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Thermoregulation, Sleep and Temperature Influences

VI3MeHeHus TeMIIepaTyphl Tela, IPOUCXOSIINE B IIUKIIE COH-00IPCTBOBAHKE, U UyBCTBUTEIBHOCTh CHA K U3MEHEHHUSIM TEMIIepaTyphl
OKpY’KaloLlel cpebl, IPUBEIU K MBICJIU, YTO IPOLIECCHI PETY/ISILIUU CHA U TeMIIEpaTyphl Tejla HaXOAATCs B TECHOH B3aUMOCBs3U. B
MHOTOUYHCIICHHBIX HCCIESOBAHUSIX OBLIO TOKA3aHO, YTO COH B 3HAYUTEIIBHOI CTEIEHH MO/IBEPIKEH BIMSHHIO TEMIIEPATYPhI OKPY KaIOLIeH
Cpezbl ¥ YyBCTBUTEJICH K MHTCHCHBHOCTH, MPOIODKUTEIEHOCTH U PEKUMY TEMIIEpaTyPHBIX Bo3/eiicTBHiA. [[pyrum o00cHOBaHHEM
B3aMOCBSI3H CHA U TEPMOPETYJSILUY SABISETCS TOT (PaKT, 4YTO THUIOTAIaMyC, OCOOCHHO ero MeAualibHas IpeonTuuecKas 001acThb,
y4acTBYET B PEryJSILMM KaK CHa, TaK U TEMIIEpaTyphl Tella.

Kniouesvie cnosa: con, TepMOPErysiLus, Kpbica.

3MiHU TeMIepaTypH Tija, MO BiIOyBalOTHCS B LMK COH-HECIAHHS, 1 YyTIMBICTh CHY Z0 3MiH TeMIepaTypH HaBKOJIUIIHLOIO
Cepe/IOBHIIIA HAaBENIM Ha IyMKY HpO Te, L0 MPOLECH Peryiisilil CHy i TeMIepaTypH Tijla 3HaXOAAThCS B TICHOMY B3a€MO3B'si3Ky. B
YHCIICHHUX OCIIDKEHHSIX OyJIo MOKa3aHo, L0 COH B 3HAYHIN Mipi pearye Ha 3MiHy TeMIlepaTypH HaBKOJHMIIHBOTO CEPElIOBHINA i
YyTIMBUH 10O IHTEHCHBHOCTI, TPUBAJIOCTI 1 PeXHUMY TEMIIEPATYPHUX BILIMBIB. [HIIMM OOIpyHTYBaHHSAM B3a€MO3B'S3KYy CHY i
TepMoperyisiuii € Toit gakr, 110 rinmorasamyc, 0CoOIMBO HOro MeniaabHa MPEONTHYHA 30HA, Oepe Y4acTh B PEryislil K CHY, TakK i
TEeMIIepaTypH Tina.

Kniouogi cnosa: con, Tepmoperyssiiis, myp.

Changes in body temperature, occurring during sleep-wake cycle and sensitivity of sleep to changes of ambient temperature led to
the idea that there is an interrelation between sleep regulation and thermoregulation. Numerous studies have shown that sleep is largely
influenced by ambient temperature and is sensitive to the intensity, duration and mode of temperature effects. Another reason for the
interrelation between sleep regulation and thermoregulation is the fact that hypothalamus, especially the medial preoptic area is

involved in sleep regulation and regulation of body temperature.
Key words: sleep, thermoregulation, rat.

Tepmoperyasums

Perymsimust TemmniepaTypsl TeJia OCYIIECTBISIETCS 3a
CYET aBTOHOMHBIX M MOBEJICHUYCCKUX MEXaHU3MOB,
HaIpaBJICHHBIX Ha MOJJAEpKaHHue Oamanca MexIy
TEIUIONPOAYKIHEH U TETUIOOTAAYEH.

Ha ceromasmunii 1eHh CUMTACTCS, YTO CHCTEMa
TEPMOPETYIISAIMN MIECKOTIUTAIOIINX BKII0YaeT 4 OCHOB-
HBIX KOMIIOHEHTAa: TEPMOPELICTITOPBI; HEPBHBIE IYTH,
npoBozsme ahdepeHTHyo 1 3¢ depenTHy0 HHDOP-
manuto K [THC u ot Hee; cucteMy KOHTPOJISI, HAXO/s-
urytocs B [IHC; TepmoaddexTopHyto cuctemy.

TepmopeuenTopsl MpencTaBIsIOT co00l HeHpo-
HaJIBHBIE 2JIEMEHTHI (HEPBHBIC OKOHYAHWS ), pearupyro-
[IHe Ha TOBBIIMICHNUE MWW CHIDKCHHE TeMIIEpaTypHI.
OHU pacToNIOKEHBI B PA3TUYHBIX O0JIACTIX KOXKH, B
DTyOMHe TKaHel OpraHn3Ma, HampuMep MOOIM30CTH OT
COCYNOB (KapOTHIHASI apTepus), B HEKOTOPHIX BHYT-
peHHuX opranax, ckeneTHsx Mbiax u [IHC (cpen-
HUU MO3T, MPOAOJITOBATHI MO3T, THoTanamyc) [23].
ITo coBpeMeHHBIM NpeACcTaBICHUIM, OCHOBHBIMU
TEMIIEpaTypHbIMU CEHCOPaMHU B HEPBHOM OKOHUAHUU
SIBIISTFOTCSL KaHAIIBI, IPHHAJUICKAIUE K CylepceMeii-
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Thermoregulation

Body temperature regulation is implemented due
to autonomous and behavioral mechanisms for keep-
ing the balance between heat production and heat loss.

Today it is considered that mammalian thermo-
regulation system has 4 main components: thermo-
receptors, nerve pathways conducting afferent and
efferent information to and from CNS; control sys-
tem, in CNS; thermoeffector system.

Thermoreceptors are neuronal elements (nerve
terminals), responding to temperature rising or de-
creasing. They are located in different skin areas,
deep in the organism tissues, for instance, near the
vessels (carotid artery), inside some internal organs,
skeletal muscles and CNS (midbrain, medulla oblon-
gata, hypothalamus) [23]. Recently there have been
obtained the data that the main temperature sensors
in the nerve terminal are channels of superfamily
"transient receptor potential" (TRP) of thermosensi-
tive cation channels [32, 39, 49]. These channels are
activated by definite physiological temperatures and
participate in temperature information transformation
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ctBy "transient receptor potential” (TRP) tepmocen-
CUBHBIX KATHOHHBIX KaHATIOB [32, 39, 49]. DT kaHAIBI
AKTHBUPYIOTCS ONPEAETICHHBIMH (PU3UOTOTHIECKUMHU
TEeMIIepaTypaMH M y4acTBYIOT B mpeoOpa3oBaHHUU
TeMIIepaTypPHOH HHPOPMAIINU B XUMHYECKHE U SJIEKT-
pudeckue curHainsl. [Tpyn oxnaxaeHuu MexaHu3M Ipe-
00pa3oBaHKs B OCHOBHOM, OCYILIECTBIISCTCS PH y4ac-
THH XOJIOO- U MEHTOJIAaKTHBUPYEMBIX HOHHBIX KAHAJIOB
(TRPMBR). boree cunpHOE OXJaXK/IeHHE aKTHBHPYET
npyroii Tunt TRP-xananoB, HazBanHbIX TRPA1 (anku-
PUH-TIOAOOHBIE KaHANBI), KOTOpPhIE, KaK MOJIarawr,
CBSI3aHBI C X0J070BOH 601bi0 [39]. Yersipe TRPV-
KaHalla akTuBUpytoTcs HarpeBanuem (TRPV1-4).
[peamnonararot, 4TO BOCIPHUSITHE TEMIIEPATYPBI, OOTH
U Jake TaKTUIIBHOE OLIYIIEHHE MOTYT B3aMMOJACHCT-
BOBaTh ApyT ¢ Apyrom [22]. IIpu Hem3MeHHOH TeMIe-
paType BHEIIHEN Cpepl A KaXJIO0ro THIIA PELENTo-
POB HMeeTCs TeMIIEpaTypHBIN AMaNa3oH, IPU KOTOPOM
HX YacTOTa pa3psloB MakcuMaibHa.llJisl XOI0mZOBBIX
PELEenTOpOB ATOT AUANA30H JEKUT Mexay 25 u 30°C,
a s TerioBelX — Mexay 40 u 47°C. [lapamgokcans-
HBIH pa3psil y XOJIOAOBBIX PELEITOPOB TAKKE OOHAPY-
keH B paitone 45°C. Ilpu mocTosIHHON TeMrepaType
KaK XOJIOIOBBIE, TaK M TEIJIOBBIE PELENTOPhI OBICTPO
agantupyroTcs [23].

CencopHas nH(pOpMAITHS OT TEPMOPEIIEIITOPOB TIe-
penaeTcs 4epe3 CIMHAIBHBIE TAHIIMK U JOPCAJIbHBIC
pora CIMHHOT'O MO3T'a B COCTaBE CIIMHOTATIAMUYECKOIO
1 CIIMHOLIEPBUKAJIBHOTO TPAKTOB K TAJIaMyCy, a OTTyJa
MIPOELMPYETCSI B CECHCOPHYIO M HHCYJIIPHYIO KOPY.

Haubonee BaxxHbIMH 00MacTsIMU MO3ra, 3a1eicT-
BOBaHHBIMH B PETYJSILIMU TEMIIEPATYPbI TEJA, SBISIOT-
Csl IpEoNTHYECKasi 00JIACTh MEPEAHEr0 THIoTaIaMyca
U 3aHUI runoTtanamyc. Kpome Toro, yuactue B pery-
TSI TEMIIEPATYPHI TEJIa MIPUHUMAIOT U CyIpaxuas-
MaTH4ecKue spa runorainamyca [19]: HeHpOHBI uX
CyOmapaBeHTPUKYJISIPHBIX 30H BOBJIEKAIOTCS B OPTaHH-
3alHMI0 IUPKATHON PUTMHYHOCTH TEMIIepaTyphl Teja,
a HEMpPOHBI BEHTPAJIBHBIX CyONapaBeHTPHUKYISIPHBIX
30H — B PETYJISALHIO LIUPKAIHBIX PUTMOB CHa 1 0O/APCT-
BoBaHUs1. BeHTpanbHbIe cyOnapaBeHTPUKYIISIPHBIE 30-
HBI Cylpaxnua3MaTHUECKHX SAep B CBOIO oYepelb CBs-
3aHBl C JOPCOMEIUAIBHBIMU SIIPaMU THIIOTalIaMyca,
KOTOpO€ NPUHUMAET y4acTHe B IMPKaIHOM OpraHuza-
LM CHA 1 OOIPCTBOBAHKSI, IOKOMOTOPHON aKTHBHOCTH,
MOTPEOICHUS UK U IIPOAYKIIMH KOPTUKOCTEPOUJIOB
[43]. MenunansHas nmpeonTrdecKas 00JIaCTh IEPETHETO
THITOTAJIAMYCa UTPAET BYKHYIO POJIb B PH3HOIIOTHYEC-
KHX W MOBEJCHUYECKHUX TEPMOPETYIATOPHBIX OTBETaxX
[24, 31]. TemnooTna4ya u TEIJIOMPOMTYKIIUS WHHUITHH-
PYIOTCSl aKTUBHOCTBIO TEIJIOBBIX TeMIIEpaTypPHBIX
peuenTopoB nepegHel NPeonTU4ecKoi 001acTy runo-
tanamyca. OHaKo TeMIepaTypHbIe CUTHAIIBI OT IEPU-
(hepuueckux obdnacreii Tena, 0COOCHHO OT KOXKU U TKa-
HE, pacloJIOKEHHBIX B NTyOHHE Tesna (CIIMHHON MO3T 1
OpraHbl OPIOIIHON MOJIOCTH), TAKXKE BIUSIOT Ha ycTa-
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into chemical and electrical signals. Under cooling the
mechanism of transition is generally realized by in-
volving cold- and menthol activated ion channels
(TRPMS). Stronger cooling activates another type of
TRP channels named TRPAT1 (ankyrin-like channels),
which are believed to be associated with cold pain
[39]. Four TRPV channels are activated by heating
(TRPV1-4). It is supposed that sensation of tempera-
ture, pain and even tactual sensation can interact with
each other [22]. If environmental temperature is
constant each type of receptors has an appropriate
temperature range, where their discharge frequency
is maximal. For cold receptors this range is between
25 and 35°C but for heat receptors it is between 40—
47°C. Paradoxical discharge of cold receptors is also
revealed near 45°C. Under the constant temperature
both cold and heat receptors are rapidly adapted [23].

