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BDKCIIEPUMEHTAJIBHBIE CTATbU

CPABHUTEJIbHOE NCCIEJOBAHUE TEMIIEPATYPHOI'O
KOOOPUIMNEHTA Q10 TMBEPHUPYIOIIINX CYCJIMKOB
UROCITELLUS UNDULATUS N1 OXJIAXJAEHHDBIX KPbBIC
PASHOI'O BO3PACTA
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IIposenen aHanu3 TemneparypHoro koag@uuuenra Q10 yacToTsl cepreyHbix cokpawmenuii (Q10,,,) u mo-
Tpebnenus kuciaoporpa (Q10, ) mpu MpoOyXIeHNn NIMHHOXBOCTBIX cycnukoB Urocitellus undulatus, a Takxke
IPY OTOTPEBAHMU NPEIBAPUTENHLHO OXJIAXKIEHHBIX B3POCIBIX KPBIC U KPEICAT. Bemunny Q10, BbIYMCIISIIN 110
CTaHIAPTHOH (opMmysie, Torna Kak s BeraucaeHus Q10,, dopmyna 6bula SMIMPUYECKM MOIU(MULIMPOBAaHA
IU1SL OTCIEXMBAHUS U3MEHEHUI 5TOTO MapaMeTpa B LIMPOKOM Iuana3oHe Temrnepatyp tena (T,). YeranosneHo,
4TO Y CYCJIMKOB B Ha4aJIbHBIN nepyrox Beixona us crayku, nmpu T, < 10 °C, HaOmoganuch BEICOKME 3HAYEHUA
TemrnepatypHbix koadduuuentos Q10,, =40 — 50 n Q10, = 6 — 7. Eme 6onee Bbicokue 3HaueHus Q10,,, >
100 6bU1M OOHAPYXEHBI B HaYajle OTOrPEBAHUS KPBICAT, XOTA Y HUX ObUI HU3KMIA yposeHb Q10, = 1.2. Bapoc-
JIble KPBICHI HE BbIASPKUBAIN OXJIaxaeHMs Hike 16 °C 1 IeMOHCTPUPOBAIM YMEPEHHYIO BapuabeIbHOCTh KaK
Q10,,, = 2.0 — 4.0, tak 1 Q10, = 2.0 — 2.2. B npouecce BoccraHoBneHUsA HopManbHoi T, sHayenus Q10 y
BCEeX XKMBOTHBIX TIPpUONMXKAIUCh K BennuuHe ~2.0, npenckazaHHoi npasuiioM BanTt lodda-Appennyca nisa
XMMUYECKUX PEAKLMI B XMBOWM M HeXMBOW mpupone. MbI npennonaraem, 4to Beicokne 3HaueHns Q10,, u
Q10,,, oOHapyXeHHbIE B PAHHUI TIEPUOJ BLIXOIA CYCIMKOB M3 TMOEPHALIMU, MOTYT CBUIETENLCTBOBATE O (DYHK-
IMOHMPOBAHUHU alalTallMOHHBIX MEXaHN3MOB, HAIIPAaBJICHHBIX HAa YCKOPEHNUE COIpEeBaHMs Tela. YCTOMIMBOCTD
K OXJIAXJEHUIO U BHICOKUI K03 duumeHT Q10,,, Y KphICAT, Kak IpeacTaButeseii orpsaaa Rodentia, K KOTOpOMY
OTHOCSITCS TAKKE €CTECTBEHHBIE THOEPHATOPBI — CYCIMKM, MOTYT CBUACTEIbCTBOBATH O (GYHKIIMOHUPOBAHUM B
FOBEHAIBHBIN TIEpHUO KPHIC pyTUMEHTAPHBIX MEXaHN3MOB aJallTalliN K OXJIAXKICHUIO U TeTePOTCPMHUM.

Kniouesnie cro6a: KpbICHL, KPBICATA; CYCIUKI; THOEPHALINS; YaCTOTa CEPALEONEHNS; IIOTPeOIeHne KUCI0opoaa
DOI: 10.31857/S0044452924050045, EDN: XPMDWF

BBEJEHUE

[Mpu cuvxenun temmneparypbl Tena (T,), mieko-
MUTAIONIe MOTYT IMPUOOPECTH YCTOMUYMBOCTh K JEii-
CTBUIO DKCTpeMallbHbIX (AaKTOPOB BHEIIHEN CpEbl,
OCTPHIM TTIaTOJOTMYECKUM IIPOLECCAaM WM TSDKEIbIM
tpaBMaM. OxJlaxaeHUe Tella Ha HECKOJIBKO IpalycoB
LM POKO UCITOJIL3YETCSI B MEAUIIMHE, HO €CTeCTBEHHbIE

Cokpamenusi: HR — yacrora cepaeunbix cokpaienuit; BPM —yna-
pol cepnua B MuHyty; ECG — aiekTpokapanorpamMma; i — Mo-
MEHT, [JIsl KOTOPOTO NPOM3BOAATCA PacyeThl; V,, YIENbHbIE CKO-
pocTu notpednenus kucnopona; T, — TemrepaTypa OKpyXeHHS;
T, — Temneparypa tena; T, — Temneparypa cepaua; Q10 — Tem-
nepatypHblii koadbduunent; Q10,,, — TemneparypHblii Koo du-
uueHt Q10, paccuntanHblii n3 3aBucumocti HR ot Bemmunner T, ;
Q10,, — TemneparypHblii KoabduunenT Q10, paccuuTaHHBIA U3
3aBUCUMOCTU V OT Benn4uHbl T,.
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TMOEpPHATOPHI SBJISIOTCS PEKOPACMEHAMM 110 CIIOCO0-
HOCTH nepeHocuthb cHxenne T, 1o 0°C u Huxe.

