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Sleep after Rhythmic Cold Effects

W3yuanu BIUsiHEE pUTMHUUECKUX XOJI040BbIX Bo3eiicTuil (PXB) Ha 1k con-6onperBoBanue. [Tocne PXB npoucxonuno namenenue
[I04YaCOBOW JMHAMUKH paclpeie]IeHUs COCTOSHUM CHa 1 O0IpCTBOBaHMUS: B OCTaBlIeecs cBeTioe Bpems cyTok (18.00-21.00) ormeuanach
"ornaga" nmapanokcansHoro cHa (IIC) (yBenuueHue ero KolIM4ecTBa) Kak B MEPBbIi, Tak U BO BTOPOHl JIeHb IOCJE BO3AECHCTBUS.
IMonoOubie n3MeHeHus npeacrapieHHocTH [1C Habnronanuch Ha (HOHE CHMKCHHUS KOJMuecTBa OompcTBOBaHMs. UTO KacaeTcs
MmeeHHoBosiHOBoro cHa (MBC), To HU nocie nepBoii, Hu nocie Bropoit cepun PXB cymmapHOe BpeMs IpeObIBaHMs )KUBOTHBIX B
3TOM COCTOSIHUU HE OTIMYAIOCHh OT KOHTPOJIbHBIX 3HaueHui. Hapsny ¢ aTumM, Habnr01a10ch 3HaYNTENbHOE YBEIUYCHUE AITUTENbHOCTU
snn3010B MBC Ha (oHE CHIDKEHHUS MX KOJIMYECTBa KaK B CBETJIOE, TaK M TEMHOE BpeMs. B TeueHne BOCCTaHOBUTEIBHBIX CYTOK (Ha
cIeqyIOUIH IeHb ocie okoHuanus 2-i cepuu PXB) nunamuka npeacrasnesHoctd MBC He oTinuanack ot koHTpous. [lepBbie uacst
CBETJIONO BPEMEHH CYTOK XapaKTepH30BaIUCh TOBBIIICHHBIMY 3Ha4eHsIMU [1C. B HouHOE BpeMst HaOJII0AaI0Ch YMEHbIICHHE KOJIMYeCTBa
I1C 3a cuer mpupocTa KojaudyecTBa OonpcTBoBaHMs. TeM He MEHee CyMMapHOE BpeMsi, IPOBEICHHOE JKUBOTHBIMHU B Pa3IMYHBIX
(YHKIMOHAIBHBIX COCTOSIHUSAX KaK B CBETIOE, TAK U TEMHOE BPEMsI CYTOK, HE OTJINYAIOCh OT KOHTPOJIBHBIX 3HAYCHHH, YTO MOXET
CBUJICTEIbCTBOBATH O COXPAHHOCTH (DYHKIIMOHAJIBHOM aKTHBHOCTH 3a/IeH{CTBOBAaHHBIX B PETYIISIIIMIO CHA CHCTeM Mo3ra rocie PXB.

Knrwoueesvie cnoga: putMuueckue XoJI0J0BbIE BO3ACHCTBYS, MEUIECHHOBOJIIHOBOM COH, MapaJOKCAIbHBIN COH, TEPMOPETYIIALu,
KpbICa.

BuBuanu firo purMivHnX XononoBux BiuiuBiB (PXB) Ha ki con-necnanns. [icns PXB BinOyBanacs 3MiHa MOrOMHHOT AUHAMIKH
PO3MOiNYy CTaHIB CHY 1 HECIIaHHS: y peITy CBiTIIOBOro nepioxy n06u (18.00-21.00) crocrepiranacs "Bifnaya" napajoKkCaabHOTO CHY
(TIC) (30ib1IeHHS HOTO KUTBKOCTI) SIK B TIEPILIHH, TaK i APYTHii ieHb ciocTepexenHs. [lonioHi 3minu npencrasneHocri [1C criocrepirasucs
Ha TJIi 3HIWKEHH Kinbkocti Hecnanus. 1o crocyeTrbes noBinbHOXBHIIbOBOTO cHY (ITXC), TO HI Micis nepioi, Hi micist Apyrol cepii
PXB cymapHuii uac, npoBeieHHH TBAPUHAMU B [IbOMY CTaHi, HE BiIPi3HSBCS Bill KOHTPOJILHUX 3HaueHb. [1opsi 3 MM criocTepiranocs
3HayHe 30imbIeHHs TprBaiocTi emizonis [1XC Ha T1i 3HUKEHHSI 1X KIJIBKOCTI SIK B CBIT/IMIA, TaK i B TeMHU# nepionu. [IpoTsirom nepiony
BiJIHOBJIIOBaHHS (HACTYIHUIT 1eHb Micis 3akiHueHHs 2-1 cepii PXB) aunamika npencrasinenocti [1XC He Biapi3Hsiiacs BiJi KOHTPOJIIO.
[epii roauHu cBITIOrO Yacy 100K XapakTepu3yBaincs niasuieHnMu 3HadeHHsamu [1C. ¥V HivHUi xKe 9ac criocTepiranocs 3MeHILICHHS
kinpkocti I1C Ha i 30iibLIeHHs KinbKOCTi HecnanHsa. OJHaKk cyMapHHUW 4ac, IPOBEACHUH TBapUHAMH B Pi3HUX (QYHKI[IOHAIBHUX
CTaHax fK B CBITJIMM, TaK 1 TEMHU# TIepiofu 100K, HE BiIPi3HABCS BiJl KOHTPOIBHUX 3HAYCHB, 10 MOXKE CBIIUUTH MPO 30€peKECHHS
(byHKIIOHAaIBHOT aKTUBHOCTI 33/1iSIHUX B PETYILALIIO CHY CHCTEM MO3KY miciisi PXB.

Kniouosi cnoea: putmiuHi X0J010BI BIIMBH, NOBITbHOXBIUIBOBHIH COH, NapaJOKCAIILHUN COH, TEPMOPETYJISLIs, LIyp.

There were investigated the rhythmic cold effects (RCE) on the sleep-wake cycle. After RCE the hourly dynamics change of sleep
and wakefulness state distribution occurred: in the remaining light period (18.00-21.00) there was noted the rapid eye movement
(REM) sleep "rebound" (the increase of its amount) during the first day as well as during the second one after the influence. Similar
changes of REM sleep occurrence were observed on the background of the wakefulness amount decrease. As for slow-wave sleep
(SWS), neither after the first nor after the second RCE series the total time of animal being in this state did not differ from the control
level. Furthermore, the significant increase of SWS episode duration was observed on the background of their amount decrease during
the light as well as during the dark period. During recovery period (the next day after finishing the 2" RCE series) the dynamics of SWS
occurrence did not differ from the control. The first hours of light period were characterized by the elevated REM sleep amount. The
decreased amount of REM sleep was observed in the night time due to increase of wakefulness. Nevertheless, the total time spent by
animals in different functional states during the light as well as during the dark period did not differ from the control indices testifying
to preservation of functional activity of brain systems involved in sleep regulation after RCE.

Key words: rthythmic cold effects, slow-wave sleep, rapid eye movement sleep, thermoregulation, rat.

