIITNX ITOJTyIIIa-
Py TP MaJIO3HAYMMOM TTOHMKEHUH 6a3aJIbHON
TeMmIlepaTypsbl [7]. Tem He MeHee, B KIIMHUYECKOU
IIPAKTUKE [IpeBaJUPYIOT METOAbl WHAYKIHUU
001IIETO OXJIAKIEHUS.

B psime omyOJMKOBAaHHBIX HCCIETOBAHUN
adpextuBHOCTH TpuMeHeHus KIII' B cocrase
CTaHJAPTHOH Tepaluy y Mal[ieHTOB C UIlleMuye-
CKUMHU I1epebpaIbHBIMU KaTacTpogaMHu IpeCTaB-
JIEHBI TaHHbIE, JeMOHCTPUPYIOIIYE CYIlIeCTBEHHOE
CHUKEHHUeE JICTAJIbHOCTH, Pa3BUTHE BBIPAsKEHHOI'O
1 CTOMKOTO perpecca HeBpoJOTu4ecKoro neduIu-
Ta, NOBBIIIEHNE (PYHKIIMOHAJIBHOIO pe3yJIBTrara
Tepanuy, 10 CPaBHEHUIO C IPyNIIaMU NAIEHTOB,
roropbiM KITI' He npoBonuiu [8-10]. IIponenypsl
KpaHUOIepeOpaTbHOTO OXJIAKJEHUS HE COIpO-
BOSKJTQJIMCH TOOOYHBIMU 3(p(PEKTAMU U OCTIO’KHE-
HUSIMHM, CBOVCTBEHHBIMH METOAWKAM OOIIero
OXJIKIECHUA. BasKHO OTMETUTD, YTO IIPUMEHEHHE
HenpepbIBHOH npouenypsl KU nynTebHOCTHIO
16-24 4aca, 103B0JIAA CHUSUTH TEMIIEPATypPy KOPHI
OoutbIHX osTyIapuii 1o 30-32°C, He TPUBOAMIIO K
MMOHMKEHNIO 0al3aJbHON TeMIlepaTypbl MeHee
35-35,5°C.

B 0CHOBE NO3UTUBHBIX KINHAYECKUX Pe3YJIb-
TaTOB MIPUMEHEHUS CeJIEKTUBHOU 1epedpaibHON
TUTIOTEPMUM JIeKaT U3BECTHBIE, META00TNYeCKHI
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-BupmMoOMYy, onlpefiesIeHHOe 3HAaYCHNE UMeeT U
¢axT Toro, uro npu KIII' He pa3BuBaeTcst 3HAUYU-
MoOe TTOHIKEHNE TeMIIEPATYPHI Tesa, TpedyroIee
KOHTPOJISI MBIIIIEUHOU APOKU U TOTIOTHUATETBHON
ceqanmu. Kpowme Toro, TapretHas niepedpanabHas
TUIIOTEPMUSI II03BOJIAET JOCTUYD [0JI0KUTEIBHO-
ro rpajgydeHTa TeMIlepaTypbl — TeMIleparypa
TOJIOBHOI'O MO3Ta HHYKE TeMIleparyphbl TeJia.

OnHako, 00bsicHeHUs 9(p(PEKTOB CeTeKTUB-
HOW TUITOTEPMUH TOJIOBHOTO MO3Ta HE MOTYT OBITh
OTPaHWYEHBI TOJIHKO META00TMIECKIM TTOTXOIOM.
[lokasaHO, YTO IpU JOCTHKEHUU TeMIlepaTyphl
28-32°C B HelipoHaX, HECMOTPSI Ha CHUIKEHHYIO
TeMIlepaTypy, UHUIIUUPYETCSI 9HEPIrUYHbIN CUHTE3
cTpecc-0eJIKOB HE CMOTPS Ha CHIPKEHHYIO TeMIIe-
parypy, IPOAYKIHs KOTOPHIX 00yCI0BJIEHA IKC-
npeccuerl reHOB paHHero pearupoBaHus [11].
TenoMHas1 mepecTporika obecreurBaia GOpMUPO-
BaHMe IUTOIIPOTEKTOPHOIO (DeHOTHIIAa HEHPOHOB,
TIOBBIIIAsT UX YCTOWYUBOCTD K JIEHCTBHUIO CBOOOT-
HBIX PAJUKAJIOB U 9KCAUTOTOKCUYECKOU CTUMYJISI-
nuu NMDA-penenrtopos [12].

OnpepesieHHas1 I0CA€J0BAaTEIBHOCTE (POP-
MHPOBAaHUSA COCTOSIHUSI HEeUpONPOTEKIUU IIPU
OXJIQKIEHUH, BRJIIOYAIOIIAsl KOMILJICKC PAaHHUX 1
OTCPOYEHHBIX peaKlUi 3alUThl, COOTBETCTBYET
nporneccaM, XapakTepHBbIM AJI UIIEeMHAYeCKOIO
npekoHaunuonupoBanusa (I1K). Mmemuueckoe
[IK — sABJIeHnE NOBBIICHUA TOJIEPAHTHOCTH KJle-
TOK Pa3JIMYHBIX OPraHOB K IIOBPEKIAIOIM BO3-
JleficTBHAM, pa3BUBAlOIIeecs II0cJIe IpebsBJie-
HU CEPUHU «TPEHUPYIOLINX» IIIN3040B UIIEMUU 1
penepdysuu [13]. B ocHoBe aroro (enHomeHa
TaK)Ke JiesKaT paHHss MeTaboJsimdyeckas Iepe-
CTpOIiKa U OTCpOYEHHas], TeHEeTUYEeCKU OII0Cpeio-
BaHHAsl YCTOWYUBOCTH KJIETOK K HWIIEeMUU U
penepdyauu [14-17]. B 3T0i1 CBSA3U 3aKPENUIOCH
noHATHe o runorepmudeckoM 1K [11, 18].

KpanwnornepebpanbHOe OXJTaKJ€HHE, TTO3BO-
JISISl TOHU3UTD TEMITEPATYPY KOPBI OOJIBIIIHX ITOJTY-
mmapui, okasbiBaeTcsi 3 PeKTUBHON METOTUKOMN
[ KYIIMPOBAHUSA JIUXOPAIKH, 4aCTO COIIPOBOYK-
Jlaio1el OCTPbIH ITepuof; TIOBPEsKAEHNsI TOJIOBHO-
ro moara [19]. CymiecTBeHHO, 4TO y 32% ITallieHTOB
c uHcyasTamMu 1 UMT pasBuBaeTca CKpBITO IIPOTe-
Karotas nepebpanbHas runeprepmus 6e3 BbIpa-
SKEHHOTO MogbeMa 0a3anbHON TeMnepaTypsI [20].
[loBbIleHME TeMIlepaTyphl Tejla 1 MO3ra Cyle-
CTBEHHO yXy[IIaeT TSKeCTh TeYEHUsI U UCXOObI
nepebpabHBIX TopaskeHui [21]. B aTux coay4asx
KT MoskeT crtoco0CTBOBaTh HOPMATU3AIIAH TET -
JIOBOTO HajtaHca roJIOBHOTO MO3Ta.

Paccmorpenne KIII' kak cpeacTBa KOppek-
Y 1epedbpaaTbHON TUIIEPTEPMUH U TUXOPATKY C
no3unuii runorepmudeckoro IIK moaBosser
CYIIIECTBEHHO PACIIMPUTH 00JIaCTH TPUMEHEHUS
KIII' B pa3/iuYHbIX METOAUYECKUX BapUaHTax He
TOJIBKO B OCTPOM IIepUO/ie pa3BUTHUSA ITOpAKeHU
TOJIOBHOTO 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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KRuaaccn4yeckoe nmemudeckoe IIK. [Tossiie-
HUe IOHATHSA «IIPEKOHIULIMOHUPOBaHue» (precon-
ditioning— NOArOTOBKA, aHIVI.) CBSI3aHO C OTKPHI-
THEM OJTHOU U3 MHTEPEeCHEUTTNX (POPM aJanTanuu
OpraHOB U TKaHeH K UIlleMUYecKu/ perepdy3noH-
HbIM Harpyakam. B ocHOBe pa3BUTHSA 3TOTr0 (DEHO-
MeHa JIe)KUT IPUMEeHEeHNe TPEeBEHTUBHBIX CyOTep-
MHUHAJbHBIX  TPEHUPYIOIIUX  BO3JeUCTBUN
aMMU30aMu UIIeMun/penepdysnn, obdecredn-
BaIOINX aKTUBAIUIO TUIIOBBIX HeclleluIecKux
9HJOICHHBIX IHUTOIIPOTEKTOPHBIX IIPOrPaMM,
aKTyaJIbHasA COCTOATEJBHOCTH KOTOPBIX Olpese-
JsieT (popMupoBaHHUE ITUTOIPOTEKTOPHOTO HUJIN
IUTOJEeCTPYKTUBHOTO (hEeHOTHUIIA.

BuepBbie penomen ITK ObLT ommcaH, Kak
3¢ (eKT NOBBILIEHUA TOJIEPAHTHOCTHU cepala K
WIIIEMUY, Pa3BUBAIOIIUICSA ITOCJIe IPeIbABJIEHUS
opraty cJIeQyoIIux Opyr 3a APyroMm 3—-5 KpaTKo-
BPEMEHHBIX 9IIM30[10B [IPEPhIBaHMU U BOCCTAHOB-
JIeHUsT KpoBooOpameHusi (OKOJI0 5 MUHYT HIIIe-
Muu 1 5-10 MmuHyT penepdysun). [locaenyroiiee
BOCIPOM3BeeHNEe TePMUHAIbHOMN TeCTOBOU UIlle-
MUH AJIUTEIbHOCTBIO 40 MUHYT IIPUBOIUIIO K hOpP-
MUPOBaHUIO NH(APKTAa MUOKapAa, 06 eM KOTOpO-
ro B 30HE PUCKA OBLJI 3HAYUTETHHO MEHBIIE TI0
CPaBHEHMIO C TAKOBBIM Y ;KUBOTHBIX KOHTPOJIbHON
IpyNIIbl, KOTOPbIE He MOJBEpPrajuch Iponenype
ITK — 7,3 1 29,4% cooTrBeTcTBEHHO [13].

B akcmepuMeHTax OBIIO OOHAPYSKEHO, YTO
0COOEHHOCTHIO KJIACCUYECKOT0 HWIIEMUYECKOTO
[IK aBasercsa pasBUTHE OPraHOIPOTEKTOPHOIO
adexTa cpasy nocsae npegbsaBIeHUs] TDEHUPO-
BOYHBIX 31IM30/I0B UIlleMUH/ periepysuu, Ajsie-
roCsI OKOJIO 2-X 9acOB, 3aTeM 0CJIabeBaroIIero, HO
nmajee BO30OHOBJISIIONIETOCSA Ha Iepuoj 12-24
yaca, ¢ GopMHPOBAaHUEM TaKUM 00pa3oM paHHETO
U IO3JHET0 «OKHa» TOJIEPAaHTHOCTH [22].