OxJlaxmeHue akKTUBUPYET TEePMOPETYISITOPHBIE
peakuuu, HeoOXoouMble IISI MUHUMU3ALUUA TOTEPh
Teria, Takhe Kak mnepudepudeckas Ba30KOHCTPUK-
LU Y MMUJI03PEKIMs, a TaKXKe peaKIuu MPOayLpO-
BaHUS TeIjla B CKEJICTHBIX MBIIIIAX (IpOoXKaTeIbHBINA
TepMoTreHe3) U Oypoii XKMPOBOM TKaHU (HeApOXKaTellb-
HBII WM METa0OJIMUEeCKUIT TEPMOTEHE3), TEM CaMBIM
npeporspamas cumkenue T,. [1, 2]. Eciu cucrema
TEPMOPETYJISILIMY He CIpaBisSieTCs CO CBOEi 3agauei,
T, y roMOHOTEpMHBIX XKMBOTHBIX 3HAUYNUTEIBHO Naja-
€T, YTO IIPUBOIUT K UX TUOEIN BCICACTBUE OCTAHOBKH
cepaua [3].

OmHako HEKOTOphIe BHUIOBl  MJICKOIMUTAIOIINX
afarTUPOBAIKCh K OXJIAXIASHUIO TeJjla Ojlarogapsi Cro-
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COOHOCTH BHAmaTh B COCTOSIHHE MOHIDKEHHOI aKTUB-
HOCTU M 0OMeHa BElleCTB, Ha3biBaeMOM TopriopoM. Mx
T, mamaer 10 3Ha4Y€HUI, KOTOPBIE JIMLIb HA HECKOJIb-
KO I'padyCoB IPEBBLILIAIOT TeMIIEpaTypy OKpyxKarollei
cpennl (T) [4, 5]. IloHnmMaHKue €CTECTBEHHBIX MeXa-
HU3MOB aJallTUBHON TUIIOTEPMUM U TOpPIIOpa y MJie-
KOITMTAIOIINX MMeeT OOJIbIIIOe 3HAYCHNE UIST MCIIOJIb-
30BaHUS 3TUX COCTOSTHUI HE TOJIBKO B KJIACCUYECKOM
MenuurHe [6—9], HO Takxke B KOCMUYECKOI MeIUIIMHE
[10—12] u B MmeguiHe KaTtactpod [13—15].

B nocnennee Bpemst HOCTUTHYT 3HAYUTEIIBHEIN IIPO-
rpecc B pa3paboTke (papMaKoJOrMYecKrX U HedapMa-
KOJIOTUYECKMX ITOIXOM0B, CIIOCOOHBIX MHUILIMUPOBATD
ITyOOKYI0 TMIIOTEPMMIO WM (POPMHPOBAHUE TOPIO-
POIIOTOOHBIX COCTOSTHUI Y KUBOTHEIX, HE CITOCOOHBIX
K TubepHallMM B €CTECTBEHHBIX YCIOBUSX [16—19].
BHenpeHre B MeIUIIMHY MCKYCCTBEHHO BEI3BIBAEMBIX
COCTOSIHMIA TUTIOTEPMUU U TOPIIOpPa CLOCOOCTBYET MO-
SIBJICHUIO HOBOM KOHIIECTILINH JICUSHUS TSKEJIBIX TPaBM,
OCTpPOIi TUITIOKCUM, BOCCTAHOBJIEHUS MOCJIE OCTAaHOBKU
cepila, MHCYJBTOB WM B LiesIX peaHuMauuu [20—22].
Kpome Toro, momamieHue KJIETOYHOTO MeTabojgM3Ma
MIpY OXJIAXICHUU OOecrednBacT 0e30IMacHbBIC ITOOX0-
Ibl 1711 JOJITOCPOYHOIO XpaHEHUsI OPraHOB U TKaHEH,
HCIIONB3YEMBIX B KIMHWYECKON TPaHCILIAHTOJOIUU
[23-26].

JI71s1 OLIEHKM peakuy OpraHu3mMa Ha usmenenue T,
MCOOJB3YIOT YIOOHBIA W HANISIAHBINA KPUTEPUIA: TEM-
neparypHbIii koadduimeHT Q10, onpenenseMbIii Kak
CKOPOCTbh (hbM3MOJIOTMYECKOTO Mpoliecca IpU OIpene-
JICHHOM TeMIlepaType II0 CPaBHEHMIO CO CKOPOCTBIO
npu Temneparype Ha 10°C Huke win Beie [27—29].
Cormnacno npasuny Banr I'odpda — Appennyca cumra-
ercs, yro BennunHa Q10 ~ 2 oTpaxaeT ecTeCTBEHHOE
BIMSTHAE TeMIIEpaTypbl HAa XMMHUYECKHe peakuuu. B
HCCJIEIOBAHUSX TeMIIEpaTypHOIl 3aBUCUMOCTU (hpU3U-
OJIOTMYECKUX TpoueccoB, BKIoyas HR u V , nposo-
JUMBIX Ha Pa3IW4YHbIX KMBOTHBIX UM JIIOISIX, CPEOHEe
3HadeHre Q10 0OBIYHO HAXOOUTCS B TIpenenax oT 2 o
3130-33].