CoH roMeoTepMOB, BKIIIOUAsT YETIOBEKA, YYBCTBH-
TEJICH JIaKe K HEOOJIbIIIMM KOJICOaHHUSIM TEMIIEPATyPhl
OKPY’KaOIIIEeTO BO3IyXa: IIPH TEMIEpaTypax HIKE U
BBILIE TEPMOHEHUTPAIIBHON 30HBl YMEHBLIACTCS JJIU-
TETHLHOCTH CHA M U3MEHSIETCS €T0 BpeMEHHAs OpraHu-
3anus [3, 13]. I3 HeMHOTOYHCIIEHHBIX UCCIICIOBAHUI
0 N3y4eHUI0 3(P(HEKTOB TUTETHHOTO BIUSHHS HU3KHX
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Sleep of homeotherms including the human is sen-
sitive even to slight alternations of environmental tem-
perature: during temperatures either lower or higher
of thermoneutral zone, sleep duration decreases and
its temporary organization changes [3, 13]. Some in-
vestigations for the studying of continuous low tem-
perature effects (comparable with "non-typical" regi-

Institute for Problems of Cryobiology and Cryomedicine of the Na-
tional Academy of Sciences of Ukraine, Kharkov, Ukraine

*# To whom correspondence should be addressed: 23,
Pereyaslavskaya str., Kharkov, Ukraine 61015; tel.:+380 57 373
3039, fax: +380 57 373 3084, e-mail: * elena.vens@gmail.com,
#avshilo@list.ru

problems
of cryobiology

Vol. 21, 2011, Ne1



Temreparyp (COnocTaBUMOM C "HETHNUYHBIMH" pe-
KHMaMU JOJITOBPEMEHHON aKKJIMMAI|K ) HA IIUKJ COH-
00IpPCTBOBAaHHE M3BECTHO, YTO MPOMCXOOUT YBEIH-
YeHHe OOILero BPEMEHHU CHa 3a CYTKHU, IPHUYEM 3a
cueT nryookoro MemeHHoBoHOBOTO cHa (MBC). OTa
aJanTalliOHHAs 0COOEHHOCTH OTPAXKAET, TO-BUIUMO-
MY, BBICOKYIO NMOTPEOHOCTh BO CHE Kak (pU3HOIO0-
THYECKOM MEXaHU3ME, CITOCOOCTBYIONIEM MEPHOIH-
YECKOMY CYLIECTBEHHOMY CHIDKEHHIO SHEproTpar B
YCIIOBUSX WX JUTUTENBHOTO MOBBIIICHUS BO BpEeMs
akkauManuu [3, 7].

K HacrosiieMy BpeMeHH OBTOPSIOLINECS KPaTKO-
BpEMEHHBIE OXJIaKACHUS OpraHnu3mMa [4], yauTsIBaIo-
e OMOPUTMHUYHOCTH MPOLECCOB JTIOO00H QOpPMBI
NPUPOAHON ajmanTanuu [1], KOTOpbIE TakXKe MOBBI-
LIaI0T YCTOWYUBOCTD K XOJIOAY, YTO BBISIBICHO y pa3-
JINYHBIX JIaOOPAaTOPHBIX M HKHUX XUBOTHBIX [4],
MOJTy4aroT Bce OoJjblee pacupocTpaneHue. Gopmu-
poBaH¥e MOJJOOHBIX aIATUBHBIX N3MEHECHUIT HAIpaB-
JICHO Ha OCJTabJIeHne CTPECCOBOTO KOMITOHEHTA ITEPBO-
HavaJbHOW peaklny, yTHETEHUE PeaKIiH "TPeBoru',
YMEHBIIICHUE JIPOXKH, OOJIEBBIX ONIYIIECHHH, JHCKOM-
¢dopTa, peakuuii cepaeyHO-COCYIUCTOMN U BETeTaTHB-
HOU HepBHOI! cucteM. [IpuyeM 3T U3MEHEHHs TPOHC-
XOIAT MPH YYaCTHH LEHTPATbHBIX HEPBHBIX MEXaHH3-
MOB.

Ecnu ponps nmkna coH-00apCcTBOBaHUE MPH UIU-
TEIBbHOM JEHCTBUM HU3KOH TeMmepaTyphl Oblia
oTIpeJIeIICHA B psijic UcClieoBanuii [3—5, 7], TO Kakyto
(OYHKITHIO BBITIOJTHSET TOT IIUKJI ITPY TTOBTOPSFOIIIIXCSI
KpPaTKOBPEMEHHBIX (PUTMUYECKHX) XOJOIOBBIX BO3-
JIEHCTBUAX IO HACTOSIIIETO BPEMEHH HEU3BECTHO.

Lenb paboTh — M3yUCHHE BIUSHUS PUTMAYECKHX
xoyo1oBeIX Bo3aeicTBuil (PXB) Ha ki coH-001p-
CTBOBaHHE KPBIC.

Matepnaabl 1 meToAbI

OKCNepUMEeHTHI ObUTH IPOBEICHBI B COOTBETCTBUH
¢ “OO0MmMMH 3THIECKUMH ITPUHLIUIIAMH SKCIIEPUMEHTOB
Ha XUBOTHBIX’, omoopenasiMu 111 HarmoHaasHEIM
KoHTpeccoM 1o onoaTuke (Kues, 2007 r.) u commaco-
BaHHBIMHU C TIoJIOkeHUAMHU “EBponeiickoit KonBeHimun
0 3aIIUTe MO3BOHOYHBIX JKHBOTHBIX, HCITOIB3YEMBIX
JUTSE DKCTIEPUMEHTANBHBIX U APYTUX HAYIHBIX [enei”
(CrpacoOypr, 1985 1.).

OKCIIEpUMEHTHI MPOBEIEHBI Ha 7/—8-MECAUHBIX
KpbIcax-camuax JuHun Buctap (macca 220-250 1),
HaxoJAsIMUXCs B 3BYyKOIOMNIOIIAMUIEH kKamepe ¢
KOHTPOJIUPYEMOHN IINTEIBHOCTBIO CBETOBOIO JHS
(cBer:TemHoTa 12:12) 1 TeMIIEpaTypoii OKpyXKarowei
cpenst (22—24°C) B OTAENBHBIX KIETKaX CO CBOOOI-
HBIM JIOCTYIIOM K BOJIE ¥ TTHIIIE.

DIeKTPOIBI TS PETUCTPAITIH OHOITEKTPHYECKON aK-
tuBHOCTH (BDA) Mo3ra (BuHTH, d = 1,6 MM) U
AIIEKTPOMHUOTPAMM MBIIIIT (cepeOpsHbIC TIPOBOIOYKH,
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mens of long-term acclimation) on sleep-wake cycle
report that the total sleep time per day increases due
to the deep SWS. This adaptation feature obviously
reflects a high need in the sleep as physiological mecha-
nism assisted to the periodical significant decrease of
energy expenditure under the conditions of their long-
term increase during acclimation [3, 7].

To the present time the repeated short-term organ-
ism coolings [4] considering biorhythmicity of any natu-
ral adaptations [1] also enhancing the cold resistance
that was noted in different laboratory and wild animals
[4], are extended rapidly. The formation of similar adap-
tive changes is aimed to the weakening of initial reac-
tive stress component, "alarm" reaction suppression,
shivering decrease, pain senses, discomfort, cardiovas-
cular and vegetative nervous system reactions. Fur-
thermore these changes occur with participation of the
central nervous mechanisms.

Whereas the role of sleep-wake cycle during long-
term low temperature effect was determined in the
range of investigations [3-5, 7] it is unclear till now
what the function this cycle performs during repeated
short-term rhythmic cold effects (RCE). The research
aim is to study the influence of RCE on sleep-wake
cycle in rats.