IIpu ogHOKpATHOM CyOTEpMUHATBHOM 9TIH-
307 UIIEeMUN Pa3BUBAIOTCA PEaKINY, XapaKTep-
Hble JJIs OOpaTUMBIX IOBPEKAEHUN KJIETKH,
BRJIIOYAIONIME pa3BUTHE aluj03a, CHUYKEHUE
IIyJla aJeHUHOBBIX HYKJICOTHUIOB U HAKOILJICHUE
kpearuHdocdara. [IpenbsBieHne MTOBTOPHOU
WIIIeMUH T10CJIe NTepuoja penepdysun naMeHser
XapaKTep KJIETOYHOI'0 OTBETa, COIIPOBOKIACTCSA
MeHBIINM pacxogoBanueM AT® 1 HakomeHuEM
JlakTara [23].

[Iponiecc dopmupoBanusa cocrosgsHus I[1K
YCJIOBHO pa3feJsisAIoT Ha TPHU JTalla: BOCIpUATHE
MIOBpEsKAAIONIero CTUMYyJa (TPUITEpPHBIN aTam),
€ero BHYTPUKJIETOYHYIO Iepefauvy (CUTHAJIbHBIN
9Tal) U COOCTBEHHO TPAHCJISANHIO K CTPYKTYpam
peanu3anuu IUATONPOTEKIUU (3 (PeRTOPHBIN
aTamn) [24].

B orTBer Ha HMIIEMHUYECKYI0 CTHAMYJIALUIO
HAKaIJIMBAIOTCA BHYTPEHHUE PeLelTOP-3aBUCH-
Mble TPUITEPHI (aleHO3KH, OIMOUAbI, HOpaJgpeHa-
JIMH, OpaJUKUHVH U JIP.) ¥ PeNeNTOp-He3aBUCH-

MbI€ TPUITEPDLI (pa,ZLI/IKa.J'IbI KuCJI0poaa, 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 reper-
fusion 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 precondi-
tioning [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
«window». 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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KaJIbIIMA, OKCUJ a3oTa U ap.) (25, 26]. Tpurrepst
MOTYT OBITh U BHEIITHUMH.

Jlasmee curHaJj MOBpesKIEHUSA NepefaeTca K
KJIETOYHBIM MHUIIEHAM IIPU aKTHUBHOM y4aCTHUU
KNHa3 (mpoTrenHKnHa3a C, TAPO3WHKNWHA3a, MUTO-
reH-aKTUBHpYyIOIIasg IIpoTenHKuHa3a, RISK —
reperfusion injury salvage kinases u np.) [27-29].
dopmupoBanune cocrossHusa [IK pasBuBaercs
BCJIe]l 3a akTuBaiue appekTopoB, B KauecTBe
KOTOPBIX, B IIEPBYIO O4Yepelb, PacCMaTpUBAIOT
AT®-3aBucuMbIe KaJiMeBble KaHaJabl MUTOXOH]I-
puanbHBIX MeMOpaH [30]. Kackag BHYTpUKJIETOY-
HBIX peaKIUU, MPUBOIUT K JeaKTUBAIIUUA MUTO-
XOHJIPUAJILHOU  TMOPBI, HYTO, IO MHEHHUIO
OOJIBIIMHCTBA aBTOPOB, JIEXKUT B OCHOBE ITUTO-
MPOTEKTOPHBIX 9(P(HEKTOB paHHETO «OKHA» UIIIe-
MHUYECKOU ToJIepaHTHOCTH [31].

PoJib aieH03MHOBOIO U penepdy3noOHHOTO
TpurrepoB B ¢popmupoBanum [1K muokapaa oka-
3bIBA€TCSI 4YpPE3BBIUYAHO Ba’KHOU, IOCKOJBKY
NpUMeHEHNEe aHTHOKCUIAHTOB B IIEPUOJ BOC-
NIpOU3BEINCHNA TPEHUPYIOIINX HIIEeMAYEeCKUAX
IVKJIOB (CyIepOKCHUIIUCMYyTa3a, Karajasa) u
AHTAaroOHMUCTOB Al penenTopoB NpeIoTBpAIAET
passurue cocrossuus [1K [32, 33].

B mporeccax ¢dopMmupoBaHHUs MO3THETO
«OKHa» TOJIEPaHTHOCTU OCHOBHYIO POJIb, 10-BUM-
MOMY, UTPAIOT (PaKTOPhI BHYTPUKJIETOYHOH Ilepe-
Jlavyy CUTHAJIa, B YaCTHOCTU — CBOOOIHBIE paTUKa-
Japl U TnporenHKnHa3a C, KOTOpble MNepenaroT
CUTHaJ K Apy KaeTKu. [lepenada curaasna odec-
MeYnBAET TPAHCKPUIIINIO TEHOB PAHHET0 pearupo-
BaHMS U TPUBOJIUT K aKTUBAIIUU CUHTE3a «de novo»
3¢ peKTOPHBIX CTpecc-0eJIKOB B (DAKTOPOB aHTHU-
OKCHIAHTHOI 3aiuThl [34, 35]. Besen 3a ctabuiim-
3anell  MHUTOXOHIPHWAJIBLHOTO MeMOpPaHHOTO
MOTEHIIAaa, YMEHBIIAeTCsI BBICBOOOKIIEHNE
nuroxpoma C [36], BIIOKMPYIOTCS CUTHATBHBIE TTYTH
arnonTo3a 1 CUHTEe3 Kaclas, yBeJIMYUBaeTCs CHHTEe3
AHTHATIONTOTHYECKUX OeJTKOB Kiacca Bcl, ymeHb-
IITaeTCsI 9KCIIPECCHSI ITPOAIOTITOTUYECKOTO OesTKa
Bax [37, 38], mogaBjiAeTcA TPAHCKPUIIIIUA I'€HOB,
AKTUBUPYIOIIUX IUTONECTPYKTUBHBIE IIPOLIECCHL.

OfHMMU U3 OCHOBHBIX YYaCTHUKOB (pOpMU-
pOBaHUs UTOMPOTEKTOPHOTO (PpeHOTUTIA KIETOK
OpraHa-MUIIeH! IpU uiemMudeckoM [ 1K ABsA10T-
cs cTpecc-6esku. YBen4eHne CHHTe3a 0eJIKOB
terioBoro 1oka (BTII, HSP — heat shock prote-
ins) ABJsIeTCA YHUBepCaJbHBIM Heclenuduye-
CKHUM OTBETOM KJIETKU Ha JII0OOe Ype3BhIYaiiHOE
BO3JIeliCTBUe, BKJIIOYAs UIIEMUIO, perepdysuio,
neperpeBaHue u repeoxjaxkaenue (39, 40].

Hassanue «bTIIl» BeCbMa yCJIOBHO U CBA3aHO
C U3BECTHBIM (DaKTOM CJIYYAHHOTIO UX OTKPBITHUS
IIpY HarpeBaHUM MYIIKH IP030(puJIbl. BaskHo TO,
YTO 3TOT KJiacC HauboJjiee KOHCEPBATUBHBIX U
dumoreHeTYECKH IPEBHUX 6€TKOB 00€ecIeyrBa-
€T YHHBepCaJbHble TUIIOBbIC PEAaKIUU 3alATHI
KJIETKH JIIOOBIX 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 IOBpesKAeHUs. BakHeHInMu
¢ynkusamu BTII ABAAIOTCS KOHTPOJIb KOPPEKT-
HOTO (POPMUPOBAHUS TPETUYHOU CTPYKTYPHI O€JI-
KOB ((posnuHr/pedosiuHr), BOCCTAaHOBJIEHUE
MMOBPESKAEHHBIX OEJKOB WIW WX Jerpaganus
(peHaryparmusi/ neHaTypanus), TPaHCIIOPT OEJTKOB
yepes3 BHYTpHUKJIeTOUHbIe MeMOpanbl. Kacc BTII
BeCchbMa pa3HO0Opa3eH, a UX Y4acTHhe B PEAKIIHAX
opranusma pyHaaMeHTaIbHO [41, 42].

B TeueHMe HECKOJIBKUX 4aCOB I10CJIe NHULAA-
nuu [TK kosm4yecTBO cTpecc-0eIKOB B KJIETKE
MOYKET YBEJIMYUTHCS MHOTOKPATHO, YTO B UTOTE
obecrieunBaeT 3(p(PeKTUBHYIO KIETOYHYIO 3AIIUTY
[43]. ObHapykeHa IpsiMasi KOPPEJIAIUSI MERIY
KoJsimuectsoM BT B kaparuoMuonuTax u crere-
HBIO WIIEMHUYEeCKON TOJepaHTHOCTH MHUOKapaa
[44]. Tlo3nHee «okHO» [IK HaunmHaeT OpMUPO-
BaThCsI NMapaJsJieJIbHO C aKTUBAIMel ocTpoi ¢asbl
KJIETOYHOU 3aluThl. BesJKoBOCHHTETHYECKUE
nporecchl TpebyoT BpeMeH: U (pOPMUPYIOTCS B
TeueHuu 12-24 4acos, COCTABJIAA OCHOBY OTCPO-
YeHHOU TOJIEPaHTHOCTHU KJIETOK.

®enomeH nmemmndeckoro I TK okasasca xapak-
TepeH He TOJIBKO AJ1A CepAlia, HO U 1 IPYTUX opra-
HOB, B TOM 4HCJIe — JJIs1 TOJIOBHOTO Mo3ra [45], ipo-
SIBJIsISI ce0s1 B YMEHBIIIEHUH CTETIEHH TIOBPESKIEHUS
HeUPOHOB IIpU IIPeIbsIBJIEHUN TECTOBOU JJIATEIb-
HOU UIIIEMUU, KOTOPOU IpeaIecTBOBAIN TPEHU-
pyrolye neproasl uiiemMun/ penepgysuu [46].

Tpurrepuble MexaHU3MbI IepedpPaLHOTO
nmemMuyeckoro [TK BK/II09aloT Kak CBOMCTBEHHbIe
KapAXOMHUOLMTAaM MHULIIMNPYIOIIYE peaKuy, TaK
U peakliuy, OII0Cpe0BAHHbIE KaCKalaMU aKcai-
TOTOKCUYHOCTH, 3aITyCKaeMble BRIOPOCOM LTy Ta-
Mara 13 HeipOHOB BO BpeMs UIIIEMUU U Peryiu-
pyemsble nipu yuactuu [AMK-cucreMmsr [47].

YMmepennada crumynAanusa NMDA-penenTo-
POB INIyTaMaTOM IIPUBOJUT K afalTalluy IIOTCHI -
aJ1-3aBUCUMBIX Ka/IbII€BbIX KAHAJIOB X YMEHBbIIIe-
HUIO KQJIbLIMEBO Ileperpy3Ku BO BpeMs TECTOBON
nepebpaIbHON HUilleMud [48], a BBelleHNe aHTaro-
HrctoB NMDA-pernienTopoB 6/10KApyeT (hopMUpO-
BaHMeE UIIEeMUYEeCKON TOJIepaHTHOCTU HEUPOHOB,
BBI3BAHHOU BpEMEHHBIM CHUKEHUEM [10CTaBKU
cyOcTpaTa 1 KUCI0pPOo/a.