OnHako Ob1710 0OHAPYXKEHO, YTO B HEKOTOPBIX CIIy-
yasx, 3Ta BeJIMYMHA MOXET CYIIeCTBEHHO OTKJIOHSITh-
cs OT yKa3aHHOTO 3HA4YeHMsI, YTO CBUIETEIbLCTBYET 00
ydyacTuu (pU3MOJIOTUYECKUX MEXaHU3MOB PEryJIsSLuu
ckopocTtu MeTtaboam3Ma. Hampumep, y KMBOTHBIX BO3-
MOXHBI MHAVBUAYalbHbBIEe pasauuus Q10 ot 1 1o 8, uto
MOXET OBbITh CBSI3aHO C 0OJbIIOI BapuabeIbHOCThIO
HR u V, [34, 35]. KpomMe TOro, 6510 MIOKa3aHO, Y4TO
Q10 MoxeT CHIbHO BappMpOBaTh B 3aBUCUMOCTH OT T,
B MOMEHT TecTupoBaHus. Tak, Ipu UCCAENOBaHUU Me-
TaboIM3Ma, OIpPENeIsIeMOro o0 CKOPOCTH ITOTpelIie-
HUS KMCJIOPOJA MO3rOM CO0aK MpU OXJIaxKAECHUU, OBbLIO
0oOHapyXeHo, YTO B MHTepBaJje Temiepatyp oT 37°C no
27°C nmoka3zatenb Q10 coctaBinsin 2.23, a B UHTepBaje OT
27°C po 14°C cpennuii mokazatenb Q10 yBennuuBaics
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BaBoe u gocturan 4.53 [36]. 3HaunuTenbHOE yBEINYE-
Hue Q10 mo 9.5, onpenensseMoro 1Mo CKOpOCTHU TMOTpe-
OJeHMs] KUCTIopoaa, HAOMI0JaIoCh TaKXKe Y CyMYaThIX
>KMBOTHBIX B KOHIIE OTOTpeBa Mocje rubepHaIlim, 0CO-
OEHHO B IIpeaenaax TePMOHEHTPaIbHON 30HBI, TOrAA
kak Huskue 3HayeHus1 Q10 (Q10 = 1.9) nabmromanuch
Huxe T, = 20°C [37]. bonbuiaa BapuabenbHocTs Q10
Takke HaOJIomajaach MPU HCCICAOBAHUM OTHCIIBHBIX
0€JIKOB, HallpuMep, IIPU OLIEHKE TEIJIOBOI aKTUBALIMKU
MIPOBOAMMOCTH OOWMHOYHBIX MOHHBIX KaHAJIOB pellell-
Topa KamcauiimHa VRI, OTBETCTBEHHBIX 3a OOJiEBbIC
OIIYIIEHUS IIpY OBPEXKAAIONIeM HarpeBaHUM TKaHEIA.
Tak, pu HarpeBaHWU B Auana3oHe (pU3MOJTOrMYeCKU
He#TpanbHbIX T, ObUIM 3apErMCTPUPOBAHbBI BETMYNHBI
Q10 < 2, a npu noBpexaalolleM HarpeBaHUM HaOJII0-
namock yBenmueHue 1o Q10 = 32 [38]. 3HauuTenbpHOE
BIusHUE TeMnepaTypbl Ha Q10 HabIOmaloOCh TaKXKe
IIpY aHaJIM3€ MPOBOAMMOCTHU ITOTEHIIMAI-3aBUCUMBIX
MOHHBIX KaHanoB Na* u K* HepBOB M MBI MJIEKO-
nurarmomux. belmo odbHapyxeHo, 4yTo 1 anbga-cyob-
eIMHULIBI 3TOTO 0eJIKa 3aBUCMMOCTD IIPOBOIMMOCTH OT
BEJIMYMHBI TIPUJIOKEHHOIO TTOTEHIIMAIa XapaKTepu30-
Bamack Q10 = 2.2. [lmg 6eTa-cyObeIMHUILI ObIIa Xa-
pakTepHa Q10 = 14, uto oTpaxkaeT HeappeHUYCOBCKOE
OTKJIOHCHHME YKa3aHHOW BEJIMYMHEI, HaOI0maeMoe
MpU TMTOHUXEHHBIX TeMmIiepaTypax [39].

st ananmza namMeHunBocTy Q10 mpu pa3sIMyHBIX
TeMIlepaTypax OBLJT IIPeIIOXeH METON CKAaHUPOBAHMUS
sHaueHns Q10, kotoperii mpucBanBaeT Q10 Kaxkmoii
¢ukcupoBanHoii touke T,. Mcrnoiab3oBaHue 3TOro
MoaXoAa MO3BOJMIIO IOJYYUTh HEOObIYaliHbIE U3MeE-
HeHus 3HayeHus1 Q10. Tak, B ucciemoBaHUM Oejka
TRPAI1, xoTophlii ABAsSIETCS MOJEKYISIPHON OCHOBOI
CIIOCOOHOCTH IMOYHBIX OPTaHOB 3Mei BOCIIPMHIMATh
nHppaKkpacHoe usnydyeHue, 3HauyeHue Q10, moayyae-
MO€ IIpY U3MEPEHUHN 3aBUCHUMOCTH IIPOBOAMMOCTH OT
TemMnepaTyphbl, Moo gocturatsb ~100 000, yTo MoxeT
OO0BACHUTHh UCKIIOUUTEIFHO BBICOKYIO TEPMHYECKYIO
YyBCTBUTEILHOCTD SMOYHBIX OPTaHOB IpeMydeii 3Men
[27].