Sensory information from thermoreceptors is
transfered through spinal ganglia and dorsal horns of
spinal cord as a part of spinothalamic and spinocer-
vical tracts to thalamus and from that place it is pro-
jected to sensory and insular cortex.

The most important brain area involved in body
temperature regulation is preoptic area of anterior
and posterior hypothalamus. Moreover suprachias-
matic nuclei of hypothalamus participate in body tem-
perature regulation [19]: neurons of its subparaventri-
cular zones are involved in body temperature circa-
dian rhythmicity organization and ventral subparavent-
ricular zone neurons are involved in circadian rhythms
of sleep and wakefulness regulation. In its turn ven-
tral subparaventricular zones of suprachiasmatic nu-
clei are connected with hypothalamus dorsomedial
nuclei, participating in circadian sleep and wakeful-
ness organization, locomotor activity, food consump-
tion and corticosteroid production [43]. Medial preop-
tic anterior hypothalamus area plays a key role in
physiological and behavior thermoregulatory re-
sponses [24, 31]. Heat loss and heat production are
initiated by heat temperature receptors activity of an-
terior preoptic hypothalamus area. However tem-
perature signals from peripheral body areas especially
from skin and deep body tissues (spinal cord and ab-
dominal cavity organs) also affect the ‘set point’ of
hypothalamic temperature center. The ‘set point’ of
temperature homeostasis rises during decreasing of
skin temperature and decreases during its rising.
Posterior hypothalamus, can be described as sympa-
thetic center, controls skin blood vessel vasoconstric-
tion. Except a subconscious body temperature con-
trol mechanism an organism possesses another con-
trol mechanism even more powerful. This is a beha-
vioral temperature control. When the body tempera-
ture become too high the signals of temperature con-
trol brain centers promote the formation of psycho-
logical overheat feeling. And vice versa when the
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HOBOYHYIO TOUKy ("set point") rumoramaMu4ecKoro
TEMIEePaTypPHOTO LIEHTPa. YCTAaHOBOYHAS TOYKA TEM-
[IepaTypHOI0 FOMEOCTa3a MOBBIMAETCS, KOTJa TEMIIe-
patypa KoK NaJA€T, U OHMKAETCs TPH TOBBIIIEHUH
€€ TeMIeparypsl. 3aJHUI THIIOTaIaMmyc, KOTOPBI Mo-
XeT OBITh OIIMCAH KaK CUMIIAaTUIECKUH LEHTP, KOHTPO-
JIUPYET Ba30KOHCTPUKLINIO KOKHBIX KPOBEHOCHBIX CO-
cyznoB. Kpome nonco3narensHOro MexaHu3ma KOHTPO-
T TEMIIepaTyphl Tella, OpraHu3M o0Jajaer ere
OJTHMM KOHTPOJHUPYIOIIUM MEXaHU3MOM, Aaxke Ooiee
MOIIIHBIM. DTO MOBEJEHUECKNI KOHTPOJIb TEMIIepary-
pel. Korma temmeparypa Tena CTaHOBUTCS CIUIIKOM
BBICOKOH, CHTHAJIBI M3 MO3TOBBIX IIEHTPOB KOHTPOJIS 32
TeMIIEPaTypoii COCOOCTBYIOT (POPMUPOBAHHUIO TICUXO-
JIOTHYECKOTO OLIYyIIeHus neperpesanus. 1 Haobopor,
KOTJIa OPraHU3M OXJIaKIAETCsl, CHTHAJIBI C TOBEPXHOC-
TH KOXKH U, BEPOATHO, OT PELIENITOPOB B INTyOHHE Tea,
BBI3BIBAIOT (DOPMUPOBAHHUE OLIYIICHHUS XOJOJOBOTO
auckoM$opTa, YTO BBIHYKIAET OPraHu3M MpUIararh
YCHITUS [T AOCTIDKEHUSI TETTOBOTO KoMdopTa [24].

CoH: mexaHu3mbl 1 (PyHKUMK

IToBeneHMEe MIIEKOTTUTAIOIIINX, BKITFOUAs YEJIOBEKA,
COCTOWT U3 JABYX YePEAYIOIIIXCSI IIEPHOIOB: aKTHBHOC-
TH W TIOKOsS. B miepBoM mpowucxonar oOydeHue U pea-
JIU3AIIMS BPOXKICHHOTO M PHOOPETEHHOTO MTOBECHUS,
a Bo BTopoM — BocctanoBienue [{HC u opranuzma B
uesoM. [Ipu 3ToM HaXosICh B MOKOE, OPraHU3M MOXKET
peObIBaTh B OTHOM U3 TPEX COCTOSHHIA: CIOKOWHOTO
00ApCTBOBaHMS, OOBIYHOTO (MEIIEHHOTO HJIH MEIJICH-
HOBOJIHOBOTO) ¥ ITapaI0KcaIbHOTO0 (ObIcTporo) cHa [ 1,
2, 45]. BoNbIIMHCTBO BBHICIIMX U HU3LINX >KUBOTHBIX
CIISIT IPUMEPHO OJUHAKOBO: IPUHUMAIOT COHHYIO I103Y,
XapaKTEPHYIO IS KAXKIO0T0 OTACTHLHOTO BI/IA, UX JIBU-
rareybHasi aKTHBHOCTh PE3KO CHUKACTCS, UCUE3aeT
peaknus Ha BHENTHHUE Pa3ApaKUTENH (XOTS coXpa-
HSIETCS CIIOCOOHOCTh K MPOOYXKACHUIO B OTBET Ha
BHEIIHIOIO MWJIM BHYTPEHHIOIO CTUMYJIALIIO). CortacHO
COBPEMEHHBIM ITPEICTABJICHUSM, COH OTIPEACIISIOT KaK
0c000€ reHeTUYECKH JIETEPMUHUPOBAHHOE COCTOSTHUE
OpraHu3Ma TeIUIOKPOBHBIX XUBOTHBIX (MJIEKOIIH-
TAIOIIVX U [ITHII), XapaKTEePU3YIOIIeecs 3aKOHOMEPHOM
MOCIIEI0OBATEILHON CMEHOM OITPEIeIICHHBIX MOIUTpa-
(huveckrx KapTUH B BHJIE ITUKIOB, (a3 u craauid [4].
Cucrema peryisiiuy [UKIIa COH-00IPCTBOBAaHHE BECh-
Ma CII0OKHa, HO K HacTOSIIEMy BPEMCHHU H3ydeHa
xoporto [27, 42]. Ona BKIIIOYaeT B c€0s YeTHIPE KITIO-
YEeBBIX MEXaHM3Ma: 00IPCTBOBAHIIS, MEJICHHO-BOJTHO-
Boro cHa (MBC), mapanokcansHoro cua (I1C) u BHyT-
PUCYTOUYHON PUTMUKH.

boopcmeosanue. VIzydenne akTHUBHOCTH HEHPO-
HOB, BOBJICYCHHBIX B PETYJISIIUIO IIUKJIA COH-0O0IPCTBO-
BaHUE, [MOKA3aJI0, YTO HOpMajbHas paboTa KOpbI TO-
JIOBHOTO MO3Ta, 00ECIIeYNBAOINasi BECh CIIEKTp Jesi-
TEIBHOCTH B OOJJPCTBOBAaHUM, BO3MOXKHA TOJBKO MPH
HAJIMYUU TOHUIECKUX MOIIIHBIX BO3/ICHCTBHII CO CTOPO-
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body cools down the signals from the skin surface
and probably from deep body receptors induce the
formation of cold discomfort feeling, driving organ-
ism to achieve a heat comfort [24].

Sleep: mechanisms and functions

The behavior of mammals, including human, con-
sists of two alternated periods: activity and rest. Dur-
ing the first one the training and realization of innate
and acquired behavior take place, and during the sec-
ond one the restoration of CNS and the organism in
a whole occurs. Being in a rest period an organism
may be in one of three states: quiet wakefulness,
slow-wave sleep and rapid eye movements (REM)
sleep [1, 2, 45]. The most of higher and lower ani-
mals sleep almost in the same way: take a sleep
position typical for each species, motion activity sud-
denly decreases, reaction for exogenous stimuli dis-
appears (although awakening ability in response to
external or internal stimulation preserves). Accord-
ing to the modern conceptions sleep is considered as
specific genetically determined organism state of ho-
moiothermal animals (mammals and birds), that is
characterized by regular sequence of specific polygra-
phic patterns in the form of cycles, phases and stages
[4]. The system of sleep-wake cycle regulation is
rather complicated, but it is well explored today [27,
42]. It includes four key mechanisms: wakefulness,
slow-wave sleep (SWS), REM sleep and circadian
rhythmics.

Wakefulness. Direct investigation of neurons that
are involved in regulation of sleep-wake cycle sho-
wed that normal cortex function providing the whole
activity spectrum during wakefulness, was possible
only in the presence of tonic powerful influences from
specific activating subcortical structures [5]. Because
of these influences the membrane of the most corti-
cal neurons during wakefulness is depolarized and
only in the state of tonic depolarization the neurons
are able to process and respond the signals from other
neurons. One could distinguish about ten of such tonic
depolarization systems or systems of brain activation
(conventionally the wakefulness centers). They are
located at all levels of brain axis: in brain stem reticu-
lar formation, /locus coeruleus and dorsal raphe nu-
clei regions, posterior hypothalamus and basal fore-
brain nuclei [27]. Diffusely located neurons in these
regions send their axons to almost all brain regions
except neocortex. System of these neurons support
the brain activity on the level necessary for wake-
fulness by means of ascending activating impulses
(hereat the term ‘ascending reticular activating sys-
tem’). Nor-adrenergic [44], histaminergic [42], mono-
aminergic [41] and cholinergic neurotransmitting brain
systems [27] (Figure) serve as neurochemical basis
of this transmission.
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HBI ONPECIICHHBIX aKTUBHUPYIOMIHUX MOJIKOPKOBBIX
CTpyKTyp [5]. bmaromaps 3TUM BO3JEHCTBHSIM,
MeMOpaHa OONBIIMHCTBA KOPTHKAJIbHBIX HEHPOHOB B
0OIPCTBOBaHMY JETIONSPU30BaHA, M TOJIBKO B COCTOSI-
HUM TOHUYECKOH AETIOISPH3aLUN HEHPOHBI CIIOCOOHBI
00pabaThIBaTh U OTBEYATh HA CUTHAJBI, IPUXOISIINE
K HUM OT APYTHX HEPBHBIX KJIETOK. Takux CUCTEM TO-
HUYECKOH Aemonspu3aliy, WK aKTHBallMd MO3Ta
(YCTOBHO — IIEHTPOB OOAPCTBOBAHMUS ), BBIICIISIOT OKO-
70 necsaTtH. PacmonoXeHbl OHM Ha BCEX yPOBHSIX
MO3IOBOM OCH: B PETHKYJIAPHOU (hOpMaIlMu CTBOJIA,
00J1acTsX roy0oro TsITHA U IOP3TLHBIX S/Ipax IIBa,
3aJJHEM TUTIOTaJIaMyce U 0a3albHBIX S[paX MepeTHero
mo3ra [27]. Iuddy3Ho pacoiokeHHbIe HEHPOHBI B
3THX 00JIACTSAX NOCHUIAIOT CBOU aKCOHBI TOYTH KO BCEM
00JacTsIM rOJIOBHOTO MO3T3, 38 UCKIIIOUEHHEM HEOKOP-
Tekca. Cuctema JaHHBIX HEHPOHOB MOJACPKHUBACT
HEOOXOAUMBIN At OOIPCTBOBAHUSI YPOBEHb AKTHB-
HOCTH MO3Ta 3a CUET BOCXOASINEH aKTHBUPYOLIEH
UMITyJbCAalUH (OTCIOAa TEPMHH "BOCXOMAIIAS aKTUBH-
pyromas peTuKyisipHas cuctema'). Heifipoxummaeckoit
OCHOBOM 3TOM Ilepeiauu CIIy>KaT HopaJApeHEPruuecKast
[44], rucramuneprudeckas [42], MOHOAMUHEpTHYECKast
[41] 1 XonuHepruyeckas HeHpOTPaHCMUTTEPHBIE CUC-
TeMbI Mo3Ta [27] (pUCYHOK).