Materials and methods

Experiments were carried-out according to the
General Ethic Principles of Experiments in Animals
approved by the 3™ National Congress for Bioethics
(2007, Kiev, Ukraine) and agreed with the regulations
of "European Convention on the Protection of Verte-
brates Used for Experimental and Other Scientific
Purposes" (Strasbourg, 1985).

Experiments were carried-out in 7-8 month old
Wistar male rats (220-250 g body weight) being in
sound-attenuated chamber with controlled light-dark
regimen (light:dark as 12:12) and environmental tem-
perature of 22-24°C in separate cages with water and
food ad libitum.

Electrodes for the bioelectrical activity (BEA) re-
cording of brain (screws, d = 1.6 mm) and muscles
(electromyogram, silver wires, d = 0.5 mm) were im-
planted into anesthetized animals (intraperitoneal in-
jection of thiopental sodium — oxybutyrate sodium mix-
ture calculated as 30 and 100 mg/kg of an animal weight,
correspondingly). Electrodes for BEA recording were
implanted into the frontal and parietal cortex, refer-
ence electrode was implanted into the nasal bone, elec-
trodes for electromyogram recording were located in
the neck muscles. In 5-7 days after operation the ani-
mals were placed into experimental chamber, were
connected to the computer electroencephalograph
(Neurosoft, Russia) through counter balanced swivel
(Moog, Great Britain) not restricting the animal mov-
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d=0,5 MM) UMIUTaHTHPOBAIH HAPKOTH3UPOBAHHBIM
KUBOTHBIM (BHYTPHUOPIOIIMHHOE BBEJAEHHUE CMECHU
THOIIEHTaJa ¥ OKCUOyTHpara HaTpus u3 pacyera 30 u
100 Mr/Kr Macchl COOTBETCTBEHHO). DJIEKTPOIbI st
peructpanuu B A BKUBISUTH BO GPOHTANBHYIO H I1a-
PpHETATBHYO 001aCTH KOpbI, HHAUG(GEPSHTHBIN dIIEKT-
PO — B HOCOBYO KOCTb, 31IEKTPOJIBI ISl pErHCTpaliu
3JEKTPOMUOTIPAMMBI pa3MEIlald B MBIIIIAX LIEH.
UYepes 57 nHei nocie onepanyuy )KMBOTHBIX IIOMELIa-
JI1 B OKCIIEPUMEHTAJIBFHYIO KaMepy, OACOEANHSITH K
KOMIIBIOTEpHOMY 3JeKkTposHIedanorpady (‘“Hetipo-
codt”, Poccust) uepes Bpalarmmuics TOKOChEMHUK
(“Moog”, BenukoOputanus), He OrpaHUYUBAIOIINN
JIBUTATEIHHYIO aKTHBHOCTH )KUBOTHBIX, M TIPOBOIIIIN
JUIATENBHYI0, HETIPEPBIBHYIO perucTpannto bOA mo3-
ra ¥ MbIIIII.

Hauano n okoH4aHne cTaanii cHa (cTagupoBaHue
3aMKCH) ONIPEIEIISITH 110 OOMIENPUHATHIM KPUTEPUIM
[8] mo 4-cexyHIHBIM MHTEpPBAJaM C IIOMOUIBIO CIIe-
LIUAJIbHO pa3pad0TaHHOM MPOrpaMMBbl, HATMCAHHOM B
MaremarnueckoM nakete Matlab. [To okoHuaHuM TIpO-
LEAyphl CTAIMPOBAHNSA CHA PACCUMUTHIBAIN CyMMap-
HBbIH criekTp BOA ans kaxkaoro coctosiHus (601pCTBO-
Banue, MBC, I1C), cyMMapHYyI0 ATUTETHHOCTD KaxK-
JIOH CTaIMH ¥ KOJTMYECTBO SIHU30/I0B, TPOIIEHTHOE COOT-
HOIIIEHHE CTaANH JJIS KaXKJIOTO Yaca perucTparyy, me-
PHOJIOB KOMIIEHCATOPHOTO YBEIUYEHHUS CTaJu{ CHa,
TEMHOTO U CBETJIIOTO BPEMEHU CYTOK.

PurMmuueckue xononoBbie BO3ACHCTBUS TPOBOANIIN
10 MeTOTy [4], @ *MEHHO: B TCUCHHE NIEPBBIX 15 MUH
Ka)KIO0Tr0 4aca KUBOTHBIE HAXOJWIHNCh B XOJIOTOBOH
kamepe ¢ Temneparypoir —12°C, nmocaenyromue
45 MHUH — BHE XOJIOJIOBOY KaMephl IIPH TEMITepaType
okpyxatomiei cpenbl 22-24°C. Bee skcrnepuMeH-
TaJbHbIC BO3AEHCTBU HAUMHAIUCH B 9.00 1 3akaH4H-
Banuch B 17.15, mocie yero npou3BOAUIN perucTpa-
LIMIO IMIKJIAa COH-O0qpcTBOBaHMe. Ha ciemyromniwii eHb
npouenypy PXB noropsinu. Mcxons u3 MeTOIHUKH
MIPOBEJICHUS XOJIOAOBBIX BO3JICHCTBUH, OCHOBHBIMU
KoMIOHeHTaMu PXB sABIs0TCA X010 ¥ CMEHA CBETO-
BOTO PEXHMMa, TO3TOMY JJISl BBISIBICHUS POJIH XOJIOI0-
Boro (hakTopa ObIIa IMpOBEACHA JOMOJTHUTEILHAS
cepHs IKCIEPUMEHTOB MO PUTMUUYECKOW MATKON
TeMHOBOW aenpuBauuu cHa (PMT/C): B Teuenue
15 MUH KaKa0ro yaca »KUBOTHBIX ITOIBEPraJId MTKON
JIEenprBaNny CHa (TpeqocTaBiIeHHe AJs HUCCIIe0Ba-
TEJIbCKON JESITEIbHOCTH KYCOUYKOB IIACTUKA, 00ep-
TOK, OMMJIOK M APYTrOoro MaTepuana BMECTE CO cia-
0011 aKyCTHYECKOM CTUMYJISIINEH B BUJIE TIOCTYKUBAHUI
10 KaMepe), mociexyronue 45 MUH )KHBOTHOE TIPEA0C-
TaBISJIOCH caMoMy ce0e.

CraTucTuueckyto o0paboTKy 3KCIEpHUMEHTANb-
HBIX JaHHBIX IPOBOINUIIN METOIOM OJHO(AKTOPHOTO
nuctiepcuorroro ananmsa (ANOVA).
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ing activity and long-term continuous recording of brain
and muscle BEA was carried-out.

The beginning and the end of sleep phases (record
scoring) were determined by the generally accepted
criteria [8] in 4 sec intervals by means of specially
designed program written in Matlab mathema-tical soft-
ware. At the end of vigilance stage scoring the BEA
total spectrum for each state (wakefulness, SWS, REM
sleep), total duration of each stage and episode number,
percentage ratio of stages for each recording hour, pe-
riods of sleep stage compensatory increase, dark and
light period were assessed .

Rhythmic cold effects were carried-out by the
method [4], viz.during the first 15 min of each hour
the animals were kept in cold chamber at —12°C, the
following 45 min they were outside the cold chamber
at en-vironmental temperature of 22-24°C. All experi-
mental influences began at 9.00 and finished at 17.15,
then sleep-wake cycle was recorded. The next day
RCE was repeated. Since the basis of the methodol-
ogy of the cold exposure, the main components of the
RCE were the cold and the changing light conditions,
then to identify the role of the cold factor an additional
series of experiments on the thythmic gentle dark sleep
deprivation (RGDSD) was performed. The group of
animals were subjected to 15 min sleep restriction by
providing them for their exploratory activity the pieces
of plastic, wrappings, cuttings and another material
and/or performing the slight acoustic stimulation with
knocking on the chamber every hour during the day
for a total nine sleep restrictions. The remaining 45
min of the every hour the animal was left alone.