B npencraBieHHO#t paboTe MBI IpeajaraeM Ipo-
CTYI0 MOIU(PUKAIMIO CTAaHAAPTHONH (QOPMYINIBI BbI-
yuciaeHuss Q10, Mo3BoJSIONIYI0 MPOBOAUTH CPaBHU-
TEJIbHBIA aHAJIU3 3TOU BEJIMYMHBI BO BCEM IUAIIA30HE
nsmeHeHuit T,. DTOT Monxox Mbl UCIIOJIb3YEM /IS BbI-
yuciaenuit Q10 mist 3aBucumoct HR oT Temmnepatypsl
TIpY BBIXOE M3 CIISTYKY cycmKoB (Urocitellus undulatus)
WIM TIPU OTOTPpEBaHUM JIaOOPaTOPHBIX KPBIC IIOCIIE
KOHTPOJIHUPYEMOIO IIPENBAPUTEIbHOTO OXJIAXICHMUS.
B ucciaemoBaHue Takke OBLIM BKJIIOYEHBI KpPBICATA, Y
KOTOPBIX MEXaHMU3MBbI TEPMOPETYISILIUYA HE TTIOJTHOCTBIO
copMUpPOBaHBI, HO KOTOpPBIE CIIOCOOHBI BEIIEPKU-
BaTb OOJIBIIIYIO CTETIEHb OXJIaXKACHMS Tejla, YeM B3pOC-
JIBIE KPBICHI.

Ne 5
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METOAbI MCCIIEAOBAHUA

QKCI’lepllMeHmbl HA HCUBOMHbIX

Cycauxu. PaboTta BEITIOJTHEHA Ha IJIMHHOXBOCTHIX
cycnukax Urocitellus undulatus, Pallas (mpexxHee Ha3Ba-
Hue Spermophilus undulatus) o6oero nona (n = 9, Bec
590 = 50 r). ZKuBoTHBIEC OBLIM OTIOBJICHEI B KOHIIC aB-
TycTa B €CTECTBEHHOI cpele 00UTaHUs (IOJWHA PEKU
Jlensl, SIkytus) u moctaBiieHBl B JabopaTopuio. B ak-
TUBHBIN MIEPUOI CYCIUKOB COIEPXKAIM B MHANBUAYaIb-
HBIX KJIETKAX, HAXOISAIIUXCSI B CIIELIMAIbHOM ITOMeEIIIE-
HUM C IOCTaTOYHBIM KOJIMYECTBOM 3€pHa U OBOIIIEH U C
coOMoneHneM eCTeCTBEeHHOTo (poTomnepuona. B Hauase
HOSIOPS KJIETKU C XXMBOTHBIMM MEPEHOCUIIM B TEMHOE
TIOMelleHNe, TIe OHU COmepXaauch IMpU TeMIlepary-
pe T, or 0 °C o +2°C 10 OKOHYaHMsl TMOEPHALMOH-
HoOTo nepuonma. B aTo BpeMsl muTaHue HE IIPEIOCTaB-
JISI0Ch. 1711 MOHUTOPWHTA 0ayTOB B NEPUOM, CIISTYKU
YacTh CYCJIMKOB MHIVBUAYaJIbHO pa3Mellaiyd B HaX0-
ISIIecs] B XOJIONWJIbHON Kamepe JepeBSHHEIC SIIMM-
ku (20 X 20 X 25 cM), B THO KOTOPBIX ObUT YCTaHOB-
JIeH TepMUcTop (4yBCcTBUTENBHOCTD, 0.2°C). Bo Bpems
CIITYKM TeMIIepaTypa THe3[la HaxXxomujach B Ipemesax
1-2°C. JInsg mpoBoKauUu OpOOYXKIEHUS XXMBOTHBIX
M3BJIEKAIM U3 SIIIMKA B cepennHe Gayra (5—6 cyTKu
TUIIOTePMUN) U MEPEHOCUIN B IMIOMEIIEHUE C TeMIIE-
patypoii Bo3zayxa 20 = 1°C. ITpoOykneHue CyCIuKoB B
cpenHeM 3aHumaio 170—180 muH.

Kpoicor. Camuios kpric Wistar, (n =5, Bec 240 = 20 1)
OXJIAXK/IaJIM C UCTTOJIb30BAaHUEM METO/a 3aKPBITOTO CO-
cyna [40, 41]. ZKMUBOTHBIX MOMEIIAINA B T€PMETUUHYIO
Kamepy, oobemMoM 5 1 u T, =7°C, rae OHM HAXOIUIUCh
B TeucHue 3—4 4. KaMepsl ObUIM OCHAIIICHBI TA30BBIMU
narunkamu O, u CO, (Vernier, CILA). B npouecce no-
TpeOJIeHUs KUCIOpoaa XKMBOTHBIMU B KaMepe CO3/1aBa-
JINCh YCJIOBUSI TUIOKCUMW/TUMIEPKAITHUM. M3MepeHms
MoKasaju, 4YTo B pe3yabTare AbIXaHus, yepe3 3 4 coaep-
JKaHMUe KMCIopoJa B KaMepe cHKaoch ¢ 21% no 5%,
a colepxKaHue YIJeKMCJIoro raza noseimanock ¢ 0.03%
10 2.5%. DT U3MeHeHUs1 MPUBOIWIN K IONaBJIEHUIO
MeTaboM3Ma U BBI3BIBAJIM Y XKUBOTHBIX COCTOSIHUE TH-
norepmun 10 3Havenuii T, =14°C — 18°C. Jlna Boc-
CTaHOBJIEHUA (PU3NOIOTMYECKU HOpMasibHOro T, xu-
BOTHBIX M3BJIEKAJIM 13 KaMepbl, ITOMEIAJIN B KJIECTKY U
nocrapinsii B noMewenue ¢ T =20 + 1°C, rue B Te-
yenne 3—4 49 (B cpenHeM, B TedeHume 210 MuH) BoccTa-
HaBJIMBajlach HOpMoTepMus. JlaHHasT TIpolieaypa oKa-
3bIBaJla MSITKOE BO3AEHCTBUME Ha OpraHu3M, U II0CIIe
OKOHYAHMS 9KCIIEPUMEHTA y XKMBOTHBIX He HaOIIOma-
JIOCh BUIUMBIX OTKJIOHEHU A B moBeaeHuu [42, 43].