Con. CornacHO COBpEMEHHBIM MPEACTABICHHUIM
COH, €ro oTxAejibHbIe (a3bl U CTaIUU HACTYIAIOT B
pe3yJbTaTe NOBBIIEHHON aKTUBHOCTH ONPEAESICHHBIX
CTPYKTYp ToIoBHOTO Mo3ra. Takum oOpa3zom, COH
SIBISIETCS aKTUBHBIM IIPOLIECCOM, B OpPraHU3alUH KOTO-
POro IPUHKUMAIOT yYacTUe Pl CTPYKTYp Mo3ra, 00be-
OUHAEMBIX B TaK Ha3bIBAEMbIE CHHXPOHU3UPYIOIIUE
CHCTEMBI, KOTOpBIE B 1I€JIOM 00pa3yoT COMHOTEHHBIH
MEXaHHU3M MO3ra.

Meonennosonnogou con. C TOUKU 3pEHUS] TEOPHH
MIACCHBHOTO 3aChITaHUsI COH PACCMAaTPHUBAIOT KakK pe-
syabtar neaddepentaryu. [Ipu nepepeske CIIMHHOTO
MO3Ta Ha TPaHUIIE C IPOAOJITOBATHIM, T. €. IPH COXpa-
HEHWH CBS3M F'OJIOBHOTO MO3Ta C CEHCOPHBIMU YEPEITHO-
MO3TOBBIMH HepBaMU (mpenapat encephale isole), B
30T npeobnanaeT AeCUHXPOHU3UPOBAHHAS AKTHB-
HocTb. [Ipy nepepeske e Ha ypOBHE CpeIHEr0 Mo3ra
(mpenapar cerveau isole) peructpupyercs D91, xapak-
TepHast 4715 ecTecTBeHHOro cHa [27]. Takum obpaszom,
U1l OOIpPCTBOBAHMS HEOOXOOUM XOTs Obl MUHUMAJIb-
HBI YPOBEHb aKTHBHOCTH KOPBI, IMOJICPKUBACMBIit
CCHCOPHBIMH CTHMYJIaMHU, a JIJIsl CHA — CHIKEHHE d(-
(heKTUBHOCTH CEHCOPHOW CTUMYJISIIIH MO3Ta. OTHaKO
B HACTOSIIIEE BPEMS COH PAaCCMaTpPUBAIOT KaK PE3yib-
TaT aKTUBHOTO ()YHKIIUOHUPOBAHHS CHHXPOHH3HPYIO-
LIMX COMHOTEHHBIX CTPYKTYyp Mo3ra [18,27,42]. K aum
otHocAT TAMKepruueckue HepOHBI IPEONTUUECKOM
00JacTH epeAHero runoTagamyca, KOTOpble y4acTBy-
IOT B 3aIlyCK€ CHa U B €ro Mpolecce MoJaBIsIoT ak-
TUBHOCTb XOJIMHEPTHUECKUX U MOHOAMHHEPTHIECKUX
HEHpoHOB [27, 42, 44]. DT ke HEHPOHBI IPUHUMAIOT
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CxeMa pacroioKeHust 001acTell MO3rau MOy HeHpo-
HOB, y9aCTBYIOIIMX B PETYJISILIMH LINKJIa COH-00IPCTBOBAHME:!
1 —MmenuanpHas mpeonTHdecKas 00JacTb TUIIOTaNIamMyca; la —
Cylipaxua3MaTHYECKHe Spa; 2 — TaJaMyc; 3 — THIIoTaJlaMyc;
4 — cTBOJI; 5 — IIPOOITOBATHIA MO3T; @) — aJPEH- HITH HOP-
aJpeHepruyeckuc; @ — rucraMuHepruiyeckuec, @@ —
TUIIOKPETUHEPTUUCCKHUE, - CECPOTOHMHEPIUYCCKUE Heil-
POHBIL.

A schematic drawing showing some key brain regions and
neuronal groups, taking part in sleep-wake cycle regulation:
1 —medial preoptic hypothalamus region; 1a—suprachiasma-
tic nuclei, 2 — thalamus; 3 — hypothalamus; 4 — stem; 5 —
medulla; @ — adren- or noradrenergic; @ —histaminergic,
@@ - hypocretinergic; Il — serotoninergic neurons.

Sleep. According to the modern conceptions,
sleep, its separate phases and stages are initiated in
result of an increased activity of some brain struc-
tures. Thus, sleep is an active process organized by
some brain structures integrated in so-called synchro-
nizing systems, which form a hypnogenic brain me-
chanism.

Slow wave sleep. In terms of a passive falling
asleep theory, sleep is considered as a result of deaf-
ferentation. Dissection of spinal cord in the border
with medulla, i. e. when the connection of brain with
sensory cerebral neurons are preserved (preparation
encephale isole), results in prevailed desynchronized
activity in the EEG. During midbrain transection (pre-
paration cerveau isole) one could record the EEG,
characteristic for natural sleep [27]. Thus, wakeful-
ness needs at least the minimal level of cortex ac-
tivity, which will be supported by sensory stimuli, and
in the case of sleep the decreasing of sensory stimu-
lation effectivity of brain is needed. However, today
sleep is considered as a result of active functioning
of synchronized hypnogenic brain structures [18, 27,
42]. These include GABAergic neurons of anterior
preoptic hypothalamus, which take part in sleep on-
set and supress cholinergic and monoaminergic neu-
rons activity during sleep [27, 42, 44]. The same neu-
rons take active part in control of body thermoregu-
lation [7, 26], that may determine the sleep regula-
tion peculiarities after cold influences. Besides sero-
toninergic raphe nuclei neurons are referred to a con-
siderable role in SWS regulation [41]. Recently the
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AKTHUBHOE YYacTHE B KOHTPOJIE HaJl TePMOPETYIISINEH
opranmsma [ 7, 26], 4To MOkeT 00yClIaBIUBaTh 0COOCH-
HOCTH PETYISALMH CHA [TOCIIE XOJIOAOBBIX BO3EHCTBH.
Kpome Toro, 3HaunTensHyo pons B perynauna MBC
OTBOJAT CEPOTOHMHEPTUYECKUM HEMpPOHaM siziep 1IBa
[41]. B mocinennee BpeMs B KOpe TOJOBHOIO MO3ra
TaKXe CTaJId BBIAENATh IPYNIBI HEHPOHOB, OTBETCT-
BEHHBIX 3a 3anmyck MBC [21].

IIpenmonaraercs, 9to Bo Bpemss MBC nHa done
3HAYUTENBHOTO CHUKEHHSI SHEPreTHYECKOTO MeTabo-
JM3Ma U TEMIIEPaTyphl Tela B OOJBIINHCTBE OT/IEIIOB
Mo3ra (ocobeHHo kope) [48] u B nmepudepuueckux
opraHax M TKaHsX [27] MpOTeKaroT BOCCTAHOBHUTEIb-
HBIE TIPOLIECCHI.

IHapaooxcanvuwiii con. IlapagokcanbHbId COH,
Kak U 0OJIpCTBOBaHUE, XapaKTePU3YyeTCS BBICOKOM
3NEKTPUIECKOH aKTUBHOCTBIO B KOPE, CTBOJIE TOJIOBHO-
ro mosra u tainamyce [31, 40, 44]. Oanaxo I1C otnu-
qaeTcsi 0T OOAPCTBOBAHUS HU3KOIH aKTHBHOCTHIO HOP-
a/IpeHEPTUYECKHX,, CEPOTOHNMHEPTUIECKUX M THCTAMHUH-
eprudeckux HelpoHOB [41], koTopas momaBiIgeTcCs
I'AMKepruuaeckumu veiiponamu. J{ist [1C xapakrepHb
HMHrUOUpPOBaHKUE MOTOHEHPOHOB, CITOCOOCTBYIOIIIEE Pa3-
BHUTHIO MBIIIIEYHON aTOHUH (TOHUYECKUI KOMITOHEHT),
Y CTIAiiKOBasi aKTUBHOCTb TTOHTO-T€HHUKYIOOKITUITATAITb-
HoU o0acTH (pa3nvecKuit KOMITOHEHT) Ha (poHE OBICT-
pbIx ABwkeHui ra3 [31, 40, 44]. Pan nannbix [40] cBu-
JIETEJILCTBYET O MOCTOBOM JIOKAIM3AMK CTPYKTYp (a
HMMEHHO BEHTPAJIHOM YaCTH OPAJIbHOTO PETUKYIISIPHOTO
Sapa), OTBETCTBEHHBIX 3a Pa3BUTHE OCHOBHBIX IMOBE-
nenueckux u OOI" mpossnenuit IIC. B passutun
MBIIICYHON aTOHUY IPUHUMAIOT yYacTHe Toy0oe IsIT-
HO ¥ IIpUJIeraronias K Hemy oonacts [25].

[TapagokcanbpHBIN COH XapaKTepu3yeTcs ociadie-
HHEM TOMEOCTAaTHYECKOW PEeTysIuu TeMIIepaTypsl
Tela U Pa3IMYHbIX aBTOHOMHBIX (YHKIHH OpraHu3Ma
[34—-36], 9TO IO3BOIMIIO IPEATIONOKHITh, YTO BO BPEMS
9TOM (pa3bl CHA IPOUCXOMSAT BOCCTAHOBUTEINBHBIE IPO-
LIECCHI B 3TUX c(hepax KOHTPOIs PyHKIMI OpraHn3Ma
[25] Hapsoy ¢ BOCCTaHOBJIEHHEM B JIOKOMOTOPHBIX H
CEHCOPHBIX cucTtemax [36].

CornacHO COBpEMEHHBIM JaHHBIM OOAPCTBOBAHHE
u MBC oTHOCST K 011HOM rpynne ()yHKIMOHAIBHBIX COC-
tosiHui, a I1C paccMaTpuBaloT Kak OTAeIbHOE QYHK-
LUOHANIbHOE cocTosiHUE [ 13]. DTO CBA3aHO C HATTMYUEM
BO Bpems 6oapcrBoBanus 1 MBC 1100 ke ¢ oTCyT-
CTBHEM (yXyAlLIeHHeM, HHaKTuBaimei) Bo Bpems 11C
TOMEOCTATUIECKON PETYISIINY psiia GU3HOTOTHUECKUX
(dynkumii opranuzma [33].

B nocnenume rogp! OrpoMHBIA HHTEPEC UCCIIEI0BA-
TeNel MPUBJIEKAeT elle OJHa CUCTeMa MO3Ta, UTParo-
11as1 BAKHEHILIYIO POJIb B PEryJIALIHA ONOPUTMOB H COC-
TOSTHUH CHa-00JIpCTBOBAHHUA: 3TO nMU(U3 (BEpXHHIA
NPUIATOK MO3Ta) U CEKPETUPYEMbIH UM T'OPMOH
MenaToHuH [3]. B Hacrosiee BpeMs ydacTtue, Mo
KpaliHell Mepe KOCBEHHOE, SNM(U3apHOIo METaTOHNHA

KpnoGMOnOr MM

T. 20,2010, Ne4

neuron groups responsible for SWS onset are dis-
tinguished in cortex [21].

It is suggested that during SWS along with con-
siderable energetic metabolism and body temperature
decrease the restorative processes occur in the most
brain regions (especially in cortex) [48] and in pe-
ripheral organs and tissues [27].

REM sleep. REM sleep as well as wakefulness
is characterized by a high electrical activity in cor-
tex, brainstem and thalamus [40, 31, 44]. However,
REM sleep differs from wakefulness with low ac-
tivity of noradrenergic, serotoninergic and histaminer-
gic neurons [41], which is arrested by GABAergic
neurons. REM sleep is characterized by motoneu-
rons’ inhibition contributing in development of mus-
cular atonia (tonic component), spike activity of
ponto-geniculo-occipital region (phasic component)
along with rapid eye movements [31, 40, 44]. Seve-
ral data [40] testify to a pontine localization of struc-
tures (exactly ventral part of oral reticular nucleus)
responsible for basic behavioral and EEG character-
istics of REM sleep. Locus coeruleus and its ad-
joining area take part in muscular atonia development
[25].

REM sleep is characterized by impairment of body
temperature homeostatic regulation and different or-
ganism autonomic functions [34-36], that allowed to
suppose restorative processes during this phase in
these areas of organism functional control [25] along
with restoration in locomotory and sensory systems
[36].