HefiporipoTekTUBHBIN 3 hEeKT aKTUBAIIUU
NMDA-pelnientopoB (HU3UOJOTUUYECKUMHU KOH-
[EeHTPAIUsIMY TTyTamMaTa MOYKeT OBITh OII0CpeIo-
BaH BBICBOOOKJEHIEM MO3TOBOTO HEHPOTPOhU-
4yecKoro akTopa M CTUMYJANUENH 3KCIIPecCuu
IIeJI0TO psifia cTpecc-0eskoB [49].

ITokasaHo, yTo runokcudeckoe 1K KynsTyp
HEHPOHOB M ACTPOLUTOB TUIIOKAMIA KPBICHI
COIIPOBOYKIAETCA YCUJICHUEM IMOCTYIJICHUS [UII0-
KO3bI BHYTPb KJIETKH, a 9 (PeKT ToJIepaHTHOCTU
MOJKET OBITh CBSI3aH KaK C (paKTOM oOecIiedyeHus
HEHUPOHOB CyOCTpaTOM, Tak W C YyAy4dlIeHWEeM
KaJibIiieBoro romeocrasa [50]. [TK BosmericTBue

obecrmeuynBaeT CTa6I/IJ'II/ISaI_II/IIO FeMaTOSHHe(i)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 ¥ yMeHbIIIEHHEe OTeKa MO3Ta Y
MeJIKUX TPBI3YHOB II0CJ/E IIpeIbsIBJIEHNS TePMU-
HaJbLHOU unieMuu [51].

Eme ogaum apdexrom ITK rosoBHOro Mo3ra
ABJIAETCS aKTUBAIIUA CUHANITOTeHe3a, KaKk MEXaHH13-
Ma pereHepari HEpBHOM TKaHU TTOCJIe TIOBPEYK/Ie-
HUs, BKJIIOYasi pOCT BETBEN aKCOHOB U U3MEHEHU s
MIXAIIMKOBOTO amliapara IeHIpuTosB [52].

Nmemnyeckoe [TK ymeHbIIaeT aKCIIPeCcCUIo
mpoBocHaauTeabHbIX (aktopos (IL-1, IL-6) B
MOCTUIIIEMUYECKOM ITEPUO]IE, a TAKIKE Psijia TEHOB,
Y4acTBYIOIIUX B BOocHaleHuU. IIpumeuaTesibHO,
4TO OJIOKAIa MIPOBOCITATUTETHHOTO KOMITOHEHTA
peakiuii, pas3BUBAIONIETOCS MPHU PAIJIMUYHBIX
Bugax [1K, n akTUBanys MPOTUBOBOCTATUTEIh-
HBIX (paKTOpOoB HUBeJsupyeT ad¢pexTrl IIK BO3-
merucTBui [53].

BocnpousBenenue wuiniemuyeckoro I[IK B
TOJIOBHOM MO3Te MMeeT CBOU 0cobeHHoCTH. Tak,
IJIsT pa3BUTHSI TOJIEPAHTHOCTHU cepAIia Tpedyercst
HECKOJIBKO Cepuil a1IN30/10B UllleMuu/pemnepdy-
3WH, TOT1a Kak pu uiemMudeckoM [ 1K rosioBHoTO
MO3Tra Yallie UCII0JIb3YeTCsI OGHOKPATHBIN UIIeMHU-
4yecKUU anu3on [54], TOCKOJIbKY IpeabsBIeHNE
TIOBTOPHBIX CyOTEPMUHAIBHBIX CTUMYJIOB MOKET
MPUBECTHU K BhIPAKEHHBIM IMOBPEKIEHUSAM HEM-
poHOB 10 pa3sutus cocrosgaus [1K [55].

Bb110 00HApY’KEHO, UTO UIIIEMIYECKasI TOJIe-
PaHTHOCTH T'OJIOBHOTO MO3Ta HapacTaeT Me/JlJIeH-
HO B TeYeHNe HECKOJbKHUX YaCOB, a OTHOKPATHBIN
cy0JieTaIbHBIA CTUMYJI O0€ecTieqBaeT pa3BUTHE
BBIPQYKEHHOTO HeHpompoTeKTopHOTO 3adderTa
IIpU IIpeIbsIBJIEHUH TECTOBOU HILIEMUU He Cpasy,
ayepes 24-48 4acoB, U OH MOKET COXPAHATHCS 10
7 CyTOK [56, 57].

W3 aToro Takske cjieyeT, UTO paHHEee «OKHO»
[TK Mo>keT He UTparhb 3aMeTHOII poJIu B obecreue-
HUU 0a30BOW WINEMUYECKON TOJIEPAHTHOCTH
TOJIOBHOTO MO3Ta, HO HEOOXOIUMO MJIsT (DOPMUPO-
BaHUSA MO3JHETO «OKHa». BripoueM, ecTh ykasa-
HUs, YTO BBIPASKEHHOCTD BJAUSHUS 9TIM300B Tpe-
HUpYIOIled WIIeMUH 3aBUCUT OT [03bl [IK
BO3/elicTBUA [58].

Hosuposars [1K Bo31eiicTBHSI MOYKHO YMEHb-
11asi WM yBeJIWuMuBasi JJUTEJbHOCTDb IIEPUOJOB
UIIeMUH U periepdy3nu U onpemesisisi UX YUcJo B
cepun. BaskHa m106aIbHOCTH TPEHUPYIOIINX ITTH -
30/10B HapyIIEHNsI KPOBOOOpAIeHUs — OKKJIIO-
3Us1 OTHOU M/ HECKOJbKUX MO3TOBBIX apTEPUH.
OJHaKo 70 HACTOSAIIEr0 BpeMeHHU He MpeCcTaB-
JISIeTCS BO3MOSKHBIM OOBEKTHUBHO OIPEIEUThH
kputepuu nfocrarouHoctu [1K Bo3nericTBus, rpa-
HUILIBI TONYCTUMBIX IEPUOJIOB UILIEMUU U penep-
(¢ysuu, Tem GoJsiee YTO aKTyaabHOE COCTOSTHUE
KJIETOK, B TOM YHCJIE B CBSI3U C y>Ke IIPOU30IIe]-
UM TOBPEKJIEeHUEM, MOKeT UX CYILIEeCTBEHHO
KOPPEKTUPOBATh.

O6s13aTeTbHBIM YCIIOBHEM PAa3BUTHSI COCTOS -
HUA Kiraccudeckoro [1K sBisiercs cybseTanbHast

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 BO3AEWCTBUSA, MOOHUIN3YIOMIAs
CpOYHBIEe peakIUM 3aluThl U (popMuUpyromas
CTPYKTYpHBIH cJjen apjantauuu. l3BecTHoe
BhIcKa3bIBaHue ®. Humre: «To, 4To Hac He yOMBa-
€T, IeJlaeT HaC CUJIbHee» OYeHb IMOJTHO IepeTaeT
OCHOBHOE conepskanue niremudeckoro [1K.

Wnade roBops, 10CaeICTBUS TPEHUPYIOIINX
BO3JEHCTBUII MOTYT IPUBOIUTH K PA3BUTHIO KaAK
OUTONPOTEKTOPHBIX, TAK U IUTOLECTPYKTUBHBIX
IIpoLeccoB. B cBOIO ouepenpb 3TO OrpaHUYUBAET
KJIMHUYECKOe IIpUMeHeHue niemudeckoro 11K n
moOy>k/1aeT Monuck 6oJiee H€30MMacHbBIX CIIOCOO0B
AKTUBAaLMU 9HIOT€HHBIX IUTOIIPOTEKTOPHBIX IIPO-
rpamm. K ansrepHaTUBHBIM CITOCOH6aM BOCITPOU3-
BeneHus cocrosanusa IIK orHOocATCA ypaneHHOe
(AucTaHTHOE), TUIIOKCHYECKoe, (papMakoJioruye-
ckoe u runorepmudeckoe I1K. IlpumMeHnTe bHO K
obcy>rmaemMoii mpobJsiemMe, pacCCMOTPUM 0COOEHHO-
cru runorepmuyeckoro I1K.

I'mnorepmuueckoe ITK. Xopoi1rio n3BecTHo,
4YTO FUIIOTePMUS TKaHEeH NPUBOIUT K EIPecCun
KPOBOTOKA, MPHUYEM TAKOIO poja HIIeMUus He
“MeeT HeraTuBHBIX MOCJIEeICTBUH B M3BECTHBIX
npegeJsax NOHWXEeHUs TeMIieparypsl [59]. ['uno-
TepMHUsI CHOCOOCTBYEeT YMEHBIIIEHWIO peaKkIui
HEHpOHOB Ha HIIEMUIO, YAJUHSIEeT Iepuof ux
SKU3HU B YCJIOBUSAX UNONEpPQYy3UU B CBA3U CO
CHIDKEHVWEM  TOoTpebHOCTel.  YMeHbIIaeTcs
BBIOPOC BO30OYRIAIOIINX AMUHOKHCJIOT U TTyTa-
MaT OIOCpefOoBaHHAsl 9KCAWTOTOKCUYHOCTD,
AKTHBHOCTDH KJIETOYHOTO IbIXaHWUSA U IPONYKIUA
CBOOOHBIX PAIUKATIOB, CTA0MJIN3UPYETCS TPAHC-
MeMOpaHHasi TPOHUIIAEMOCTh (BKJIIOYasi MUTO-
XOHJPUM) OrPAaHUYNUBACTCS IIeperpy3Ka BHYTPHU-
KJIETOYHBIM  KajblueM. TakuM  oOpasom
OJIOKUPYIOTCA OCHOBHBIE ITYCKOBBIE pEaKIIUN
MIOBpesKIeHNUsI HEPOHOB, IIPOBOLIUPYEMBbIE UIlle-
MHYECKHM Kackajom [60].

l'uniorepmusAa orpaHn4YnBaeT pa3BUTHE MECT-
HOTO aCeITHYEeCKOI0 BOCHAJIEHUs IIPU UIIEeMUU
Mo03ra ¥ HelpoTpaBMe, 06ecrieYnBaeT CHIKEHNE
BBICBOOOSK/IEHS IIPOBOCIAIUTETHHBIX (PAKTOPOB,
MUTpaUU JIeUKOIUTOB U UH(PUIBTPAIUN UMU
TKaHU MO3ra, YMEHBIIIAET OTeK, IoHmkaeT BU/I u
CTAaOMIM3MPYET reMaTodHIedaTniIeckuii bapbep,
IoJaBJsAeT Kackanpl amnonros3a. llosutuBHOE
BJIMSIHYE IOHUKEHHOH TeMIlepaTypbl Ha pa3BUTHeE
[IaTOreHeTUYEeCKUX PeaKIuii IOKa3aHo KaK B OCT-
poii (pase umemMuy, Tak U B Iepuoj; penepdysun.

