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Changes of Sleep after Long-Term and Rhythmic Cold Exposures

Jlaxxe He3HaUMTENbHBIE KOJIEOaHUs TEMIIEPaTypbl OKpY Karolleil cpesibl, IOMUMO HHUIIMUPOBAHUS TEPMOPETYISITOPHOTO OTBETA
OpraHu3Ma, MPUBOIAT K U3MEHCHHUSIM IHKJIa OOAPCTBOBaHHE-COH. [l0oKka3aHo, 4To MOCTOSIHHOE X0J010B0¢ BozzaeckicTeue ([IXB) u
puTMHYecKue X0s1010BbIe Bo3aeiicTBus (PXB) n3mensior niyObuHy U [uinTenbHOCTh cHa: nocie [IXB yBennuuBaeTcs JNIUTENBHOCTD
Kak MeaneHHoBosHoBoro cHa (MBC), Tak u napagokcansHoro cHa (I1C); nocie PXB (—12°C) — nocToBepHO yBeIUUUBAECTCS [UIUTEIb-
HocTb TonbKo [1C; mocne PXB (+10°C) — pimurensrocts MBC B cBeTiioe Bpemst cyTok. OGHapy»KEHHOE MOBBIIICHNE TPEACTABICHHOCTH
CHa B TEMHOE BpeMs CyTOK Yy >kuBOTHBIX nociie [IXB u PXB (—12°C) nocine nepemeiieHus uX B HOpMaJIbHbIE YCIOBHSI OKpYsKaroIien
cpeabl MOXKET CBHIETENILCTBOBATh O CTPEMJICHUM OpraHU3Ma YMEHBUIMTh TEMI0BYI0 Harpysky. Msmenenus MBC npu PXB (+10°C)
HocJie KaxI0ro 15-MHHYTHOTO X0JI0JOBOTO BO3EHCTBHSA, BEPOATHO, CBA3aHbI C M3MEHEHUSMH TEMIIEPATyPhl KOXKH, H3MEHEHHE KOTOPOi
cuUTaeTcs faxe 0oee MOIHBIM (aKTOPOM JUTSl MHULMALIMK CHA, 4eM M3MEHEHHE TeMIIepaTypebl “sapa” Tena. DTH alalTUBHbIC H3MEHEHUS]
CHa COIIaCYIOTCSI C THIIOTE30i O BEICOKOIT MOTPEOHOCTH BO CHE KaK (PM3HOIOrMIECKOM MEXaHH3Me, CIIOCOOCTBYOIIEM MTEPHOITYECKOMY
CYIIECTBEHHOMY CHMKCHMIO SHEProTPaT B YCIOBUSIX UX ITOBBIIIEHUS BO BpEeMs aKKJIUMAaLIUH.

Knroueesvie cnosa: mOCTOSHHOE M PUTMUYECKHE X0JIOI0BBIC BO3/IEHCTBHSA, COH, KpbICa.

HagiTb He3Ha4HI KOJIMBaHHS TEMIIEpaTypH HaBKOJIUIITHHOTO CEPEIOBHIIA, KPiM iHIL[IFOBaHHS TEPMOPETYSITOPHOT BiANOBIIi opra-
Hi3MY, IPU3BOASATH 10 3MiH LUKy HecnaHHs-coH. [Toka3aHo, 1o noctiinuii xononosuit Brums (ITXB) i puTMiuHi X0J010B1 BIUTUBH
(PXB) 3MiHror0Th IHOKHY 1 TpUBaicTh cHy: micis [IXB 36inbinyeThes TpUBaNicTh sk MoBibHOXBHIBOBOTO cHY (IIXC), Tak i mapa-
nokcansroro cry (I1C); micnst PXB (—12°C) — noctoipHo 36inburyBanack TpuBanicts Titbku [1C; micnst PXB (+10°C) — tpuBaiicts
[1XC B cBiTiHii yac [06K. BusBieHe miABUILCHHS IPEICTAaBICHOCTI CHY B TeMHUIT yac 1o6u y tBapuH micist [IXB i PXB (-12°C) micns
HepeMilleHHs iX B HOpMajbHi YMOBU HAaBKOJMIIHBOTO CEPEAOBHIIA MOXKE CBITYUTH PO NMPArHEHHS OPraHi3My 3MEHIIUTH TEIIOBE
HaBaHTaxeHHs. 3Minu [1XC npu PXB (+10°C) miciist koxkHOTO 15-XBHIMHHOTO XOJI0I0BOTO BIIMBY, HMOBIpHO, OB’ sI3aHi 31 3MiHaMu
TeMIIepaTypH LIKIpH, 3MiHY SIKOi BBO)KAIOTh HAaBiTh OLIBLI MOTYXKHUM (GAaKTOPOM [UIs iHiLiawil CHy, HiXK 3MiHY TeMrepaTypu “sapa’”
tina. L{i azanTuBHI 3MiHU CHY Y3TOMKYIOThCS 3 TiIIOTE3010 PO BHCOKY HOTPeOy Y CHi sIK (i3i0I0riYHOMY MeXaHi3Mi, IO CIIPHSE
HepioANYHOMY ICTOTHOMY 3HIDKEHHIO CHEPrOBUTPAT B YMOBAX 1X ITi JBUILEHHS ITiJ1 Yac aKiimMarii.

Knrouoei cnosa: nocTiitHAHN i pUTMIYHI XOJIOIOB1 BIUTUBH, COH, IIyP.

Even small fluctuations in ambient temperature, in addition to the initiation of thermoregulatory response of the organism, lead to
changes in sleep-wake cycle. It is shown that long-term cold exposure (LTCE) and rhythmic cold exposures (RCE) cause changes in the
sleep depth and duration: after LTCE both slow wave sleep (SWS) and rapid eye movement (REM) sleep are increased in the duration;
after RCE (-12°C) only the REM sleep duration is significantly increased; after RCE (+10°C) the SWS duration is increased in light
period. Revealed sleep amount increase in dark period in animals after LTCE and RCE (-12°C) after transfering them into normal
environmental conditions, is probably due to intention of an organism to reduce the thermal load. Changes in SWS under RCE (+10°C)
after each 15 minutes of cold exposure are probably related to skin temperature changes. It is believed that skin temperature change is
even more powerful factor for the sleep initiation than change in the body “core” temperature. These adaptive changes in sleep are
agreed with the hypothesis about a high need in sleep as a physiological mechanism for the periodic significant reduction of energy
expenditure which is increased during acclimation.

Key words: long-term and rhythmic cold exposures, sleep, rat.

CoH roMeoTepMOoB, BKITIOUasi 4YeJIOBEKa, YYBCTBH-
TEJIeH JIaXke K HeOOIbIINM KOJIeOaHUsIM TeMITEPaTyPhI
OKPY’KaIONIEro BO3AyXa: IPH TEMIIepaTypax HHKe U
BBILIE TEPMOHEHUTPAIIBHON 30HBl YMEHBLIACTCS JJIU-
TEJILHOCTh CHA M U3MEHSIETCS €ro BpeMEeHHasl OpraHu-
3aIHsL.