According to recent data the wakefulness and
SWS belong to the same group of functional states,
and REM sleep is considered as a separate functional
state [13]. It is due to presence during wakefulness
and SWS or absence (impairment, inactivation) dur-
ing REM sleep of homeostatic regulation of physio-
logical organism functions [33].

Recent investigations were directed to another
brain system playing the most important role in regu-
lation of circadian rhythms and sleep-wake cycle: it
is epiphysis (pineal gland) and its secreted hormone
melatonin [3]. Nowadays the involving, at least indi-
rect, of pineal gland melatonin in seasonal and diur-
nal rhythmicity is of no doubt.

Comprehensive study of melatonin influence to
mammals' sleep revealed rather controversial results.
It is known that mammals are divided into diurnal,
nocturnal and crepuscular ones depending on char-
acter of their activity. All animals are observed to
have increase of melatonin secretion with pineal gland
in darkness and decrease in light period of day, more-
over melatonin suppresses suprachiasmatic nuclei ac-
tivity. The next question appears: how the substance
secreted in the same time may regulate so different
types of behavior in different animals? At the mo-
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B CE30HHOU M BHYTPUCYTOYHOM PUTMHUKE HE BBI3bIBAECT
COMHEHUI.

[Ipu BcecTopoHHEM U3yUEHHUH BIHUSHUS METATOHH-
Ha Ha COH MJIEKOITUTAIOMINX OBUIN MOy4YeHbl BEChMa
[IPOTUBOPEUMBEIE Pe3yabTaThl. I3BECTHO, UTO )KUBOT-
HBIE 10 XapaKTepy CBOEH aKTUBHOCTH MOPA3IENAI0T-
CA Ha JHEBHBIX, HOUHBIX M CyMEpPEUHbIX. Y BCEX
KUBOTHBIX HAOIIOAAIOTCS yBEJIUUEHUE CEKPELHH
MeJIATOHUHA SMH(HU30M B TEMHOE M yMEHBIIICHHE B
CBETJIOE BPEMS CYTOK, PH 3TOM aKTUBHOCTH CyTIpa-
XMa3MaTHYECKUX SIEp MOAABIISIETCS MEITaTOHHHOM.
BozHukaeT Bonpoc, Kak MOXET BEIIECTBO, BBIAEIISIO-
meecs B OJHO U TO K€ BpPeMs, YIPABIATh CTOIb
HEIOX0KUMHU THUIIAMU MOBEACHHUS y Pa3HBIX BHUIOB
MiekonuTarmux? Iloka okoHYaTeaIbHBIA OTBET Ha
3TOT BOIPOC OTCYTCTBYET, HO OUEBUAHO, YTO MEJATO-
HUH BIIMSIET Ha TIOBEZIEHHE KOCBEHHO, U CTIeIU(HKa €ro
BIIMSHMS CBA3aHA C MEXBHAOBBIMU PA3IMUUAMU B
pacipeneseHuH 00JacTel CBA3bIBAHMS MEJIATOHUHA B
TOJIOBHOM MO3T€ MJIEKOIUTAOLINX, a TAKKE C Pa3Ind-
HBIM pacTpeielIeHHeM MOTHITOB PELIENTOPOB MEIATO-
HUHA BHYTpH o0yiacTeil cBs3piBaHus [3].

Peryasuma cHa

B ocHoBe perynsamum cHa jexar TOMeOoCTaTHIec-
Kuii (OIpenenseTcs: IUTEIbHOCTHIO TPEAIeCTBYIO-
iero 0O/IPCTBOBAaHMS) M IUPKaAHKI [ 18, 19] mporec-
CBbl, KOTOPBIE B3aMMOCBSI3aHbI 1 COBMECTHO YIIpaB-
JISIFOT LIMKJIOM COH-00JIpCTBOBAHHME.

Hupkannas perynsauus sBIs€TCAI OCHOBOHM BCeX
MOBEAECHYECKUX, PU3HOTOTHYECKUX 1 MOJIEKYIISIPHBIX
PHUTMOB, BKJIIOYast IUKJ COH-O0IPCTBOBAHKE C IEPHO-
JI0M 0K0J10 24 4. Hannune upkajHOM peryssiiyy noka-
3aHO B OMBITaX IPU MOMEUICHUH JIIOAEH B Cpeny, B
KOTOPOH OTCYTCTBYIOT KaKHe-JIN00 BHEIITHHE 331aT9H-
ku BpemenH [ 19]. [Ipu 3ToM pUTMHYHOCTH MTPOIIECCOB
CcHa U OOAPCTBOBAHUA COXPAHIIACH, U3MEHSJIICS
TOJIBKO MEPUOJ] PUTMA. DTO YKA3bIBAET, YTO ITHKJI COH-
00JIpCTBOBAHUE SIBJISICTCS SHIAOTECHHBIM CBOOOIHO-
TeKyIIUM puT™MoM. [Ipu 3TOM pUTM CHa TECHO CBSA3aH
C PUTMOM TEMIIEpaTyphl Tena: MOTPeOHOCTh BO CHE
MaKCHMaJbHa, KOTIa OHA JOCTUTaeT CyTOUHOIO MUHH-
MyMa, 1 TIOHWKEHa, KOTIa TEMIIEpaTypa Tejla HaXOqUT-
csl B MaKCUMYyMe€.

I'omeocrarndeckass peryisius CHa 3aKIH4YacTCs
B 3aBUCHMOCTH €T0 IITyOUHBI U JUTUTENLHOCTH OT IPO-
JOJDKUTEIBHOCTH MPEALIECTBYIONIETO OOIPCTBOBAHUS
[17]. TomeocTarnueckas perymsinus MBC namnpas-
JIeHa Ha U3MEHEHHE JITUTEIbHOCTH U HHTEHCUBHOCTH
CHa, TIOCJIEAHEE HaXOJUT OTPAKEHUE B MEJIEHHOBOJI-
HoBOHW aktuBHOCTH (MBA) Ha OOl Kak uzBecTHO,
MBA nocrenenno canxkaercsa Bo Bpemst MBC u 3Ha-
YHUTEJIFHO MOBBILIAETCS MOCTIE IEPUOIO0B JCTIPUBALIIH
cHa. Takum obOpa3oM, ¢ omHOU cTOpoHBI, MBA pac-
CMAaTpPUBAIOT KaK HHIUKATOP NOTPEOHOCTH BO CHE, a C
Ipyroil — nocreneHHoe cHuwxeHue MBA B Teuenue
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ment the ultimate answer for this question is absent
but it is obviously that melatonin influences indirectly
the behavior and specificity of its effect is associ-
ated with interspecific differences in melatonin bind-
ing sites distribution in mammalian brain and also with
different allocation of melatonin receptors subtypes
in binding sites [3].

Regulation of sleep

The bases of sleep regulation are homeostatic
(determined by preceding wakefulness duration) and
circadian [18, 19] processes, which are closely con-
nected and jointly regulate the sleep-wake cycle.

Circadian regulation is the basis of all behavioral,
physiological and molecular rhythms including sleep-
wake cycle with 24 hours duration. Presence of cir-
cadian regulation is showed in the experiments by
placing humans in environment where any ‘zeitge-
bers’ are absent [19]. Meanwhile the rhythmicity of
sleep and wakefulness processes is preserved, only
rhythm period is changed. This shows that sleep-
wake cycle is endogenic free-running rhythm. Fur-
thermore, this rhythm is closely associated with
rhythm of body temperature: need for sleep is maxi-
mal when the temperature reaches daily minimum
and decreased when body temperature has its maxi-
mum.

Homeostatic sleep regulation lies in the fact that
deepness and duration of sleep depend on duration
of preceding wakefulness [17]. SWS homeostatic
regulation is directed on alternation of sleep duration
and intensity, the last one embodies in slow-wave ac-
tivity (SWA) in EEG. It is known that SWA gradu-
ally decreases during SWS and essentially increases
after sleep deprivation. Thus, on the one hand, SWA
is considered as indicator of sleep debt and, on the
other hand, gradual SWA decrease during SWS prob-
ably reflects sleep reparative processes and serves
as their quantitative measure [48].

Homeostatic and circadian sleep regulation are
based on different mechanisms [27], confirmed by
various experiments on sleep deprivation in rats with
damaged suprachiasmatic nuclei, i. e. structures
which are responsible for circadian rhythm [28].

As for REM sleep homeostatic regulation, there
are two points of view. Some investigators [16] sup-
pose that rise of REM sleep pressure occur excep-
tionally during SWS episodes, the others [40, 47] claim
that REM sleep debt is accumulated during the whole
period when animal is out of this state, i. e. during
SWS and wakefulness as well. To solve this task the
experiments on selective sleep deprivation in rats and
humans were performed. It was found that REM
sleep selective deprivation in rats led to an increase
of attempts to enter this state and its further com-
pensatory rise [16]. In this connection the authors sup-
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MBC, BO3MOKHO, OTpaKaeT BOCCTAHOBHTEIBHBIE (DYHK-
MY CHA U CITY’KUT UX KOJTMYEeCTBEHHON Mepoii [48].

B ocHoBe romeoctaruyeckoi U IMUPKATHOU pery-
JIALMY CHA JIeXKaT pa3IudHble MEeXaHu3Mbl [27], 4To
OBLIO MOATBEPKACHO SKCIIEPUMEHTAMU TIO JICTIPHUBa-
LMY CHA y KPBIC C MOBPEKICHHBIMU CYIIPaXUa3MaTu-
YECKUMH SIIPAMU — CTPYKTYypaMH, OTBETCTBEHHBIMU
3a HUPKAAHBIN pUTM [28].

Uro kacaetcst romeocTtarudeckoi perymsmuu [1C,
TO CYIIECTBYET NIBE TOUKH 3peHusI. OaHM MCClienoBa-
tenw [16] monararot, uto poct aasnenus [1C mpoucxo-
JIUT UCKITIOYHUTEIHHO BO BpeMs 3130108 MBC, npy-
rue [40, 47] yTBepKaaroT, uto HeoOxoaumocTs B [1C
HaKaIIMBACTCS B TEUCHHE BCETO MEPHO/A, KOT/IA JKU-
BOTHO€ HaXOIUTCSl BHE 3TOTO COCTOSIHUS, TO €CTh BO
Bpems kak MBC, tak 1 6oapcTBoBanust. [is pereHus
3TOTO BOIPOCA IMPOBOIMIIUCH OITBITHI IT0 N30UPaTEIbHON
JENpUBallUU CHA y KpbIC U y mofeil. OHu mokasanu,
yT0 n3buparenvHas aenpuBanus [1C y kpeic BeneT K
YBEJIMYECHUIO TOMBITOK MEePeXoJa B 3TO COCTOSIHUE C
MTOCIIEAYIOINM €r0 KOMIIEHCATOPHBIM pocToM [16]. B
CBSI3M C 3TUM aBTOPHI IIPEIITOJIOKHIIH, YTO PA3BUTHE
IIC cxopee 3aBHCHUT OT JIUTEIHLHOCTHU MPEIIIECT-
Byromero MBC, a He OT IIUTENBHOCTH OOIPCTBOBA-
Hus1. COmTacHO ATOH TUTIOTE3€ MOTHAS ICTIPHBAIIHAS CHA
JIOJKHA COTPOBOXKIATHCS MEeHbIeH oTnadei [1C, uem
n30uparenbHas, TaK KaK MpU Hel TPOUCXOIUT MOaB-
nenue MBC, cocTossHUSI, HEOOXOAMMOTO AJIT POCTa
nasnenus [1C. OgHako npu cpaBHEHUU JaHHBIX IOCTIE
n30MpaTeNbHOM U IMOJTHOM JenpuBanuy cHa [40,47] ve
OBUTO OOHAPYKEHO JOCTOBEPHBIX PA3IMYUN B KOJH-
yectBe [IC, 4yTO CBUAETENBCTBYET O TOM, YTO HAKOII-
nenne HeoOxonumocTy B [1C mporcxonuT Kak Bo BpeMs
MBC, tak u Bo BpeMsi 6oipcTBOBaHUsI [24].

