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Temmepatypy Tena (TT) u gBurarenbHy0 aKTUBHOCTD ([A) perncTprupoBain B TeUCHNE MeCsIia C TOMOIIBIO
BHYTPUOPIOIIMHHOIO JaTYMKA Y CJASAYIOIINX IIeCTH BUAOB MJIIEKOITUTAIOIINX: TOJIBIX 3eMieKoIoB ( Heteroceph-
alus glaber, 25, 22); nabopatopHbIX MbItIeit TuHuM C57Bl1/6j (67); 1abopaTOpHBIX OGECITOPOTHBIX OEITBIX KPhIC
(49); MOHTOJILCKUX XOMSTUKOB (Allocricetulus curtatus, 35); coboneit (Martes zibellina, 25, 22); NeCHbIX XOPbKOB
(Mustela putorius, 2o, 2?). I1pr 3TOM 3eMJIEKOITbEI HAXOOWINCH B CBOCH KOJIOHUM B OCOOBIX YCIOBUSIX JITaAbopa-
TOpUU, 2 HENIEJIM — B MOCTOSIHHOM TEMHOTE, 2 HeAeA — B peXXHMe YepeloBaHUsI CBETJIOTO M TEMHOTO MepUO-
nmoB (12L/12D). Mbiim 1 KpbICE HAXOAWJINCh B MHINBUAYAJIbHBIX KaMepaX B OOBIYHBIX JTA00PaTOPHBIX YCIIO-
BUsIX B pexkume 12L/12D, a co60J1s1 U XOpbKY — B MIPUPOIHBIX BOJIbEPaX IPU €CTECTBEHHOM CBETOBOM PEXXUME
B OCceHHee BpeMs. Bee rcciienoBaHHBIE TPBI3YHBI, KPOME 3eMJIEKOTIOB, SIBJISIIOTCSI HOYHBIMU KUBOTHBIMU. Co-
OTBETCTBEHHO, BCE OHU JEMOHCTPUPOBAIM YETKUM IIMPKATUAHHBI PUTM aKTUBHOCTU-TIOKOSI — BBICOKMIA
ypoBeHbB [IA B TeMHBI IIEpHUOI CYTOK 1 HU3KMIA — B cBeTIblid. Putm TT KoppenupoBan cmH@a3HO ¢ pUTMOM
aKTUBHOCTU-TTOKOSI: TIOIbEMBI TIPOUCXOAWIN B HOUHOE BpeMsl, a cnianbl — B gHeBHOe (0.9 < r < 1). [1pu aToM
HapacTtaHue JIA B HOUHOe BpeMs Y XOMSYKOB, BOZHUKABIIIEE TTPH TTOHMKEHUN OKPYXKaIOIeil TeMITepaTyphl,
COYETAJIOCh C COOTBETCTBYIOIUM IoabeMoM TT. Menkue XUIHUKA — COOO0JISI U XOPbKU — IEMOHCTPUPOBAIN
boJee “criaXkeHHBIN” MUPKaguaHHBIN pUTM. B oTiimune oT Bcex 3TUX BUIOB MiiekonuTaoommux, 1T 3emiexo-
noB pe3ko nadasa Ha 3—5°C (no 28°C) nipu noBbilieHUM JIA (0OBIYHO B YTpEHHHME U BeYEpPHUE Yachl) U 100-
ckakusana (no 36°C) B COCTOSSHUM IMOKOSI (B HOYHBIE YaChl) KAK B YCIIOBUSIX ITOCTOSIHHOM TEMHOTBI, TaK U B pe-
xume 12L/12D (—0.7 < r< —0.9). B 1es1oM 3T 3KUBOTHBIE JEMOHCTPUPOBAIY OPUTHUHAJIBHYIO CUCTEMY TEPMO-
PETYJISLINY C “YCTAHOBJIEHHOM TOYKOI”, BUIMMO, 0KoJio 33.5°C.

Karouesnle crosa: PUTM aKTUBHOCTH-IIOKOs1, TEMIIEpATypa T€Jia, TOJbIC 3EMJICKOIIbI, MBIIIIN, KPBIChI, MOHTOJIb-

CKH€e XOMSTYKH, COO0JIS, JIECHbIE XOPbKU
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BBEAEHUE

Tl'onbie (TouHee, OecuiepcTHbIe) 3eMiiekornbl (Het-
erocephalus glaber) — ogHY 13 CaMBIX YIUBUTEIBHBIX 1
3aragovHbIX Ha3eMHBIX MyieKonuTaromux [1—3]. O’n
obuTtaroT B apuaHbIX 30Hax CeBepo-BocTtouHoit Ad-
puxku (O¢puorust, Kenust, Comann), XKUBYT 101, 3eM-
Jieil OONBIIMMHU KOJIOHUSIMU MO HECKOJIbKY JAECITKOB
WIN Jaxe COTeH XWUBOTHBIX. [Ipu 3TOM y HUX, KaK y
myes, pa3MHOXaeTCs TOJIBKO OogHAa caMmka (“KopoJe-
Ba”, WM “marka”) OrpoMHOro pasMmepa, KOTOpPYIO
OIUIOIOTBOPSIET ONMH WJM HECKOJbKO caMioB. Bce
oCTaJIbHBbIE 0cO0OM — “paboure”, BTOPUIHBIEC TTOJIOBBIE
NPU3HAKMU Y HUX PEAYLIMPOBAHBI U MOJI OIpenesisieTcs
TOJIBKO ITyTEM T€HOTUITMPOBaHUS. 3eMJIEKOITbI He 6O-
JIEIOT, HE CTapeloT, OYEHb JIOJITO KUBYT, YCTOMUUBBI K