OnHoii u3 QYHKLHIA CHA y TETIOKPOBHBIX *KMBOTHBIX
SIBJISIETCS SKOHOMUS DHEPTUU B CYTOYHOM LIHKJIE TI0-
KOW — aKTMBHOCTB. Eciu B ycIOBUSX TeMIlepaTypHOTo
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Sleep of homoiotherms, including human, is sensi-
tive even to the slight fluctuations in ambient tempera-
ture: at the temperatures being lower and higher ther-
moneutral zone the duration of sleep decreases and its
temporary structure changes.

One of the sleep functions in warm-blooded ani-
mals is energy savings in daily rest-activity cycle. Un-
der temperature comfort conditions these savings dur-
ing sleep are reported as not exceeding 20% of the
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KoM(opTa 3Ta 3KOHOMHS BO BpeMs CHA 110 Pa3HBIM
orieHKaMm He nipeBbitaet 20% ot ob1ero MmeTadoau3-
Ma [6, 8, 18], To mpu JUTNTEeTFHOM CHIDKEHHH TEMIIepa-
TypBbl OKpYy>KaroUled cpeasl U ajanTauuu K HEl 3TOT
YPOBEHB MOBBIIIAETCS U Y )KUBOTHBIX, aJalITHPOBAH-
HBIX K XOJIONY, MOXET Bo3pacTaTh B 2 paza [4]. Ilpu
9TOM BeIyIas poJib B 9KOHOMHUHU YHEPTHH OTBOIUTCS
MeIeHHOBOJIHOBOMY cHY (MBC).

Crnenyer OTMETUTh, YTO JaK€ HE3HAUUTEIbHBIE
KoyebaHus TeMneparypbl OKpyxatouiei cpenst (7, P),
[TOMHUMO MHUIIUPOBAHHUS TEPMOPETYIIITOPHOTO OTBETA
OpraHu3Ma, MPUBOJAT K N3MEHEHUAM IIUKIa 00apCT-
BoBaHue-coH [ 10, 13, 20,22, 25]. Tak, y KpbIC JJIUTENb-
Hocts MBC u napanokcansHoro cua (IIC) ysenuuu-
BaeTCs MPHU OCTPOM TMOBBILIEHUH OKPY’KAIOIIEH TeM-
neparypsl 10 30 £ 1°C U nOHMXKAETCS MPU OCTPOM
camwkennu 10 18 = 1°C [21]. Ot aBe Temmeparypsl
4acTO pacCMAaTPUBAIOTCS KaK BEPXHSAS M HYXKHSAA rpa-
HHULIBI TEPMOHEUTPAIIBHON 30HBI, ONPEACICHHON Ha
OCHOBE IOBEICHUYECKIX KPUTEPHUEB y KpbIc [15].

Ecnn Bnusuue T, BBHIXOAUT 32 MpeJelbl TepMO-
HeHTpanbHON 30HBI WIIN/Y HOCUT JUTMUTENbHBIN Xapak-
TEp, YTO YACTO UCTIONB3YETCA KaK (PaKTOp MOBBIIICHUS
YCTOWYMBOCTH OpPTaHK3Ma K TEMIIEPATyPHBIM BO3JIEH-
CTBHSIM, TO OTMEYAETCsl YBEJIMUCHUE O0ILETo Bpeme-
HU CHA 33 CyTKH, YTO 00YyCJIOBJIEHO B IIEPBYIO OUYEPEb
mryooxum MBC [4]. [Ipu aToM oTMedaeTcsi, 9To Me-
XaHU3MBI 3aITyCKa CHAa OCTAIOTCA aKTHBUPOBAHHBIMH,
a MEXaHU3MBbI pa3BUTHUs CHA YaCTUYHO BOCCTaHABIIU-
BalOTCs. DTU aAaNTHBHBIE OCOOCHHOCTH OTPaKaloT,
MO-BUJIMMOMY, BBICOKYIO MOTPEOHOCTh BO CHE Kak
(hU3MOIOTHYECKOM MEXaHHW3ME, HANPaBIEHHOM Ha
MEPUOANYECKOE CHIDKEHHE Y9HEPTeTHIECKOr0 MeTabo-
JIM3Ma B YCJIOBHAX €T0 JJINTEIBHOTO MOBBIIIEHHS BO
BpeMSs akKIuManuu [3, 4].

B psine pabort [1, 4] moka3aHo, 4TO PUTMHUYECKH
OpraHM30BaHHBIE XOJIOJOBBIE BO3AECHCTBUS, KaK U
JUTATENBHBIE, MOT'YT ITOBBILIATH aJalTAlIMOHHBIE CITO-
COOHOCTH OpraHn3Ma KHUBOTHBIX. KpoMme Toro, momo6-
HbIE BO3JICHCTBHS BOIILIN B IPAKTHUKY 3aKaJIHUBaHU U
HCIIONIB3YIOTCSl B KAYECTBE MPOTOKOJIOB MOBBIILICHUS
a/IanTallMOHHBIX CIIOCOOHOCTEH OpraHu3Ma yeloBeKa
[11]. Ponb mukiia 60pCcTBOBaHIE-COH ITOCIIE XOI0I0-
BBIX BO3JIEUCTBUM, NPUBOASAIINX K IMOBBIIIEHUIO
YCTOWYMBOCTH OpPTraHU3Ma K XOJIOAY, OCTaeTCs Majo
H3YyYEHHOM.

Lens paboThl — H3YIUTHh H3MEHEHHE TapaMETPOB
uKJa 00IpCTBOBaHHUE-COH MOCIIE IOCTOSHHOTO XO0JI0-
noBoro Bozaeiictus (I1XB) u purmMuueckux xomomo-
BBIX Bo3neticTBuil (PXB).

Matepnaabl 1 metoAbI

OKCIepUMEHTHI ObUTM IPOBEICHBI B COOTBETCTBUH
¢ “OO0IMMHU 3THIECKUMH ITPUHLUIIAMH SKCIIEPUMEHTOB
Ha KHBOTHBIX’, oo0peHHbpIMU [V HarnuoHaasHEIM
koHTpeccoM o onoaTuke (2010 1., Kue) u cormaco-
BaHHBIMHU C noNoxeHussMH “EBponelickoii KonBenumn
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whole metabolism [6, 8, 18], but during long-term re-
duction of ambient temperature and after adaptation
to it the savings are twicely increased in cold-adapted
animals [4]. Herewith, slow-wave sleep (SWS) has
the leading role in energy conservation.

It should be noted that even small fluctuations in
ambient temperature (7)), besides initiation of ther-
moregulatory response of an organism result in the
changes of sleep-wake cycle [10, 13, 20, 22, 25]. For
example, duration of SWS and rapid eye movements
(REM) sleep in rats is increased together with a sharp
rise of ambient temperature up to 30 &= 1°C and decrea-
sed together with abrupt reduction down to 18 + 1°C
[21]. These two temperatures are often considered as
upper and lower limits of thermoneutral zone deter-
mined by behavior criteria in rats [15].