B3aumocBa3b CHa UM Tepmoperyasumm

VYyacTue runorajaMmyca B peryssiiuy CHa ¥ TEpMO-
pPEeryIAnuu ABISETCS MOIIHBIM apTyMEHTOM, MOJ-
TBEP>KIAIOLUM MHEHHUE O B3aUMOCBSI3U ITUX PEryJsi-
TOPHBIX MEXaHU3MOB. bonbiias yacts nHPpOpMaHK 0
B3aMMOCBSI3U CHA U TEPMOPETYISIIUY Oblia HOITyYeHa
B DKCIEPUMEHTaX MO CTUMYISALHMY WIH yAAJICHUIO
MeIUaTbHOM MPEeONTHYECKOM 00JIacTH runoTagamyca
[24, 30]. IIpenmosaratoT, 4T0 HEKOTOPbIE HEHPOHBI
9TOH 001aCTH y4acTBYIOT B PErYISILMU KaK TeMIIepa-
TypBI Tela, Tak 1 cHa. OHAKO HapATy C HUIMH CYIIECT-
BYIOT U HEHPOHBI, KOHTPOJIUPYIOLIUE KAXKABII U3 3THX
FOMEOCTAaTHYECKUX I0KA3aTeNeH B OTAEIBHOCTH.
Hanuuue cl0XHBIX B3aUMOCBS3€H HEUPOHOB MEXIY
cOo00i1 JIeKHUT B OCHOBE X JCHCTBHUS JIPYT Ha JIpyra.
Kpome Toro, MenuanbHas mpeonTHIeckas o0JIacThb
TUIIOTAIaMyCca UMEET HECKOJIbKO ad(epeHTHBIX BXO-
JIOB, HEKOTOPBIE U3 HUX MOTYT Y4acTBOBAThb B PETYIIS-
LMY KaK CHA, TaK W Temreparypsl Tena. CTuMyIsanus
WM TIOBPEXIECHUE 3TUX BXOAOB IIPUBOIUT K U3MEHE-
HUIO OZTHOBPEMEHHO 00enX QyHKUHUH. DKCIEPHUMEHTEI
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posed that REM sleep development depends rather
on preceding SWS duration than on wakefulness du-
ration. According to this hypothesis total sleep dep-
rivation must be accompanied by less REM sleep re-
bound, comparing to selective deprivation, since it is
accompanied with suppression of SWS, the state
which is necessary for REM sleep pressure growth.
However, comparing the data of selective and total
sleep deprivation [40, 47] did not revealed significant
differences in REM sleep amount that testifies to the
accumulation of REM sleep debt occurs during both
SWS and wakefulness [24].

Interrelation between sleep and thermore-
gulation

Hypothalamus participation in sleep regulation and
thermoregulation is a powerful argument confirming
opinion about interrelation of these regulatory mecha-
nisms. A greater part of information about interrela-
tion between sleep and thermoregulation was re-
ceived from the experiments on stimulation or re-
moval of medial preoptic hypothalamus [24, 30]. It
is suggested that some neurons of this region take
part in regulation of both body temperature and sleep.
However, besides these, there are the neurons which
control each homeostatic parameter independently.
Presence of complex neuron interrelations underlie
their influence on each other. In addition, the medial
preoptic hypothalamus has several afferent inputs, so-
me of them may contribute to sleep and body tem-
perature regulation. Stimulation or damage of these
inputs results in simultaneous changes in both func-
tions. Experiments in animals on studying the changes
of medial preoptic hypothalamus temperature showed
that its increase or decrease promote the decrease
or increase of sleep amount, correspondingly. This
observation allowed to hypothese that sleep is regu-
lated by thermosensitive brain elements.

Local destruction of medial preoptic hypothalamus
in animals resulted in considerable changes in body
temperature and sleep amount [24]. Severe hyper-
thermia during the first weeks was accompanied by
decrease in sleep amount. Afterthat the decrease in
hyperthermia extent was observed, but sleep amounty
did not return to the norm. Thus, there was no tem-
porary correlation between temperature and sleep
changes after injuring the medial preoptic hypotha-
lamus.

At the same time the selective chemical stimula-
tion of this region (with neurotransmitters, their ago-
nists and antagonists) showed that injection of car-
bachol (acetylcholine agonist) and noradrenaline into
medial preoptic hypothalamus resulted in hypother-
mia and awakening, and injection of oi-adrenergic an-
tagonists caused the development of hypothermia and
sleep.
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Ha )KWBOTHBIX M0 U3YYEHUIO N3MEHEHUS TEMITEPATyPhI
MeANaJIbHOM MPEONTHYECKOH 00IaCTH THIIOTajIaMmyca
MOKAa3aJIM, YTO €€ MOBBIIICHUE WK CHIKEHHUE CII0C00-
CTBYET YBEJIMYEHUIO UM YMEHBIIEHUIO KOJIMYECTBA
CHAa COOTBETCTBEHHO. DTO HAOJIIOACHHUE JIETIIO B OCHOBY
MIPEAIONIOKEHNS], YTO COH PETYIUPYETCS TEPMOUYB-
CTBUTEIBHBIMHU 3JIEMEHTAMH MO3Ta.

JlokanbHOE pa3pyllIeHUe MEAUAIBHON IPEONITHYEC-
KO 00JIACTH THITOTAJIaMyCa Y YKUBOTHBIX IIPHUBONIIO K
3HAUYUTEIbHBIM MU3MEHEHHSIM TEeMIIepaTyphl Tejaa u
KonmudecTBa cHa [24]. BripaxkeHHas THIepTepMus B
TE4eHHE MEPBBIX HEJENb COMPOBOXKAATIACH YMEHBIIIe-
HUEM KOJHMYECTBAa CHA. 3aTeM HaOIII0aIOCh CHUXKE-
HUE ee CTENeHH, HO KOJIMYECTBO CHA HE BO3BPAIIaIOCh
K HopMme. TakuMm 0Opa3oM, BpeMEHHOH KOppesuu
MEXly U3MEHEHUSAMH TEMIIEPATYPBI U CHA TOCIIE I10-
BpEXACHUS MEIUAJIbHOW MPEONnTHYECKOH obnactu
o0OHapy>keHO He OBLIO.

B 10 %€ BpeMs ceNeKTUBHAS CTUMYIISLIUS 3TOH 00-
JIACTH C TIOMOLIBI0 XUMHYIECKHUX BELIeCTB(HEHpOTpaHe-
MHUTTEPOB, UX arOHUCTOB M aHTAarOHUCTOB) ITOKa3aia,
YTO BBEJCHHE KapOaxoiyia (arOHUCT alleTHIXOJIMHA) U
HOpaJpeHaJnHa B MEAHAJIbHYIO MPEONTHYECKYIO
00JacTh TUNOTaNIaMyca BBI3BIBAET THIOTEPMUIO H
npoOyXJieHre, a BBEJICHUE OL-a]pEHEPTHUECKIX aHTa-
TOHUCTOB — K Pa3BUTHIO TUTIOTEPMHUH U CHA.

BaXHbIM apryMeHTOM B MOAIEPIKKY MHEHHS, YTO
TeMIIepaTypa Tejla U COH PErYJIUpPYIOTCS Pa3IuuHbIMU
rpyIaMu HEHPOHOB, SIBISIETCS TOT (PAKT, 4TO U3MEHE-
HUS B 3TUX JIBYX (DU3HMOJIOTMYECKUX IOKa3areisix He
MMEIOT BPEMEHHOH Koppensuuu. Beenenue Helipo-
TPAaHCMHUTTEPOB M UX aHTarOHWCTOB B MEAUAIBHYIO
MPEONTHUYECKYIO 00IacTh THIIOTAJIaMyca HE BCEraa
BBI3BIBAET OTHOBPEMEHHBIE M3MEHEHHS TEMIIEPATYPHI
Tena U cHa. [loBbImeHne TemmnepaTypsl Teja Compo-
BOXKJIA€TCA Pa3BUTHEM CHA, HO OTMEYAeTCs, 4TO €ro
JUTATENIEHOCTh KOpOUe, YeM MEepro] U3MEHEHHS TEM-
neparypsl Tena. Torma kak, BBEACHNE CEPOTOHHHA B
9Ty K€ 00JIaCTh BBI3BIBAET TUIIEPTEPMUIO, HE 3aTPari-
Basi IIPH 5TOM LIMKJIa COH-00IPCTBOBAHKE, a KIIOHUIUH
(aroHHMCT OL,-aAPEHEPTMYECKUX PELIENTOPOB) IIPUBOIUT
K MpoOyXIEHHUIO, HE 3aTparuBasi TeMIeparypsl Teia
[24]. Takum 00pa3om, MOKHO CHENaTh MPEANOI0-
JKEHHE, YTO CTPYKTYpPbl METUAIEHON MPEONTHYECKON
00JIacTH TUNOTaNaMyca KOHTPOJIMPYIOT COH U TEMIIEp-
aTypy Tella He3aBUCHUMO, HO YaCTUYHO MEPEKPHIBASICE.

CoH, TemnepaTtypa Tena U mo3ra

CymiecTByeT HECKOJIBKO BHEIIHUX W BHYTPEHHUX
(hakTOpOB, KOTOPBIE MOTYT BIUATH Ha TEMIIEPATypy
T€Na, CABUrasl yCTaHOBOYHYIO TOUKY TEPMOPETYIISALIUH.
[Ipu 3TOM BKIIIOUAIOTCS COOTBETCTBYIOIINE (Pr3HOTIO-
TUYECKHE U IIOBEACHYECKUE PEaKLIUU OPraHU3Ma, KOTO-
PpbI€ BO3BPALIAIOT TEMIIEPATYPY K HCXOIHOMY YPOBHIO.
B HOpME TemmepaTypa Tena U3MEHSETCS B 3aBHCH-
MOCTH OT BpEMEHHU CYTOK ¥ HAXOAUTCS IO/ IUPKAHBIM
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Important argument supporting the opinion that
different groups of neurons regulate body tempera-
ture as well as sleep is the fact that changes in these
two physiological parameters do not have temporary
correlation. Injections of neurotransmitters and their
antagonists into medial preoptic hypothalamus do not
always cause the simultaneous changes in body tem-
perature and sleep. Elevation of body temperature is
accompanied by development of sleep, but it is noted
that its duration is shorter than period of body tem-
perature changes. While injection of serotonin into the
same region causes hyperthermia without changes in
sleep-wake cycle, and clonidine (o,-adrenergic re-
ceptor agonist) leads to the awakening without chan-
ges in body temperature [24]. So, it is possible to ma-
ke the suggestion that medial preoptic hypothalamus
structures control the sleep and body temperature by
two independent but partially overlaying ways.

Sleep, temperature of body and brain

There are several internal and external factors
that may influence body temperature, shifting the
thermoregulation set point. Moreover, corresponding
physiological and behavioral reactions of an organ-
ism are activated, returning the temperature onto ini-
tial level. Normally, the body temperature alters de-
pending on period of day and is under circadian con-
trol. Another factor, which influences the body tem-
perature, is the functional state of an organism. For
example, the human with consolidated sleep-wake cy-
cle has cyclic changes of functional state and body
temperature with 24 hour period. Thus, it is rather
difficult to separate circadian alterations of body tem-
perature and alterations caused by change of func-
tional state. It should be noted that sleep of adults is
monocyclic, whereas infants, senior people and most
animals as well have polycyclic sleep-wake cycle.
Body temperature alterations of these animals could
also be divided into polycyclic, associated with func-
tional state, and monocyclic, associated with circa-
dian rhythm. For example, most part of rat body tem-
perature alterations is mediated exactly by alterna-
tion of functional states and only lesser part depends
on the direct influence of circadian pacemaker [20].

In animals transitioning from wakefulness state to
SWS and from SWS to REM sleep, the brain tem-
perature is exposed to essential changes. Generally,
the transition from wakefulness to SWS depends on
brain temperature decrease, whereas transition from
SWS to REM sleep or to wakefulness is accompa-
nied by elevation of brain cortex and hypothalamus
temperature.