TUITOKCHUH U TUIIEPKAITHUU 1 T.1., U II0O3TOMY IIPUBJIE-
KaloT IIPUCTaJIbHBIA MHTEPEC MPEeACTaBUTEIEH caMbIX
pa3HBIX HayK [2—6]. DKojorust, MOpdOJIOTusl, OMOXH-
MUsI, TeHeTUKA 1 MOJICKYJIsIpHAast OMOJIOTHSI 3TOr0 BUIA
n3ydeHbl Herwioxo [1, 3, 5—7], yero Heb3s1 cKazaThb O
ero ¢usnonorun. IociienHsIsT B 3HAUUTEIBHOI CTeIe-
HU OCHOBaHA Ha €IVMHWYHBLIX OTPHIBOYHBIX HAOJIOAC-
Husx [8] u maxke “nerenmax”. Tak, cumrTaeTcs, 4TO ro-
JIbIE 36MJIEKOMBI HE CIIOCOOHBI TTOAAEPXKUBATH TEMIIE-
paTypy CBOEro Tejia, XOTSI HUKTO 3TOr0 TOJKOM HeE
usydan [9, 10]. LlupkaguaHHbIE PUTMbI 3TOTO KMBOT-
HOTO TakKXKe M3y4deHbl KpaiiHe ciado [11, 12]. Ilyrem
aBTOMATUUYECKOTO aHAJIN3a ABYXJICTHUX BUICO3aMUCeit
MOBEACHUS ABYX KOJIOHW 3eMJICKOIIOB, HAXOISIIINXCSI
B JIaOOpaTOpUU B IIPO3PayHBIX JJAOMPUHTAX, OBLIO MO-
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Ka3aHO, YTO B IIEJIOM Y KOJIOHMU OTCYTCTBYET LIMpKa-
IUAHHBII PUTM aKTMBHOCTHU-IIOKOSI, KaK B YCJIOBHSIX
MOCTOSIHHOU TEMHOTHI, TaK U B pexkume 121L/12D. Bto
O3HAYaeT, YTO JIM0O OH AEHCTBUTEIILHO OTCYTCTBYET Y
OTIEJIbHOM 0CO0MU, T100 MHANBUAYaTbHbIE PUTMBI Ha-
Xxondrcs He B (paze apyr ¢ npyrom. OgHako BHYTpHU KO-
JIOHUM CYIIECTBYET CUHXPOHM3AUSI PUTMOB aKTUBHO-
CTU-TIOKO$I, MOCKOJIbKY, KOrma OOJBIIMHCTBO YJICHOB
KOJIOHUU OONPCTBYIOT, OHM MEIIalT CIlaTh U BCEM
OCTaJIbHBIM 0C00siM. Pabounie ocodu mpoBOAsT B CO-
CTOSIHUM TTOBeIeHYECKOTO MMOoKod 1 cHa 45—70% Bpe-
MEHHU CYTOK, a “MaTKM1”, caMble aKTUBHBIE YJICHBI KaxK-
noit koonnu — 30—40% [11].

B npyroii padote, BeCbMa OOLLIMPHONI 1 CIOKHO U3-
JIOXKEHHOM, U3y4yaiu KaK MHAWBUYaTbHbIE PUTMbI aK-
TUBHOCTU TIpMU Oere B Kojiece, TaK U PUTM KOJOHUU B
11€JI0M, C TOMOIIIbIO PETUCTPALIMU KOJTMUYECTBa Nepece-
YEeHUI KaXIbIM XXMBOTHBIM OIPENEIEHHOTO MECTa B
JabupUHTE, TAe HAXOIUJICS peTucTpaTop. beuin ooHa-
PYXeHbl OYeHb 3HAUMUTEIbHbIE MEXUHINBUIYTbHbIE
pacXxoxXIeHus; TeM He MeHee, ObLJIO MOATBEPXKIEHO,
YTO y TTOJABJISIONIETO OOJIBIIMHCTBA YWIEHOB KOJIOHUU
(25 u3 29), nelicTBUTENbHO, IUPKAAMAHHBIN PUTM aK-
TUBHOCTHU-TIOKOSI OTCYTCTBYET, HO MIPU U3OJISILIMU XU~
BOTHBIX OH BhISIBWJICA Y 13 U3 23 ocobeii, C TTOBBIIIICHU -
€M YPOBHSI aKTUBHOCTH B TEMHBIH (“HOYHOI ) Iepro/I
B Kamepe [12].

B 00oux uccienoBaHusiX MPUMEHEHBI JIMIIb KOC-
BEHHbIE, MMOBEICHYECKE METOIbI OINpeaeJIeHUs LUp-
KalMaHHOW PUTMUKHU, KOTOPbIE HE MOTYT JaTh OKOH-
YaTeJbHOTO OTBETA HAa BOMIPOC O HAIMYMMU U XapaKTepe
TaKOU PUTMUKHM y 0COOEN 3emMiieKoIoB. B HacTosIei
paboTe Mbl MOCTABUJIM CBOEM 11€JIbI0 HAMPSIMYIO OTBE-
TUTb Ha BOTIPOC: OTJINYAIOTCS I OKOJIOCYTOUHBIE PUT-
MbI aKTUBHOCTU-TIOKOSI U TT 3TUX XXUBOTHBIX OT aHa-
JIOTUYHBIX MapaMeTPOB APYTUX MIEKONUTAIOIIMX?

MATEPHAJIbI
N METOAbI NCCIIEJOBAHUWA

C 5TO0if 1IeNbI0 MBI BXUBJISUTA BHYTPUOPIOIIMHHO
yepe3 HeOOJIBIION pa3pe3 (1o JIETKMM HapKO30M: To-
JIble 3eMJIEKOITbl — M30(pIypaH, mpouyne — 30JeTU
35—40 mr/xr, B/Mm) DKOJIOITEPBI (MuHuaTIOpHEIE
aBTOHOMHBIE IaT4YMKuU TeMmiepatypel u A, OO0
“OMBbU PECEPY”, HoBocubOuMpCK) ClIeMyIOIINM X~
BOTHBIM: T'OJIBIM 3eMJyieKoraM (2 camiia, 2 caMKu), Ja-
GopaTopHbIM MbItaM tuHuM C57 Bl/6j (6 caM1IOB), J1a-
OopaTOpHBIM OeJibiIM KpbicaM (4 camiia), MOHTIOJIb-
ckuM xomssukam (Allocricetulus curtatus, 3 camia),
cobosam (Martes zibellina, 2 camiia, 2 caMKu) M XOpb-
KaM (Mustela putorius, 2 camuia, 2 camku). Pazpes 3a-
1IMBaJIN, XXMBOTHBIM BBOJIWIM aHTUOUOTUK. Uccneno-
BaHME TPOBEACHO B COOTBETCTBUU ¢ TTpuHLIMITaMu ba-
3eJIbCKOI JeKapalii U OgO0OpEeHO OMO3TUYECKUM
komutetroM UIIBD PAH.