PasBuTHe IUTONPOTEKTOPHBIX peaKUul
cpasy mocJje [OOCTUKEHHUS TepaleBTUYeCKuX
3HAaUYeHUU IOHMKEHUsI TeMIIepaTyphl, Ka3aJdoCh
0bI, BOCIpOU3BOAUT 3P (PEKTHI paHHETO «OKHa»
ToslepaHTHOCTA. OOHAKO CXOACTBO [JAaHHBIX
3 (PeKTOB rUNOTEPMUU C PEAKIIUAMU IKCTPEH-
HOW ajanTanuu npu kiaaccudueckom I1K okasbiBa-
€TCs BHEIITHUM, IIOCKOJIbKY IIOHMYKEHHE TeMIlepa-
Typbl TKaHell He CTUMYJIHUpYyeT, a CKopee
II0/1aBJIsIeT OCHOBHBIE 9HIOT€HHbIE 3TaIlbl (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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posanusa cocroaHusa [IK. Topmosurcsa tpurrep-
HBIN 3Tal B CBS3U C OTPaHUYEHUEM CBOOOTHO-
paguKaJIbHBIX IIPOLECCOB U IPOLIECCOB CTUMYJIA-
muu  NMDA-penenTtopoB, a  [OOHHYKeHUE
MeTabo3Ma CONMPOBOKIAETCS YMEHBIIIEHUEM
HaKOIVIEHNs afleHo3nHa. [Ipy moHuKeHny remiie-
paTrypsbl, I0-BUIUMOMY, TAKKE TOPMO3UTCS CUT-
HaJIBHBIN 3Tal 3a CUYET CHUYKEHUS aKTUBHOCTU
¢depMeHTOB, B 4acCTHOCTH KuHa3. Kpome Toro,
TATIOTEPMUSI  CHOCOOCTBYeT  CTabWaIM3anuu
COCTOSTHUSA MeMOpaH MUTOXOHIPUN, TEM CaMbIM
3aBepimnasi a¢pdekTopHbIH aTan. To ecTh, TOHUKe-
HUe TeMIlepaTypbl He aKTUBUPYeT PaHHUE 9H[IO-
resHble MexaHua3Msl 1K, a CKopee UX UMUATHUPYET.

OpHaxo HaIO yYUTBIBATh, YTO TepaleBTuYe-
CKYIO TUIIOTEPMUIO B HEOTIOKHBIX COCTOSHUAX
NIPUMEHAIOT B OCTPOM IIepHUOJie II0CJIe Pa3BUTHUA
TSI3KEJIBIX COCYIMCTBIX KaTacTpod, Halpumep B
cocrase CJIP, To ecTh TOrIa, KOrga 3amyck aHI0-
reHHbIx peakuuii [1K yske mpounsoriesi, CIOHTaH-
HOe KpoBooOpareHne BOCCTAaHOBUJIIOCH, a CHIKE-
HHE TeMmIlepaTypbl IIPABOJUT IIOCJIEACTBUA
TepMUHAJIBHOTO IePHOo/a UIIeMUN K OoJiee 6e3-
OTIACHOMY Te4eHHIo Ha (poHe cpaboTaBmIMX (ak-
TOPOB MHUIAnUNU niemudeckoro [TK.

ITo-BuIuMOMY, UMEHHO aJleKBaTHOE COOTHO-
IIIeHVe BBIPAKEHHOCTH METab0JIIYECKH 00YCI0B-
JIEHHOU ITUTONIPOTEKIIMY IPU IOHW>KEHUU TeMIIe-
paTrypel W  AKTYaJbHOH  COCTOSATEJIBbHOCTHU
OIlepaTUBHBIX 9H/IOT€HHBIX IPOrPAMM KJIETOYHON
3aIMUTHI IIOCJIE OCTPOTO HAPYIIEHUsT KPOBOOOPa-
meHus1 U perepdysun oOecredynBaOT HapaB-
JIEHHOCTh Pa3BUTHUS MOCJIENCTBUH COCYIUCTHIX
KaracTpod B paHHeM Ilepuoje.

Kpowme Toro, poJsib CpOUYHBIX peakIuil B pas-
BuTHM nmemndeckoro IIK rosmoBHoro moasra, B
OTJIMYNeE OT CepJLa, MOYKET OKa3aTbCA HeBeJIUKa 1
3aKJII0YaTbCA B OCHOBHOM B 3allyCKe FeHOMHOTI'O
IepenporpaMMHUpOBaHusl HeHpPOHOB, TOCJIeN-
CTBHUSI KOTOPOTO 0O0ecredynBaioT 0A30BYIO M-
TeJIbHYIO TOJIEPAHTHOCTB K UllleMun/ perepdysnn.
B aToMm ciydae TUIIOTEpMUA MOKET YMEHBIIUTH
HeraTUBHBIE II0CJICICTBUS OCTPOr0 TE PMUHAJIBLHO-
T'0 3IIM30[1a UILIEMUHU 1, BIIOJIHE BEPOSATHO, IO Iep-
5KaTh COCTOSIHUE TI03HEN TOJIEPAHTHOCTH.

B yacTtHOCTH, B 9KCIIEpUMEHTaX Ha JKUBOTHBIX
U B UCCJIEJJOBAHUSIX B KYJIBType KOPKOBBIX HEUPO-
HOB 4€JIOBEKA II0KAa3aHo, YTO CHIYKEHUE TeMIlepa-
Typbl Ha 5-7°C, To ecThb 1o 28-32°C, uHULIUUPYET
pasBUTHE IIOCJIENOBATEJIBHOCTA OTCPOYECHHBIX
BHYTPHUKJIETOYHBIX PeaKI1ii, KOTOpPbIE OKAa3bIBAIOT-
Cs1 CBOMICTBEHHBI KJIACCUYECKOMY UIIIEMUYECKOMY
[IK nms "HelipoHOB. Tak, 3HAaUUMBII TeMHeparyp-
HBIH CUTHAJ 00eCTieYrBaeT B HUX JaBUHOOOpa3Hoe
yBesuueHue cuHTe3da BTIII ¢ pa3muuHoi MoJeKy-
JgsspHoi maccout (HSP 20-70 k/Ia). [IpuueM akTHBa-
U CUHTETHYECKUX IIPOLEeCCOB NPOUCXOOUT Ha
(¢ oHe CHUKEHHOU TeMIlepaTyphl U KacaeTcs IpakK-
TUYECKHU 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 YCIOBUAX aKTUBUPYETCA
cuHTe3 0eJKOB x0J10m0Boro moka (BXIII, CSP —
cold shock proteins), comepskaHue KOTOPBHIX B
KJIeTKe HayMHAeT Hapacrarb ysKe depes d4ac,
JOCTUTasA MaKCUMYyMa yepeas 24 yaca ¥ COXpaHsieT-
Cs1 Ha BBICOKOM YPOBHE B T€YCHHUU HECKOJBKHUX
CYTOK IIpU OJHOKPATHOM TeMIIepaTypHOM BO3el-
CTBUH JIJINTEJIBHOCTBIO OT 3—4 10 24 yacos [11, 63].
Pouss BXIII B runnorepmuyeckoM I1K, B oTinyue ot
Kjgaccudeckoro [1K kaskercsa BecbMa 3HAYUMOM.

BXII 6b1711 OTKPBITHI IPU U3YYEHUH BJIUS-
HUA HU3KUX TeMIlepaTyp Ha paCTeHUs U MUKPO-
opraamuamsl. [lo3nHee 66110 0OHAPYKEHO, YTO OHU
OTHOCSITCSI K CTPeCcC-IIPOTEKTOPHBIM OejKaM U
06ecneynBaloT 3alUTy KJIETOK OT AeHCTBUS pas-
JIMYHBIX HEOJIArONIPUATHBIX (DAKTOPOB, a HE TOJIb-
KO X0J10[1a, Y YKMBOTHBIX U YeJI0BeKa.

HauboJsee naydens! 6esiku cemerictsa BXIII,
aro PHK-cBsi3niBaromiue 6egaxu RBM3 (RNA-Bin-
ding Proteins) u CIRBP (Cold Inducible RNA Bin-
ding Protein). OHU IPeNATCTBYIOT arperanuy Mar-
puunoii PHK, o0OJjierdast TeM caMbIM IIPOIIECC
cuHTe3a OeJsika, 00J1a7aI0T CBOMCTBAMU OEJIKOB-
I1aTIEpOHOB, aHTUOKCUIAHTHBIMU CBOMCTBAMU U
CBOeOoOpa3HbIM aHTHU(PPU3HBIM [eHCTBUEM Ha
MeMOpaHkI [64].

[TokasaHo TaksKe, YTO NOHUKEHNE TeMIlepa-
TypbI MO3ra 10 32°C IpoBOLUpPYyeT TPAHCKPUIIIUIO
reHa pa"HHero pearupoBanus c-fos, conepskanue
KOTOPOTO B HEHWpPOHAX TPOEKPATHO HapacTaer.
OcobeHHO BBIpa’keHHOE yBenaudeHue c-fos
HabJI0maeTcs ciycTs 24 dyaca runorepmun. [pn
9TOM, cHHTe3 cTpecc-0esskoB RBM3 Takske yBe-
JAYMBAETCA MHOTOKPATHO NIPY CHUSKEHUY TeEMIIe-
parypsl o 32°C, ocTaBasiCh Ha BBICOKOM YPOBHE
rnocJje oxJjaskaeHus. He MmeHee WHTepeCcHO U To,
4TO TUIMOTEPMUA NMPUBOAUT K aKTUBAIIUUA TeHA
paHHETO pearnpoBaHusi C-jun, 06eCIeYnBaIOIIETO
3HauMUTeJIbHOEe HapacTaHue cuHTe3a CIRBP, uto
TaksKe HanboJiee 3HAYMMO Yepe3 24 yaca HHAYK-
[IUU TUTIOTEPMHUU.

Yuactue CIRBP B uaMeHeHUU COOTHOILIEHU S
cuHTe3a (opM tau-ImpoTenHa CIIoCOOCTBYET BOC-
CTAHOBJIEHUIO TIOBPEYKIEHHON MUKPOTYOYIAPHON
CHCTeMBbl HeHpOHA, YJIy4YIIeHUI0 aKCOHAJIbHOTO
TPAHCIIOPTA, COXPAHEHUI0 W BOCCTAHOBJIEHUIO
nurockesera kietku. Kpome toro, CIRBP yua-
CTBYyeT B pe(OAMHTE TaTOJIOTHIECKUX OEJTKOB, B
YacTHOCTU O6eTa-aMUJIOU A, U3 Yero MOKHO IIpe-
MIOJIOSKUTH O3UTHUBHYIO POJIb TUIIOTEPMUM Hel-
POHOB He TOJILKO B (DOPMUPOBAHUU UIIIEMUYE-
CKOU TOJIEPAHTHOCTH, HO U B IIpeaylpesKkIeHUU
pas3BUTHUS HEWPO/IereHEPATUBHBIX ITPOIIECCOB.

Becbpma MHTEpeCHBIMM OKa3aJIMCh TaHHBIE O
poJiu tau-mporerHa B hOPMUPOBAHUU TOJIEPAHT-
HOCTH HEMPOHOB. B aKcIieprMeHTaTbHBIX MOAEJISIX
KYJBTYpbl KOPTUKAJIbHBIX HEHPOHOB YeJI0BEKa
HMCCJIeI0BAIN BJIUsIHNE CHIKEeHHOM 10 28°C m1 32°C

TeMIeparypbl Ha Iporecchl ¢ocdopuamupona-

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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HUs1/ nepocopuINpoBaHus tau-IIpoTeNHA U CBSI-
3aHHbIE C HUMHU 9((PeKThbI HOBBIIIEHNU YCTONYN-
BOCTH HEIPOHOB K NOBpeskAeHuIo. [loBpeskaenue
MozenrpoBasu ctumynsanuei NMDA-perienTopos
¥ BBeJIEHVEM B KYJIBTYPY CBOOOTHBIX PATUKATIOB.

