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I[Tpotecc aganTanyy 3UMOBIIMKOB K YCAOBHAM IIPeObIBaHHA HA ITOASPHOM CTAHIIUU
COIIPOBOXKIAETCS HapyLIEHHEeM LIHKAA 60APCTBOBAHUE-COH, KOTOPOE MOXKET BBIPAXKATH-
Cs B U3MEHEHUU TAYOUHBI U JAUTEABHOCTH OTZIEABHBIX (a3 CHa, B H3MEHEHUHU €T0 CTPYK-
TYpbl, B CAOKHOCTSIX WHHUIMAIIMK U IOAJEPXKaHHUA CHA, JHEBHOH COHAMBOCTH U, KakK
CA€[ICTBHE, YBEAUYEHHUH YCTAAOCTH, PA3IPaKUTEABHOCTH U ITOTEPH KOHIIEHTPAIUH BHU-
Manus. [leprogudecKuil KOHTAKT C XOAOJOM Ha 3TOM (POHE MOXKET MOAHU(HUIIMPOBATH
HOPMAaABHYIO PEAKITHIO OpraHu3Ma Ha AeWCTBHE X0AOA U IPUBOAUTD K JOIIOAHHUTEABHOH
Harpyske Ha CHCTEMY PETYASIINY LIMKAA OOPCTBOBAHUE-COH U €€ BEreTaTUBHOMY obecrie-
yeHHI0. I X0T9 BAMSHNE ITOBTOPSIOIIMXCH XOAOOBBIX BO3AEHCTBUM U afanTaliu K Xo-
AOLy HA OPTaHH3M OCTAEeTCH HEIOCTATOYHO M3yYeHHBIM M3BECTHO, YTO IIPH IIOBTOPHIO-
IIUXCH XOAOZIOBBIX BO3JAEHCTBHUAX MEXaHU3MBI 3alllUTBl OT XOAOZa 3aMEHAITCH
amanTaiyell K HeMy. BrlaBaeHre 0COO€HHOCTEH BAMSHUA X0AOAA K PA3BUTHS aIalTHB-
HBIX PEaKIHi OpraHu3Ma Ha XOAOM B YCAOBHAX NpeObIBAHMSA Ha IOASIPHBIX CTAHLHAX
MO3KeT OBITh BazKHBIM KaK C TOUYKH 3PEHHS H3y4eHHs 0COOEHHOCTEH (DYHKITMOHUPOBAHUS
YeAOBeKa B 3KCTPEMAABHBIX YCAOBHSX, TaK U OPraHU3allUU €T0 KU3HENeATeABHOCTH Ha
CTaHIIUH.

Lleab paGoTHI — U3YYUTH BAUSHUE afallTalliH K XOAOLY Ha M3MEHEHUE YacCTOThI Cep-
JedHbIx cokpamenuit (HCC) B auHaMuKe 1uKAA O0APCTBOBAHME-COH ¥ KPEIC.

OKCIIepUMEeHTH] IPOBeAeHbI Ha 0eAbIX O6ecIopoIHBIX KphIcaxX caMIlax (6-7 Mmec.) ¢ co-
OArofieHHE BceX OMO03TUYECKUX HOPM IIpH pabore ¢ AabopaTOPHBIMU KHUBOTHBIMH. KpPBICH
HaXOJMAUCH B 3BYKOIIOTAOIIAIOIIEH KaMepe C KOHTPOAUPYEMOH JAUTEABHOCTBIO CBETOBO-
ro pexuma (cBer:TeMHOTa 12:12) Ha craHmapTHOM parroHe. 2KMBOTHBIE IT0IBEPraAKCh
TIOBTOPSIONIMMCS XOAOZOBBIM BO3AEHCTBUAM B T€YEHHE IBYX JHEH B CBETAOE BPEMS CY-
TOK B CAEAYIOIIEM pexkuMe: 9 oXaasKAeHUH B IeHb 10 15 MuH npu teMmepatype -12°C ¢
WHTepBasaMHu 10 45 MuH npu Temmepatype 23°C. Perucrpalinio u aHaAu3 GHO3AEKTPH-
YeCKOM aKTHMBHOCTH CepAlla M MO3ra IIPOBOAMAU IIOCA€ KaXKAOI'0 XOAOJOBOTO BO3JEH-
CTBHS OHOBPEMEHHO Ha KOMIIBIOTEPHOM 3A€KTpoKapauorpade i SAeKTPosHIe(asorpa-
¢be cooTBETCTBEHHO. Pa3BHTHE CHA, €0 OKOHYAHME U CMEHBI (a3 CHa ONPENEAIANUCH TI0
OOLIEIPUHSATHIM KPUTEPHSIM.