Temneparypy Tena (TT) usmepsiiu B C°, a nBura-
TeIbHYI0 aKTUBHOCTH ([IA) — B momsax G, OTKIIOHEHUU
YCKOPEHMS JaTINKAa B MOMEHT U3MEPEHUS OT YCKOpPE-
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HUS CBOOOIHOTO najaeHusI (T.e., €CJIU XKMBOTHOE Maaa-
eT B MOMEHT M3MepeHUsI, TO ToKa3aTenb JIA paBeH
enuHuIIe). JJaTyvky mpor3BOIMIN U3MEPEHNS KaXKIIyIO
MUHYTY Y YCPEOHSUIM WX 3a TIepUO, YCTAHOBJICHHBIM
rnoJjib3oBaTesieM. B maHHOM uccienoBaHUU 3TOT TEPUOL,
coctaBisir 10 MmuHyT. B TakoM pexkuMe 3apsiga aKKyMy-
JISTOpA 3KOJIOITEPA XBaTaeT MPUMEPHO Ha 6 Helleb.

3eMJeKOoMnbl TTOCTYIMUIN U3 UCTOYHUKA B bepiuH-
CKOM 300ITapKe 1 OBLIIM YK€ He ITIePBbIM IMOKOJICHUEM,
BBIPOCIIINM B HEBOJIE. DTO OBLIN B3POCIbIE 0COOU, BO3-
pacToM OKOJIO TpeX JIET 1 BecoMm: caMubl — 34 u 47 T,
camMku — 42 u 52 1. [Tocne onepali 3eMJIeKOTTbI ObLTHA
MoMelIleHbl 00paTHO B CBOIO KOJIOHUIO, KOTOpasl CO-
JiepKajach B OTAEJIbHOM JJaOOPaTOPHOM MOMEIICHUH B
cnelyalbHBIX JaOUPUHTAX M3 MPO3PayHbIX TUIEKCH-
IJIACOBBIX LMJIMHIPOB, TMAMETPOM 25 CM M BBICOTOM
22—30 cM, coOeTMHEHHBIX CUCTEMOM IJIEKCUTIACOBBIX
TpyOd muameTpoM 5 X 4 cMm. JlaHHBIC TaOMPUHTEI MU -
TUPYIOT TOHHEJIM U KaMepbl OOUTaHUS TOJIBIX 3eMJie-
KOIIOB B Mpupojie. B momMelieHn, B KOTOPOM pacIio-
JIOXKEHbI JaOUPUHTHI, MOAAEPKUBACTCS CTAOWUJIbHbINI
MUKpPOKJIMMAT: Temneparypa 27 = 1.5°C, BIIaxXHOCTb
50 £ 15%. B kauecTBe MOICTUIIA UCITOJB3YETCS Aepe-
BgHHAA mena. Exxeqaesro B mepuon ¢ 18:00 mo 20:00
>KMBOTHBIM MPEAOCTABISIIOT KOPMOBYIO CMECh, COCTO-
SIIITYIO U3 OBollei (0aTaT, MOPKOBB, KOJIbpaOU, KOPEHb
cenpaepest), GpyKToB (SI07I0KU, TPYIIN) U TPAaHYJIUPO-
BaHHOTO aBTOKJIAaBUPYEMOI'0 KOMOMKOpMa, U3 pacueTa
6 rpamMoB Ha 1 0co6b B cyTku. Boay 3eMiieKoITbl He
MOTPEOIISIIOT.

B TeyeHue niepBbIX ABYX HEAEIb BCE 36MJICKOTIbI CO-
IEepXKaJIMCh B YCIOBUSAX “IIOCTOSSHHOM TEMHOTHI”;
OCBelleHMEe C1a0bIM KpacHBIM cBeTOM (20 JIK) BKiIIO4a-
JIOCh TOJILKO BO BpeMs pa3gauu Kopma, B 18—20 u. 3a-
TeM B TedeHUe IBYX Hedesb KMBOTHBIE MPeObIBAIN B
ycaoBUsIX “neHb-HOYB”: 12 u (¢ 10 mo 22 4) — sipKuii
6enbiii ceeT (200 nK), 12 9 (¢ 22 go 10 4) — cnadwIit
KpacHblit (12L/12D). Yepe3 Mecs1l ITOTOIIBITHBIX K1 -
BOTHBIX BHOBb U3BJIEKaJI1 U3 KOJIOHUM (BCE (KMBOTHbIE
B KOJIOHUM YUIIMPOBAHBI), U MO JIETKUM HapKO30M
JaTYMKW ObLIM U3BJICUEHBI Yepe3 HeOOJbIION pa3pes
Ha KoXe X1BoTa. PaHa Obljia 3a1l11MTa, )KMBOTHBIM BBE-
JIeH aHTUOMOTUK, U OHU TTIOMEILIeHbl 0OPaTHO B CBOIO
KOJIOHU10. JlaHHbIE M3 HAKOMUTEJISI TaTUMKa CUYMTAHbI
C MOMOIIIBIO CTIEIIUATILHOTO Mpuodopa.