Oxasasocsk, 4To IpHU TeMIlepaType KyJIbTyphl
32°C obpatuMo akTHUBUpYyeTcs tau-pocdopuiim-
poBaHue, YTO CONPOBOMKAAETCS yYMEHbIIIEHHueM
obbemMa TOBpERIEHNs HEHPOHOB B YCIOBUAX
9KCAaUTOTOKCHUYECKOHN M CBOOOTHO-PaTUKATEHON
Harpysku. /luHaMuuHBIe IlepexoAbl OCHOBHBIX
KJII0Y€eBbIX 130(hopM tau-poTtenHa (dpochopumu-
poBanue/nedochopuinpoBaHue) Noj BIUsIHIEM
CHU’KEHUsI TeMIlepaTyphl, 10 MHEHUIO aBTOPOB,
MOTYT CIIOCOOCTBOBAaTh PA3BUTHIO CHHANITHYE-
CKOI JIACTUYHOCTU U BOCCTAHOBJIEHUIO IIOBPEK-
JIeHHBIX HEUPOHOB [64, 65]. [ToHnKeHne TeMIiepa-
Typbl 00 28°C IpUHIMNNAJIBHO He BJIMAJIO Ha
pesyJbrar.

YkasaHHbIe (DAKThI CBUAETEJIBCTBYIOT O TOM,
YTO TeHOMHOE€ IlepelporpaMMUpOBaHue Helpo-
HOB UI'PaeT KJIIYeBYI0 PoJib B (POPMUPOBAHUU
adPerToB MO3THEN TOJEPAHTHOCTU TUIIOTEPMU-
yeckoro [IK, Tak ske, Kak U IIpU KJIACCUYECKOM
nmemudeckoM [1K, obecneunBas hopmMupoBanme
CTPYKTYPHOTO cJiefia afantanuu. B cBoio ouepenn
MOSKHO JOIIYCTUTh HaJIN4YMe IIOTeHI[aIluy II03U-
TUBHBIX 3P ekrToB 000ux BumoB [1K.

MMmeHHO Cc HapacTaHWeM CHUHTe3a CTpecc-
0eJTKOB CBA3BIBAIOT (P OPMUPOBAHUE ITUTOTTPOTEK-
TOpPHOrO (DEHOTUIIA, YTO B UTOTE (POPMUPYET YyCJII0-
BUs, MPHUBOIAIIAE K YMEHBIIEHWI0O oO0bema
TIOBPEsKAEHUSI MO3ra IPU OCTPbHIX HAPYIIEHUIX
KpOBOOOpaIeHus.

BaskHO OTMETUTH, UYTO 3allyCK F'€HOMHOTO
TepenporpaMMUPOBaHus TpebyeT 3HAUYNTETHHO-
ro NOHUKEeHUsl TeMIlepaTypbl HEHPOHOB — M0
28-32°C. Ecsii paccmaTpuBaTh B KaUeCTBE eUH-
CTBEHHOTO CITI0co0a MOHWKEHUs 1lepedpasTbHON
TeMIIepaTyphl OXJIasKkIeHne IPUTEKAIOIIUI KPOBH,
CTaHOBHUTCS SICHO, UTO JIJIs TOCTH)KEHMs HeoOXo-
JIVMOTO YPOBHS TUIIOTEPMUU TPeOyeTCs MOHMKe-
HHe 6a3a7TbHON TEMITEPATYPHI 0 OTTACHOTO YPOB-
Hs1, HeM30esKHO BJIEKYIIIETO 3a COOOUM pa3BUTHE
OCJIO’KHEHUH, HUBEJIMPYIOIINX UCKOMBbIE IIO3U-
TUBHBIE Pe3YJIBTATHI.

YUUTHIBAsA KJIMHUYECKHE PUCKHU TOCTUKe-
HUSI KPUTUYECKOH TeMIIepaTyphl TesIa, HeoOXomu-
MOH i1 MHUNUAIUU KJIEeTOYHbIX MEXaHHU3MOB
9HJIOTEHHOM 3alllUThl, BBINOJHEHBbl MOIBITKU
MoOJleJIMpOBaHusl (parMeHoB (HOPMHUPOBAHUSA
nosaHero runorepmudeckoro I1K ¢ ucnosnp3osa-
HHeM [IperapaToB, BJAUAIOMNX Ha (ochHOopuInpo-
BaHUe tau-nporeuHa. [losiydeHue B peayJbrare
UMUTAUU IIPOIECCOB, PA3BUBAIIIUXCA IIPU
OXJIKJIEHUN HEWPOHOB U IIOBBIIIAIIINX HUX
YCTOWYMBOCTh K TMIIOKCHUH, II03BOJIUJIO CLeJIaTh
BBIBOJ;: «[l03KMHATH MJI0/1bI TUIIOTEPMUU MOKHO
6e3 runorepmunl» (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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JlaHHBIN TTOAXO/T XapaKTePEH /ISl pa3BUTUS
MeToIUK (papmarosiorudeckoro 1K, mpu KoTopbIx
PaHHIOIO M OTCPOYEHHYIO HUIIEMHYECKYIO TOJIe-
PaHTHOCTB BOCIIPOM3BOIAT 3a CUET UMUTAIH, HO
He BOCIIPOU3BeIeHNS 9HIOTEHHBIX MEXaHU3MOB.

B psime paboT pacKkpbIThI MeEXaHU3MBI (POP-
MHUPOBaHUsI OTCPOUYEHHOU YCTOHUYUBOCTH KJIETOK
K TUIIOKCUU/pernepdy3un U IOKa3aHO COXpaHe-
H1e 9(p(HEeKTOB TUIIOTEPMUYECKOTO BO3TENCTBUSA
Ha JJUTEJbHBIA Mepuoj Mocje MpeKpalleHust
oxJasknenus [11, 12, 15-17, 56]. B aToM cMmBbIcTie
MIpUBeJeHHOE BhICKA3bIBAHNE KAKETCS YPEe3BbI-
YalHO BA’KHBIM 1 TOYHBIM.

HeobxomumMo mpeomosieTh BBICOKWE PUCKU
OCJIO’KHEHUH 00IIIel TUIIOTEPMUH, HO 00€eCIIeYnTh
JIOCTAaTOYHBIN YPOBEHb T'MIIOTEPMUM MO3ra. B aTom
CMBICJTe TIpUMeHeHE CeJIEKTUBHOU IepedpaTbHOM
runorepmuu B BapuanTe KIII' okasbiBaeTcst Hanbo-
Jlee aleKBaTHbBIM, II03BOJIAA IIOHU3UTh TeMIlepary-
Py HEHPOHOB, IO KpaiiHEN Mepe KOPbI OOJIBIITNX
TIOJTYIIIApUHA, 10 YKa3aHHBIX IIPeesIoB 0e3 3HaAYM-
MOTO ITOHMKeHN s 6a3aTbHON TeMITepaTyphI.

CeleKTHUBHAsI THTIOTEPMH ST KOPBI 0OIBIIINX
nosymapuii. OCHOBHOU MUIIIEHBIO TUTIOTEPMUYE-
CKOTO BO3TENICTBUS IIPHU IlepedbpaIbHBIX ITOpaske-
HUSAX SIBJISIETCS TOJIOBHOUM MO3Tr. PaccmarpuBast
KIII, kak MeTOOUKYy NpeuMyIeCTBEeHHONU T'UIIOo-
TEPMUH KOPBI OOJIBIITNX OTyIIIapUiA, HE0OXOTUMO
OIpeNesTUTh OJiarogapsi KAaKUM MeXaHnu3MaM U B
KaKOU CTeneH! OXJIaKIeHUe BOJIOCUCTOM TOBEPX-
HOCTH KOKU I'0JIOBBI CIIOCOOHO IIOHU3UTH TEMIIE-
parypy roJIOBHOT'O MO3ra.

B KavyecTBe OCHOBHOTO My TH yAAIEHUS N30bIT-
Ka TETJIOTHI OT TOJIOBHOTO MO3ra B HOpMe OOBIYHO
paccMarprBaoT KOHBEKIHIO, 00eCIIeYeHHYI0 MOIII-
HBIMU I[eHTPAJIbHBIMU TIOTOKAMHU apTepuabHON
KpoBH (0koJ10 20% MOR). TeriooTBeeHne CBA3aHO
Takyke C 0OMEHOM TEeILJIOThI B 00JIaCTU aHaTOMUYe-
CKHX KOHTAaKTOB COCY[IOB CHUCTEMbI IDEMHBIX BEH,
HeCYIIUX OXJIa’K/IeHHYIO BO BHEIIIHEH cpeJie KPOBb,
C BHyTPEHHUMU COHHBIMU apTepUsIMU (IIPOTABOTOY-
HBIN TeriooOMeH), GJiaromapsi 4eMy TeMIieparypa
KpOBU BO BHyTpPEHHEU COHHOI apTepuy B HOpMe B
Nokoe npuMepHo Ha 0,2°C Huyke, ueM B aopTe [66-68].
W3 aroro ciaepyer, 4YTO OXJIKICHUE KOYKU I'OJIOBBI
CIIOCOOHO MPUBECTH K MOHMKEHUIO TEMIIEPATYPHI
OTTeKaIoIell KpOBU, KOTOpasd, onagasi B CUCTEMY
SIpPEMHBIX BeH, MOSKeT CITOCOOCTBOBATH ITOHIKEHUIO
TeMIlepaTypbl NpUTeKalolleld K MO3ry KpoBHU. B
OOBIYHBIX YCJIOBUSAX CTAIIOHAPa TEMIIEpaTrypa oTe-
KaIoIIed OT KOYKU TOJIOBbI KPOBU OKa3bIBAETCS He
Hrke 34°C. TTpu KL MoskeT OBITH TOCTUTHYTA TEM-
TepaTypbl KO3KY rosI0BbI 8-10°C 1 HIKE, YTO CITOCO0-
HO YCHJTUTD 9(P(DEKTUBHOCTH TEIJI00OMEHa.

Hano Takske yuecTb, 94TO X0JI04HASA KPOBb OT
KO3KH T'OJIOBHI TI0 3MUACCAPHBIM BEHAM Yepes mep-
¢dopaHTHBIE OTBEPCTHS TEMEHHBIX KOCTEN TPOHM-
KaeT B CHHYCHI TBEP/IOH MO3TOBON 0OOJOYKH U
NMaJbHbIE COCYAbI HEIIOCPEACTBEHHO K IIOBEPX-

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 KOPBbI O0JIBIIINX TTOJTyIIAPUi, IIOHUKAs ee
TeMmieparypy [69]. [Ipy ox1akIeHY IOBEPXHOCTU
CKaJIbIla KPOBOTOK B KOYKE COXpaHAETCs, HO IIOHU-
skaercsi 10 35% ot ucxogHoro [70], popMupys IyTh
KOHBEKIIMOHHOTO OXJa)KIE€HUs KOPHI OOJIBIINX
TOJIyLIapui.