BBuny ocob6eHHOCTH OpraHU3allly ITUKAA 60IpCTBOBaHHE-COH Y KPBIC XOAOIOBBIE BO3-
JeACTBUS NMPUXOIUAUCH HA HEAKTHBHYIO a3y CyTOK, 4TO IPHUBOAMAO K IIPOOYKIAECHUIO
KUBOTHBIX M IIOCAEAYIOLIEH KOPOTKOH AenpuBaIuu cHa. Kaxkmoe xoaomoBoe BO3neH-
cTBHE NTpUBOAXAO K moBeinieHHI0 YCC (3HaueHus R-R ymensiaaucs o 0,125 mMc nocae
oxAaaxKaeHus 1Mo cpaBHeHuto ¢ 0,175 Mc npu megaerHoBoAHOBoM cHe (MBC) u 0,185 mc
npu napanokcasbHoM cHe ([IC) 1o oxaaKeHusT) ¥ CHIZKEHHIO TeMITepaTyphl II0BEPXHO-
cru Teaa Ha 0,5 — 1,5°. IIo Mepe BoCCTaHOBACHUS TEMIIEPATYPHI [IOBEPXHOCTH TEAA IIPO-
ucxomuao cHukenne YCC, nacrymaa MBC, Bo BpeMs KOTOPOro MOHOTOHHOE 3aMeIACHHE
YCC mpomoaxkasock. Caenyer oTMeTHTh, 4To B MBC, Kak B HOpMe, TaK U IIOCA€ XOAO-
JIOBBIX BO3AEHCTBUM, OTHOCHTEABHO CTAOMABHBIE y4acTKu paboTsl cepaua (40 — 200 c)
TepeMekaruch KPaTKOBPEMEHHBIMU 3nu3o4aMu noBblieHus (7-10 ¢) YCC, BeposTHO
OTPaKAIOUIUMH ITEPHUOAMYECKOE IIOBBIIIEHHE aKTHBHOCTH CHMIIATHYECKOH HEpBHOH
cucTeMbl Ha (hoHe ITpeBaANpPOBaHuUS TapacuMnaTudeckoii. [lorobHas fuHaAMUKA ceped-
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HOM aKTHBHOCTH BOCCTaHaBAMBAAACH K ITOCAEYIOIIEMY XOAOLOBOMY BO3[IEHCTBHIO BHE
3aBUCHMOCTH OT €T0 IIOPSAKOBOrO HOMEPA, XOTd U B pa3HOEe BPeMd I10CAE BO3[EHCTBHA.
ITpu 3ToM B psaze caydaeB YCC Bo Bpemss MBC He mocturasa ypoBHS, XapaKTePHOTO AL
KOHTPOABHBIX KUBOTHBIX (0,150 Mc Bo Bpema MBC nocae oxaaxknenus u 0,175 Mc Bo
Bpema MBC B HOpMe).

[Toay4yeHHbIe [aHHBIE MOTYT CBUETEABCTBOBATE O COXpaHEHUH (DYHKLIMOHAABHOM aK-
THBHOCTH BETETATHBHOM PETYASIIIMH CEPAEYHOTO PUTMA B IMKAE 0OIPCTBOBAHHE-COH
IIPU IIEPUOAUYECKUX XOAOJOBBIX BO3AEHCTBUAX, IIPUBOAIAIIMX K (DOPMHUPOBAHHUIO aarl-
TaIlH K XOAOLY ¥ KPBIC.
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CHANGE IN HEART RATE IN DYNAMICS OF SLEEP-WAKEFULNESS CYCLE
DURING COLD ADAPTATION

O.V. Shylo, V.V. Lomako, G.A. Babiychuk

Institute for Problems of Cryobiology and Cryomedicine National Academy of Sciences
of Ukraine, Kharkiv, Ukraine, oleksander.v.shylo@gmail.com

Adaptation of winterers to the Polar station conditions is accompanied by a
disturbance in the wakefulness-sleep cycle, which can be expressed in varying the sleep
depth and its stages duration, in changes of sleep structure, in difficulties of sleep
initiating and maintaining, daytime sleepiness and, as a result, in irritability and loss of
concentration. Periodic contact with the cold against this background can modify the
normal response of the body to the effect of cold and lead to additional load on the
system of sleep-wakefulness regulation and its vegetative background. Although the
effect of repeated cold influences and adaptation to cold on the body has remained
insufficiently studied, it is known that with the repeated cold effects, the mechanisms of
protection against cold are replaced by adaptation to it. The identification of the effects
of cold and the development of an organism adaptive reactions of the cold at polar
stations conditions can be important for studying the features of human functioning
under extreme conditions and organizing its activity at the station as well.

The aim was to study the effect of cold adaptation on change in heart rate (HR) in the
sleep-wakefulness cycle dynamics in rats.

Experiments were carried out in white breedless male rats (6-7 mo) according to all
the bioethical standards. The rats were in a sound-attenuated chamber with a controlled
duration of the light regime (light:dark 12:12) on a standard diet. The animals underwent
repeated cold exposures for two days at daylight hours in the following mode: 9 cold
exposures per day for 15 minutes at -12 °C with intervals of 45 minutes at 23 °C.
Bioelectrical activity of the heart and brain were registered and analyzed after each cold
exposure simultaneously with a computer electrocardiograph and an
electroencephalograph, respectively. Sleep stages were scored following the standard
criteria on 4-second epochs.

Due to the peculiarity of rats’ sleep-wakefulness cycle organization, cold influences
impact on inactive phase of the animals’ activity-rest cycle, which led to awakening of
the animals and subsequent short sleep deprivation. Every cold exposure resulted in an
increase in heart rate (RR values decreased down to 0.125 ms after cooling vs RR before
cooling - 0.175 ms during slow wave sleep (SWS) and 0.185 ms during paradoxical sleep
(PS)) and a decrease in body surface temperature by 0.5-1.5 °C. As the surface
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temperature of the body recovered, there was a decrease in heart rate, SWS occurred,
during which the monotonic slowdown in heart rate continued. It should be noted that
in the SWS, both in the norm and after cold effects, relatively stable areas of the heart
(40-200 s) were intermittent with short-term episodes of sharp increase (7-10 s) in heart
rate, probably reflecting a periodic increase in the sympathetic nervous system activity
on the background of parasympathetic dominance characteristic to SWS. Such a
dynamics of cardiac activity was restored to the subsequent cold effect regardless of its
serial number, although at different times after cold exposures. In some cases, the heart
rate during SWS did not reach the level characteristic for control animals (0.150 ms
during SWS after cooling and 0.175 ms during SWS in the norm).

The data obtained may indicate the keeping of the sympatho-vagal balance in the
sleep-wakefulness cycle after periodic cold effects leading to cold adaptation in rats.
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