MBEl11Iei 1 KpBIC OCJIE oIlepaliiy IIOMEIIaId B MH-
IVUBUIYaJIbHbIE KaMephl, COIEePXKaBIIMECS B OTIEIIb-
HOM ITOMEIIeHNHN, N30JIMPOBAHHOM OT BHEIITHUX BO3-
NeMCTBUIA, Ipy cBeTOBOM 1ukiae 12L./12D, temmiepaty-
pe 22—24°C u cBOOOJHOM JOCTYyIIE€ K BOJE W IIMIIE.
Yepes mecsl] TaTYMKU U3BJICKAJIM, KaK OMMCAHO BbI-
me. AHAJIOTUYHYIO TIPOLEeAypy IIPUMEHSIJIN U KO BCEM
OCTaJIbHBIM XUBOTHBIM. XOMSYKOB B 3UMHUI1 IEPUO/,
MoMeIaad B MHAMBUAYAJIbHBIE KaMephl, HAaXOIUBIIIH -
€Cs B CIIELMAJIbHOM XOJIOAUIBHOMN YCTAHOBKE, T KU~
BOTHBIE ITPOXOAWJIY aAalTalllIO B TeUeHHE Mecs11a ITpU
KOMHaTHoU Temneparype (24 + 1°C) u cBeTOBOM pe-
xume 121L./12D, a 3aTeM TeMmIiepaTypy B KaMepe MocTe-
neHHo nmoHvKaau 1o 4 + 1°C, Ha 1°C B genb. [lepuon
OCBEIIEHHOCTHU TaK:Ke IIOCTENEHHO CoKpaiiaiu — ¢ 12
Ne 5
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Puc. 1. (a) YcpenHeHHas [MHAMMKa TeMITEpaTypbl Tejia (BEPXHSISI KpUBasi) U IBUTaTeIbHOM aKTUBHOCTU (HYKHSISI KPUBasi) y 6 MbI-
1Ieii: 6-CYyTOUHBIN (pparMeHT MecsiuHOM 3anucu, M = S. E. M. 3aTeMHeHHbIe y4aCTKU — HOUHbBIE Tiepuobl B Kamepe (21—09 u). [To
ocu abcrmcce — Bpems cyTok. [1o yieBoit opauHaTe — TeMmnepaTypa opioirHoii mosoctu B °C. I1o 1ipaBoii opauHaTe — IOKa3aHUsI
akcenepometpa (1 = 1g).

(b) YcpenHeHHBIE CTaHIAPTU3MPOBAHHBIE KPUBBIE CYTOUHOM MMHAMUKHM T° Tejla v IBUTaTeIbHOM aKTUBHOCTH 32 BECh IEPUOT 3KC-
nepumeHTa. [1o ocu abelmce — BpeMs CyTOK; MO OCSIM OPIMHAT — OTKJIOHEHUSI OT CPEeIHEro 3Ha4eHHsi 000MX NapaMeTpOB.

(c) ToueuHast nuarpamMma 3aBUcUMOCTH T° Tema (1Mo ocu abCIMCC) OT IBUTATEIbHOM aKTUBHOCTH (110 ocu opauHat). [1o obenm
0OCSIM — OTKJIOHEHUSI MapaMeTPOB OT UX cpenHux 3HaueHuit. HaknoHnHas npsimast mokassiBaeT TpeHA (0.9< r < 1; p < 0.001).

(d—f) To ke, uTo Ha a—c, WIsT 4-X KPBIC.

BunHo, 4TO yBeJIMUEeHUE ABUTATEJIbHON aKTUBHOCTU Y MbIIILIEH 1 KPBIC (TJIABHBIM 00pa3oM — B HOYHOE BpeMsl) COUETAETCsI C MOAb-
eMaMu TeMriepaTyphbl Teja 1o 38,5°C, a ieprobl MOKOS (TPEeUMYIIIECTBEHHO — B THEBHOE BPEMST) COUETAIOTCS CO CHUKEHUEM TeM-
neparypsl Tesa 10 36—36.5°C. DT KojaebaHus SBHO CUHXPOHU3UPYIOTCS BKIIOYEHUSMU U BHIKJIIOYEHUSIMU CBETA.

Fig. 1. (a) Averaged dynamics of body temperature (upper curve) and locomotor activity (lower curve) in 6 mice: 6-day fragment of
a monthly record, M = SEM. Shaded areas — night periods in a chamber (9 pm—9 am). Abscissa — the time of day. Left ordinate —
temperature of the abdominal cavity (°C). Right ordinate — accelerometer readings (1 = 1g).

(b) Averaged standardized curves of the daily dynamics of body temperature and locomotor activity over the entire period of the ex-
periment. Abscissa — the time of day; both ordinates — deviations from the average values of both parameters.

(c) catter plot of body temperature dependency (abscissa) on locomotor activity (ordinate). Both axes — deviations of the parameters
from their average values. The sloping line shows the trend (0.9 < r< 1; p <0.001).

(d—f) Same as on a—c, for 4 rats.

It is evident that increases in locomotor activity in mice and rats (mainly at night) are accompanied by body temperature elevations
up to 38.5°C, while rest or dormancy periods (mainly in the daytime) are accompanied by decreases in body temperature down to
36—36.5°C. These fluctuations are synchronized by turning the light on and off.

(c 9 mo 21 9) mo 2-x (¢ 14 mo 16 9) gacoB B cyTKM, Mo (3 camira), KOTOpPBIE B CISTUKY He TToTpyXanuchk. Co-
rmoJryaca B IeHb. MOHTOJILCKIE XOMSTYKHA OTHOCSATCSI K OOJIST M XOPbKU HAaXOIWJINCHh B OOIMMPHBIX BOJIbEepax
¢dakyIbTaTUBHBIM TUOEpHAaTOpaM, W JUIIb YacTh B ITOJYECTECTBEHHBIX YCIOBUSIX B JIECHOM MAacCUBE
XKMBOTHBIX MOTpyXajach B Topnop. Husg ueneit nanH- Ha TeppuTopumn OumoctaHnum “YepHoronsoska” B
HOTO MICCIIeMOBaHMs OBLIM OTOOPAHBI T XKMBOTHBIE  OCEHHEe BpeMs.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU  Ttom 56 Ne 5 2020