Kpoicama. Kpoicat Wistar paHHero nocTHaTajJbHOTO
nepuona (n = 6, Bo3pact 7—S8 nHeit, Bec 20 = 2 rpamm)
oXJIaXX/IaJld METOAOM 3aKphITOro cocyna. Kpeicar co-
JepKajlu B repMeTUYHON KaMepe oobemoM 0.8 11 mpu
T = 7°C B TedeHue 2 4 B YCIIOBUSIX HapacTalomeil T1-

a

nokcuy/runiepkanaun [40, 41], perucTpupyeMbIX ra-
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3oBbiMM gaTyukamMu O, m CO, (Vernier, CILIA), uto
nHnnmuposano cHkenue T, no 7°C — 10°C. Ilocne
M3BJICYCHUS M3 KaMepbl U JOCTaBKU B IIOMEILECHUE C
T, =20 £ 1°C, y KpbICAT IPpUOIU3UTENBHO Yepe3 3 4 (B
cpenHeM, 3a 170 MUH) BOCCTaHABIMBAJIACh HOPMOTEP-
MU

Hzmepenus

Ha cycnmmkax, mamepeHuss (pU3MOJIOTMYSCKUX Ia-
paMeTpoB MPOBOAMIM B IIPOLIECCE OTOrpeBa mnocie 5-6
nHei rubepHaunu. Ha B3pocibIX MM KphICaXx COOTBET-
CTBYIOIIINE M3MEPEHUS TIPOBOIMIM IIPA OTOIPEBE MO-
CJIe HECKOJIbKMX YacOB oxJaxaeHMs. JlaTunmkuy TemIie-
paTyphl BBOOWJIU B TIPSIMYIO KUIIIKY Ha TIIyOMHY 4 CM Y
KpBIC U CYCTMKOB WJIM Ha IIIyOMHY 2 CM y KpbIcaT. Jluc-
TaJIbHYIO YacTh TaTYMKAa HAIEXKHO 3aKPETUISIA Y OCHO-
BaHMSI XBOCTA MSTKMM 3aKUMOM. Y KPBIC U CYCJIMKOB,
T, perncTpupoBaIy Kaxayro MUHYTY C IOMOLIBIO JaT-
yuka RET-2, y kpeicat — RET-3. (Physitemp, CIIIA,
TogHOCTh +0.1°C).

VienbHyI0 CKOpPOCTb IIOTpeOJeHMsT KUCIopoaa
(Vo,» MJI/KT/4) pErMCTPUPOBAIM C IOMOILBIO CUCTE-
Mbl MeTabojudyeckoro MmoHutopuHra MM-100 (CWE
incorporated, CIIIA). IIpubop TO3BONSIT TIPOBOAUTH
HEeCKOJIbKO, 00bIYHO OT 3 10 10 u3mepeHuii, 3a BpeMs
3KCIEPUMEHTA.

11 n3MepeHUsI 9aCTOThI CepASIHBIX COKPAIICHUM,
WUIJIbl M3 HEpXKaBewllel cTajyd BBOAWIM IOIKOXHO B
IUIeYeBBbie O0JIACTU IPaBOil M JIEBOM Jall IS 3aIliCU
ECG mno cranmaptHoii cxeme. IlpobiaeMm mis 3akpe-
IUICHUST JaTYMKOB HE OBUIO, TaK KaK CYCIMKU HaXo-
JUJINCh B COCTOSIHUM TOPIIOpa, a KPBICHL 1 KPhICSITA B
COCTOSIHMM TaK Ha3bIBAEMOTO «XOJIOLOBOI'O HApKO3a».
[1pu NoBBILLIEHUH TEMITEPATYPhI 10 KOHTPOJIbHBIX 3HA-
YEHUI, XMNBOTHBIE €Ile OCTABAIMCh B COCTOSIHMU TIO-
HUXKEHHOW JABUTaTeIbHON akTUBHOCTU. U xoTs1 DKI
CTaHOBMJIACh O0JIee 3alIyMJIEHHOM, CAMThIBAHUE U T10-
CIICTYIOIINIT aHAJIM3 YaCTOTS CEPASYHBIX COKpaIleHMI
(HR) ne cocrasnsno tpyna. Jannsie ECG nepenaBa-
JINCh Ha KOMITBIOTED, Te KaXIyI0 MUHYTY aBTOMATH-
yecku oueHuBagach HR.

Boiuucnenus

Temnepamypy cepoya BEIYUCIISIN U3 TaHHBIX U3ME-
HEHMI peKTaJabHOU TemnepaTypbl. U3BeCTHO, UTO IpU
BBIXOIE CYCJIMKOB U3 TMOEpHALIMM TEePEAHsISl YacTh Te-
Jla, BKJIIOYas ceplle, pa3orpeBaercs ObIcTpee, YeM 3a-
IHASA 9acTh Tena. Pasnuia remreparyp T, u'T, y cycnn-
KOB CBSI3aHa C XapaKTEPHOI 0COOEHHOCThIO KPOBOTOKA
STHUX XXUBOTHBIX IIPU BBIXOAE M3 TMOEpHALIMU, YTO HE
Ha0JII0aeTCsl y KPbIC IIPU COTPEBAHMU ITOCTIE OXJIaXkK/Ie-
Hud. [loaToMy cTaHmapTHBIE U3MEPEHUS PEKTAIbHOI
temneparypsl (T,) y cycinkos He oTpaxaloT TeMmepa-
Typy cepaua (T,) [44]. OnHako, Kak HaMK OBUTO ITOKa-
3aHO paHee [45], cBsI3b MeXAYy PEeKTaJIbHON U cepacy-
HOI TeMrepaTypaMu, U3MEPEHHBIMU Y CYCIIMKOB IIpU
Ne 5
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CIIPOBOLIMPOBAHHOM IPOOYXKICHNH, IIPEACTABIISIET CO-
0011 CUTMOUIATIEHYIO KPUBYIO:

75-10.08 !