The statistical significance of the influence of RCE
and RGDSD was analyzed using one-way analysis of
variance (ANOVA).

Results and discussion

In our experiments the wakefulness period during
the control day was 38.1 £+ 7.7 and sleep period was
61.9%, where SWS and REM sleep comprised 54.8 +
7% and 7 +0.7%, correspondingly, that was in corcon-
dance with the data of Amici et al. [8—10]. Rhythmic
cold effects did not change the percentage distribution
of functional states (Table 1).

Furthermore, the daily distribution of sleep and
wakefulness in the norm was characterized by greater
representation of both SWS and REM sleep during light
period (about 60%), and the wakefulness period was
30%. At night time the animals were predominantly in
wakefulness state (70%). Herewith, the REM sleep
period during light time occupied more time (8%) than
during dark time (not more than 3%).

During the first and the second experimental days
after RCE the hourly dynamics changes in sleep and
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Pe3yAbTatbl M 00Cy)xaeHue

B Hammx sxcriepruMeHTax Ha 00 00IpCTBOBAHUS
B TE€UEHHUE KOHTPOJBHBIX CYyTOK Mpuxoauiocs 38,1 £
7,7, ana momo cHa — 61,9 £ 7,7%: u3 uux 54,8 £ 7%
coctaBust MBC u 7 £ 0,7% — IIC, uro cornacyercs ¢
naHHeIMA Amici R. u coaBr. [8—10]. Purmuueckue
XOJIOZIOBBIE BO3AECHCTBHS HE U3MEHSIIM NTPOLIEHTHOTO
pacnpeneneHys GyHKIMOHAIBHBIX COCTOSHMIM (Tabm. 1).

Kpome Toro, cyrouHoe pacnpeieieHue COCTOSTHUM
cHa W 0OJPCTBOBAHMS B HOPME XapaKTEPU30BAIOCH
OompImelt nmpencraBiaeHHOCThIO Kak MBC, tak u I[1C
B THEBHOE BpeMs CyTOK (0ko0j10 60%), a Ha 10110 O0Ip-
CTBOBAHUS MPUXOTMIOCH 0K0I0 30%. B HOUHOE Bpemst
CYTOK XKMBOTHBIE IPEUMYIIECTBEHHO MPEObIBAIN B
cocrostauu 6onpcrBoBanus (70%). [1pu aTom Ha om0
[IC B nHEeBHOE BpeMs CyTOK MPUXOAMUIOCH Oojbliee
KOIM4ecTBO BpeMeru (8%), yeMm B HOuHOe (He Ooee
3%).

B TedyeHune nepBhIX U BTOPBIX SKCIIEPUMEHTAIBHBIX
cyTok nocie PXB npoucxoanino n3MeHeHHe no4aco-
BOM IMHAMHMKHU PACHPENEIICHUs] COCTOSSHUM CHa U
6oapcTBoBaHuA. B ocTaBmieecsi cBeTioe BpeMs Cy-
Tok (18.00-21.00) mocne mepBoii cepun PXB nadmro-
nanach Tak Ha3piBaeMas "otmada" I1C — yBennuenne
kommmuectsa [1C ¢ 6,2 £ 1,2 no 13,7 = 1,7% (puc.1, 2)
3a CYET yBENMYEHUS IIUTEIHFHOCTH €0 3IHU30/0B C
95,6 £ 9,3 no 125,4 £ 7,6 ¢ (tadn. 2). ITomoOHbIE
n3MeHeHus npezacrasneHHoctu [1C Habmonamich Ha
(hoHe CHIKEHHA KoJruecTBa OoapcTBOBaHMA ¢ 47,4 +
11,1 mo 22,3 +2,5% (puc. 1). B TemHOE BpeMs CyTOK
OTMEYAJIUCh MEPUOJIBI C YBETUUSHHOM MpeACTaBICH-
HocThio [IC (puc. 2). Tem He MeHee cymMMapHOe
BpeMs, npoBeaeHHoe kUBOTHbIMU B [IC B TemHOe
BpeMsI CYTOK, HE OTINYAIOCh OT KOHTpOJsI (Tabm. 3).

Bo BTOpOI 3KCIEpUMEHTANBHBIN J€Hb B OCTaB-
mieecsl CBETIIOE BPEMsl CYTOK TaKyKe HaOII0Naioch

wakefulness states distribution occurred. In the remain-
ing light period (18.00-21.00) after the first RCE se-
ries there was observed so-called REM sleep "rebound",
i. e. the increase of REM sleep amount from 6.2 + 1.2
up to 13.7 + 1.7% (Fig. 1, 2) due to the increase of their
episode duration from 95.6 +9.3 up to 125.4 + 7.6 (Ta-
ble 2). The changes of REM sleep occurrence were
observed on the background of wakefulness amount
decrease from47.4+ 11.1 down to 22.3 £2.5% (Fig. 1).
During the dark time the periods with an increased
REM sleep occurrence were noted (Fig. 2). Never-
theless, the total time that animals spent in REM sleep
during dark time did not differ from the control.

In the second experimental day during the remain-
ing light period there was also observed the compen-
satory increase of REM sleep from 6.2 + 1.2 up to
12 + 1.5% by means of rise in episode duration from
95.6 = 9.32 up to 154 + 9.2 (Table 2) on the back-
ground of the reduced wakefulness amount from 47.4 +
11.1 down to 26.7 + 3.6% (Fig. 1). During the dark
time there were also noted the periods of REM sleep
"rebound" (Fig. 3), furthermore, the total time of being
in REM sleep during the night did not differ from the
control indices.

As for SWS, neither after the first nor after the
second RCE series the total duration of this state did
not differ from the control indices during all the time of
recording except several hours (Fig. 4, 5) during which
the appearance of significant differences may be hardly
referred to the RCE influence.

At the same time, the significant increase of SWS
episode duration was noted on the background of the
decrease of their amount during both the light and dark
periods of both experimental days (Table 4).

During the recovery day (the next day after the se-
cond RCE series) the dynamics of SWS occurrence

Tabmuua. 1. Cyrounoe xonuuectBo 6oxpcrBoBanust, MBC u I1C B konTpone u nocie PXB (n=10)
Table 1. Daily amount of wakefulness, SWS and REM sleep in the control and after RCE (n = 10)

Koanuecrso, %
Amount, %
YCAOBHS 9KCIIEpUMEHTa
Experimental conditions
O0APCTBOBaHUS cHa MBC ric
wakefulness sleep SWS REM sleep
Komrpoas 38,1 =77 61977 548 =7 7 %07
Control
IMepBas cepus PXB
First RCE series 437 =18 56,3 = 1,8 479+ 1,8 8,5 =05
Bropas cepus PXB
Second RCE series 457 =23 54,3 =23 4492 93=*09
BoccraHoBUTEAbHBIE
CyTKU 498 = 1,5 50,2 = 1,5 436 = 1,8 6,6 =0,7
Recoveryday
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komneHcaropHoe yBenudenue [1C ¢ 6,2+ 1,2 mo 12 +
1,5% 3a cdeT yBeIMUEHUS JJTUTEITEHOCTH SITU30]I0B C
95,6 £ 9,32 1o 154 £ 9,2 ¢ (Tabn. 2) Ha PoHe cokpa-
IICHHS BpEMEHH ITPEOBIBAHUS B COCTOSHHH OOJIPCTBO-
Banusi c 47,4+ 11,1 10 26,7 + 3,6% (puc. 1). B remHoe
BpeMs CYyTOK TaKKe OTMEYaInCh NEpUOb! “oTnadun”
IIC (puc. 3), npu 3TOM cymMMapHOe BpeMs peObIBa-
Hus B [IC 3a HOYb HE OTIMYATIOCH OT KOHTPOJIbHBIX
3HAYEHMI.