Cirenyer TakyKe YYUTBIBATh, YTO OXJIAKICHUE
KpaHUaILHOU 00J1aCTH TOJIOBBI CIIOCOOHO cop-
MHPOBaTh 3HAYUTEJIbHYIO PA3HOCTb TeMIIepaTyp
MEsKAY KOsKell U TOBePXHOCThIO MO3ra, KOTopas
CcOoCTaBUT OKO0J10 25°C. HecMOTps Ha HU3KYIO Tell-
JIOIPOBOAHOCTh MSATKUX TKaHeld U IIJIOCKUX
KOCTel uepela, CO3JaBaeMblii TeMIepaTypHbII
TPaiEeHT CIIOCOOEH 00eCceYnTh 3HAYNTETbHBIN
TIOTOK TEIJIOTHI OT KOPBI OOJIBIITUX IOJTyIIapUi
Hapy Ky IIyTeM KOHIYKIIN.

[Ipu anaMTAYECKOM pelIeHun 3aJa4dy Iepe-
Jla4y¥ TEeIJIOTHI IIPU 11eJIeBOU TUIIOTEPMUHU I'OJIOB-
HOTO M03ra, MHIYyIIUPyeMOl oXJIasKIeHueM Kpa-
HHUOIlepeOdpaTbHOM 06J1acT OBLIO TTOKA3aHO, YTO
3HA4YEeHUsI HAPY>KHOU TeMIIepaTyphbl KOKHU FOJI0BbI
IIpU ee OXJIAKIEHUU CYIIECTBEHHO BJIHAIOT Ha
pacripefiejieHre TeMIIEPATyPhl B TIOBEPXHOCTHOMU
30HE KOpPHI TOJIOBHOTO MO3Ta, obecriednBasi ee
noHmxkenue. [logydyeHHble pacyeTHbIEC JaHHBIE
OBLTN TTONTBEPSKIEHBI IKCIIEPIMEHTaMH Ha KPbI-
cax [71]. IlokasdaHO, 4TO OXJIaXKJIeHHEe KOKH r0JIO-
BBI HE TaK CUJIBHO BJIMSET HA TeMIIepaTrypy OCHO-
BaHHUA MO3ra, Kak Ha IOBEPXHOCTHYIO 30HY.

Xapakrep pacupefeseHusl TeMIleparypsl B
TOJIOBHOM MO3Ie 4eJIOBeKa UCCJIeJOBaJIU C IIPU-
meHeHueM MPT, 4To 1103B0OJIMJIO HA OCHOBE JaH-
Hbix AMP-cniekTpockonuu chopmuponath 3/1-
MOJIesIh TETJIOBOH KapTHUHBI B 00 beMe Mo3ra. [Tpu
TaKOT0 pojia MOX0axX OBIJIO BBISIBJIEHO, YTO IPHU
TIOHUKEHUU TeMIIEpPaTypbl KOKU F0JI0BbI (POPMU-
pyeTcsi TUIIOTepPMUsT KOPBI TOJIOBHOTO M0O3ra 6e3
3HAYMMBIX NU3MEeHEeHUH TeMIlepaTypbl IOIKOPKO-
BBIX CTPYKTYD [70].

Teoperndeckux  paboT, TOCBSIIEHHBIX
IIOCTPOEHHUIO TETJI0BOU MOJIe/IN TOJIOBHOTO MO3Tra
BBIINIOJIHEHO JOCTATOYHO MHOTO. B yacTHOCTH, [72]
Ipyu MOJEJUPOBAHUM IIpoLecca OXJIaKICHUs
MO3ra M paclpejeseHuss TepMOIUHAMUYECKON
TeMIlepaTyphl C IIOMOIIBIO pELIeHUs YPaBHEHUA
TETJIONPOBOJHOCTH [IJISI SKMUBBIX CHCTEM OBIIO
IIOKAa3aHO, 4YTO MOAeJnpoBaHue 4-X 4acoBOIO
OXJIAKIECHUSI KOKHU TOJIOBBI IIPU TeMIleparype
0-10°C cnocoOHO TOHU3UTH TEMIIEPATYPY IOBEPX-
HOCTHBIX 00J1acTeli roJI0BHOTO Mo3ra 110 33,2°C Ha
wIyouHy 10 25 MM. B pacdeTax y4uTHIBaJIN 0CO-
OEHHOCTH XOJIOMOBOTO BO3MEUCTBUSA HA KOXKY
TOJIOBBI U TEIJIOBbIE CBOMCTBA TKaHeH, COCTaB-
JIAIOIUX MYTh TEIJIONPOBeNeHUs (MATKYE TKaH!
IIOBEPXHOCTH T'OJIOBBI, IIJIOCKHAE KOCTH 4Yepela,
000JI09KYM MO3Ta). ITU pacyeTHbIE TaHHbIE OYEHb
TOYHO COBHIAJAIOT C MOJIEJIBIO TETIOBOTO Dastanca
TOJIOBHOTO MO3Ta MpHW KpaHuonepeOpaabHON
TUTIOTEPMUY, TIPUBEJIEHHBIE B APYTOH padore [74].

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

It is 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 (n=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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Takmm 0Opas3oMm, pe3yabTaThl IKCIIEPUMEH-
TaJIbHBIX MCCJIEJ0BAaHNN, MOJIeJINPOBaHue Ha OCHO-
Be AAMP-cnekTpockonnu u pacuer pacupeneaeHust
TepMOIMHAMUUYECKOU  TeMIlepaTypbl BHYTPU
TrOJIOBHOI'O MO3ra IeMOHCTPUPYIOT BO3MOKHOCTH
MTOHM>KEHUS TEMITEPATyPhI KOPBI OOJIBIITNX MOJTY-
IIapui TPU KpaHHOoIlepeOpaTbHOM OXJIasKIEHUH.
OpHakKo, 9KCIepuMeHTaNIbHbIE U paCYeTHBIC MOZe-
JIX He YYUTBIBAIOT BCE BO3MOJKHBIE ITyTU OTBeJe-
HUS TEIJIOTHI U MOTYT He B IIOJIHOM Mepe OTPaskaTh
peasibHy10 KapTuny BiausHuA KT Ha TenioBoil
roMeocTas roJIOBHOIO MO3ra. [lJis1 perieHus sTon
3ajlayd MOSKET OBITh HCIIOJIb30BaHA METOAMKaA
HeuBasuBHOU CBY-pasimoTepMOMeTpUN.

Cy1iecTBO METOOUKU COCTOUT B M3MEPEHUU
MOIITHOCTA COOCTBEHHOTO 3JIEKTPOMArHUTHOTO
nasydeHuss (OMU) mIyOOKWX TKaHEH 4YeJsIOBEKa,
3aperuCTpupOBAHHOIO B MUKPOBOJIHOBOM JUAIa30-
He (A=3-60 cM, yacToTa 109-1010 I'r), yTO ITO3BOJIAET
OTIpeIeSTUTh TEMITEPATYPy Ha IyOWHE HECKOTbKIX
CaHTUMETPOB OT IIOBEPXHOCTU KOKHU [75].

W3BecTHO, uTO JTI000E (pM3HIECKOe TEJIO C TEM-
meparypoii Bble abcosotHoro HynA (-273 °K),
ABJIAETCA NCTOYHUKOM DM B IIMPOKOM AuarnasoHe
4acToT, IpUYeM B pagyonraa3oHe MHTEHCHUBHOCTD
H3JIy4eHNs IIPSMO IIPOIIOPLIUOHAIBHA TeMIleparype
OmoJTornyecKoro o0'beKTa. B MeTUITMHCKOI TuTepa-
Type [76] HarboJIbIIIEE PACITPOCTPAHEHIE TIOTYIHITN
TEPMUHBI «PaIAOSPKOCTHASI» U «BHYTPEHHAS» TEMITe-
parypa 61oI0TYeCKUX TKaHEeH, KOTOpasi COBIIATA€eT C
HMCTUHHOW TEpMOJHAMUYECKOU TeMIepaTypo.

[Tosygyaemble  3Ha4YeHUs  TeMmIleparypbl
ABJIAIOTCS PACYETHBIMU U YYUTBIBAIOT JUAJICKTPHU-
YyecKye TapaMeTpbl TKaHeH, NTyOMHY 3aTyXaHUs B
Hux OMU u ap. mapameTpsl. [myOMHA MPOHUKHO-
BEHUSI M3Jy4eHUsl B OMOJIOTHMYECKUX 00BbEeKTax
3aBUCHUT OT €T0 YacCTOTHI. B wacTHOCTH, TTyOMHA
“3MepeHUsI TeMIlepaTypbl BHyTPEHHUX TKaHel B
CaHTUMETPOBOM auana3oHe okoJo 3 [T gocrura-
eT 5-7 CaHTUMETPOB OT IoBepxHocTu [77]. [Ipu
9TOM, U3MEPEHUs IPOBOJAT, padMellias aHTeHHY
oIlpeieJIeHHOU IJIOIIAAM Ha IOBEPXHOCTH KOYKU.

Heo0xoauMo mMeTh BBUY, YTO U3MEPEHUS
MOIITHOCTU coOcTBeHHOT0 MU riTy0OKMX TKAaHEH
obecriednBalOT MOJyYeHNe 3HAYEHWH CpegHel
TeMIIepaTyphl B IOCTATOYHO OOJIBIIIOM OO0BEME,
YTO 3aBUCUT OT TUMETpPa aHTEHHBI ¥ 0COOEHHO-
cTell pacpocTpaHeHus U3JIyYeHusI.

B yacTHOCTH, KOHTaKTHas aHTEHHA AUaMeT-
poM OKo0J10 30 MM IIO3BOJIAET PETUCTPUPOBATH
IMU ryboKuX TKaHEH B 00beMe, TOCTUTAIOIIEM
1500-1800 mM?, a pacueTHBIE 3HAUYEHUSA TEMIIepa-
Typhl B 3TOM cJjyd4ae OyIyT COOTBETCTBOBATH
yCpeIHeHHOH TeMIlepaType Bo BCeM 00beMe, TIpHU-
yeM 3a ompefesIeHHbBIH ITeproj] BpeMeH!, Heo0Xo-
JUMBIU AJIs1 U3MEPEeHUsI.

Ha 3aperncrpupoBaHHble 3HAYECHUSA Palnuo-
SIPKOCTHOH (BHYyTpeHHEN) TeMIlepaTyphl BJIUsSET

nucxogHadg TeMileparypa KOXH, 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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BHeIITHEH cpejbl. B 3TOU CBsA3U COBpeMeHHbIE
yCTpOUMCTBA JJi1 HEMHBA3UBHOU perucTrpanuu
BHYTPEHHUX TEMIIEPATYP OOBIYHO COAEPIKAT ABYX-
JIUAaNa3OHHYI0 aHTEHHY, II03BOJIAIOIIYIO peru-
crpupoBarb OMHU B UK (Temneparypa Koxu) u
CBY (BHYTpEeHHME TeMIIepaTyphbl) AUalla3OHax.

B KOMIBIOTEpHU3MPOBAHHBIX YCTPOUCTBAX
n3mepenus (CBU-pagnorepmMoMeTphl), HATpUMep
PTM-01-P3C (P®), nperycMOTpEH aBTOMaTU3upO-
BaHHBIU pacueT paJuosIpKOCTHOU TeMIlepaTypshl,
OCHOBAHHBIN HA YNCJIEHHOM pellleHU ypaBHEHU s
MaxkcBesia.