120 KOBAJIb3OH wu np.

()
25 i «=Trema  -1-Tlokasanus akcenepomeTph2-3
(a) n
XOMSAYKU :
13°C > 4°C
10,00 4 CBETA : 2 U CBETA (5
38.8 I I : ¥ - ;
38.6 —= ¢ - = L
38.4 0.4
38.21- =
38.0 1+ 1 0.4
37.8 15
37.6 14 |
37.4 ‘ 0.3
37.2 !
37.0 140.3
6.8 ! i i 01234567 891011121314151617181920212223
O T TEIET Ui :
36.6 17 —— : N
36.4 - | : 10.2
36.2 . i (©)
36.0 ; 0.2
35.8 41 i [ ) 2.5
] 1 | +
06 0.1 2.0 + -
35.4 R A N
35.2 1.5 5 —3
35.0 0.1
34.8 A P
34.6 L
34.4 0.0
34.2
34.0 0
9 21 9 21 9 21 9 21 9 21 9 21 9 21 9 21 9 21 9 21
2.0

Puc. 2. (a) Ycpenuennsiii 10-cytounsbrii ¢pparmeHT 40-aHEHOI 3ammicy TeMItepatypsl Tea (BepxHsist kpuBasi, M + S.E.M.) u nBu-
raTeJIbHOM aKTUBHOCTU (HMKHSISI KpUBasi) Y TPEX MOHTOJILCKUX XOMSIUKOB (Allocricetulus curtatus) B Xoze OMbITa IO MOHUXEHUIO
OKpyxKarollieii TeMriepaTypbl. PacnipenesieHus mo ocsiM — Kak Ha puc. 1, a. [IpeaBapuTeIbHO XKMBOTHbBIE ObLIM aganTUPOBAHBI K
okpyxartonieit remneparype 24°C u cBetoBomy 1ukity 12L/12D (cet ¢ 9 o 21 4). B xone orbiTa TemMIiepaTypy B Kamepe MOHMKaIU
Ha 1°C B neHb B TeueHue 20 nHeit, T.e. 1o 4°C. OmHOBpeMEHHO MePUO] OCBEIIEHHOCTH coKpamaiy Ha 30 MUH B CYTKH, T.€. 10 2 4
(14—16 4). Ha nanHoM ¢parmMeHTe rpaduka TeMIiepatypa B KaMepe B JIeBOM ero yactu Obiia 13°C, a B ipaBoii — 4°C; mepro ocBe-
IIEHHOCTH B JieBO Yactu coctanisti S 4 (12 : 30—17 : 30), a B mpaBoit — 2 4. DTO OTMEYEHO TOPU3OHTATHHOM CTPENTKOI B BEpXHEM
yactu rpaduka.

BunHO, 4TO MOHMXKEHUE BHEILITHE! TeMITepaTypbl COITPOBOXIACTCS TTOBBIIIICHUEM IBUTATEIbHOM aKTUBHOCTH U, COOTBETCTBEHHO,
HapacTaHUeM MTOILEMOB TeMITepaTyphI Tesia (IToKa3aHbl TpeHIBI). Takke BUIHO, YTO BCE TU IMOTBEMbI TEMITEPATYPhI M IBUTATE b~
HO1 aKTUBHOCTH TTPOMCXOSIT B MPUBBIYHBIHI TSI XKMBOTHBIX HOYHOI MIEPUOJT, HECMOTPSI Ha TTOCTENEHHOE COKPaIlleHUE PeabHOTo
CBETOBOTO Tepuoa B KaMepe.

(b, ¢) To xe, uto Ha puc. 1(b, ¢) (0.9 <r<1; p<0.001).

Fig. 2. (a) Averaged 10-day fragment of a 40-day record of body temperature (upper curve, M + SEM) and locomotor activity (lower
curve) in three Mongolian hamsters (Allocricetulus curtatus) during the experiment on lowering the ambient temperature. Axial dis-
tributions — as in Fig. 1A. Animals were pre-adapted to an ambient temperature of 24°C and a 12L/12D cycle (light from 9am to
9pm). During the experiment, the temperature in the chamber was lowered by 1°C a day for 20 days, i.e. down to 4°C. At the same
time, the illumination period was shortened by 30 min a day, i.e. down to 2 h (2pm—4pm). On this graph fragment, the chamber tem-
perature was 13°C in its left part and 4°C in the right; the illumination period was 5 h (0 : 30 pm—>5 : 30 pm) in the left part and 2 h
in the right. This is indicated by a horizontal arrow at the top of the graph.

It is evident that a decrease in the external temperature is accompanied by an increase in locomotor activity and, accordingly, an in-
crease in body temperature elevations (trends are shown). It is also evident that all these elevations, both of temperature and locomo-
tor activity, occur during the nocturnal period, to which all the animals are accustomed, despite a gradual shortening of the real light
period in the chamber.

(b, ¢) Same as in Fig. 1(b, ¢) (0.9 <r<1;p <0.001).

IMonyuyennsie kpusbie TT u JIA monBepraiuch Ma- PE3YJIBTATHI 1 OBCYXJIEHUE

TeMaTUYECKUM TIpoleaypaM — YCPEeTHEHHWIO, CTaH-
JapTu3auuu 1 (st codoseil 1 XOpbKOB) SKCIIOHEH-
LHaJbHOMY cTiIaxkuBaHUIO (C KoadpuueHTom 0.3) ¢
orrpeaeaeHueM Kod3(pDHUIIMEeHTa KOPPEAIIINN MEXKIY
HUMMU.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OU3UOJIOTUU

IlpencTaBieHHbIe WUIIOCTPpALKA TEMOHCTPUPYIOT
HE TOJILKO (pparMeHTBl HAaTUBHBIX KPUBBIX, HO U pe-
3yAbTaThl UX 00paboTKu. Bce uccieqoBaHHbIE TPHI3Y-
HBI, KPOME 3EMJIEKOIIOB, ABJIAIOTCI HOYHBIMU KMUBOT-
Ne 5
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Puc. 3 (a). To xe, yto Ha puc. 1(a—c), w1 4 cobosneit. (b, ¢) — 1o ke, yTo Ha puc. 1(b, ¢), HO KPUBBIE TOMOJHUTEILHO

MOABEPTHYThIMATEMaTUYECKOI MPOLEType CIIaKUBAHUSI.
(d—f) To xe mst 4-x xopbKoB (0.7 < r < 0.8; p <0.001).