Uro kacaercss MBC, To HE ITOCIIe TIEpBOM, HU TIOCTIE
BTOpOi cepun PXB cymmapHoe BpeMs peObrIBaHUs
B 9TOM COCTOSTHUHM HE OTJIMYAJIOCh OT KOHTPOJBHBIX
3HaYEHWH Ha IPOTSHKCHUH BCETO BPEMEHHU PETHUCTpa-
[IMH, 32 UCKITIOYCHIEM HECKOIBKHX 9acoB (puc. 4, 5),
MOSIBJICHUE JOCTOBEPHBIX OTIWYUN B KOTOPBIX BPS.
JI1 MOXeET OBITh OTHECEHO K BiustHuIO PXB.

Hapsiay ¢ sTum, oTMe4anocs 3HaYuTEIbHOE YBEIH-
YeHUe JUTeIbHOCTH 3130108 MBC Ha doHe cHiKe-
HUS UX KOJIMYECTBAa KaK B CBETIIOE, TAaK U B TEMHOE
BpeMsi 000UX IKCIIEPUMEHTAILHBIX CYyTOK (Tal. 4).

B TeueHnne BOCCTAaHOBHUTEIBHBIX CYTOK (Ha CIie-
TYIOIIH JICHB ITOCJIe OKOHYaHUs BTOpoi cepuu PXB)
IUHAMUKa mpesctaBieHHocTH MBC He oTiimuanach
ot KoHTpous (puc. 6). IlepBbie 4ackl CBETIIOT0 BpeMe-
HHU CYTOK XapaKTePHU30BAIHCH ITOBHIIICHHBIMHU 3HAUC-
Hussmu [IC: ¢ 12.00 mo 15.00 otMeuanocs yBemaeHue
ero koiauuectac 7,3+ 1,2 o 14,2 + 1,8%. B HOUHOC
Bpems (¢ 22.00 o 3.00) HabmrONan0Ch YMEHBIIICHHE
konmuuectsa [1C ¢ 8,1 0,9 no 2,3 £ 0,6% (puc. 7) 3a
CYeT MpUpOCTa KonudecTBa OoapcTBoBaHUs. Yem
BBI3BaHO IMOI00HOE YMEHBIIIEHUE CHA, OCTAETCS HETIO-
HATHBIM. TeM He MeHee CyMMapHO€ BpeMs, MpOBe-
JIEHHOE KUBOTHBIMH B PA3IMYHBIX ()YHKIIMOHATBHBIX
COCTOSIHHSIX B TEMHOE BPEMsI CYTOK, HE OTJIMYaJIOCh
OT KOHTPOJIHHBIX 3HAYCHHM.

25

70
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N
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o
I

MBC nc

BogpcrteoBaHue

Wakefullness SWS REM sleep

®yHKUMOHaNbHbIE COCTOSIHUSA
Functional states

Puc. 1. 3menenune xonuuectsa 6oxpcrBoBanus (b), MBC u
I1C B cBetnnoe Bpems cytok nociue nepsoii (M) u sropoii ()
cepuii PXB; O- korTpois; n =10, * — p <0,05.

Fig. 1. The change of wakefulness, SWS and REM sleep
amount in light period after the first (ll) and the second (O)
RCE series; O-control; n =10, * — p <0.05.

did not differ from the control (Fig. 6). The first hours
of light period were characterized by the elevated REM
sleep indices: from 12.00 to 15.00 the increase of its
amount from 7.3 + 1.2 up to 14.2 + 1.8% was noted.
In night time (from 22.00 to 3.00) the decrease of REM
sleep amount from 8.1 £ 0.9 down to 2.3 + 0.6% was
observed (Fig. 7) due to the increase of wakefulness
amount. What caused such a sleep reduction is still
unclear. Nevertheless, the total time which animals
spent in various functional states during dark time did
not differ from the control indices.

20 1

Konunuectso INC, %
REM sleep amount, %
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allattailan

18.00 19.00 20.00 21.00 22,00 23.00 24.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00
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Bpems (abcomntoTHOE 1 OTHOCUTENBHOE), Y Time (absolute and relative), hrs

Puc. 2. I[IpencraBnennocts I1C nocine nepsoit cepun PXB 1o cpaBHEHUIO ¢ KOHTPOJIEM B COOTBETCTBYIOLIEE BPEMS CyTOK
(n =10); O—xoutpons; M-PXB; * — p <0,05.

Fig. 2. REM sleep occurrence after the first RCE series as compared with the control in corresponding day time (z=10); 0 —
control; M-RCE;* —p <0.05.
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Ta6auna 2. 3MeHenue n1uteabHOCTH U KomdecTBa onu3010B [1C nocne PXB (= 10)
Table 2. Changes in REM sleep episode duration and amount after RCE (n = 10)

KoanuectBo samm3zopoB I1C, % AAmTeAabHOCTE 213008 [1C, ¢
REM sleep episode amount, % REM sleep episode duration, sec
YcaoBuS 3KCIIepUMeHTa
Experimental conditions
CBeTAOe BpeMs TemHOe BpeMs CaeTaoe BpeMs TemHOe BpeMs
Light period Dark period Lightperiod Dark period
KonTpoab 34 %08 2+04 956 = 9,3 96,8 = 6,4
Control
TlepBas cepus PXB . .
First RCE serios 33 =03 22 =02 1254 = 7,6 120 = 6
Bropas cepus PXB . .
Second RCE series 3,6 =04 2,1 *0.2 154 = 9,2 1328 = 7,6

IIpumeuyanue: * — pa3nuyuus JOCTOBEPHBI 10 CPABHEHHIO ¢ KOHTpoieM, p < 0,05.
Note: * — the changes are significant, comparing to the control, p < 0.05.

Taommna 3. KonruectBo 6oapcrsoanusi, MBC u I1C B TemHoe Bpems cyTok nociie PXB (n=10)
Table 3. Wakefulness, SWS and REM sleep amount during the dark period after RCE (n =10)

Koanuectso, %
Amount, %
YcAoBus 9KCIIepUMeHTa
Experimental conditions
OOApPCTBOBAHUSA MBC Tic
wakefulness SWS REM sleep
KonTpoas 44,3 = 12,3 49,6 = 10,6 6= 1,7
Control
INepBasa cepua PXB
First RCE series 454 =46 453 =39 8 =18
Bropasa cepusa PXB
Second RCE series 94=19 413 =14 83=09
BoccTaHOBUTEABHBIE CYyTKU 613 =31 34«3 48 =02
Restorative day e - e

Taéauua 4. V3MeHeHne UIMTENbHOCTH U KonmrdecTsa 3ru3010B MBC noce PXB (n=10)

Table 4. Change in SWS episode duration and amount after RCE (n=10)

KoanuectBo anuzopoB MBC, % AAUTEeAbHOCTS 211130008 MBC, ¢
SWS episode amount, % SWS episode duration, sec
YcaoBuUS 9KCIIEpUMEHTA
Experimental conditions
CseTaoe BpeMst TemHOe BpeMst Caeraoe BpeMms TemHOe BpeMs
Light period Dark period Light period Dark period
Konrpoas 128 = 1,9 96 =07 152 = 15,6 188,8 = 8
Control
Tepras cepna PXB 58 =05 42+02 3028 * 26,8° 3448 =2,9°
First RCE series
Bropas cepus PXB + . " .
Second RCE series 54 %05 4,9 =04 308 = 9,2 299,6 + 16,8
IIpumeyanue: * — pa3audHs JOCTOBEPHBI 110 CPABHEHUIO ¢ KOHTpoueM, p < 0,05.
Note: * — the changes are significant, comparing to the control, p < 0.05.
npo6nembl 15 problems
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Puc. 3. [Ipeacrasnennocts [1C nocne Bropoii cepun PXB 1o cpaBHEHHIO € KOHTPOJIEM B COOTBETCTBYIOLLEE BPEMS CYTOK
(n =10); O —xouTpons; B-PXB;* —p <0,05.