Slow wave sleep. 1t is considered [17] that SWS
was formed in the process of evolution as the way
of energy expenditure decrease during inactive phase
of the day. Transition from wakefulness to SWS
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KOHTponeM. Jpyrum ¢akTopom, KOTOPBIH BIUSET HA
TeMIIepaTypy Tela, SBisieTcs PyHKIMOHATEHOE COCTOS-
HUE opranu3mMa. Tak, HanpuMmep, y 4eJI0BeKa C KOHCO-
JIMAMPOBAaHHBIM (HEPEPBIBHBIM) LIUKJIOM COH-00PCTBO-
BaHHME [IUKJIMYECKHE N3MEHEHNS (OYHKLIMOHAIBHOT'O COC-
TOSIHUS U TEMIIEpaTyphl Teaa MPOUCXOIAT ¢ 24-4aco-
BOM mepuoaudHOCThI0. Takum 00pa3oM, JOCTaTOYHO
CJIO’KHO OTJIENINTh IMPKaHbIE U3MEHEHNUS TEMITEPATY-
PBI TeNIa OT U3MEHEHUH, BBI3BAHHBIX CMEHOH (DYHKIIHO-
HaJIBHOTO cocTosHus. Cremyer oMHaKO OTMETUTb, YTO
y B3pOCIIBIX JIOZIE COH MOHOIIMKIIMYEH, TOTJa KaK y
HOBOPOXKJICHHBIX JI€T€H M CTAPHUKOB, a TAKXKE MHOTHX
YKUBOTHBIX ITUKJI COH-00IPCTBOBAHHE SIBJIIETCS TIOJIH-
LUKIMYHBIM. Y 3THX )KMBOTHBIX H3MEHEHUS TEMIIepa-
TypBI TeNla TAaKXKe MOYKHO Pa3JeNUTh Ha MOMHLUKIH-
YecKue, CBA3aHHbIE C (PYHKIIMOHATBHBIM COCTOSHUEM,
1 MOHOLMKJIMYECKHUE, CBSI3aHHBIE C LIUPKAIHBIM PUT-
MoM. Tak, HampuMep, Y KpbICH OOJIbIIAs YacTh H3Me-
HEHUH TeMIeparypbl MO3Ta (KOpbl) ONOCpeJoBaHa
HMMEHHO CMEHOH (PyHKIIMOHATIBHBIX COCTOSIHUHN U TOJIBKO
MEHbIIasg — NPAMBIM JAEHCTBUEM LIMPKATHOTO MEic-
Metikepa (anen. “Bomutens purma’) [20].

YV )KMBOTHBIX, IEPEXOIAIINX U3 COCTOSTHNS OOAPCT-
BoBaHusg Kk MBC u ot MBC k IIC, Temniepatypa Mo3ra
[TO/IBEPraeTcs CyIECTBEHHBIM U3MEHeHHAM. Tak, me-
pexon ot 6onpcTBoBanus k MBC cBsi3aH ¢ ee TTOHH-
JKeHueM, toraa kak nepexoas! or MBC k IIC wmm
0O0PCTBOBAHUIO CONPOBOXKIAIOTCS MOBBILICHUEM
TeMIIepaTypbl KOpbl MO3ra U THIIOTalaMyca.

Meonennosoanosoii con. Cuntarot [17], 4T0
MBC cdopmupoBaics B mporecce 3BOJIOIUU KaK
CHOCO0 CHIKECHHUS PHEProTpar B HEAKTHBHYIO (a3y
cytok. [lepexon u3 6oapcrBoBanust B coctosiane MBC
COIIPOBOYKAAETCS TIOBBIMIEHHEM TETUTOOTa4uH: pa3Bu-
BaeTcs Ba3OqWIIATALUS Tepr(epHIeCcKUX COCYI0B H
MOBBIIIAETCS TOBEPXHOCTHAA TeMIlepaTypa Teja
(KoKW, 9TO CBSI3aHO C PACCEHBAHUEM TEILIA C TOBEPX-
Hoctu Tena. [Ipu 3ToM Temmeparypa Mo3ra U TemIe-
patypa "aapa" (BHYTpEHHUX OpPraHOB) CHU)KAIOTCS BO
BpeMss MBC 3a cuer naneHuss MeTaboIMUeCcKOH Terl-
JIOTIPOAYKLUH, YTO IPOUCXOAMUT IOCTENEHHO IO MEPE
nepexosa OpraHu3Ma U3 akTHBHOTO OOIPCTBOBAHUS B
MBC, T. e. sBsieTCs pe3yNbTaTOM CMEHbI (DYHKIIHO-
HaJIbHOT'O COCTOSTHHMS.

[Ipeanonaratot, 4TO0 BO BpeMs CHa MPOUCXOIUT
peryamupyeMoe n3MeHeHHEe YCTaHOBOYHOM TOYKH TEM-
[IepaTypHOTO TOMEOCTa3a, HaXOAIIEHCS 1Ol KOHTPO-
nem runotanamyca. Tak Bo Bpems MBC takue u3me-
HEHU$, BEPOATHO, MMPOUCXOMAT 33 CUET MOBBIIICHUS
TEPMOUYYBCTBUTEIBHOCTH TEIUIOYYBCTBUTEIBHBIX U
CHIDKEHHS] TEPMOUYYBCTBUTEIBHOCTH XOJOAO0YYB-
CTBUTEJBHBIX HEHPOHOB [37]. B aTOM cityuae ycraHo-
BOYHAs TOYKA TUIIOTallaMyca JUIsl TEIUIONPOAYKLIUU U
TEIUIO0TAAYM MMOHMXKAETCS IO OTHOLLEHUIO K COCTOsI-
HUIO 00PCTBOBAaHUS. DTO MO3BOJIMIIO IIPEATIONOKHUTE,
YTO UHTEHCUBHOCT, MBC HampsiMyio 3aBUCHUT OT
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state is accompanied by heat loss increase: vasodila-
tation of peripheric vessels is developed and super-
ficial body temperature is ascended, that is associ-
ated with heat dissipation from body surface. Here-
with the brain temperature and "core" (viscera) tem-
perature decrease during SWS due to metabolic heat
production decrease, i. e. it is resulted in functional
state alternations.

It is suggested that during sleep the regulated al-
teration of temperature homeostasis set point control-
led by hypothalamus occurs. For example, during
SWS such alterations probably occur due to an in-
crease in thermosensitivity of warm-sensitive neu-
rons and decrease in thermosensitivity of cold-sen-
sitive neurons [37]. In this case the hypothalamus set-
point for heat production and heat loss decreases in
relation to the wakefulness state. This allows to sug-
gest that SWS intensity directly depends on accumu-
lated thermal load during the whole preceding wake-
fulness period, as well as the function of SWS is
cooling of brain [17]. Thus, SWS may be considered
as a part of thermoregulatory process, controlling
body and brain temperature.

Taking into account the decrease of body and
brain temperature during SWS it was hypothesized
that transition into SWS leads to decrease of ener-
gy expenditure and rate of brain metabolism, i. e.
SWS perform a protection against long-time main-
tained high temperature of the brain during wakeful-
ness.

However, it is worth to note that the increase of
SWA, which is quantitative index of sleep intensity,
as well as decrease in brain temperature during SWS
in rats did not correlate between each other [20], that
may point to the existence of different mechanisms
of brain temperature and SWS intensity regulation.

REM sleep. Transition of an organism from SWS
to REM sleep is contrariwise associated with brain
temperature increase [38], that is explained by in-
crease of local metabolism level and alterations in
brain blood circulation. During REM sleep the blood
flow in common carotid arteries decreases along
with the increase of blood flow in spinal arteries
(through Willis circle).

As for thermoregulation peculiarities during REM
sleep, it was shown that at various temperatures of
environment the ‘core’ temperature in the cold de-
creases along with an increase of skin peripheric tem-
perature, and vice versa, in warm environment the
‘core’ temperature increases, and peripheric tempera-
ture decreases. Such paradoxic peripheric vasomo-
tor reactions allowed to suggest that homeostatic
regulation of body temperature during REM sleep is
impaired [37]. Moreover, as it is known, the transi-
tion of organism into REM sleep state is associated
with inactivation of thermoregulatory reactions con-
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HaKONMBLIEHCS TEINIOBOM HATPY3KU BO BPEMsI BCETO
MpEeAIIeCTBYIOMEro nepuoaa OOIpCTBOBaHHS, a
¢ynkumeit MBC siBisiercst oxiaxkaenue mosra [17].
Taxum o6pazom, MBC MoxHO paccmaTpuBaTh Kak
4acTb TEPMOPETYIIATOPHOTO MPOIECCa, KOHTPOIUPYIO-
LIEr0 TEMIIEpATypy Tela U Mo3ra.

[IpuHrMas Bo BHUMaHUE CHUKEHUE TEMIIEPATyPhl
Tena u Mo3ra Bo Bpemss MBC, Obina BeIABHHYTa
rUroresa, 9ro rnepexoq 8 MBC npuBOANT K CHUKEHHUIO
moTpeOJIeHns] SHEPTUH U CKOPOCTH MeTabonau3ma
Mo3ra, T. €. MBC BBIIOTHSET 3a0IUTHYIO POIbL OT
JUTUTENIPHO MOANEPXKUBAEMON Ha BBICOKOM YpPOBHE
TEMIIepaTypbl MO3ra BO BpeMsi 00JpCTBOBAHUSI.

OpHako cinexyeT OTMETHTh, YTO Y KPBIC YBEJH-
yeHne MBA, koTopas sBIS€TCsl KOTNYECTBEHHBIM I10-
Ka3aTejgeM MHTEHCUBHOCTH CHA, U CHU)KEHUE TEMIIe-
patypsl Mo3ra Bo BpeMss MBC He koppeaupoBanu
Mexay coboit [20], uTo MOXKeT yKa3bIBaTh Ha TO, YTO
B OCHOBE PEryJIALUH TEMIIEpaTypbl MO3Tra U HHTEHCHB-
Hoctu MBC nexxaT pa3nuuHble MEXaHU3MBI.

Ilapaooxcanvuwiii con. llepexon opranu3ma u3
MBC B IIC Ha060pOT CBA3aH C TIOBHIIIEHUEM TEMIIe-
parypsl Mo3ra [38], koTopoe 0OBIICHSIETCS yBeInde-
HUEM YPOBHSI MECTHOTO METa00IM3Ma M U3MECHEHHUSIMH
B KpoBooOpamiennn Mo3ra. Bo Bpems [IC kpoBoTOK
Yepe3 o0Iie COHHBbIE apTepHH IMOHMWKAETCs Ha (OoHE
yCUIJICHHSI KPOBOTOKA B TO3BOHOYHBIX apTepusiX (depes
Bunmuzues kpyr).

Uro xacaeTcs 0COOCHHOCTEH TEPMOPETYIISILIHA BO
Bpems [1C, To pu pa3nu4Hoi Temneparype oKpyxaro-
el cpepl ObUIO MOKa3aHO: Ha XOJIOAE MOHMKAETCS
TemrepaTypa "aapa” Ha GpoHe noBeILIeHUS epudepu-
YEeCcKO#l TemMmeparypbl KOXH M, HA000OpOT, B TEIUIE
MIOBBIIIACTCS TEMIIepaTypa "sapa', a mepudepudeckas
TeMmIeparypa majgaer. Takue mapajgoKcaibHbIe MepH-
(heprueckre Ba30OMOTOPHBIE PEAKIIUH TOCIYXKUIN
OCHOBaHHMEM CUHTATh, YTO TOMEOCTaTHIeCKast PeryIisi-
nus Temrepatypsl Tenna Bo Bpems [1C mapymrena [37].
[Ipu 3TOM, Kak U3BECTHO, IEPEXO OPraHU3Ma B COC-
tosiHue [1C cBsi3aH ¢ MHAKTUBALIMEN TEPMOPETYIIATOP-
HBIX peakIyii, 3a KOTOpbIE OTBETCTBEHEH MIIOTAJIaMyC
[34]. OTa cragus cHa XapaKTepHU3yeTCs OTCYTCTBHEM
KaK MOBEICHUECKUX (JIOKOMOLMSI, aleKBaTHAasl TEMIIe-
partype 1o3a), Tak U OOJNBLIMHCTBA BET€TaTUBHBIX (Ba-
30MOTOPHBIE PEAKLINH, TAXUITHOD, TUIIOIPEKLHSA, COKpa-
TUTENBHBINA U HECOKPATUTEILHBIA TEPMOTEHE3) peaK-
LU OpraHu3Ma.