Fig. 3 (a) — same as in Fig. 1(a—c), for 4 sables. (b, ¢) — same as in Fig. 1(b, c), but the curves are additionally subjected to a

mathematical smoothing procedure.
(d—f) The same for 4 ferrets (0.7 << 0.8; p <0.001).

HbIMU. COOTBETCTBEHHO, KaK JJabopaTOpHbIE XXUBOT-
Hble, TIpeObIBalIlMe B YCIOBUSIX W3OJSILUU U
WCKYCCTBEHHOU OCBEIIEHHOCTH, OHU JE€MOHCTPUPO-
BaJIM XOPOIIIO U3BeCTHHIE [13] yeTkne nuupKaauaHHbIe
PUTMBL: BBICOKMIT ypoBeHb JIA B TeMHBIN, “HOYHOIT”
nepuod CYTOK M HUM3KMIT — B CBETJIBIN, “ITHEBHOI”.
PutMm TT ObUI CUHXpOHEH U CUH(}A3eH C PUTMOM aK-
TUBHOCTHU-TIOKOSI: TIOABEMBI B HOYHOE BpeMms (10

39.5°C) u cnagpl — B gHeBHOE (10 34.5°C) (puc. 1, a—f).

Jdunnamuka TT B 3HaUUTENbHOM CTEIIEHU CBSI3aHA C
MHTEHCUBHOCTBIO MBIIIIEYHOM TETUIONIPOIYKIIUN — 3TO
0COOEHHO SIPKO IIPOSIBUJIOCH B OMNBITaX C XOMSYKaMU
(puc. 2A—C). Kak BuaHO 13 npeacTaBIeHHOM 3aII1CH,
MOCTEIIEHHOEe IIOHIMKEHUE BHEIIHEN TeMIlepaTyphl
MpUBEJIO K 3HAYMTEILHOMY ITOBbIIIeHUIO /JIA B mepu-
Ofl, COOTBETCTBOBABIINI “HOYHOMY”’ BO BpeMsl amgarl-
Tallu. DTO COYETAIOCh C aHAJIOTMYHBIM pocToM TT B
HouHoit nepuon (1o 39.2°C). UHbIMU cllOBaMU, YeM
HIDKe ObLIa OKpYyKalollasi TeMIlepaTypa, TeM OOJbIile

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

Oeraj XOMSITYOK B TIPUBBIYHOE JJIS1 HETO HOUHOE BpeMsI
(HecMOTpS Ha TO, YTO CBETJIBIN TTIEPHOI BCE BPEMSI CO-
Kpaljajcs) U CWIbHEE pa3orpeBayicsl, YTO MO3BOJISIO
€My COXpaHSITh TEIUIO B THEBHOI Tepuoa nokosi. Ko-
a(pduLMeHT Koppeasanunu MexXay mokasarteieM JIA u
TT y Bcex mcclieqoBaHHBIX TPBI3YHOB ObLI OJIM30K K
enuHuue (0.9 <r<1;p<0.001).

V MeJIKUX XUIITHUKOB — c000Ieit 1 XOPhbKOB — IIMP-
KaauaHHasi pUTMUKA BBITJISIIEIa MEHee BBIpaXKeHHOMN
¥ MeHee 3aBUCUMOIL OT CBETOBOTO IIMKJIA, OTYACTH, BE-
POSITHO, M3-3a TOI'0, YTO OHU HAXOAWIXCH I10]1 BO3Ieii-
CTBUEM Pa3HOOOPAa3HBIX OOOHATEIBHBIX W 3BYKOBBIX
CTHUMYJIOB, IPUXOISIINX K HIM 13 OKPYXKAIOIIETo jeca
(puc. 3, a—f). llupkanuaHHbIe KPUBbBIE XOPHKOB YKa-
3BIBAIOT Ha HEKOTOpOE IpeobaamaHne HOUHOM ak-
TUBHOCTHU, a coboieit — cKopee Ha BeuepHuii. Kop-
pesauusa Mexnay oOOMMU PEerucTpUpPyeMbIMU ITOKa-
3aTeJsIMU Ha HATUBHBIX KpPUBBIX IIPAKTUYECKU
orcyrcTBoBana. OoHAKO AETAILHBIM MaTeMaTUIeCKUiA
Ne 5
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Puc. 4. Tosbie 3emutekorsl (7 = 4). (a) To xXe, uro Ha puc. 1(a). JIeBas M0JI0BUHA PUCYHKA — 3-CyTOYHAs PETMCTPALUS B
YCJIOBUSIXIIOCTOSTHHOM TeMHOTHI. [1paBasi moJioBMHA pUCYHKA — 3-CyTOUHasl perucTpaius mocie nepexona B pexxum 12L/12D.

(b) To xe, uro Ha puc. 1(b), B pexxrMe MOTHON TEMHOTHL.

(c) To xe, uto Ha puc. 1(C), B pexxumMe oTHOM TeMHOTHI (—0.8< < —0.9; p < 0.001).

(d), (e) — To xe, uto Ha (b) u (¢), B pexxume 12L/12D.