If effect of T gets beyond the scope of thermo-
neutral zone or/and has a long-lasting nature (that is
often used as the factor of increasing of organism re-
sistance to the thermal exposures), then the rise of daily
sleep total duration is observed, primarily associated
with deep SWS [4]. Herewith it is noted that mecha-
nisms of sleep initiation remain activated and the ones
of sleep maintenance are partially recovered. These
adaptive peculiarities seemingly indicate a high need in
sleep as physiological mechanism directed to periodi-
cal reduction of energy metabolism under its long-term
increasing during acclimation [3, 4].

Some authors [1, 4] showed that rhythmically or-
ganized cold exposures as well as long-term ones could
increase adaptive capacities of animals. In addition the
same exposures came into the practice of ‘cold train-
ing’ and were used as the protocols for increasing of
human organism adaptive capacities [11]. The role of
sleep-wake cycle after cold exposures resulting in an
increase of organism resistance to cold have remained
poorly studied.

The research aim was to study the change of pa-
rameters of sleep-wake cycle after long-term cold
exposure (LTCE) and rhythmic cold exposures (RCE).

Materials and methods

The experiments were carried-out according to the
General Ethical Principles of Experiments in Animals
approved by the 4™ National Congress on Bioethics
(Kiev, 2010) and agreed with the statements of Euro-
pean Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific Pur-
poses (Strasbourg, 1986).

The experiments were performed in 7-8-month-
old white breedless rats (weight of 220-250 g) kept in
sound-attenuated chamber with a controlled light regi-
men (12:12 light:dark) and ambient temperature (22—
24°C) in separate cages with water and food ad libi-
tum.

Electrodes for recording of bioelectrical activity
(BEA) of brain (screws, d = 1,6 mm) and muscles (sil-
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0 3allIUTE O3BOHOYHBIX XUBOTHBIX, HCIOIb3YEMbIX
JUTSI SKCTIEPUMEHTANIBHBIX U IPYTUX HAYyUHBIX LEJei”
(CtpacOypr, 1986 1.).

OKCIIepUMEHTHl MPOBEIECHBI Ha 7—8-MECAUHBIX
OecropoaHbIX OenbIxX Kpbicax (Macca 220-250 1), Ha-
XOAMBIIMXCS B 3BYKOIOIVIOLIAOLIEH KaMepe ¢ KOHT-
poMpyeMoil IUTENTbHOCTHI0O CBETOBOTO PEXUMA
(cer:TemHoTa 12:12) 1 TemMnepaTypoit OKpy Karomei
cpenbl 22-24°C B OTAENBHBIX KJIETKaX CO CBOOOI-
HBIM JOCTYIIOM K BOJE U IHIIIE.

ONEeKTPONbI AT pETUCTPANH ONOTEKTPHIECKOM
aktuBHOCTH (BDA) mo3ra (BunTHI, d = 1,6 MM) 1
MBIIILI (cepeOpsIHbIE MPOBOJIOYKH, d = (0,5 MM) UMILIaH-
THUPOBAJIM HAPKOTU3UPOBAHHBIM )KHBOTHEIM (BHYTPH-
OpIOIIMHHOE BBEICHNE CMECH THONIEHTAJIa I OKCHOY -
tupaTa HaTpus u3 pacuera 30 u 100 Mr/kr maccel
COOTBETCTBEHHO). DJIEKTPOAbI U1 peructpanuu BOA
BIXKHBIISUTH BO (DPOHTABEHYIO U TAPHETATBHYIO 00JIaCTH
KOpbI, UHANGDGHEPEHTHBIH TEKTPO]] — B HOCOBYIO KOCTb,
3JEKTPOMABI ISl PETHCTPALNH AJIEKTPOMHOTPAMMBI
pa3Mmeriany B Mbliax meu. Yepes 5—7 aneit nocine
ONepalny >KUBOTHBIX TOMEIATU B 9KCIIEPUMEHTAb-
HYTO KaMepy, TOJICOEANHSITH K KOMITBIOTEPHOMY JJIEKT-
posuuedanorpady (“Hetipocodt”, Poccust) uepes Bpa-
Haumiics TokocbeMHuk (“Moog”, BennkoOpura-
HUS ), HE OTPAaHUYMBAFOIINI IBUTATEIILHYIO aKTUBHOCTh
’KUBOTHBIX, ¥ IIPOBOIYUTH JUTUTEIHHYI0, HEIPEPHIBHYIO
peructpamnuio B3A Mo3ra v MBI,

PurMuueckue Xo1010BbI€ BO3ACHCTBUS TPOBOIUIN
nByMs ciocobamu. PXB (—12°C) — o metony [4], a
MMEHHO: B T€UeHUE 15 MUH Ka)XI0T0 Jaca KUBOTHBIX
MIOMEIIAJId B XOJOJOBYIO KaMepy ¢ TeMIleparypoi
—12°C, nocnenyroniie 45 MUH OHU HaXOAWMIUCH BHE
XOJOJOBOU KaMephl B HOPMAJIbHBIX YCIOBUAX CPEAbI
(r,= 22-24°C). PXB (+10°C) — B Teuenue 15 muH
Ka)JIOTO Yaca )KMBOTHBIX 00JyBaJM XOJIOTHBIM BO3-
nyxoM ¢ Temrieparypoii 10°C, nocnenyromiue 45 MuH
OHU HAXOAWIUCh B HOPMAJIbHBIX YCIOBUSIX CPEIbI
(T, o 22-24°C). Bce akcniepruMeHTalIbHbIC BO3IEHCT-
Bus HaunHaiu B 9.00 u 3akanumBanu B 17.15, nocaue
4Yero MpOBOJIWIN perucTpannio bB9A mMo3ra u M.
Ha cnenyrommii nens npouenypst PXB nosropsnu. B
ciydae PXB (+10°C) peructpaiuio BOA npooauin
1 BO BPEMS XOJIOIOBBIX BO3/IEHCTBUI.

[Ipu nocTOSIHHOM XOJI0JJOBOM BO3IE€HCTBUU KUBOT-
HBIX BblAepxkuBanu B TeueHue 40 gueit mpu 4°C ¢ mo-
clenmyromei perucrpanueir bOA Mo3ra m Mg
TIOCJIC TIEPEBENCHNUS KUBOTHBIX B HOPMAITLHBIC TEMITC-
paTypHbIE YCIOBUA OKPY>KAIOIIEH Cpebl.

B kavuecTBe KOHTpPOIIS OBUIN NCTIOIB30BaHbBI KHUBOT-
HEIE, HE TIOJBEPTABIITHECS XOIOA0BBIM BO3ICHCTBHUSIM.

Temreparypy KOXH U3MEPSIIN B pallOHE CIUHBI
’KUBOTHOTO NEPEN U MOCHe KaXA0ro 15-MUHYTHOTO
OXJIaXICHUS C IIOMOMIBIO IU(POBOTO HH(PAKPACHOTO
tepmometpa (Microlife IR 1DEI, llIBeitmapus).