Tor ¢axkT, uyTo KoaruecTBO 3mu30108 [1C Makcu-
MaJIbHO MPH MUHUMAJIBHBIX 3HAYEHUSIX TeMIIEPaTyPhl
"smpa", MO3BOIIIT TIPEITONIOKHTH, uTo [1C mpencTas-
JseT co00i TepMOPETYIATOPHBII MEXaHN3M, HAIlPaB-
JICHHBIH Ha pa3orpes Mo3ra. OJJHaKo NPeaoI0KEHHIO,
yro MBC HeoOXoaum IS OXJIaKAEHHUST MO3Ta IIOCIIE
TEMIIepaTyPHbIX Harpy30K BO BpeMs 0OJpCTBOBAHMS,
allC — s "HarpeBanus" Mo3ra BO BpeMsl CHa, IIPOTH-
BOpeYaT JaHHbIE, JEMOHCTPHPYIOLIUE, YTO B TEILIe
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trolled by hypothalamus [34]. This sleep phase is cha-
racterized by the absence of behavioral (locomotion,
the pose appropriate to the temperature), as well as
the most autonomic (vasomotor reactions, tachypnea,
piloerection, shivering and non-shivering thermogene-
sis) organism reactions.

The fact that the number of REM sleep episodes
is maximal when ‘core’ temperature reaches its min-
imum allowed to suggest that REM sleep represents
thermoregulatory mechanism oriented to the brain
‘heating’. However, suggestion that SWS is neces-
sary for brain ‘cooling’ after temperature load dur-
ing wakefulness and REM sleep is necessary for
brain ‘heating’ during the sleep is contradicted by
data that in the warmth an increase of both sleep pha-
ses occurrence is observed [24]. Herewith, such in-
fluence of elevated environmental temperature dur-
ing sleep is not clear and considerably depends on
hyperthermia level [29]: its considerable increase (up
to 40°C) results in total sleep time expansion due to
SWS occurence increase solely.

Also there are some peculiarities of thermoregu-
lation during REM sleep in animals and humans.
Several authors [15] suggest that humans, unlike other
mammals, do not have the considerable impairments
of body temperature regulation during REM sleep:
i. e. there is peripheric vasoconstriction, tympanic
membrane temperature (reflecting hypothalamus tem-
perature) is increased, the level of oxygen consump-
tion is enhanced and there is no decrease in these
indexes in the cold. In the same time, the other au-
thors [14] report, that homeostatic control of body
temperature is not inactivated only in newborns, due
to the absence of impairments in their thermoregu-
latory reactions to increased or decreased tempera-
ture of environment during REM sleep. In addition,
REM sleep peak in newborn rats occurs at higher
environment temperature (33-35°C), comparing to
thermoneutral zone of adult rats (22-26°C). It can
be associated with the shift of thermoneutral zone to-
wards higher temperatures, as well as with the ab-
sence of impairments in control of body temperature
during REM sleep due to its importance for CNS
maturation in this age [29].

However, not only sleep influences on body tem-
perature but also temperature changes inside the
brain or environment may also influence on sleep.

Influence of temperature on sleep

When studying how sleep is influenced by envi-
ronment temperatures lower or higher than the
thermoneutral zone it was found that such effects in
unadapted animals led to the increase in wakefulness
duration. Herewith the long-term adaptation to extre-
me environmental temperatures caused a shift in the
temperature range, where an animal could sleep [34].
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HaOJIroMaeTcs yBeNWYeHNEe PEICTaBICHHOCTH 000MX
ctanuii cHa [24]. I1pu 3ToM TaKkoe BIUSHIE TOBBIIICH-
HOW TeMIIEpaTyphl OKPYKaroILeH Cpebl Ha COH HE SIB-
JsieTCA OAHO3HAYHBIM M BO MHOTOM 3aBHCHUT OT
CTETIEHU runepTepMuH [29]: mpu 3HAYUTETHHOM €€ M0o-
BoineHuH (10 40°C) yBenuuuBaeTcs o01iiee BpeMs CHa
TOJIBKO 3a cUeT pocTa mpeacrasieHHocty MBC.

Taxxe cyI1ecTBYIOT HEKOTOpBIE 0COOEHHOCTH TEP-
moperyssun Bo Bpemst 11C y sxuBoTHBIX 1 smrozeid. [1o
MHEHHIO HEKOTOPBIX aBTOpoB [15], y uemoBeka, B OT-
JIUYHWE OT IPYTUX MIIEKOTIUTAIOIINX, OTCYTCTBYIOT 3Ha-
YUTENbHbIE HAPYIIECHUS B PETYISALUN TEMIEPaTyphl
tena Bo Bpems [1C, Tak kak nmprcyTcTByeT nepudepu-
YyecKasg Ba30KOHCTPUKIIMS, YBEIMYEHA TeMIEparypa
OapabaHHOU NEpENOHKH (OTpaXKaIoIIas TeMIepaTypy
TUIIOTallaMyca), HOBBIIEH YPOBEHb MOTPEOICHUS KHC-
JI0pozia ¥ He HaOMIonaeTcsl CHIKEHHS 3THX [TOKazaTe-
neil Ha xonone. B To jxe Bpemsi, M0 MHEHHIO APYTUX
aBTOpOB [14], romeocTaTHYeCKUI1 KOHTPOJIb HAJ TEM-
[epaTypoy Tena He MHAKTUBUPYETCS TOJIBKO Y HOBO-
POKACHHBIX, TAK KaK y HUX HE HAPYIIIEHBI TEPMOpPETY-
JISITOPHBIE PEAKIINH Ha TOHKEHHYTO MY TIOBBIILICHHYIO
TeMIIepaTypy oKpykaromieil cpeast Bo Bpems 1IC.
Kpowme Toro, y HoBopokaeHHBIX KpbIc ik [1C mpuxo-
IUTCA Ha O0JIee BBICOKYIO TeMIIepaTypy OKpy Karoen
cpensl (33-35°C), uem TepMoHEWTpadbHAs 30HA
B3pOCIHBIX KpbIC (22—26°C). 3TO MOXKET OBITh CBSI3aHO
KaK C TE€M, YTO y HUX CABHHYTa T€pMOHEHTpaibHas
30Ha B CTOPOHY MOBBILIEHHON TEMIIEPATYPBI, TAK H C
TEM, YTO y HUX JIEHICTBUTENBHO OTCYTCTBYIOT HapyIlle-
HUS B KOHTPOJIE HaJ| TeMIiepaTypoii Tena Bo Bpems [1C
B CBSI3U C €ro BaXXHOCTBIO it co3peBanus [{HC B
3TOM BO3pacte [29].

OpHako HE TONBKO COH BIHWSAET HA TEMIIEpaTypy
Tela, HO ¥ I3MEHEHNS TEMIIepaTyphl BHYTPY MO3Ta WITH
B OKpY Karomiei cpeaie MOTYT TaKKe TOBJIHSTH Ha COH.

BAusiHne Temnepatypbl Ha COH

N3yueHue BIMSHHUS Ha COH TEMIEPATYPbl OKPY-
JKaIOLIEH cpe/ibl HUKE WK BBILLE TEPMOHEUTPATBHON
30HBI MTOKA3aJI0, YTO TAKKE BO3JCHCTBUS y HEalalTH-
POBaHHBIX YKUBOTHBIX ITPUBOJIAT K YBEIMUCHUIO BpeMe-
HU NpeObIBaHMS UX B COCTOSTHIM OoipcTBOBaHus. [1pn
ATOM JJTUTENbHAS aJalTaIUs K SKCTPEMATLHBIM TEM-
reparypaM OKpY)KaroIllel Cpelbl BBI3bIBACT CABHUT B
JIMara3oHe TEMIIeparyp, PH KOTOPBIX KHUBOTHBIC MO-
TYyT cnathb [34].

Temneparypa OKpyxaroliei cpeibl MOXKET OKa3bl-
BaTh BJIMSHUE HA I[UKJI COH-OOAPCTBOBAHUE C IIOMO-
B0 CIICIU(UISCKOTO U HECTICIIM(PUISCKOTO MEXaHH3-
MOB. CrierpuyeCcKuii MeXaH13M BIIMSHUS 3aKITI04aeT-
Cs B BO3ICHCTBUU TEMIIEpaTyphl Yepe3 CTPYKTYPhI
[IEPETHETO MTPEONITHYECKOTO THITOTAIaMYCa, BOBIICUEH-
HBIE B PETYIHIUIO KaK TEMIIEPaTyphl Tella, TaK U CHa
(ocobenno MBC) [8, 30]. Hecnennduyeckuii Mmexa-
HH3M BKIIIOYAET MOBEICHYCCKUC (aIeKBaTHAS TEMIIC-
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Environmental temperature may influence sleep-
wake cycle by means of specific and non-specific
mechanisms. Specific mechanism of influence lies in
a temperature impact through the structures of an-
terior preoptic hypothalamus, involved in body tem-
perature and sleep regulation (especially SWS) [8,
30]. Non-specific mechanism involves behavioral
(the pose appropriate to temperature and moving ac-
tivity), as well as physiological thermoregulatory re-
actions (piloerection, shivering, and breathlessness),
which appear only in wakefulness state, whereas du-
ring SWS the pose alteration may serve as a mini-
mal appearance of thermoregulatory behavior. Full
muscular atonia during REM sleep underlie the ab-
sence of such behavioral reactions in responce to en-
vironmental temperature changes. Physiological ther-
moregulatory reactions, regulated by anterior preoptic
hypothalamus (thermoregulatory reactions during lo-
cal cooling of hypothalamus, breathlessness in the
warmth and cold shivering in the cold), also are sup-
pressed during REM sleep [6, 34], that allows to
equalize REM sleep and ‘functional poikilothermism’
state. Thus, temperature effect causes the transition
of an animal into wakefulness state, that is sine qua
non condition to realize the thermoregulatory behavior
[33, 34, 37].

Many researchers [6, 9—12, 20, 46, 50] have
shown that cold exposure of animals significantly
influence the sleep-wake cycle and sleep structure.

For example, we found [9] that decrease of body
temperature down to 16—17°C caused by develop-
ment of artificial hypometabolic state resulted in to-
tal sleep deprivation. During following restoration of
organism temperature homeostasis the first episodes
of SWS were noted already during the second hour
of rewarming with subsequent rebound (increase in
amount) from sixth till tenth hour of recording includ-
ing dark period of the day. Depending on the moment
of first REM sleep episodes appearance during res-
toration period after artificial hypometabolic state the
animals were divided into two groups. REM sleep
rebound in the first group of animals occurred only
at the twelfth hour of observation in dark period of
the day; REM sleep compensatory increase in the
second group occurred in light period of the day at
the seventh hour of recording. Herewith, the altera-
tion of REM sleep occurence was due to the increa-
se of amount and duration of its episodes.

It is also known that during short-term exposure
of animals in low temperature environment (—10...10°C)
[10, 11, 20], the considerable REM sleep suppression
is observed, accompanied by rebound of this sleep
phase during restoration period at normal tempera-
ture. Herewith, the cold influence results in only in-
significantly lowering of SWS amount, and no SWS
compensatory increase in restoration period is obser-

problems
of cryobiology

Vol. 20, 2010, Ne4



patype 1o3a u ABUTaTeNIbHAs aKTUBHOCTB) U pr3noIo-
THYECKHE TEPMOPETYIISITOPHBIE PEAKIMH (ITUI03PEKIHS,
IPOXb, OIBIIIKA), KOTOPHIE MPOSBISIIOTCS TOJBKO B
COCTOSTHMM OOIPCTBOBaHMS, TOra Kak Bo Bpemsa MBC
MUHUMAaJbHBIM MPOSBIEHUEM TEPMOPETYISTOPHOTO
MTOBEIEHUS MOXKET CITY>KUTh CMeHa 1o3bl. [lomHas ke
MbIlIeuHas aToHus Bo Bpems IIC nexuT B ocHOBe
OTCYTCTBHSI TAKHX ITOBEICHUYECKUX PEAKIINI Ha TEMIIE-
partypy okpyxaroiieit cpeabl. DU3n0I0ru4ecKue Tep-
MOPETYISTOPHBIE PEaKIINH, 32 KOTOPBIE OTBETCTBEHEH
NepeAHUI MPEONTUUECKUH THITOTAIAMYC (TEpMOpEry-
JIATOPHBIE PEAKIIMU HA JIOKAIBHOE OXJIAXKIEHUE THITO0-
Tajamyca, OJbIIIKa B TEIJIE M XOJIOA0Bas APOXKb Ha
xomnoe), Bo Bpems [1C taxxe yraeratorcs [6, 34], 4to
naet ocHoBaHue cpaBHUBaTh [ 1C ¢ cocrosnneM "pyHk-
IMOHANTBHOM nolikmoTepmun'"'. Takum 06pa3om, TeM-
MepaTypHOe BO3IEHCTBHE BBHI3BIBAET MTEPEXO KHUBOT-
HOTO B COCTOSIHME OOJIPCTBOBAHUS, YTO SIBISIETCS
HEOOXOTUMBIM YCIIOBHEM IS peaTn3alliil TEPMOpPETY-
nsaTopHOTO IoBeeHus [33, 34, 37].