Cama 1o cebe mporerypa n3MepeHusi 10CTa-
TOYHO IIPOCTA. YCTAaHABJIUBAIOT aHTEHHY, IIJIOTHO
OpUKAMasi ee K IIOBEPXHOCTU KOYKU B IPOEKIUN
TKaHM UM OpraHa, TeEMIIePaTypy KOTOPBIX TPeby-
eTcs1 U3BMepuTh. B TedeHne 3-5 cek MpOBOIAT N3Me-
peHue U IIoIy4YaloT JaHHble B °C, yCpegHeHHbIe C
y4eTOoM OIpefie/IeHHOM AJINTEIbHOCTA U3MEPEHUSI.

Becpma cCymiecTBeHHO, 4YTO IIOJIOKEHUE
AHTEHHBI MOKHO OCJI€eI0BaTeIbHO MEHATH, IIPO-
BONISI M3MepeHUs B OIpeJeeHHBIX 00JIacTAX,
roJydasi KapTUHY paclipejie/leHus1 BHyTpeHHel
TeMIIepaTyphbl opraHa B 00beMe pa3pemraoniei
mIyOWHBI U3MEPEHUS.

Paspaborana MeTomuka [78] UsMepeHUs TeM-
reparypbl FOJIOBHOT'O MO3Ta, IPU KOTOPOI aHTEHHY
MOCJIEOBATEJIFHO ITepeMeIaloT M0 MOBEPXHOCTHU
BOJIOCHCTOM YAaCTH TOJIOBBI M YCTAHABJIMBAIOT B
CTaHTAPTHBIX CHMMETPHUYHBIX 00/TACTSIX ITPOEKITUIA
JIEBOTO U IIPABOTO ITOJIYIIIAPUIA, YTO IIO3BOJISIET OL1e-
HHUTH 0COOEHHOCTH pacIipeiesIeHusI TeMITeparyp-
HBIX TIOJIEH KOPBI OOJBIINX MOJYIIIAPUH M0 BCEH
MOBEPXHOCTHA TOJOBHOTO MO3Td. YUYUTHIBASA, UTO
mTyomHa Jokanyy IMU rryOboKMX TKaHel COCTaB-
JsieT B CpelHeM 5-7 CM OT IOBEPXHOCTU KOKU,
METOJYKA IT03BOJIsIET OLIEHUTH TOJIBKO TeMIlepary-
PY TTOBEPXHOCTH KOPHI OOJTBIITNX MTOyIITapUH.

HecmoTpst Ha 1OCTAaTOYHBIA 00BEM ITyOJINKA-
WM, TTOATBEPIKAAIOIINNA KOPPEKTHOE UCIIOJH30-
BaHne CBY-pannoTepMOMeTpUH U1 OLIEHKYU TEM-
meparypbl TOJOBHOro Moara [85], yMecTHO
COCJIaThCS Ha UCCJIeIOBaHME [7], B KOTOPOM OBLIa
npoBelleHa BaJIMaanus METOMUKNA U3MEPEHUS B
3KCIIEpPUMEHTAaX HA YKUBOTHBIX (KPOJIMKU) U IPU
KJIMHUYECKUX UCCIeJOBaAHUSIX.

B MO03r akcnepuMeHTAJTbHBIX >KHUBOTHBIX
UMILJIAHTAPOBAIN UHIYKIMOHHbIE TEPMOJATYNKA
¥ CPaBHUBAJIA 3aPEeTUCTPUPOBAHHBIE ITOKA3aTeJ N
¢ pesyssraramu CBY-pagnorepMoMeTprn.

B k/IWHM4YECKOM pasjese HCCIeOBaHUSA
IIPOBOJIUJIN CPaBHEHUE 3HAYEeHUU TeMIlepaTyphbl
MO3Ta, 3aperuCTPUPOBAHHBIX C UCIIOJIb30BaHNEM
TepMonaTyukoB (Pressio®,Sophysa), ummniantupo-
BaHHBIX B [TAPEHXUMY MO3Ta Ha TJIyOUHY 10 6-7 cM
y HelpoXupypruuecKux MalueHToB, ¢ JAHHBIMY,
noJrydeHHbIMU IIpu CBY-paguorepMoOMeTprn.

Ha ocHOBaHHMHM COIIOCTaBJIEHUS 3HAYEHHH
TeMIlepaTypbl MO3Tra, 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 METOIaMHU (YMCJI0 U3MEPEHUN: KPOJUKU
n=100, maruedTsI 1n=200), OBIJIO0 TOJTYUYEHO YI0B-
JIETBOPUTEJIbHOE COBIIAJCHUE JAHHBIX: Y SKABOT-
HbIX — +0,23°C, y HeipOXUPYPTrUYeCKUX MaleH-
ToB — +0,52°C [8].

Hasimame pacxosxkIeHni UMeeT BIIOJTHE 00b-
€KTHBHbIC OCHOBAHHUs, 3aKJ/II0OYAIOIIECa B TOM,
4TO IIPY U3MEPEHUU TeMIlepaTypbl UMILJIAHTUPO-
BaHHBIM TEPMOJATYNKOM OOBEM TKaHHW MO3Ta,
KOHTAaKTUPYIOIINN C aKTUBHOM 4aCThIO 1aTYNKA,
He npesbiaetr 10-20 mm3, Torma kak CBY-panno-
TEPMOMETPUsI OXBaThIBAeT 00'beM TKaHH 10 1800 mm3
U (puKCcHpyeT 3HAYEHUsI yCpeJTHEHHOU TeMIlepary-
PBI BO BceM o0beMe. B Toske Bpems, perpeseHTa-
TUBHOCTb PE3Y/IbTaTOB I10JYePKUBACTCS IIPOBEIe-
HHEM MHOTOKPAaTHBIX U3MEPEeHU B padHOe BpeMs
U pa3HbIMU ucciaenoBareasamu. [Ipu CBY-panno-
TepMOMeTpHY OBLJIO 0OHAPY’KEHO XOPOIIlee COB-
IafieHye NPy ITI0BTOPHBIX U3MEPEHUSIX.

HcciienoBanme temiepaTrypbl KOpPbI O0Jb-
KX [OJyIIApUN Y 300POBBIX JiuIL (n=120) ¢ npu-
MmeHeHneMm CBY-paguorepmomMeTpum [7] mokasa-
jgo, uro mnpumeHeHue KIII, mo3BoJswoIen
CTabMIM3UPOBATh TEMIIEPATYPY KOKHU TOJIOBHI Ha
ypoBHe okoJ10 8-10°C, o6ecrieynBasIo K 4-My yacy
OXJIKIeHUsI TOCTOBepHOe MOHWYKeHNe CpelHen
TeMIlepaTyphbl JIEBOT'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 TeMIireparypa Ipu 9TOM
He u3MeHunacb. OTMETUM BeCbMa TOYHOE COBIIA-
JeHUE 9TUX Pe3yJIETaTOB C PACYETHBIMH, II0JIyYeH-
HBIMU B TIpUBeIEHHON paHee pabore [72].

TeMu ke aBTOpaMu [I0Ka3aHo, 4TO y TallyeH-
TOB B IIEpBbI€ CYTKHA Pa3BUTHUSA UIIEMHAYECKOIO
UHCyJIBTa (n=121) cpegHsaA TemMieparypa JeBoro

noJyurapuss cocrasuia 37,11+0,1°C, a npasoro
37,14+0,1°C. ITocse npoBeneHus 16-TH 4acCOBOTO
ceanca KII' Temmeparypa JieBOro IOJIyLIapus
noHuawjack no 32,64+0,54°C, mpaBoro — mo
33,01+0,45°C, a mocJjie 24-X 4acoB OXJIAKJIeHUsI
TeMIeparypa JieBOro IIOJyliapus HOCTHUIJIA
31,05+0,4°C, paBoro — 30,41+0,2°C. basayipHas
TeMIleparypa ocTasaJjiach B IpepeJsax 36-35,5°C, a
TAaKOTO pofla MsATKAasg oO0Imas TUIOTEPMUS He
COITPOBOYK/IAJIaCh Pa3BUTUEM MBIIIIEYHOU APOKU
1 He TpeboBaJIa IOMOTHUTETLHOH (papMaKoJIOTH-
YeCKOU KOPPEKITNH.

@DaKT CHI)KEHUs TeMITepaTypbl KOPhI 60JIb-
IUX noJymiapuii nof BausiareM K1 6e3 3Havm-
TeJTbHBIX U3MEHEHWH 0a3aJbHON TeMIeparyphl
IIOATBEPSKAEH U B IPYTOM HCCJIEOBAHNY, KOTOpPOE
TaK)Ke IIPOBONWJIM HenHBa3duBHyI0 CBY-panno-
TEepPMOMETPHIO I'OJIOBHOI'O MO3Ta y 3 0POBBIX JIUI]
U MTAl[AEHTOB C UIIIEMUYECKUM UHCYIETOM [9].

Kpowme TorO0, Y HEipOoXupypruuecKux namu-
eHToB (n=3) c Tsskenont YMT mocse mpoBeieHus
JIEKOMITPECCUOHHOM TpenaHaluy yepena 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 balance
disorders can be corrected using this technique
which can be considered promising for manage-
ment of fever-associated disorders.

XMMY FOJIOBHOTO MO3Ta Ha IyOUHY 6—7 CM TEpMO-
narunkamu (Pressio® Sophysa) [7]. OkasaJjiochk, 4To
KIIT BBI3BIBaET OBICTPOE MTIOHUKEHNE TEMIIEPATY-
pyl Moara Ha 3-5°C.

OTH JaHHbIE IEMOHCTPUPYIOT HE TOJIBKO BO3-
MOJKHOCTh NOHMKEHUsI TeMIIeparypbl IIOBEpPX-
HOCTHBIX OTJ€JIOB F'OJIOBHOI'O MO3ra IPU OXJIAK-
IeHUN KpaHuorepeOdpaIbHOU 00JIaCTH TOJOBEI,
HO m TO, yTo KIII' mocTarouyHON IJINTEIbHOCTH
II03BOJIsIE€T JOCTUYb 3HAYEHUN TeMIIeparypsl,
COOTBETCTBYIOIINX YPOBHIO MHULIMAUU (pOpMU-
poBaHusa runorepmudeckoro I1K.

Basxno ormeruts, yro npu CBY-paguorepmo-
METpUHN y IMallMeHTOB B II€PBbIC-BTOPbIE CYTKU
nebora (QOKAJIBHOU HUIIEMUU TOJJOBHOTO MO3Tra
BHE 3aBUCHMMOCTH OT JIOKAJIN3al[i1 o4ara rnopaxe-
HUS BBIABJISAJINCHL O0JIACTH IIOBBIIIEHHOHN a0
38-41°C remneparypsl, B 85% ciy4aeB COBIIaalo-
IIMe C IPOeKIUSAME IepPBUYHOT0 o4Yara. YCpegHeH-
Hasi TeMIlepaTypa KOphI IIOJTyIIapuii OKa3bIBAIach
BhIlIe Ha 0,5-0,7°C, yeM y 340pOBBIX Jtogel. To
€CTb, B OCTPOM ITepuoae UIeMun nNpakTu4eCKu 'y
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BCeX TIAIlMeHTOB pas3BHUBajach IlepebpasibHas
runorepmusda. B 32% ciay4yaeB OHa IpoTerasa
CKPBITHO, 0€3 TTOBBITIIeHNsT 0a3aIbHOM TeMITepaTy-
prl. KUT mo3BoJis/1a TOHU3UTH CPETHIOK0 TEMIIEepa-
Typy KOPBI MO3Tr'a, B TOM YUCJIE B O4arax rureprep-
MUM, a Yy JIMXOpajAlluxX IIaldeHTOB
HOPMa/IM30BaThb TeMIIEpaTypy TeJjIa, YTO IIOTYEPKU-
BaeT 11epeOpoIpoTeKTUBHLIH moTeHIra KIIT [80].