Th = 36.88|]1 + ¢ 33 (1

I'me: T, — Tremneparypa cepaua (°C); T, — pekranbHas
temneparypa (°C). Koaddburmentsr: 36.88 — makcu-
MaJlbHasl TeMIlepaTypa, IOCTUTHYTasl IIPU OTOIpeBe
nocne rudepHanuu; 10.08 — cepenrHa cUrMOBUIHOM
KpuBOii; 3.5 — KpyTM3HA CUTMOMIAJILHON KpPUBOIA.
YcTaHOB/IEHO, YTO IIpUMEHEHME 3TO (hOPMYJIbl JaeT
XOpOIllee COOTBETCTBHUE IKCIIEPUMEHTATbHBIM TOUKAM:
n =96, R2=0.977 [45].

B nipencrasiienHoii pabore, Bce nannble T, y cyciu-
KOB OBLIM IMOJYYeHBI TTyTEM BBIYMCICHUI 1O (Popmy-
ne (1). B akcniepuMeHTax Ha KpbICax Mbl CUUTAIN, YTO
T, =T,. I[losToMy B KOPPEKLIMM HE ObLIO HEOOXOAUMO-
cth [44].

Jla pacuema koagpghuyuenma Q10 Ha OCHOBE yIEb-
HBIX CKOpocTeil nmorpebenust kuciaopona (Q10, ) MbI
HCIIOJIb30BaJIU CTaHIapTHYIO0 (hopmyay [46, 27, 32]:

10

o \Th—Til
0100 = %1

Vou 2)

I'me V,, n V,, — yaenbHble CKOPOCTU NOTPEOIEHUA
kuciaopona rmpu remneparypax T,, u T, , cooTBeTCTBEH-
HO.

IIpencraBnenHas ¢opmyna (2) ymoOHa Ijisg orpe-
AeneHusa  TeMmreparypHoro koagduumenra QI0, ,
TOCKOJIBKY MMeIoIleecss 000pyAoBaHUE I103BOJISLIO
npoBectn Bcero 3—10 m3MepeHUit KucJIopona, IO-
TpeOIsIeMOro 3a BCe BpeMsl dKcIlepuMeHTa. OmHako,
mockoJibKy mas pacdyera Q10,, usmepenuss HR u T,
TMIPOBOAWINCH KAXIYI0 MUHYTY B TEYEHUE HECKOJIBKUX
YacoB, MbI ITOJTYYWJIW OOIIAPHBINA MAaCCUB JaHHBIX. DTO
TMO3BOJIWJIO HaM IPOBECTH MHOXKECTBEHHBIE pacyeThl
3Hauenua Q10,, B TeueHUe BCEro IepUoaa OTOrpeBa-
HUSI KUBOTHBIX. [1o3TOMY, WIS OTIpenene Hus 3HaYCHUS
Q10,,; mpu TeMIeparype, 3aperucTpUpPOBaHHON B MO-
MEHT BPEMEHMU i, Mbl TIPEIJIaraeM CJIEAYIOLIYIO dMITH-
pUYECKYI0 MOIU(MUKAIIMIO CTaHAAPTHOM (2):

10
HRi + 15)]Th(i+15)Th(i15) )

104R = | ———
Q010 HRi - 15

Ime HR — uyacrtoTta cepaeuHbIX coKpalleHuil yepes 15
uzMepeHuii mociue (i+15) unu go (i-15) KOHTPOIBHOTO
MoMmeHTa (i) mpu remneparypax T, (i+15) u T, (i-15) co-
oTBeTCTBeHHO. PacueThl Mo ¢opmyie (3) garoT Habop
sHauenuit Q10,,, s Bcero nepuona usmepenuii. [pu
3TOM, COBHUT MEXIY COCETHUMM 3HAYCHUSIMHU i (11 COOT-
BeTcTByOIMMY BemmarnHaMu Q10,,,) cocTaBisieT onHy
MUHYTY, a MHTepBaJ yepe3 * 15 uaMepeHuit cCooTBeT-

KYPHAIJI ®BOJIIOLHTMOHHOM BUOXUMUU U ®U3ZUOIOTUU

3AXAPOBA u ap.

CTBYET MOJIy4aCOBOMY IIE€PUOMY, IIPU YCIIOBUU IIPOBE-
IEeHUsI eXKEeMUHYTHBIX U3MEPEHUIA.

PE3VJIBTATbBI UCCIIEJOBAHUA

Boiuucnenus Q10,,

Ixcnepumenmor na cycauxax. pu pacuere Q10,,, o
¢dopmyie (3) Mbl IPOTECTUPOBAJIM Pa3HbIC MHTEPBAJIbI
IUIST i ¥ TIPUIIUIM K BBEIBOMY, YTO IIOJIy4acOBOII MHTEP-
Ban (i £ 15 usMepeHuit) siaseTcd onTuMaibHbIM. [Tpu
MEHBIIIMX 3HAYCHUSIX ITOJIYYCHHBIC KPUBBIC BBITJISIICIN
OYeHb 3alIlyMJICHHBIMH, a 3HAYUTEJIbHOE YBEIMUCHUE
WHTEpBajia IPUBOAWIO K OIrpyOJICHUIO PEe3YJIBTAaTOB.
I[loaToMy MBI OTHAMM IIPEAIIOYTEHUE ITOTYyYACOBOMY
UHTEpBay 1 Beex pacueTos Q10 ., IpencTaBIeHHbIX
B JaHHOI1 paboTe. M3MepeHure 4acTOThI CepaedHbIX CO-
KpalleHuii 1 pekTanbHoii Temmepatypsl (T,) y cycim-
koB HaunHanuch ¢ 0°C — 3°C (puc. 1a). [IporpeBanue
>KMBOTHBIX ITPOIOJIKAJIOCh OKOJIO IBYX 4acOB, YTO I10-
3BOJISIO ClieJIaTh MHOTOUMCIIEHHbBIE U3MEPEHUSI U IIPO-
BECTU TIIATENbHbINM aHAIN3 TMHAMUKMU U3MEHEHMST KO-
sppunmenta Q10,,,.