Hauano n okoH4aHne cTaamii cHa (CTagupoBaHue
3aIUCH) OIPENEIISITH 110 OOIIETIPUHSITHIM KPUTEPHUSIM
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ver wires, d= 0.5 mm) were implanted into deeply anaes-
thetized animals (intraperitoneal injection of thiopental
and sodium-oxybutyrate mixture 30 and 100 mg per kg
of animal weight respectively). Electrodes for BEA
recording were implanted into frontal and pariental cor-
tex, indifferent electrode was implanted into nasal bone,
electrodes for electomyogram were placed into cervi-
cal muscles. After 5-7 days after surgery the animals
were placed into the experimental chamber and were
connected to a computer electroencephalograph (Neu-
rosoft, Russia) through a counter balanced swivel (Moog,
Great Britain) allowing free movement of the animals
and then long-term and continuous registration of brain
and muscle BEA was performed.

Rhythmic cold exposures (RCE) were performed
by 2 methods. RCE (—12°C) were performed accord-
ing Pastukhov Yu.F. et al. [4], as follows: for 15 min of
each hour the animals were placed into a cold cham-
ber with the temperature of —12°C, the following 45 min
they were out of a cold chamber under normal condi-
tions (7, = 22-24°C). RCE (+10°C) were performed
for 15 min hourly: the animals were blown with 10°C
cold air, the following 45 min they were under normal
temperature conditions (7, = 22-24°C). All the experi-
mental exposures started at 9.00 a.m. and finished at
17.15 p.m. after that brain and muscle BEAs were
recorded. Next day RCE procedures were repeated.
In case of RCE (+10°C) registration of BEA was also
performed during cold exposures.

During long-term cold exposure the animals were
kept for 40 days at 4°C with the following recording of
brain and muscle BEA after transfering the animals to
normal environmental temperature conditions.

Animals without any kind of cold exposure were
used as the control.

Skin temperature was measured on animal back
with the digital infrared radiation thermometer (Micro-
life IR 1DE1, Switzerland) prior to and after each 15
minutes of cooling.

The vigilance states were scored according to the
common criteria by 4-second intervals with the special
application made in Matlab environment.

After finishing of sleep stage scoring the sum dura-
tion of each stage and episode quantity, percentage of
stages for each registration hour, periods of compen-
satory prolongation of sleep stages during light and dark
periods were calculated.

The experimental data were statistically processed
with a one-way analysis of variance (ANOVA) and
non-parametric Kruskal-Wallis tests.

Results and discussion

After LTCE a significant increase of sleep amount,
both SWS and REM sleep, in light and dark periods
was observed on account of wakefulness amount re-
duction (Table 1). It should be noted that sleep in rats
(as nocturnal animals) normally is characterized by
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110 4-CeKyHTHBIM HHTEpPBaIaM C [IOMOIIBIO CIICIIHATb-
HO pa3pa0bO0TaHHOW MPOTPAMMEI, HAITMCAHHOW B MaTe-
MaTHuecKoM makeTe Matlab.

[Toce OKOHYAHUS CTAIUPOBAHUS CHA PACCUUTHI-
BaJ CYMMAapHYIO JJTUTEIBHOCTh KAXKIOW CTaauu W
KOJIMYECTBO 3MHU30/I0B, MPOIEHTHOE COOTHOIICHUE
CTaJIMi JJIsI KaXKJIOr0 4aca perucTpanuu, NepruoioB
KOMITICHCATOPHOI'0 YBCIIMUYCHUA CTaZ[I/Iﬁ CHa, TCMHOTO
Y CBETJIOr'0 BPEMEHH CYTOK.

CrarucTudeckyro o0paboTKy dKCIEpPUMEHTATb-
HbIX JaHHBIX ITPOBOANIN C ITIOMOIIBIO OZ[HO(baKTOpHOFO
nucriepcuonHoro ananmsa (ANOVA) u Hemapamer-
puueckoro kputepus Kpyckaina-Yomnuca.

Pe3yAbTatbl M 00CYy)xaeHue

[Mocne ITXB Habmronanoch 3HAYUTENLHOE YBEIIHU-
yeHue kojanuecTa cHa kak MBC, tak u I1C B cBeTi10€
1 TEMHOE BpEMS CYTOK 33 CUET CHUKECHHS KOTMYECTBA
6oapcrBoBanus (Tabn. 1). CiaemyeT OTMETHTH, YTO
XOTSI B HOpME ISl KPbIC (KaK HOYHBIX KMBOTHBIX)
xapakTepHa 0OJbIIas IPeICTaBICHHOCTh CHA B CBET-
noe BpeMs cyTok (o 60—70%), mocne I1XB ormeya-
JIOCh BBIpAaBHUBAHWE BHYTPHUCYTOUHOTO paclpenie-
JIEHUs TIpecTaBiIeHHOCTH ctanuid cHa (mist MBC —
72,9+ 7,1 BcBetnioe u 72,2 £ 12,1% — B TeMHOE BpeMst
cytok; qst I11C — 10,5 + 0,7 u 10,6 + 0,5% cootBet-
CTBEHHO).

IIpu >TOM MOBHITIICHNE TTPOIIEHTHOTO KOJIMYECTBA
MBC npoucxonuio 3a cueT yBeIUYeHUs AJTUTEIbHOC-
TH 3MH30JI0B Ha ()OHE COKpAIEHUS UX KOJIUYECTBA,
CBHUJICTEJILCTBYIONIEE 00 YBEIUUYCHUU TIyOMHBI CHA,
a yBenmdenue komnuectsa [IC — 3a cuer pocra mym-
TEITHLHOCTH IMHU300B (Tad. 2).

B xone ananm3a mo4acoBOM JWHA-
MHKH U3MEHEHUU TPECTaBICHHOCTH
MBC uIIC nocne ITXB (puc. 1, 2) 6pu10
BBISBICHO, 4TO Kak misi MBC, tak u
s [1IC orMedanuch MEepUOIbl Tak
Ha3pIBaeMoH “oTmaun’ (MOBBIIICHHOM
npexacraBieHHoctu): misi MBC — B

greater amount in light period (up to 60-70%), but af-
ter LTCE we observed smoothing of diurnal distribu-
tion of sleep stages’ occurrence (for SWS it was 72.9 +
7.11inlight period and 72.2 + 12.1% in darkness; for REM
sleep it was 10.5+ 0.7 and 10.6 = 0.5%, respectively).

Herewith the increase in SWS percentage amount
resulted from the rise of episodes’ duration on the back-
ground of their amount reduction, testifying to an en-
hancement of sleep depth, and increasing of REM sleep
amount occurred due to rise in episodes’ duration (Ta-
ble 2).

When analyzing the hourly dynamics of SWS and
REM sleep occurrence changes after LTCE (Fig. 1,
2) we revealed the so-called “rebound” periods (raised
amount), they were noted in case of SWS as well as
for REM sleep: for SWS in night period, and for REM
sleep in light and dark periods.

Previously we showed [2] that the hourly dynam-
ics of sleep and wakefulness states distribution changed
both after the first and the second RCE (—12°C) se-
ries: the periods of REM sleep “rebound” were ob-
served in light and dark periods (from 6.2 + 1.2 up to
13.7 £ 1.7% and from 6.2 = 1.2 up to 12 = 1.5% after
the first and the second RCE series, respectively) due
to the increase of its episodes duration. It should be
noted that observed REM sleep amount increase oc-
curred on the background of wakefulness amount de-
crease (Table 2).