Fig. 3. REM sleep occurrence after the second RCE series in contrast to the control during corresponding day time (n = 10);
O — control; M-RCE; * —p <0.05.
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Puc. 4. [Ipencrasnennocts MBC nocie nepsoit cepun PXB 1o cpaBHEHHIO ¢ KOHTPOJIEM B COOTBETCTBYIOLIEE BPEMSI CYTOK
(n=10); O—xonutpons; M-PXB; *—p <0,05.

Fig. 4. SWS occurrence after the first RCE series as compared to the control during corresponding day time (n = 10);
O —control; @-RCE;* —p<0.05.
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Puc. 5. IIpeacraBinennocts MBC nocine Bropoii cepunt PXB 110 cpaBHEHHIO ¢ KOHTPOJIEM B COOTBETCTBYIOILIEE BPEMSI CYTOK
(n=10); O—xonTpons; M-PXB; *— p <0,05.

Fig. 5. SWS occurrence after the second RCE series as compared to the control during corresponding day time (n = 10);
O — control; M-RCE; * — p <0.05.
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Bpems cyTok (7 = 10); O —xorTtpons; M-PXB; * —p <0,05.

Fig. 6. SWS occurrence in recovery day after RCE in contrast to the control during the corresponding day time (z = 10);

O — control; M-RCE; *—p < 0.05.
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Puc. 7. IIpencrasnennocts [1C B BoccTaHOBHTEBHBIE CYTKH Ociie PXB 1mo cpaBHEHHIO ¢ KOHTPOJIEM B COOTBETCTBYIOIIEE

Bpems cyTok (7 = 10); OO —xorTtpons; M-PXB; * —p <0,05.

Fig. 7. REM sleep occurrence in recovery day after RCE in contrast to the control during the corresponding day time

(n=10); O-control; M-RCE; *—p < 0.05.

Kak oTmeuanocs Bblllle, METOAUKA IMPOBEIACHUS
PXB Bki1t04aeT ABa OCHOBHBIX (PaKTOpa BO3ACHCTBUS:
X0JI0/Ia U CMEHBI CBETOBOTO pekumMa. JIJ1s BBISIBICHUS
pOIU XOJIOMOBOTO (pakTOopa ObLiIa MPOBEACHA CepUs
SKCIIEPUMEHTOB 10 PUTMUYECKON MSITKOM TEMHOBOM
nenpuBanuu caa (PMTJC).

Purmudeckast MsiTKasi TeMHOBAsI JCTIPUBAITAS CHA
B oTinuune or PXB He mpuBoauia K CylIeCTBEHHBIM
HU3MEHEHUSIM B KOJIUYECTBE U CYTOUHOM pacrpese-
JIEHUH CTaaui cHa 1 OompcTBoBanus (Tabd. 5). docro-
BEPHBIX OTJIMYUI B TUHAMHUKE PaCTIPEICIICHUS CTa I
caa nocine PMTJIC Takxe oOHapy>keHO He OBLIO0, 9TO
MO3BOJIIET OTHECTU OTMEUEHHBIE BBHIIIE U3MEHEHUS
cHa nocie PXB Ha cuer cennpuuHOCTH BIUSHUSA
X0JI07I0BOTO (haKTOpa Ha COH.

COH HaxoAUTCsI IOJ KOHTPOJIEM JIByX MEXaHU3MOB
PEryJIsIUU: TOMEOCTaTUYECKOro U uupkagHoro [11].
Jlrobas mempuBanus cCHa OOBIYHO BBI3BIBAECT M3MEHE-
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As it was mentioned above, the method of RCE
combines two basic affecting factors, the cold and the
change of light regimen. For revealing the role of the
cold factor the experimental series on rhythmic gentle
dark sleep deprivation (RGDSD) were performed.

Rhythmic gentle dark sleep deprivation unlike the
RCE did not lead to the significant changes in amount
and dayly distribution of sleep and wakefulness stages
(Table 5). No significant changes in dynamics of sleep
stage distribution after RGDSD were noted too, al-
lowing to consider the above mentioned sleep changes
after RCE as specific effect of cold factor on sleep.

The sleep is under the control of two regulation
mechanisms, homeostatic and circadian ones [11]. Any
sleep deprivation usually causes the changes in struc-
ture of sleep-wake cycle due to the activation of
homeostatic regulation mechanisms leading to the com-
pensatory increase of sleep duration and depth [11].
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Taonunua S. Komnuectso 6onpcrBoBanmst, MBC u I1C B cBetiioe u TemHoe Bpems cyTok nocie PT/IC (n = 10)
Table 5. Wakefulness, SWS and REM sleep amount in dark period after RGDSD (n = 10)

KoanyecrtBo, %
Amount, %
YcroBus
3KCIIEpUMEHTa GOAPCTBOBAHUSA MBC Tic
Experimental wakefulness SWS REM sleep
conditions
CseTaoe BpeMs TemHOe BpeMs. CBeTroe BpeMs TemHOe BpeMs CaeTAoe BpeMs TemHOe Bpems
Light period Dark period Light period Dark period Light period Dark period
KonTpoas 47,4 = 11,1 443 =123 539 10,7 49,6 = 10,8 62 = 1,2 617
Control
Mepsas cepus PXB 277 =7 541 = 5.1 438 = 16,1 41,6 = 4.1 7,5+ 22 43+ 13
First RCE series
Bropas cepus PXB 323 % 34 48,2 = 3,9 60,6 = 4 46,7 =38 7 +£0,7 51 = 0,01
Second RCE series

HUS B CTPYKTYpE LMKJIAa COH-O0PCTBOBAHHUE 32 CYET
AKTHBAI[MH TOMEOCTAaTHUYECKNX MEXaHN3MOB Peryis-
LM, KOTOPbIE MPUBOAAT K KOMIIEHCATOPHOMY YBEJIH-
YCHUIO JUTUTEIBHOCTH M TNTyOHHBI cHa [11].

OTcyTCcTBHE H3MEHEHHH B IIUKJIE COH-00IPCTBOBA-
uue nocine PMTJIC (cymmapHOe BpeMs qenprBaiun
3a CyTKd 2 49 15 MUH) CBHIETENBCTBYET O TOM, YTO
JETPUBALY TaKOH ATUTENBHOCTH HEOCTATOYHO AJIS
TOTO, 4YTOOBI BBI3BATh U3MEHEHHS B CTPYKTYPE CHA H
3aTPOHYTh TOMEOCTATHUECKUE MEXAHNU3MBI PETYIISILIN
CHa.