IIpn cOpoBOLIMPOBAaHHOM BBIXOJE CYCIUKOB U3
rubepHaiu, B TmepBble 40 MUH IMOCJe Hayajaa Mpo-
oyxnenus, npu T, < 10°C, xapakTepHble 3HAYEHUS
Q10,,; 6buUM BRICOKMMM U pocturanu ~ 35—50 enu-
Huu (puc. la u 2a). Ilpu ganbHeiIeM TMOBBILLIEHUN
TeMIIepaTyphl, HAOIIONAIOCH MIOCTEIIEHHOE CHIDKEHUE
Q10,,;- B cepenune usmepenuit, na 40—90 mMuH, 4tO
COOTBETCTBOBAIO MHTepBany Temneparyp T, = 10°C —
35°C (puc. la), snauenus QI10,, MOCTENEHHO CHIXA-
Jmck no BennuuH 1.1—1.2 (puc. 1a u 2a).

Drcnepumenmsl Ha Kpvicax. B HalImx sKcepuMeH-
TaxX, OXJIAXIEHME B3pOCibIX Kpeic 10 T, Hike 16°C
MIPUBOIWIIO K MX TMOenn. B Hayae corpeBaHus, y KpbIC
Q10,,; pesko yBenuuuBanaoch npumepHo ¢ 2.0 no 11.0
ennHuu (puc. 2b). MakcumanbHoe 3Hayenue QI0,,
HaOmonanocs npu 18.5°C. OmHako IpM JalbHEHIIEM
nosbimennn T, 10 35°C, HabmoIaI0Ch MOCTENEHHOE
camkenue Q10,,, mpumepHo 1o 1.7.

Kpricsita mepeHocwIn oxjaxkaeHWe Teda Jydlle,
yeM B3pocible. M3BeCTHO, UTO B €CTECTBEHHBIX YCJI0-
BUsX B THe3le T, KpBICAT MOXET OIycKaThes 10 25 °C
npu T, = 13°C [47]. B HalmMx 9KCIIepUMEHTaX, KpbIcATa
TOKa3aJii XOPOIIYI0 BKMBAEMOCTb MPHU OXJIaXICHUU
tena no 10°C. YcTtaHOBI€HO, YTO B Hayajie COrpeBaHus,
npu T, ~ 10°C, Benmunna Q10,,, nocturana 50 exuHuL
(puc. 2¢), HO TIOCTENIEHHO CHMXaJach MPU MOBBIIIE-
Huu temneparypbl 1o T, = 27°C. JanbHeimmii poct T,
Y KPBICST ObUI OYE€Hb MEIJIEHHBIM, a IOJIHOE BOCCTAa-
HoBjeHue T, JUIMIIOCH IPUMEPHO 3 4 M BBIXOAWJIO 32
BpeMEHHbIE paMKHM HaIllMX 3KcrepuMeHToB. Cremyer
TaKKe OTMETUTbh, YTO B HOPME, CPEIHUI ITOKa3aTesb
T, ¥ KpBICAT ObLT 3HAYUTEIHLHO HUXE, YEM Y B3POCIIBIX
KpEIc, 1 He npeBbimai 33°C [48].
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Puc. 1. MzbpaHHble NpUMepbl SKCIIEPUMEHTOB, IOKa3blBa-
fomue cBsI3b KoadduimeHToB Q10 ¢ M3MEHEHHEM TeMIIe-
paTypHbIX U (PU3MONIOTMYECKUX MOKa3aTeNieil, IMOJTy4YeHHbIX
Nnpu NpoOyXIEeHUN CYCIUKOB. (a) — MI3MeHeHre BO BpeMEHU
MOJNYYEHHBIX B okcniepumenTe napamerpos T, u HR, a taxxe
BemnarH Q10,,, BBIYMCICHHBIX ¢ UCTIONb30BaHKeM (3). ITpume-
yanue: kpusas Q10,, xopode kpuBbix T, n HR, mockonbky, B
cootBeTcTBUU € (3), KpuBas Q10,,, He BKIIIOYAET MEPBLIE U T0-
cienHue 15 MuHyT usmepeHuii. (b) — MisMeHeHue BO BpeMeHU
MOJNYYEHHBIX B 9KcrepuMenTe napamerpos T, u V , a takxe
BeararH Q10, BBHIYHMCIEHHBIX C UCTIOBE30BAHUEM (2).

Boruucnenua Q10,,

VY CycauKoB, TIpU BHIXOIE U3 TMOepHALUU, KpUBas
pocra T, umena S-o6pasnyio dhopmy (puc. 1b). Anano-
TMYHBIM 00pa30M, YBEJIMYUBAIACh TAKKE V, B IIEPBbIE
90 MuH, B Te4eHME KOTOPHIX TeMIIepaTypa cepaia A0-
crurana komHatHoi Temnepatypsl (T, =T, = 20°C). B
3TOT IePUOo MPOUCXOAUIO MOCTENEHHOE YMEHbIIIEHUE
Q10, ot 5 — 7 1o 1 (puc. 1b u 2a’). Ilpu nanbHeem
pocre Temneparypsl (T, > T)) Bennuuna V, napamok-
caJlbHbIM 00pa3oM ymeHbllanach (puc. 1b), 4To MOX-
HO OXapaKTepU30BaTh KaK MHBEPCUIO TeMIIepaTypHOM
3aBUCUMMOCTH: YMEHbIIIEHVE MOTPeOJeHUs KUCIopoaa
c ysenmuenueM T,. Benencrsue uHBEpcUM, py TEMITE-
parype T, Boie 20°C yposenb Q10 omyckajcs Huxe
1.0 (puc. 2 a°).