Concerning the SWS changes after RCE (—12°C)
neither after the first nor the second cold exposures
series total time of animals being at this sleep stage
did not differ from the control indices (Table 3), but
SWS episodes duration significantly increased on the

Tabauna 1. zmenenne xonmdectsa (%) 6oxperBoanust, MBC
u I1C B cBet0€ 1 TeMHOE BpeMst cyTok rocie [IXB

Table 1. Wakefulness, SWS and REM sleep amount (%) changes

in light and dark periods after LTCE

HOYHOE BpeMs cyTok, a s [IC — B
YcAOBUS 3KCIIEpUMEHTa BoapcTBOBaHmMe MBC ric
CBETJIIOC U TEMHOC BPEMA CYTOK. Experimental conditions Wakefulness SWS REM sleep
Panee mamm OpuTO TIOKa3aHo [2],
YTO KaK IOCJE MEepPBOH, TaK U MOCTE Kgg;{ﬁ\b 32,2 = 47 59,8 = 4,89 816 = 0,6
3 3 o CaeTroe
BTOpOH cepuit PXB (—12°C) uzmens- Bpes CyroK
JIach IIoYacoBas TMHaAMHUKa pacipese- Light period
A pacpeit flocre B 16,6 = 6,5° 72,9 7,1° 10,5% 07"
JIEHUS COCTOSIHMM CHa M 0OJpCTBOBA-
HUS: OTMEYAIUCh MEPUOABl “OTHaYN «
OHTPOAB
IIC kak B CcBeTJIOE, TAK U B TEMHOE Testzoe spess Control 43=13 496 =1 60=17
Bpems cyTok (ot 6,2+ 1,2 mo 13,7 £ cyToK
Dark period
1,7%u ot 6,2+ 1,2 10 12 % 1,5% noce TEPERC ] Moo IXB |z L qyste | 72 120 106 = 05
nepBoil u BTopoil cepuit PXB coor-

BETCTBEHHO) 32 CUET YBEIMYCHUS JTH-
TEIBHOCTH €ro 311130,10B. OTMEUEHHOE
moBeIeHre komuuectsa I1C mpowuc-
XOJIMIIO Ha ()OHE CHMYKEHHUS KOJTMYECTRA
0onpcrBoBaHUs (Tadm. 2).
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[pumeuanne: koHTpOIE 11 = 6; [IXB 1 =15; 31€CH M HIDKE: * — PA3IAYUS JOCTOBEPHBI
II0 CPaBHEHUIO ¢ KOHTpoJeM, p < 0,05; Bce naHHBIC IIPEICTABICHBI KaK CpelHee
3Ha4YeHHe + cTaHgapTHas omuodka cpeanero (M + SEM).

Note: control n =6; LTCE n = 5; here and after: * — the differences are significant as
compared with the control, p <0.05; all the data are presented as a mean =+ standard
error of the mean (M + SEM).
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Puc. 1. IIpeacrasnernocts MBC nocne [1XB 1o cpaBHEHHIO ¢ KOHTPOJIEM B COOTBETCTBYIOIIEE BPEMSI CYyTOK (KOHTPOJIb
n=6; I[1XB n=5); * — pasnuuus 10CTOBEPHBI 10 CPABHEHHIO C KOHTpOJIEM, p < 0,05,

Fig. 1. SWS occurrence after LTCE as compared to the control in the corresponding period of the day (control n = 6; LTCE
n=5); * —the differences are significant if compared with the control, p <0.05.
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Puc. 2. [Ipencrapnennocts [1C nmocne ITXB no cpaBHEHHIO ¢ KOHTPOJIEM B COOTBETCTBYIOIIEE BPeMsl CyTOK (KOHTPOJIb 11 =6;
PXB (-12°C) n=5);* - p<0,05.

Fig. 2. SWS occurrence after LTCE as compared to the control in the corresponding period of the day (control n = 6; RCE

(~12°C) n=5);*—p<0.05.

Yro kacaercs uamenennit MBC nociie PXB (—12°C),
TO HU TIOCJIE TEPBOM, HU MOCJIE BTOPOW CEPUM XOJI0-
JOBBIX BO3JICHCTBUI CyMMapHOe BpeMsi IpeObIBaHUs
JKHBOTHBIX B 9TOH CTa/IMU CHA HE OTIINYAJIOCh OT KOHT-
PONBHBIX 3HaYeHUH (Tabi. 3), HO 3HAYUTEIHHO yBe-
JIMYUBAJNACh JUTUTEIBHOCTH 130,108 MBC Ha done
CHIDKCHHS UX KOJIMYECTBA KaK B CBETIIOE, TAK U TEM-
HOE BpeMsl, YTO KOCBEHHO CBHUJETEIBLCTBYET 00 yBe-
nuaeHuu rmyouast MBC (Tabm. 4).

B cBoto ouepens PXB (+10°C) He npUBOAUIHN K
CYIIECTBEHHBIM U3MeHeHUsM konmdecTBa [IC HE B
CBETJIOE, HU B TEMHOE BpeMs CyTok (Tabm. 5). Tem
HE MEHEe, OTMEYaJIOCh YBEIUYCHHE JITUTEIHHOCTH
an30710B [1C B cBEeTIIOE BpeMsl IEPBBIX IKCIIEPUMEH-
TaJbHBIX CYyTOK (Tali. 5).
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background of their amount decrease in light and dark
periods, indirectly testifying to the SWS depth rise (Ta-
ble 4).

In its turn RCE (+10°C) did not lead to the signifi-
cant changes of REM sleep amount neither in light nor
in dark period (Table 5). Nevertheless REM sleep epi-
sodes duration increase was noted in light period of
the first experimental day (Table 5).

After RCE (+10°C) SWS amount increase was
observed in light period (Fig. 3, 4) after each 15-minu-
tes of cold exposure (except first three exposures in
the first day) due to the decrease of wakefulness
amount. This increase occurred due to the growth of
SWS episodes duration on the background of their
amount lowering (Table 6). After the end of the first
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Tabauna 2. Vizmenenue umuteabHOCTH U KonudecTsa snm3o108 MBC u I1C nocne [TXB
Table 2. Changes of SWS and REM sleep episodes duration and their number after LTCE

KoAndecTBO 51M30A0B AAATEABHOCTD SIU30A0B, C
Episodes number Episodes duration, sec
YcaoBus 3KCIepUMeHTa
Experimental conditions
CBeTrnoe BpeMs TemHOe BpeMs CBeTrnoe BpeMs TemHOe BpeMs
Light period Dark period Light period Dark period
Komrrpons 128 + 1,9 96 = 0,7 152 + 15,6 1888 =8
Control
MBC
SWS
IMocae TTXB N .
After LTCE 41 +02 35 %03 392,8 = 50 722,2 = 74,8
KomTpons 3408 2=04 956 £ 9,3 96,8 = 6,4
Control
rnic
REM sleep
IMocae ITXB + .
After LTCE 29 =03 32 =02 147,6 = 13,6 161,2 = 11,6

[pumeuyanue: koHTpOJb 11 =6; [IXB 1 =5; * — p < 0,05.
Note: control n =6; CCE n=5;* — p <0.05.