N3BecTHO, 4TO 3KCIIpecCHs CHA 3aBUCUT OT MHOTHX
(axTOpOB, B 4aCTHOCTH (a3bl HUPKAJAHOTO PUTMA, FH-
JOTEHHOM MOTPeOHOCTH BO CHE (KOTOpast ONpeiesieT-
CSl JUINTENBHOCTBIO MPENUIECTBYIONINX CHA U Goap-
CTBOBaHHUS ), [TOJIOBBIX, MUIIEBBIX, TUTHEBBIX U APYTHX
oTpeOHOCTEH, a TAKKE OTPEAEIIETCS yCIOBUSIMH OK-
pyatomei cpensl (CBET, 3BYK, TeMIleparypa, co-
nuansHble Gpaxtopsl u Ap.) [17]. lpu PXB uzmenenus
CTPYKTYpBI CHAa BBI3BAHbI U3MEHEHHBIM CBETOBBIM
PEKUMOM U IOHMKEHHOM TeMITepaTypoi OKpy KaroIen
cpensl. IIpu aToM BaxkHyI0 U crienu(pUUECKYIO POJIb B
JAHHBIX M3MEHEHUSAX CTPYKTYypbl cHa nocie PXB
urpajga UMEHHO NMOHW)KEHHas TeMIlepaTypa, Tak Kak
npu PMTJIC Takue usmeneHus orcytcrsoBaiu. He-
CMOTpA Ha TO, YTO TEMIIEpaTypa CUUTAETCS MeHee
3¢ (dEeKTUBHBIM 3aaTYNKOM BpeMeHH [1], 4eM cBerT,
OHA MOKET OKa3bIBaTh CYIIECTBEHHOE BIMSIHHE Ha
LUpKagHyto cuctemy. Pu3noIornyecKue MEXaHU3MBI,
JIe)KaIye B OCHOBE TAKOTO BIMSHUS, U3yU€HBI HEJIOC-
TaTOYHO, OJJTHAKO CYUTAETCS, 9YTO OHU MOT'YT BKJIIOUaTh
B ce0sl mepuQepruuecKyro TeMIIEpaTypHyIO YyBCTBU-
TENbHOCTh, LIEHTPAIBHOE BIMSHUE HA TEMIIEPATypy
TeJa ¥ COOTBETCTBEHHO Ha OMOJIOTHYeCcKHe Yach [12]
1 ropMOHaJbHble MexaHu3Msl [ 13]. Kpome Toro, Hu3-
KHE TEMIIEpaTypbl MOAYJIUPYIOT aKTHBHOCTh MOHO-
aMUHEPIUYECKHUX CUCTEM MO3Ta, KOTOPBIE yU4aCTBYIOT

KpuoGmonorun
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The absence of changes in sleep-wake cycle after
RGDSD (total time of deprivation in a day was 2 h
15 min) testifies to the fact, that deprivation of such a
duration is not enough to cause the changes in sleep
structure and to affect the homeostatic mechanisms
of sleep regulation.

It is known that sleep expression depends on many
factors, in particular, the phases of circadian rhythm,
endogenous need in sleep (which is determined by the
duration of preceding sleep and wakefulness), sexual,
food, drink and other demands and also are determined
by environmental conditions (light, sound, temperature,
social factors etc.) [17]. During RCE the changes of
sleep structure are caused by changed light regimen
and lowered environmental temperature. Herewith, an
important and specific role in these sleep structure
changes after RCE is played exactly by lowered tem-
perature, since during RGDSD such changes were ab-
sent. Despite of the fact that temperature is consid-
ered to be less effective zeitgeber [1], than the light it
may significantly influence circadian system. Physi-
ological mechanisms lying in the base of such an influ-
ence are insufficiently investigated, however, they are
considered to involve peripheral temperature sensitiv-
ity, central influence on body temperature and, corre-
spondingly, on biological clock [12], as well as on hor-
monal mechanisms [13]. In addition, the low tempera-
tures modulate the activity of brain monoaminergic sys-
tems taking part in the formation of CNS rhythms and
biological clock [6].

As RCE did not lead to the change in total daily
sleep amount, it could be suggested that the functional
activity of involved organism systems remained at ini-
tial level, and vital physiological functions were pre-
served.

The changes of REM sleep occurrence after RCE
are in concordance with the data of Amici et al. and
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B opmupoBanun putMoB [IHC u OGmomormaeckux
gacoB [6].

Tax xax PXB He npuBogwim Kk U3MEHEHHUIO CyM-
MapHOT0 KOJIMYECTBA CHA 32 CYTKHU, TO MOKHO IPENIIO-
JIOXKHTb, YTO PYHKIMOHAJIbHAS AKTUBHOCTH 3aJeHCT-
BOBaHHBIX CUCTEM OPTaHU3Ma OCTAETCs HAa HCXOTHOM
YPOBHE, a )KU3HEHHO Ba)KHbIE PU3MO0TIOTHUECKUE (DYHK-
LIUU COXPaHSIIOTCS.

Nsmenenus npencrasienoctu [1C mocne PXB co-
racyrorcesa ¢ JaHHbIME Amici R. u coaBT. 1 Zambo-
ni G. u coast. [§—10, 25], yka3pIBarommmMu Ha 60Ib-
IIYI0 9yBCTBUTEIHFHOCTh HIMEHHO 3TOH CTaJINU CHA K
XOJIOIOBBIM BO3/ICHUCTBUAM. DTO CBSI3aHO C Hapyllle-
HHEM TOMEO0CTAaTUIECKON PETYIAINHU Pa3INIHBIX BeTe-
TaTuBHBIX moka3areneit B I[IC [22], B Tom yucie u
temneparypsl Tena [18-22]. [lossnenue I1C cpazy
nocie PXB yka3pIBaeT Ha COXpaHHOCTh MEXaHU3MOB
peryisLun TEMIIEpaTypHOI0 roMeocTas3a Mpu TaKuX
BO3JIEMCTBUSIX U OTCYTCTBHE HapyLIEHUH peryasilun
TeMIIepaTyphl Tena.

C ognoti croponsl, yeenmuenne [IC mocne PXB
MOXXET CBUJETEIHLCTBOBATH O €r0 POJIM B BOCCTAHOB-
JIEHUW TeMIiepatypsl mMosra. [lapagokcanbHbIi COH
CBSI3aH C MTOBBIIICHUEM YPOBHS MECTHOTO METa00IU3-
Ma 1 yBEJIMYEHHEM MO3TOBOT0 KPOBOOOPAIIEHHS, YTO
MIPUBOAUT K MOBHIIICHUIO TeMIIEpaTypsl Mo3ra [15].
Takske 00 3TOM CBHIETEILCTBYET TOT (PAKT, YTO Yac-
ToTa nosiBiieHus 3nu3010B [1C mMakcumaneHa, Koraa
TEeMIEepaTypa siipa JOCTUTaeT CBOMX MUHUMAaJIbHBIX
3HayeHul [15]. B cBsA3U ¢ 3TUM MOXXHO IIPEATIONOKHUTS,
4yTO yBenudeHue konuuectsa [IC sBnsercs ogHUM U3
TEPMOPETYIIATOPHBIX MEXaHU3MOB, HAIIPaBJICHHBIX HA
MoAiepkKaHUE TEMIIEpPaTypHOro roMeocTa3a Mo3ra
HernocpencteernHo nocie PXB. C npyroit cTopoHsl,
YBEMYEHUE JTUTEIEHOCTH 31130710B MBC, Bo Bpems
KOTOPOTO MPOUCXOAHUT PETyIUpPyeMOe CHUKEHHUE
TeMIIepaTyphl Tejda U MO3Ta, MOXET BBHIIOJIHSITH
KOMITEHCATOPHYIO POJIb U MPEMSATCTBOBATH PA3BUTHIO
runepTepMun. Takum o0pa3oM, U3MEHEHHUS Ipej-
craBineHHoctd MBC u IIC, xotopsle sBisr0oTCA Yac-
THIO TEPMOPETYIATOPHOTO npouecca [20], KOHTpoIH-
PYIOILLEr0 TEMIEPATYpy Tejla M MO3Ta, BO3MOXKHO
MOTYT OTOOpaXXaTh UX POJIb B MOAJICPKAHUU/COXPa-
HEHUU TeMIIepaTypHOro romeocrasa nocie PXB.