BunHo, uto TeMrneparypa tena pe3ko rnagaeT (10 29—31°C) npu ycuJIeHUY IBUTaTeIbHON aKTUBHOCTH KMBOTHBIX, TJTABHBIM 00pa-
30M B AHEeBHOE BpeMsl. [1pu ociiabjieHM IBUTaTeIbHOM aKTUBHOCTA B HOYHOE BpeMsI TeMIiepaTypa Tejia ObICTPO BO3BpaIllaeTcst K
HOPMAaJIbHBIM ([JIs1 JaHHBIX XXMBOTHBIX) 3HaUeHUsIM 33—34°C. Takke BUIHO, YTO BKJIIOUEHUSI M BBIKJIIOUEHUSI CBETA OKA3bIBAIOT
MaJio BJIIMSIHUS Ha LIMPKaAMaHHble PUTMbI IBUTATEIbHOM aKTUBHOCTU U TeMIIEpaTyphbl Tejia, KOTOPbIe, MO-BUANMOMY, CUHXPOHM-
3UPYIOTCS IPYTMMU BHEITHUMU (DaKTOpaMu — TTOSIBJIEHUEM JIIOIei M pa3naadeil Kopma.

Fig. 4. Naked mole rats, » = 4. (a) — same as in Fig. l1a. The left half of the Figure — 3-day registration under conditions of
constant darkness. The right half of the Figure — 3-day registration after switching to a 12L/12D regime.

(b) — same as in Fig. 1(b) in total darkness.
(c) — same as in Fig. 1(c) in total darkness (—0.8 < < —0.9; p <0.001).
(d), (e) — same as on (b) and (c) under a 12L/12D regime.

It is seen that body temperature drops sharply (down to 29—31°C) when locomotor activity rises, mainly in the daytime. When loco-
motor activity decreases at night, body temperature quickly returns to normal (for these animals) values of 33—34°C. It is also evident
that turning the light on and off has a little effect on circadian rhythms of locomotor activity and body temperature, which appear to

be synchronized by the other external factors, e.g., such as the appearance of people coming to feed animals.

aHaJIM3 BCETo Meprojia perucTpaliiy ¢ UCIIOJIb30BaHU -
€M MEeTOJIa SKCIOHEHIINATbHOTO CTIaXXKBAaHUS TIO3BO-
JIVJI BBISIBUTH BHYTPEHHIOO MEPUOIUYHOCTD LIUPKAIH -
aHHBIX KPUBBLIX C OCHOBHOM akpodazoit okoiio 20 d,
oTpaxarolieif, BUIUMO, TIepUOoa KOPMIICHUS SKUBOT-
HbIX. Takske Oblj1a BbISIBJIEeHA TOBOJIBHO BhICOKasl KOP-
pemsims 00euX CriaskeHHBIX IMPKaIuaHHBIX KPUBBIX
(0.7 < r<0.8). Ha c1abo BeIpaxkeHHBII XapaKTep [UAP-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U OU3UOJIOTUU

KaJWMaHHOTO pUTMa aKTUBHOCTU-TIOKOSI Yy €BpOIeii-
ckoro xopbka (Mustela furo), B oTInuue OT BhIpaXKeH-
HOTO pUTMa Yy 30JI0TUCTOTO XoMsiukKa (Mesocricetus au-
ratus), yKa3blBaJll paHee W Ipyrue aBTopH [ 14].

PasurenbHbI KOHTPACT CO BCEMU STUMU MITEKOITH -
TaIOIMMU JEMOHCTPUPOBAJIU TOJIbIe 3emiekomnbl. Kak
BUIHO U3 puc. 4, a—e, TT y Hux pe3ko nadasa Ha 3—
5°C npu noBblieHUU JIA, TIpakKTUYECKUA OO0 YPOBHS
Ne 5
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okpyxatonieit cpenbl (mo 28°C) u nodckakueéansa 1o
36°C B cocTtossHUU NOKod. IIpyu 3TOM Bce KMBOTHBIE
SIBHO JEMOHCTPUPOBAIM HaJUuue TEPMOPETYISIINUU,
cTpemMsich nomgaepxkuBaTh 1T Ha ypoBHe 33.5°C (Bumu-
MO, OJIM3KOM K “yCTaHOBJIEHHOM TOYKe”) — IO CcpaB-
HeHUto ¢ 37—37.5°C y MblllIeii, KPbIC U XOMSYKOB, U
38—38.5°C y coboneii 1 XOpbKOB. JleMOHCTpUpYyeMEIe
TepMOTpaMMBbl SIBHO CBUNIETEILCTBYIOT B MOJIb3Y HAJIU -
YU OPUTUHAJIBHOM CUCTEMBI TIOIePKaHUST TeMIIepa-
TYpPHOTO TOMEOCTa3a y ToJibIX 3eMJIeKonoB. Takas na-
pamokcajibHas “oTpuuareibHass” CcBSI3b Mexny JIA u
TT y roasix 3eMJI€KOIIOB Oblja BIIEpBbie OTMEUYEeHa B
pa6ote [8], HO paHee He ITOoABeprajach CUCTEeMaTHU4e-
ckoMmy m3ydenuto. Kakmm obpasom 3emMiieKoIiaM yaa-
€TCSI Pe3KO OXJIAXIAThCS MPU YCUJIEHUU MBIIICUHOM
aKTUBHOCTHU, KaK OBI “BOIIPeKM”’ BTOPOMY 3aKOHY Tep-
MOIMHAMUKKN — OCTAETCS COBEPIIEHHO 3aTralOuYHbIM.

OTpuliaTesbHas KOPpEsalus MeXIy Moka3arenaemM
HA n TT 3emiexkornioB Oblia o4eHb BbICOKOU (—0.8 <
<r< —=0.9), npeuMyIIeCTBEHHO C AByMsI LUPKaauaH-
HbIMU TIMKaMU aKTUBHOCTU (1, COOTBETCTBEHHO, MU-
HUMaJIbHbIMU 3HaYeHusiMu TT): B yTpeHHUE U Bedep-
Hue yachl. [Ipryem 3Ta puTMUKA HE 3aBUCEJIa OT CBe-
TOBOTO IIMKJa: OHa COXpaHslaCcb U B YCJIOBMSX
“IIOCTOSTHHOI TEMHOTBI”, U B pEXKUME OCBEIIIEHHOCTH
12L/12D. ITo-BuauMoMy, 3eMJIEKOTIBI KAKMM-TO 00pa-
30M OIIYIIAIOT MPUCYTCTBUE JIIOAEH — MO MPOHUKAI0-
UM K HUM (HECMOTPSI Ha MPEeATNPUHSITBIE MEPHI 110
M30JISIIMKW) BUOpalyu, IIymMaM, 3amaxam u p. M ato
NpuCcyTCTBUE UX OecriokouT. Torna mepBblid MUK aK-
TuBHOCTH (10—12 1), BEeposITHO, CBSI3aH C MOSIBJIEHUEM
moneii B 3ganuu MHcTuTyTa, a Bropoit (18—20 4) — ¢
BXOXJEHMEM COTPYIHHUKA B KOMHATY, Ille pa3MellleHbl
JaOMPUHTHI, U pa3gadeii Kopma. Houblo ke, Korga B
30aHUM HUKOTO HET, 3€MJIEKOIIbl B OCHOBHOM HaXo-
JISITCSI B COCTOSTHUM TTIOBEAEHYECKOTO TTOKOSI.