[Mocne PXB (+10°C) nabmoganoch yBeIHUueHHE
konuuectBa MBC B cBetnioe Bpems cyTok (puc. 3, 4)
[OCJIE KaXA0ro 15-MUHYTHOTO XOJOAOBOTO BO3ZEH-
CTBUS (32 UCKITIOUEHUEM TEPBBIX TPEX BO3AECUCTBUIN
B IIEPBHIH IEHB) 32 CUET CHU)KEHHUS BpEMEHH peObIBa-
HUS )KUBOTHBIX B COCTOSIHHH 00ApCTBOBaHMA. Takoe
YBEIMYEHHE TPOMCXOIIIIO 32 CYET POCTa JITUTEIHHOC-
TH 3111307108 MBC Ha ()oHE COKpAaIIeHHUS KX KOJTHYECT-
Ba (Tabm. 6). [Tociie okoHYaHUs IEPBOM 1 BTOPOii ce-
PpHii oxNakaeHuH pa3nunyus B koandectse MBC ObIcT-
PO HUBENMUPOBAITUCH. JI0CTOBEPHBIX U3~
MeHeHu# npeacrasieHHocTH [1C moc-
ne PXB (+10°C) o6Hapy>xeH0 He ObLI0.

Taxum obpasom, mocne Bcex uc-
[IOJIb30BaHHBIX HAMH XOJIOAOBBIX BO3-

and second cooling series the differences in SWS
amount leveled rapidly. Significant changes of REM
sleep occurrence after RCE (+10°C) were not noted.

Thus, after all the studied cold exposures the sleep
occurrence increase was observed: after LTCE there
was SWS and REM sleep, after RCE (—12°C) there
was REM sleep, after RCE (+10°C) there was an
increase in SWS amount. After RCE (—12°C) there
was also observed increase of sleep depth due to the
rise of SWS episodes duration.

Taonunua 3. M3menenne xonudectsa (%) 6oxpcreoBanust, MBC uI1C B
CBEeTIOE U TEMHOE BpeMs cyTok rociie PXB (—12°C)

Table 3. Wakefulness, SWS and REM sleep amount (%) changes in light

and dark periods after RCE (—12°C)

).'[eﬁCTBHfI OpOUCXOAUT YBCINYCHHC

IpEaACTaBJIICHHOCTU CHA: IOCJIC IIXB — YcAOBUS 3KCIIEpUMEHTa BoapcrBoBanue MBC TiC
Experimental conditions Wakefulness SWS REM sleep
MBC u IIC, mocne PXB (-12°C) —
[}
I1C, nocne PXB (+10°C) — yBenude- Kotpons PO o5 1115 62 = 1o
Hue npeactasieanoctd MBC. [Tocie Control ' ' ' ' o
PXB (-12°C) Taxxe HabmromaeTcs N
TTocae nepsoit
yIyOIeHre CHA 3a CUeT pOoCTa JTH- Cpernoe cepun 993495 5853 + 570 137 + 17
TeIbHOCTH 31130008 MBC mpent cyrok | After the first S o S
A : Light period series
Cunraercs [17], uto akpodasza cHa O y
OCAe BTOPOH
(MUK TIpeNICTaBICHHOCTH CHA) HE Ha- cepun 67 = 36 5305 = 502 .
After the T YT -
pyIIIaGiTCSI XPOHUYECKUM XOJIOAOBBIM socond sories
BO3JICMCTBUEM U IS KPBIC, KAK HOU-
HBIX JKUBOTHBIX, XapaKTCpHa OoJIbLIast Kg‘;;{’rg’l‘b 443 = 12,3 49,6 = 10,6 6=1,7
MIPEACTABICHHOCTh CHA B JTHEBHOE
Bpems cyTok. OOHapyXeHHOe HaMu TMoche nepsoit
IIOBBIIIIEHHE NIPEICTABICHHOCTH CHA B TeMI;I:(;iOBIE)eMH Aftecfghpzlemﬁrst 454 = 4,6 453 £39 8 =18
TEMHOE BPEMs CYTOK y JKHBOTHBIX Dark period series
nocne IIXB npu nepeMenieHuu ux B IMocae BTOpOit
HOpMaJIbHBIE YCIIOBUS OKPYXKaIOIIei At e 49,4 = 3,1 413 =14 83 =09
cpelbl MOXET CBUAETEILCTBOBATH O second series

CTPEMJICHHH OpTaHW3Ma YMEHBIIUTh
TEIJIOBYIO HATpPy3Ky, Jake 3a cueT
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[pumeyanue: KOHTPOJIb 1 =5; PXB (—12°C) n =5;* — p <0,05.

Note: control n=5; RCE (-12°C) n=5;*— p <0.05.
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Puc. 3. [Ipencrasnennocts MBC nocite nepBoii cepru XonomoBbIx BozaercTsuit ipu PXB (+10°C) 1o cpaBHEHUIO C KOHT-
pOJIeM B COOTBETCTBYIOIIIEE BpeMsl CYTOK (KOHTposb n =5; PXB (+10°C) n=5); *—p <0,05.

Fig. 3. SWS occurrence after the first series of cold exposures during RCE (+10°C) comparing to the control in the corres-
ponding period of the day (control n=5; RCE (+10°C) n=15); *—p <0.05.
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Puc. 4. [Ipencrasnernocts MBC mociie BTopoii cepur X0i0I0BbIX Bo3aeHcTBuM pu PXB (+10°C) o cpaBHEHHUIO C KOHTPOJIEM
B COOTBETCTBYIOIIEE BpeMs CYyTOK (KOHTpoIb 1 =5; PXB (+10°C) n=5);* —p <0,05.
Fig. 4. SWS occurrence after the second series of cold exposures during RCE (+10°C) comparing to the control in the
corresponding period of the day (control n=5; RCE (+10°C) n=15);*— p <0.05.

HapylIeHHus LHpKagHoro putMa cHa. Bo Bpemss MBC,
KaK U3BECTHO, IPOUCXOIUT PETYIUPYEMOE CHUKEHUE
TeMIlepaTypsl Tena. Yeenudenue noiu 11C B maHHOM
CIIydae TaKXe MOXKET pacCMaTPUBATHCS KaK DIIEMEHT
aJanTUBHOTO TEPMOPETYIATOPHOIO OTBETA OpPraHu3-
Ma, TaK Kak B 3Ty (pa3y CHa 3aTpaThl SJHEPTUH HAa MMO/-
JepKaHre TeMIIepaTyphl Tela MUHUMAIBHEI (OTCYT-
CTBYET €€ TOMeOoCTaTHIeCcKoe perynupoBanue) [14, 19].