[ToBbIlIeHNE TeMIIepaTypbl HEUPOHOB B OCT-
poM TIiepuojie TMOPaKEHUH TOJIOBHOTO MO3ra
00yCJIOBJIEHO Pa3BUTHEM TPAKTUYECKH BCEX
MOCJIeIOBATEIbHOCTEN UITTEMIUYECKOT0 Kackajia B
obutactr meHyMOpsI [81]. Tak, TyTaMaTHBIH «ymap»
¥ cJiemyrolee 3a HUM BO30y)KJeHHEe HEWPOHOB
Hen30eKHO COIPOBOYKIAETCSI POCTOM METab0JTH3-
Ma, TO eCTh IIOBbIIIeHNEeM (POKATBHOU TeMIepary-
pyl. HapymeHnusa KaeToYHOro JbIXaHus C aKTUBa-
nuen CBOOOTHO-PaTUKATbHBIX IIPOIeCCOB
MPUBOJAT K HapacTaHUI0O HedepMeHTATUBHOTO
OKUCJIEHUs, TO €CTh aKTUBAITUU HEA(PHEKTUBHOTO
MeTaboIM3Ma, MOBKIIIAas TeMreparypy [82]. Boc-
rmajieHre MIPUBOANT K «II03Kapy» 0OMeHa U POCTY
TeMIieparypsl. [Ipu aToM, TUTIEpTEPMUS 001 aeT
CaMOCTOSITeJIbHBIM TTOBPESKIAIONINM JIEHCTBUEM
Ha HEHPOHBI, BBI3bIBAS UX JIOTIOJIHUTEJHLHOE BO3-
Oy>kIeHre, yCUINBasA peaKIny 9KCAHTOTOKCUYHO-
CTH, aKTABUPYS IIPOBOCIHIAINATEIbHBIE IIPOLIECCHI A
3aMblKasi IOPOYHbIE KPYI'U naroresesa [83].

O4eBUHO, IJIs1 TOJyYEHUsI IIOJTHOU KapTu-
Hbl BimAHUA KII' Ha TemyoBble MpOIlECCHl B
TOJIOBHOM MO3Te HEOOXOIUMBbI JOTIOJTHUTEILHBIE
uccaenoBanus. B Toske BpeMs, IpuBeleHHbIE TaH-
HbIEC U IIOJIyYeHHbIE IIO3UTUBHBIC KINHUYECCKHUE
3¢ peKThl TPUMEHEHUI METOIVKH y ITAIlUeHTOB B
OCTpOM ITepuojie epedpaabHbBIX KaTacTpod CBU-
JIeTeJIbCTBYIOT O IIPEAIIOYTUTEIBHOCTH ee IIpAMe-
HEHWS 110 CPAaBHEHUIO C OOIINM OXJIYKTEHUEM.

Bo-miepBBIX, IPHU MOPasKEHUSIX TOJJOBHOTO
MO3ra pa3BUBaeTCA OTeK, losbiiaerca BU/l, cuu-
skaeTcs niepebdpasnbHas nepdysus. 113 atoro cie-
JIyeT, YTO LIeHTPaJIbHasI JOCTABKA OXJIasKIeHHOU
KpOBH K 00JacTH TeHyMOpBHI OKa3bIBaeTCs
3aTpyJHEHA, a 3TO eIUHCTBEHHBIN IIyTh TUIIOTEP-
MHUYECKOT0 BO3eMCTBUS Ha TOJIOBHON MO3T NPHU
obmem oxaxkneruu. [Tpu KIII' oTBeeHre n30bIT-
Ka TeIJIOThI OCYIIeCTBIIAETCS KaK KOHBEKIMOHHO,
TaK Y IIyTeM KOHIYKIWU (IBa IIyTH TEIJI00TBee-
HUS), YTO KAKETCA MPEAIIOUTUTEIbHEE.

Bo-BTOpPBIX, B OVIMYKE OT OOIIEel TUIIOTEP-
mun, KIII' obecrieunBaeT O4eHb «MATKOE» IIOHIKe-
Hre 6a3aTbHO TEMITEPATYPhI, MOKET ITPOBOIUTh-
Csl malMeHTaM C pas3juYHOU XapaKTepUCTUKOU
CO3HaHWsA, He TPeOYeT TOTOTHUTETHHON Cearum
U KOHTPOJISI MBITIIEYHOU IPOYKH, CHUYKaeT papma-
KOJIOTMYECKYIO Harpy3ky Ha nanuesTa. [Ipu RIIT
He pPAa3BUBAIOTCA TUNHWYHBIE OCJOKHEHUS WU
mo06o4YHbIe 9 (DEKTHI, CBOMCTBEHHBIE OOIIEHN TUITO-
TepMUU U CIIOCOOHBIE HUBETNPOBATh TO3UTUBHbBIE
3 eKThI OXJIaKIEHUS.

B-Tperpux, 6a3oBasi Tepamnus IMoapasyme-
BAIOT PUMEHEHHE OOJTBIIIOTO YHMC/Ia ITPerapaTon
pas3JIMYHOrO TUTIA JEUCTBUS, KOTOPbIE BXOIAT B
«KOH(JIUKT» C 9HJIOTeHHbIMU MexaHnu3Mamu [1TK.
Keramun, 6apbutypatsl, mponodoJ, bera-aape-
HOOJIOKATOPHI, 0JIOKATOPHI KATbI[MEBBIX KAHATIOB
o6noxupytoT passutre agderron I[1K. [IpemapaTst
C AaHTHUOKCHUAAHTHBIM M IMPOTHBOBOCHIAJUTEIb-
HBIM JIEHICTBUEM, TUIIOVIMKEMUAYECKHE TIpernapa-
Thl W TUNEPIVIMKEMHUs 00JaJaloT TaKAM SKe
addexrTom [84-88].

OdeBUIHO, TPUBEIEHHBIN TepeYeHb haKTo-
pOB, 3aTpPyOHSIOMWX pPa3BUTHE ITO3UTUBHBIX
a(pderToB runorepmMun Hero0H. TeM He MeHee
MIPaBOMOYHO TPEIIOJIOKUTh, YTO HeJOKa3aH-
HOCTBb 9(D(PEeKTUBHOCTH OOIIEH TUIIOTEPMUH TP
nHCcynbrax 1 YMT B O0JIBIIION CTENIEHH CBs3aHa
WMEHHO C HUMHU. [UIOTETHYECKN MOKHO TIPE/IIIO-
JIO3KUTH Pa3BUTHE CBOE0OPa3HOT0 «KOH(MIUKTA»
MesKTy 00111ei 1 iepebpabHOM TUIoTepMUEH TPU
(poraTbHBIX MOPASKEHUSIX TOJIOBHOTO MO3Ta, pas-
BUBAIOIIIETOCS B CBSI3W C HEOTPABJIaHHBIM ITOHU-
SKEHMEM TeMIlepaTyphl BHYTPEHHUX OPTAHOB.

W3 aToro mpearoJiosKeHUus CJeayeT, 4To
WHIYKINS CEJIEKTUBHOM 1lepedpaTbHOMN THIIOTED-
MWW JOCTAaTOYHOW WIyOMHBI Ha (oHe obIein
OYeHb «MSTKOW» TUTIOTEPMUH WJIM HOPMOTEPMUM
MOSKET OKasaTbCsA DoJjiee MpennouYTUTETbHON U
Oe3omacHO# B TEpAITUy HE TOJBKO OCTPOTO ITEPHO-
Jla TOpa’keHMH TOJI0BHOTO MO3Ta, HO U B peabuu-
TAIIOHHOM TIEPHOJIE, A TAKYKE B MPENYTIPEsKICHIN
pas3BUTHSA HeHpoaereHepaTUBHBIX 3a00IEBAHUN.

3akJrouenue

AHaJIN3 HEUPOIPOTEKTOPHBIX MEXaHU3MOB
CeJIeKTUBHOM TiepebpaibHOU TepamneBTUYeCKOMH
TUTMIOTEPMUU C TO3UIUH MeTaboJTUYeCcKOm
JIeTpecCUy ¥ KOMILJIEKCA PeaKIiil, BhI3BAHHBIX
T€HOMHBIM ITeperporpaMMUPOBaHUEM HEHPOHOB,
MTO3BOJISIET MIPEJACTABUTH OCHOBHBIE TTEPCIIEKTHUB-
HbIe HalpPaBJIeHUsI IPUMEHEHUS 9TOI METOUKY B
acrekre runorepmmuyeckoro ITK.

IToBbIIIast TOJEPAHTHOCTH TOJIOBHOTO MO3Tra
B OCTPOM Iiepuojie pasButus marosoruu, KIIT
MTO3BOJISIET JOCTUYb TAKOTO YPOBHS CHUKEHUS
TeMITepaTyphbl, KOTOPHIN obecieunBaeT GopMUpO-
BaHMUeE JI0JITOCPOYHON YCTOMUYUBOCTU HEUPOHOB K
JefICTBUIO MTAaTOTeHHBIX (DaKTOpPOB. B cBOIO oue-
pelnb, 9TO CBU/IETETbCTBYET B TIOJIb3Y HE TOJTBKO
CPOYHOTO0, HO U ITpeBeHTUBHOTO MpuMeneHus1 KIIT,
HalpyuMep, IpU IJIAHUPYEMbBIX PeBaCKyJIspH3a-
IIMOHHBIX BMeIlaTe/ IbCTBaxX. [[paBOMOYHO MIPeIo-
JlaraTh MTO3UTUBHOE BJIMSTHIE TUIIOTEPMUYECKOTO
BO3JIENCTBUSI HA TOJIOBHOU MO3T IPU ITPOBEIEHUN
peadbuIUTAIIMOHHBIX MEPOTIPUSITUH B I€JISIX ITOBBI-
IIIeHUsI HeWpOpereHepaTuBHOrO TOTeHIasa U
CTeTlleHN HeHUPOIIJTaCTUYHOCTH MO3Ta, OTpaHuYe-
HUSI TIPOIIECCOB HeWpoereHeparum.
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KLI' mosBoJisieTr m30ekarh ITOCJIEICTBHM

HETaTUBHOTO BJIWSHUS MOHWKEHUS TeMIepary-
PBI TeJIa, MPUYEM CJIeAyeT YIUTHIBATh, UTO pas-
BUTHE 00IIIeH TUTIOTEPMUY CLIOCOOHO HUBEJIHPO-
BaTh 9(P(PEKThl CeJeKTUBHOU IepedpaibHOU
TUTIOTEPMUH, a UX COYETaHNE, [10-BUINMOMY, HE
1eJiecoo6pasHo.
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