SAKITIOYEHHME

Takum o6pa3oM, HacTosIIllee HCCIedOBaHUE Ha
rpbI3yHaX MOKAa3aJi0, YTO MBIIIN, KPHICKHI 1 MOHTOJIb-
CKHE XOMSIUKU B J1a0OPaTOPHBIX YCIOBUSIX SIBJISIIOTCS
SIPKO BBIPAXXEHHBIMA HOYHBIMU XWUBOTHBIMU, W UX
HouHOM UK JIA coderaercs ¢ moambemoM TT, a B 3Ha-
YUTEJILHOM CTENeHU U onpenesieT ero. Qduralolue B
OPUPOTHOM OKPYKEHUU MEJIKUE XUIIMHUKUA — COOOJIS
U XOPbKM — JIEMOHCTPUPYIOT CJIab0 BbIPAXKECHHYIO
LMUPKAIUAHHYIO PUTMUKY, HEYETKO CBSI3aHHYIO C U3-
MEHEHMEM OCBEIIeHHOCTHU.

CoBeplIeHHO MHOW TUIM LUMpPKaTUuaHHOU PUTMUKU
JIEMOHCTPUPYIOT TOJIbIE€ 3€MJIEKOIIBI — C BBICOKUM
ypoBHeM [IA B JHEBHOE BpeMsl, HE3aBUCUMBIM OT
OCBEIIIEHHOCTU U COYETAIOIIMMCSI, HECMOTpPSI Ha MbI-
IICYHYIO aKTUBHOCTb, ¢ pe3KUM najgeHuem TT, BIUIOTh
10 KOMHaTHOM TemImepaTyphbl. [1o mpekpamenuun JA
TT 6BICTpO MOTHMMAETCSI OOPATHO 10 CPEIHETO YPOB-
HSI, BUAUMO, OJIM3KOTO K “yCTaHOBJIEHHOM TO4YKke”.
B ieioM, mosgyyeHHbIEe HaMU pe3yJibTaThbl SIBJSIIOTCS
ele OAHUM CBUIETEIbCTBOM YHUKAJIbHBIX OMOJIOT Y-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

YEeCKUX XapaKTEepUCTHUK, BbIPAOOTAHHBLIX 3TUM BHU-
JIOM MJIEKOTIMTAIOIIUX B Xoe ero aBomouuun. Heco-
MHEHHO, 4YTO M3ydyeHue GU3MOJTOTUISCKIUX OCOOECH-
HOCTe#l TOJBIX 3eMJICKOIIOB MPUHECET ellle HeMAaJlo
CIOPIIPU30B.
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Unusual Correlation between Rest—Activity and Body Temperature Rhythms
in the Naked Mole Rat (Heterocephalus glaber) as Compared
to Five Other Mammalian Species

V. M. Kovalzon“*, O. A. Averina’, V. A. Minkov¢, A. A. Petrin“, and M. Yu. Vysokikh?

¢ Severtsov Institute of Ecology and Evolution, Russian Academy Sciences, Moscow, Russia
b Belozersky Institute Physico-Chemical Biology, Lomonosov Moscow State University, Moscow, Russia
¢ National Research University Higher School of Economics, Moscow, Russia
*e-mail: kovalzon@sevin.ru

Body temperature and locomotor activity were recorded over a month using intraperitoneal sensors in the fol-
lowing six mammalian species: naked mole rats (Heterocephalus glaber, 2o, 22), C57Bl/6j mice (6¢), outbred
white rats (497), Mongolian hamsters (Allocricetulus curtatus, 3°), sables (Martes zibellina, 2, 2%), forest ferrets
(Mustela putorius, 2, 22). During experiments, the naked mole rats were in their colony under special laboratory
conditions: 2 weeks in constant darkness (dim red light), 2 weeks under an alternating light-dark regime
(12L/12D). Mice and rats were kept in individual chambers under standard laboratory conditions and a 12L/12D
regime; sables and ferrets were kept in their enclosures under natural light conditions in autumn. All rodents used
in the experiments, except for mole rats, are nocturnal animals. Accordingly, all of them showed a clear circadian
rest-activity rhythm: a high level of locomotor activity in the daytime and low at night. The body temperature
rhythm showed an in-phase correlation with the rest-activity rhythm: temperature rose at night and fell in the
daytime (0.9 < r< 1). At the same time, in hamsters, an increase in locomotor activity at night, when the ambient
temperature went down, was accompanied by a corresponding increase in the amplitude of body temperature el-
evations. Small predators, sables and ferrets, demonstrated a more smoothed circadian rhythm. In contrast to all
these species, the body temperature of mole rats dropped sharply by 3—5°C (down to 28°C) upon activation of
their locomotor activity (usually in the morning and evening hours) and jumped (up to 36°C) at rest (in the night
hours) both under constant darkness and 12L/12D regime (—0.7 < r < —0.9). In general, these animals showed
an original thermoregulatory system with a possible “set point” at about 33.5°C.

Keywords: rest-activity rhythm, body temperature, naked mole rat, mouse, rat, Mongolian hamster, sable, forest
ferret
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