VBennueHune AIUTEILHOCTH dmu30408B MBC u
npencraeiaeHsoctu [IC mocie PXB (—12°C) taxxke
MOJKET OBITh CBSI3aHO C HEOOXOJMMOCTHIO KOMIICH-
CHPOBaTh TEMIIEPATYPHYIO HArpy3Ky (TeMmIeparypa
Tela MajJaeT B CPEAHEM Ha Tpagyc MOCHE KaxKIoro
X0JI0I0BOTO Bo3aericTBus). Kpome toro, umenno I1C
Han0oJIee YyYBCTBUTEIICH K BIHMSTHUIO OXJIAKICHUSA [ 5,
21] m mocie CHATHS XOJOIOBOTO BO3JCHCTBHUS €TO
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Sleep acrophase [17] (peak of sleep occurrence) is
considered as not impaired by chronic cold exposure
and for rats as nocturnal animals a high sleep occur-
rence is characteristic in light period. The revealed by
us increase of sleep occurrence in dark period in the
animals after LTCE after their transferring to the nor-
mal environmental conditions may testify to tendency
of an organism to decrease thermal load even due to
disturbance of sleep circadian rhythm. As it is known,
during SWS the regulated decrease of body tempera-
ture occurs. In that case the increasing REM sleep
may be also considered as an element of adaptive ther-
moregulatory response of an organism, as in this sleep
phase an energy expenditure for keeping body tem-
perature is minimal (because of lack of its homeostatic
regulation) [14, 19].
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Tabauua 4. smMeHenue JymtenbHOCTH 1 KomudecTBa anu3010B MBC u I1C nocne PXB (—12°C)
Table 4. Change of SWS and REM sleep episodes duration and number after RCE (—12°C)

KoAnuecTBO 3130008 AMITEABHOCTD DIIM30A0B, C
Episodes number Episodes duration, sec
YcAoBUS 9KCIIEpUMEHTa
Experimental conditions
Caeraoe BpeMs TemHOe BpeMs Caerroe BpeMs TemHOe BpeMs
Light period Dark period Light period Dark period
Konrpoas 128 = 1,9 96 = 0,7 152 = 15,6 1888 =8
Control
MBC TTocae niepBoOY cepuu . "
SWS After the first series 58 =05 42=02 3928 =268 3448 =29
[Tocae Bropoii cepuit 54 =05 49 =04 308 = 9,2 299,6 = 16,8"
After the second series
Konrpoan 34+ 0,8 2+04 956 =93 96,8 = 6,4
Control
rc TTocae niepBOM cepunu " .
REM sleep After the first series 33=03 22%02 1254 =76 120 =6
Iocae BTOpOI Ceprn 36 = 0,4 21 %02 154 = 9,2° 1328 = 7,6°
After the second series

Ipumeuanne: koutposs n =5; PXB (—12°C) n=5; *—p <0,05.

Note: control n=5; RCE (—12°C) n=15, * —-p<0.05.

Ta6auua 5. Kommuectso 6oapcroBanus, MBC u I1C B cBeTioe 1 TeMHOE BpeMs CyTOk nocie PXB (+10°C)
Table 5. Amount of wakefulness, SWS and REM sleep in light and dark periods after RCE (+10°C)

YcaoBUS 9KCIIEpUMEHTa BoapcrBoBanue MBC rnc
Experimental conditions Wakefulness SWS REM sleep
KonTpoas 29,59 = 7,77 62,51 = 7,16 7,90 = 2,01
Control
CBeTAoe BpeMs CyTOK IMocae nepBo¥t cepuu .
Light period After the first series 1079 4,12 81,11 % 5,02 8,10 + 1,90
Iocae BTopoit cepin 6,82 = 2,14 84,55 % 5,18° 8,63 = 1,90
After the second series ! ! ! ! ! !
Komrpoas 38,84 + 2,02 53,79+ 10,71 7,45 = 2,31
Control
TemHOe BpeMs CyTOK IMocae nepBoii cepun
Dark period After the first series 3492 = 4,10 5170 =73 #,59% 1,40
Tocae sropoit cepun 38,31 =+ 4,63 53,55 = 7,91 8,14 = 1,32
After the second series

IIpumeyanne: koHTpOINB, 11 =5; PXB (+10°C),n=5;"—p <0,05.

Note: control, n=5; RCE (+10°C),n=15; * —p<0.05.

KOJINYECTBO BOCCTAHABIMBAETCS ITOCIE COOTBETCT-
BYIOIIIETO NEpHOAA “‘OTnaun’.

Wsmenennss MBC npu PXB (+10°C) nocne kax-
JIOTO 15-MHUHYTHOTO XOJIOMOBOTO BO3JCUCTBUS, BE-
POSATHO, CBS3aHBI C I3MEHEHUSIMH TEMIIEPATyPhl KOXKU
(tabm. 7), ©3MEHEeHUE KOTOPOii CUUTAaeTC s axe Ooee
MOIIHBIM (PaKTOPOM JIs1 HHUIIMALNU CHA, YeM U3Me-
HeHue Temmeparypsl “aapa” tena [23]. Kak BugHO

T.21,2011, Ne3

The increasing SWS episodes’ duration and REM
sleep occurrence after RCE (—12°C) may be also as-
sociated with the necessity to compensate a thermal
load (body temperature reduces in average by one
degree after each cold exposure). In addition, exactly
REM sleep is more sensitive to cold exposure [5, 21]
and after its termination REM sleep amount restores
after corresponding “rebound” period.
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Tabauua 6. smMenenue AmuTenbHOCTH U KordecTBa snu30108 MBC u T1C ocnie PXB (+10°C)
Table 6. Change of SWS and REM sleep episodes duration and number after RCE (+10°C)

KoandecTBO 511M30A0B AAUTEABHOCTD SIU30A0B, C
Episodes number Episodes duration, sec
YcAOBUS 3KCIIEpUMEHTa
Experimental conditions
CaeTaoe BpeMs TemHOe BpeMs CaeTaoe BpeMs TemHOe BpeMs
Light period Dark period Light period Dark period
Konrpoas 12,8 = 1,9 96 =07 152 = 15,6 188,8 = 8
Control
Tocae neproii cepin 58 =05 42 %02 3928 =268 3448 =29
After the first series
MBC TTocae BTOpOI cepun N "
SWS After the second series 54 =05 49 =04 308 9.2 2996 = 16,8
Tlocae nepBoOM cepun . .
After the first series 4+03 36 =04 635,1 = 50,9 811,7 = 1819
Iocae Bropoit cepint 39 =03 35+03 7747 70,2 5086 = 458"
After the second series
KonTtpoas 3,4+ 0,8 2 +0,4 95,6 = 9,3 96,8 = 6,4
Control
IMocae nepBoit cepuu . .
After the first series 33 =03 22+02 1254 = 7,6 120 = 6
rnc TTocae BTOpOY Ccepuun . .
REM sleep After the second series 36 =04 2102 154 £ 9.2 1328 =76
TTocae nepBoO¥ cepun N
After the first serios 23+ 03 2+03 126,2 = 8,2 194,8 = 70
Tocae Bropoit cepint 2,8:£0,4 28 =07 954 = 6 93,6 + 8,2
After the second series ' ! ' ! ! ! !