U3BecTHO, yTO “oTAAYa” CHA y KPBIC OOBIYHO OTO-
JIBUTAETCS Ha MOAXOISIIYO IIUPKATHYIO a3y CyTOK —
cBeTIIoe BpeMs (Iepruo mokos) [24], B HarieM ciydae
“oTmavya” Tak)Ke HAaUMHAIACh B CBETIIOE BPEMsI CYTOK,
HO IpoAoJrKaiach (0COOEHHO mocie BTOPOM cepuu
PXB) u B TeMHOe Bpems (II€pHOA aKTUBHOCTH), YTO
HEXapaKTEpHO /ISl JaHHOTO BHJIA )KUBOTHBIX.

CornmacHo McEwen B. [16] xpoHrueckue orpaHu-
YyeHus cHa (Oy1yur HECKOMIIEHCUPOBAHHBIMH ) MOT'YT
MIPUBOAUTH K (POPMHUPOBAHUIO AJUIOCTATUIECKOI Iepe-
IPYy3KH, CIIOCOOCTBYIOIIEH Pa3BUTHUIO MATOJIOTHYEC-
KOTO COCTOSIHUSI, OIHUM M3 MapKepOB KOTOPOTO SIB-
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Zamboni et al. [8-10, 25] pointed to a high sensitivity
to the cold effects of namely this sleep stage. It is as-
sociated with the impairment in homeostatic regulation
of different vegetative indices during REM sleep [22],
particularly of body temperature [18—22]. REM sleep
appearance right after RCE points to preservation of
temperature homeostasis regulation mechanisms dur-
ing such effects and the absence of body temperature
regulation disorders.

On the one hand, the increase of REM sleep after
RCE may testify to its role in brain temperature resto-
ration. REM sleep is associated with the increase in
regional metabolism level and elevated brain blood cir-
culation leading to a rise in brain temperature [ 15]. It is
confirmed also by the fact that frequency of REM sleep
episode appearance is maximal when core tempera-
ture achieves its minimal level [15]. Due to this fact it
may be suggested that the increase of REM sleep
amount is one of thermoregulatory mechanisms aimed
to the maintenance of brain temperature homeostasis
directly after RCE. On another hand the increase of
SWS episode duration, during which occurs the regu-
lated decrese in body and brain temperature, may play
a compensatory role and prevent hyperthermia devel-
opment. Thus, the changes of SWS and REM sleep
occurrence, which are the part of thermoregulatory
process [20] controlling body and brain temperature,
can likely reflect their role in maintenance/preserva-
tion of temperature homeostasis after RCE.

It is known that sleep "rebound" in rats usually shifts
to the suitable circadian day phase, light time (rest pe-
riod) [24], in our case "rebound" also began in light pe-
riod but continued (especially after the second RCE
series) during in dark period (period of activity) that is
not characteristic for this animal species.

According to McEwen [16] the chronic sleep re-
strictions (being not compensated) may lead to the for-
mation of allostatic overload assisting to the pathologi-
cal state development, one marker of which is the sleep
homeostasis disorder. However, in our case the regi-
men of performing the effects is of short-term charac-
ter and animals have a possibility to compensate the
results of allostatic loads, and this is revealed by sleep
"rebound" in light and dark period and testifies to the
preservation of SWS and REM sleep homeostatic regu-
lation mechanisms. Furthermore, the rise of adaptative
organism possibilities after similar RCE series found
previously by us [2] may indicate that organism shifts
to a principally new functional level.

Conclusions

Thus, RCE lead to the change in daily distribution
of sleep and wakefulness states. In the first as well as
in the second day after RCE during light period there
was observed the significant increase of REM sleep
amount due to the rise of its episode duration and on
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JseTCsl HapylleHue romeocrasa cHa. OqHako B Ha-
LIEM CIIy4ae peXUM BO3JEHCTBUM HOCUT KpaTKOBpe-
MEHHBIH XapaKkTep Uy )KUBOTHBIX €CTh BO3MOXKHOCTb
KOMIIEHCUPOBATh MOCIEICTBUS aJJIOCTaTHUYECKUX
Harpy3o0K, 4TO OTpa)KaeTcs B “‘oTaade’” CHa B CBETIIOE
U TEMHOE BpeMs CyTOK M CBUAETEIBCTBYET O CO-
XPaHHOCTH T'OMEOCTaTUYECKUX MEXaHU3MOB PETYIIsI-
uun MBC u IIC. Kpome Toro, o6HapyxeHHOE HaMH
paHee MOBBIIIEHNE aaNTAlMOHHBIX CIIOCOOHOCTEN
opraamu3ma mociie mogoousx cepuit PXB [2] moxer
yKa3bIBaTh HA TO, YTO OPraHU3M “TIepexoquT’’ Ha Ka-
YeCTBEHHO HOBBIN (DYHKIIMOHATBHBIA YPOBEHb.

BbiBOAbI

Taxum oOpazom, PXB npuBonat kK n3MeHEHHUIO
CYTOYHOT'O pacHpeAesieHHus COCTOSHUN CHa U 0oxp-
cTBoBaHus. 1 B mepBbIii 1 BO BTOpoii AeHb ociie PXB
B CBETJIOE BPEMs CYTOK HAaOJIIONANIOCh 3HAYUTENbHOE
yBenanueHue konndectsa [1C 3a cuet pocta qynrens-
HOCTH €T0 3MHU30/10B Ha (JOHE COKpAIICHUS BPEMEHH
6oapcTBoBaHusI. B TemMHOe BpeMs CyTOk oOimee
Bpems, mpoBeaenHoe B 1IC, He m3mensutocs. Komm-
gecTBO MBC He H3MEHSITIOCH B TEUEHUE CYTOK, OHAKO
OTMEYaJCs 3HAYUTEIbHBIH POCT JUIUTEILHOCTH €ro
3MHu3070B Ha (OHE COKpAIIeHUS WX KOJIMYECTBA.
KommieHcaropHbie M3MEHEHNS TPEICTaBICHHOCTH CHA
nocie PXB cBuiETeNbCTBYIOT O TOM, YTO UCIIOJIB3YE-
MBI PEKUM XOJIOJOBBIX BO3AEUCTBUH HE IPUBOIUT K
Hapyuieruto romeocraza MBC u I1C.
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the background of wakefulness amount reduction. In
dark period the total time spent in REM sleep was not
changed. SWS amount did not vary during the day,
however, a significant increase of its episode duration
was noted on the background of their amount decrease.
Compensatory changes of sleep occurrence after RCE
testify to the fact that the applied used regimen of cold
effects’ performing does not lead to the disorder of
SWS and REM sleep homeostasis.
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