Muorumu uccienoBatersmu [6, 9—12, 20, 46, 50]
OBLTO TOKA3aHO, YTO XOJI0I0BAS IKCTIO3UIINS JKUBOTHBIX
CYIIECTBEHHO BJIMSET Ha IIUKJ COH-OOAPCTBOBAHUE H
CTPYKTYpY CHA.

Hanpumep, namu G110 ycTaHoBineHo [9], 4to cHU-
KEeHHEe TeMIlepatypsl Tena a0 16—17°C, BeI3BaHHOE
pa3BUTHEM HCKYCCTBEHHOTO THIIOMETA00INYECKOTO
COCTOSIHUS IPUBOJUT K TOTAJIbHOM JENPHUBALMU CHA.
[Ipu mocnenyromeM BOCCTaHOBICHUH TeMIIEpaTyp-
HOTO TOMeOcCTa3a OpraHn3Ma nepsbie anmu3onsr MBC
OTMEYaJHUCh YK€ B T€UEHHE 2-TO Haca camopaso-
TPEeBaHUS C TIOCIEAYIOmeH “oTnadeil” (yBeIMIECHUEM
KOI9decTBa) ¢ 6-ro 1o 10-i1 gac 3amucu, BKITIo9ast TeM-
HOE BpeMs CYTOK. B 3aBUCHMOCTH OT BpEMEHH MOSIB-
JieHus epBbIX A1n30,10B 11C B eprosa BocCTaHOBIEHHS
MoCJie HCKYCCTBEHHOTO THIIOMETab0INYeCcKoro coc-
TOSIHUSI )KMBOTHBIE ObLIIM Pa3OUTHI Ha 2 Tpynmsl. “OT-
nada” IIC y KMBOTHBIX OJHOM IpyNIbl HAacTymana
auie Ha 12-M dace HAOMIONEHUS B TEMHOE BpeMs
CYTOK, Y BTOPOI1 € I'PyIIIbl KOMIIEHCATOPHOE YBEIIH-
yenue [1C HacTynaso eme B CBETI0€ BpeMs CyTOK Ha
7-m yace 3anucu. I[Ipu 3TOM U3MEHEHUE TPEACTaB-
nenHoctu [IC mpoucxonumno 3a c4eT yBEIMYEHUS
KOJIMYECTBA U JUINTEIBHOCTHU €TI0 SIH30/0B.

W3BecTHO Takxe, YTO MPU KPATKOBPEMEHHOM CO-
JIepKaHNH )KUBOTHBIX IIPU HU3KOH TeMIEpaType OKpy-
x)aromei cpest (0T —10 no 10°C) [10, 11, 20] nabnro-
Janock 3HauuTenbHoe nopasienue 11C, koropoe co-
MPOBOXKAAIOCH "oTHayei" 3Toi (a3bl CHA B TEUCHHUE
BOCCTaHOBMTENBHOTO NEPUO/IA ITPU HOPMAJIBHOM TEM-
neparype. [Ipu 3ToM X0710710BO€ BO3/IEHCTBHE JUILIb
HE3HAYUTENIbHO CHIKANIO0 koindecTBo MBC n komnen-
catopHoro yBenmmdenus MBC B mepuonm BOCCTaHOB-
JICHUS1 He HaOI0Aanoch. MenjIeHHOBOJIHOBAs aKTUB-
HOCTh BO Bpems MBC 0OblTa HECKOJIBKO CHIDKEHA B
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ved. Slow-wave activity during SWS is slightly low-
ered during period of the influence and raised during
first restoration day.

When studying the alterations in REM sleep oc-
currence in rats during their exposition at the envi-
ronmental temperature of 0°C during 48 hours and
during 12 hours of restoration period (at 23°C), the
authors [10—12, 50] concluded that animals’ exposure
at low environmental temperatures caused REM
sleep deprivation, accompanied rebound of this sleep
phase during restoration period. Herewith, the short-
age as well as following rise in REM sleep total
amount, in authors’ opinion, occurs due to alterations
in frequency of REM sleep rather than in its epi-
sodes’ duration [10].

Analysis of frequency distribution between the
termination of one episode and initiation of the next
one (REM sleep interval) allowed to separate two
classes of intervals: short (< 3 min) and long (> 3 min).
In this basis, two types of REM sleep episodes were
identified: singular ones, separated by the long REM
sleep interval; and sequential ones, called clusters,
included REM sleep episodes separated by short in-
tervals. Appearance of such REM sleep sequential
episodes in REM sleep cluster allows to increase the
REM sleep occurrence without increasing in REM
sleep episode duration. REM sleep clusters disappear
during cold exposure, when REM sleep is resisted
by the thermoregulation needs, and their number rises
during restoration period. Applied experimental ef-
fects almost do not influence the occurrence of sin-
gular REM sleep episodes [10].

It is worth to note that about 60% of REM sleep
in rats under normal environmental temperatures oc-
cur in the form of singular episodes and about 40%
does in the form of sequential ones [10].

The full loss of homeostatic regulation during REM
sleep explains, according to Amici ef al. [10, 11], the
REM sleep susceptibility to alterations in environment
conditions, when they cause a mandatory activation
of homeostatic mechanisms of regulation and transi-
tion into another functional state.

It is also suggested [10] that existence of two
types of REM sleep episodes in rats extends the pos-
sibility of REM sleep regulation: singular episodes are
mainly less sensitive to environmental conditions and
physiological control, whereas the sequent episodes
are more sensitive both to environmental conditions
and physiological control.

Thus, the experimental data testify, that interac-
tions between thermoregulation and sleep occur at
the level of anterior preoptic hypothalamus (preoptic-
hypothalamic thermostat) but mechanism and physi-
ological role of this interaction remain not properly
understood.
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MepuoJ] BO3IEHCTBUSA U MOBHIIIATACh B TEUECHUE
MIEPBBIX BOC-CTAHOBUTEIBHBIX CYTOK.

Wsyuas nzmenenus B npeactaBieHHocTH 1IC y
KPBIC TIPH SKCIIO3UITUH UX ITPH TEMITEPATYPE OKPYKAF0-
meit cpeast 0°C B Teuenue 48 4 u B Teuenue 12 4
nieproa Boccranosienus (mpu 23°C), apropst [ 1012,
50] mpuuIM K BBIBOAY, YTO COEPAKAHUE KUBOTHBIX IIPU
HU3KOW TEMIIepaType OKpYXKaroIleH cpenibl BHI3bIBAET
nenpusanuio [1C, koTopast conpoBokaaeTcs B IEPHO
BOCcTaHOBIIeHHA "oTmaueil” 1ol dazel. [Ipu aToM n
COKpallleHHe, U MOCIenyolee yBeIMYeHne 00LIero
konmuecTBa 11C, kak yTBEp»Aar0T aBTOPHI, TPOUCXO-
JSIT 32 CYEeT M3MEHEHHH B 4acTOTe, a He B TIPOIOIIKH-
TenpHOCTH 3nu3010B [1C.

[Ipn aHanmu3e 4acTOTHOTO pacHpeieNeHus: pac-
CTOSTHHH MEXy KoHIIOM omgHoTo 3nu3oaa [1C u Hava-
oM crnenytomero (matepBan [1C), ObUTO BBIIEICHO
JIBE COBOKYITHOCTH MHTEPBAJIOB: KOPOTKHE (< 3 MUH) U
mHHBIe (> 3 MuH) [10]. Ha ocHOBe 3TOTO OBLTH HIIEH-
TUQULIMPOBaHbI 1Ba Tuna 31mu3010B [1C: equHuuHbIE,
KOTOpBIE pa3feneHsl JIMHHBIM HHTEepBaioM IIC, n
[OCJIEN0BaTENbHbIE, KOTOPBIE HA3BIBAIOTCS KJIAcTe-
pamu, U B ipenenax knactepa snu3oasl [1C pasnenens
kopoTkuMmu unTepBanamu [1C. Bo3HUKHOBEHUE TaKUX
nocienosaTenbHbIX 3nu3040B [1C B kmactepe 11C
MTO3BOJIAET yBEIMYMBAThH INpencTaBieHHocTh [IC, He
YBEIWYIHUBAs MPOAOKUTeNsHOCTE 3nrn3oaa [1C. Kmac-
tepol [IC mcye3aioT B Te4eHHE XOJIOA0BOM IKCIO3H-
uwmu, korga [1C mpoTuBoaeiicTBy0T MOTPEOHOCTH B
TEPMOPETYIISAIH, U UX KOJIMYECTBO YBEIMIUBACTCS B
TeYeHHe Mepuoja BoccTaHoBieHus. Ha mpencras-
JIEHHOCTb €AMHUYHBIX 3111307108 [1C ncnons3oBaHHbIE
9KCIEPUMEHTAJIbHBIE BO3ICHCTBHS MTOUYTH HE BIIUSIOT
[10].

CrnenyeT OTMETUTBH, UTO y KpbIc 0Koio 60% IIC
[IpY HOPMaJIbHOHN TEMIIEpaType OKPYKAIOWIEH Cpebl
HaxonuTcs B opMe eIMHUYHBIX, a okojo 40% — B
dhopme ocnenoBaTeNbHBIX A1TN3010B [10].

[TomHas moTeps roMeocTaTH4eCKON Peryiasiuu B
teueHue I1C oOBsICHSET, IO MHECHHIO AmICi H COaBT.
[10, 11], BocipunmunBocTs 11C K M3MEHEHUSM B OK-
PYKaromyX YCIOBHUAX, KOTJIa OHM MPHUBOAAT K 00s13a-
TEJIBHOMY BKJIIOYEHHIO TOMEOCTAaTUIECKIX MEXaHM3-
MOB PETyIISILMH U IIEPEXOY B Ipyroe QyHKIMOHAIBHOE
COCTOSIHHE.

Cuuraercs taxke [10], 4To cyliecTBOBaHUE IBYX
TunoB 513008 [1C y kpbIc paciupseT BO3MOKHOCTb
perymsauuu [1C: equHMYHBIE 3MIM304B1 B OCHOBHOM
MEHee YYBCTBUTEIBHBI K OKPYXKAIOIIUM YCIOBUSIM U
K (PM3HOJIOTHYECKOMY KOHTPOJIIO, TOT/Ia KakK MoCe/I0-
BaTeIIbHBIC 3MTU30/Ibl 00JIee YYBCTBUTEILHBI U K OKPY-
JKAIOIIMM YCIIOBHUSM, H K (PH3HOJIOTHYECKOMY KOHTPO-
JI10.

Takum 06pa3om, SKCIEPUMEHTAIbHBIE JaHHBIE
CBUJIETENIbCTBYIOT, YTO B3aUMOJAEHUCTBHE MEXKIY TEp-
MOPETYIISIIMEH U CHOM ITPOUCXOAUT Ha YPOBHE MTPEOTI-

KpuoGMoROrIM

T. 20,2010, Ne4

High sensibility of sleep-wake cycle to tempera-
ture effects and involving in its regulation of struc-
tures, participating in body temperature control, may
be underlie the practical application of temperature
effects for the correction of the sleep-wake cycle dis-
turbances caused by adaptation impairments.
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TUYECKOU 00JIACTH IEPETHETO THITOTAIaMyca (IIPeolI-
THUKO-TUTIOTAIAMUYECKOTO TEPMOCTATa), HO MEXaHNU3M
U (usmosornueckas pojp 3TOr0 B3aMMOJEHCTBUS
OCTAIOTCS 10 KOHIIA HE TIOHSATHBIMH.
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BaHHE K TEMIIEPATYPHBIM BO3AEHCTBUAM 1 BOBJICUEHHE
B €I'0 PETYIALUIO CTPYKTYP, YYaCTBYIOIIMX B KOHTPOJIE
TeMIIepaTypsl Tella, MOXXET OBITh 0OOCHOBAHHUEM
MIPAKTUYIECKOTO MPUMEHEHHUS TEMITEPATyPHBIX BO3/IEH-
CTBHI JUIs1 KOPPEKIIUH HApYIIEHUH IUKJIa COH-00ApCT-
BOBaHME, BEI3BAHHBIX OOJIE3HAMHU aJIalTALlH.
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