Ipumeuyanue: KOHTPOJb 1 =5; PXB (+10°C) n =5; * p < 0,05.
Note: control n =5; RCE (+10°C) n =5; * — p < 0.05.

u3 Tabi1. 7, mocie KaxI0To XOJI0I0BOTO BO3ICHCTBHS
TeMIIeparypa KOXH CHUXKajach, HO ObICTPO BOcCTa-
HaBIIMBAIACh U K CIEAYIOUIEMY BO3JIEHCTBHUIO Jaxke
MpeBBIIIaIa MPEabI Tyl ypoBeHb. Cuntaercs [9],
YTO CEJIEKTUBHBII HarpeB KOXKH CIIOCOOCTBYET OBICT-
pomy Hauany MBC, kak nmosnararort, 3a CueT aKTUBaLlUU
TEIJIOYYBCTBUTENBFHBIX HEHPOHOB B MEpEAHEM IIpe-
ONTUYECKOM THIIOTalaMyce, KOTOpbIE BOBJIEKAIOTCS
B peryasuuio cHa [7, 12, 16, 23, 24].

W3BecTHO Takxke, YTO XOJIOJOBBIE BO3IEHCTBHS,
HCTIOJIB3YIOLINECS IS TOBBILIEHUS YCTOWYHUBOCTH
OpraHm3Ma K XOJOAYy, NPUBOJAT K 3HAYUTEILHOMY
HanpsOKeHUI0 QYHKIUUA TUPEOUTHON CHCTEMBI H
CBSI3aHHOMY C OTHM YBEJIHYCHHIO OOLIMX PacXoj0B
SHepruu. B mpeapaymux 3KcrnepuMeHTaX HaMH
mokazaHo [26], uro no cpaBuenuio ¢ [IXB npu PXB
(—=12°C) ypoBeHb TUPOKCHHA B CBIBOPOTKE KPOBH OBLIT
Hmxe (125,8 £ 9,8 mpotus 157,1 + 23,7 HMounb/11,), a
pu PXB (+10°C) (103,6 + 16,9 umonb/) HE OTIH-
Yacs OT KOHTPOJbHBIX 3Ha4eHwMi (84,3 & 7,3 HMOmB/1),
YTO TAKXK€ MOXKET MPOSBIATHCS B CTETICHU BBIPaKEH-
HOCTH OOHApYXCHHBIX HAMU U3MEHEHHUH CHA.
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The changes of SWS during RCE (+10°C) after
each 15 minutes of cold exposure are probably associ-
ated with the changes of skin temperature (Table 7),
the change of which is believed even more powerful
factor for sleep initiation, than change of body “core”
temperature. As it is shown in the Table 7 after each
cold exposure the skin temperature decreased but rap-
idly recovered and to the next exposure it even ex-
ceeded the preceding level. It is believed [9] that se-
lective skin warming contributes to a quick SWSS onset
as itis suggested due to the activation of thermosensitive
neurons in anterior preoptic hypothalamus which are
involved into sleep regulation [7, 12, 16, 23, 24].

It is also known that cold exposures which are used
for increasing an organism cold resistance induce a
significant strain of thyroid system function and asso-
ciated with this increase of total energy expenditure.
In the previous experiments we found [26] that, if com-
pare with LTCE, after RCE (—12°C) the level of thy-
roxine in blood serum was lower (125.8 + 9.8 against
157.1 £ 23.7 nmol/l) and after RCE (+10°C) (103.6 =
16.9 nmol/l) did not differ from the control indices
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Tab6auua 7. VI3sMeHeHne TeMrepatypsl Koxu Kpbic B Tiponiecce PXB (+10°C) (n=4).
Table 7. Change of rat skin temperature during RCE (+10°C) (n=4).

Homep nmKhaa OXAaXKAEHUS Ao BozpeiicTBus,"C ITocae Bo3aericTBus, C
Number of cooling cycle Prior to exposure,”C After exposure,”C
TlepBeIit 289+ 03 i s 0s
The first ' ' , )
Bropoit -
The second 27,8 0,7 28,3 = 0,9
Tperuit -
The third 29,0 = 0,3 28,6 + 0,8
YeTBepThIi
The fourth 293 0,6 28,7 = 0,8
TIaTerit 29,5 +09 29.9 + 09
The fifth ' ' \ )
MIecToit
The sixth 29,9+ 0,22 28,8 = 0,9
CeapMoOit -
The seventh 30,7 = 0,5 29,0 = 0,1
Bocbmoit
The eighth 30,3 = 0,62 30,2 = 0,8
AeBSATBIN 904 %07 Yt~ 06
The ninth ’ ' ' i

ITpumeyaHnue: ' — pa3nuyus JOCTOBEPHBI [10 CPABHEHHIO C MPEIBIAYIIHM LHHUKIOM, p < 0,05; 2 — pa3nuyus J0CTOBEPHBI 10 CPABHEHHIO

C TIEPBBIM IUKJIOM, p < 0,05.

Note: ! —differences are significant as compared to the previous cycle; p <0.05; 2— differences are significant as compared to the first

cycle, p <0.05.

BbiBOADI

Kak nocrostHHBIE, TaK 1 pPUTMHYECKHE XOJI0JJOBBIE
BO3/ICHCTBHS MPUBOAAT K MU3MEHEHHIO TIYOWUHBI U
JUIATENBbHOCTH cHa: ntocine [IXB npoucxonut yBenude-
HHE TIIYOMHBI U UTUTENBHOCTH cHA Kak MBC, Tak u
[1C 3a cuer cHWkeHHUsI Konu4yecTBa OOIPCTBOBAHUS;
nocne PXB (—12°C) nOCTOBEpHO yBEJIMYMBACTCS AJIH-
TeNbHOCTH TOIBKO [1C 3a c4eT CHUKEHMS KOIMYEeCTBa
O0oxapcteoBanus; nocne PXB (+10°C) yBenuuuBaeTcs
nnutenbHocTh MBC B cBetiioe Bpemsi CYTOK.

OTH aJanTUBHBIE U3MEHEHNUS CHA COITIACYIOTCS C
TUIIOTE30H 0 BHICOKOW HOTPEOHOCTH BO CHE KaK (pru3no-
JIOTHYECKOM MEXaHU3Me, CIIOCOOCTBYIOIIEM MTEPUOIN-
YEeCKOMY CYLIECTBEHHOMY CHIDKEHHIO SHEproTpar B
YCIIOBUSIX VX ITOBBIIIEHHUS BO BpeMsI aKKJIMMAIHH.
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(84.3 £ 7.3 nmol/l) that also may be manifested in an
expression degree of sleep changes we revealed.

Conclusions

Both long-term and rhythmic cold exposures induce
the change of sleep depth and duration: the increase of
SWS and REM sleep depth and duration occur after
LTCE due to the decrease of wakefulness amount;
after RCE (—12°C) only REM sleep duration signifi-
cantly increases owing to the decrease of wakeful-
ness amount; after RCE (+10°C) SWS duration in-
creases in light period.

These adaptive sleep changes are agreed with the
hypothesis about a high need in sleep as physiological
mechanism contributing to periodic significant energy
expenditure decrease which is increased during accli-
mation.
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