XKYPHAJI ®BOJIIOLIMOHHON BUOXUMUWU U GU3NOJIOTUU

B oTiinuue oT CyCIMKOB, P COTPEBAHUU B3POCIIBIX
KpBIC ¥ KpbICAT, Koo duuuent Q10, He 3aBucen or
TEMIIEPATyPhl U ObLI IOCTOSIHHBIM BO BCEM U3YYCHHOM
nunanasone T,. Tak, y B3pocnbix kpbic Q10, Haxommi-
cs B ipenenax 2.0—2.1 (puc. 2b’) B TOM Xe gUaria3oHe
temrmepatyp (20°C — 32°C), B KOTOPOM y CYyCJIMKOB Ha-
omonanock cHxenne Q10, no sHavenmii 1.0 — 0.0. Y
Kpoicat Q10, 6bu1 61M30K K 1.2 BO BceM HabmonaeMoM
nunamasoHe 8°C — 35°C (puc. 2¢’).

OBCYXIAEHUE PE3VJIBTATOB

B mpencraBieHHOI paboTe MBI IIPOBEIN CPaBHU-
TEIbHOE WCCIICNOBAaHNE W3MEHEHHUS TeMIIEpaTypHO-
ro koappuimenta Q10 mrg aByX (PU3MOIOTMUECKUX
ImapaMeTpOB MPU BBIXOIE M3 TMOSPHAILINN Y CYCIIMKOB,
SIBJISIIOIIMXCS] TIPUPOOHBIMU TMOEpHATOpaMU, a TaK-
K€ IPY OTOTPEBAHMU IIPEIBAPUTEIHHO OXJIAXKICHHBIX
B3POCIIBIX KPBIC M KPBICAT, KOTOPHIE HE CIIOCOOHBI K
rubepHalliy B €CTECTBEHHBIX YCIOBUSX. [ BBIUMC-
nenus sennunHel Q10 1o dhopmysie (2) Mbl U3MepsIN
00beM NOTPEOIIAEMOrO XUBOTHBIMU Kuciopona (V, ),
a Juia BblunciaeHus seanduHbl Q10,,, mo dhopmyie (3)
MBI U3MEPSIJIU YaCTOTY cepAeuHbIX cokpaiieHuii (HR).

HeobOxomyumo oTMETUTH, YTO CYCAMKM, HAXOMSIIM-
€Csl B COCTOSIHMM TOPIIOpa, MOTYT CHUXaTh TeMIlepa-
Typy Teja 10 OKOJIOHYJIEBBIX 3HAYCHUI U HaXOOUTHCS
B 9TOM COCTOSIHMM B T€UE€HME MHOTUX THEH, Toraa Kak
JJabopaToOpHbIE KPBICHI MOTUOAIOT MHPU OXJIAXKICHUU
T, < 16°C. IlockonbKy nuanasoH nsmeHenus T, mpu
COTPEBAHUM Y CYCJIMKOB OBbUI 3HAYUTEIHLHO OOJIBIIIE,
YeM y KpPBIC, CTaJI0O BO3MOXHBIM 00Jjiee JeTaabHOE HC-
cJemoBaHUE BIMSHMSI TeMIIEpaTyphl Ha MCCenyeMble
napaMeTpbel. B HaImx skcnepruMeHTax ObUIM MCIIOJIb-
30BaHbl TaKXKe KpHICSITA pPAaHHETO IIOCTHATAILHOIO
Iepuona, YTo MO3BOJMJIO PACIIMPUTh BO3MOXHOCTHU
HCCJIENOBAHNS STUX XXUBOTHBIX, ITOCKOJIBKY KPBICSTA
CIIOCOOHEBI BBIACPXKUBATh 00Jice MHTEHCUBHOE OXJIaX-
IieHre, YeM B3pOCIble KPbIChI, BILIOTH 10 10°C [49].

B Hammx sKCIIepMEHTax Ha CyCIMKaX OBLIO MC-
TIOJIB30BAHO CIIPOBOIIMPOBAHHOE ITPOOYKACHHE 3a CUET
TOBBIIICHNST BHEIITHEI TeMITepaTypbl. TakuM o6pa3om,
CIoco0 oTorpeBaHusl ObLT €IWHBIM IS BCEX XUBOT-
HBIX, IIOCKOJIBKY B 3KCIIEpUMEHTAX Ha IIPeIBapUTEILHO
OXJIAXXIECHHBIX B3POC/IBIX KPBICAX U KPHICATAX, ITIepeMe-
IIeHUe KUBOTHBIX B TEIJIOE TIOMEILEHUE JIJIsSI OTOrpeBa
ObLIIO CTPOro HEOOXOAUMO.

B mpencraBieHHOM MCCIEIOBAaHMM MBI HCITONB30-
BaM cTaHmaptHas ¢dopmyna (2) misa pacyera Q10 un
SMIIMpUYECK MoamduuupoBaHHas dopmyna (3) wist
obiero aHammsa QI0,, BO BceM Iuana3oHe U3MeHe-
Huii T,. Mcnonb3oBanue mMomnduuuMpoBaHHOR ¢Hop-
MYJIBI OBLIO CBSI3aHO C TeM, YTO CTaHOApTHas1 (popmysia
MO3BOJISIET BBIYMCIATL BelnuuHy Q10 Toabko mist of-
HOM, TIPOM3BOJILHO BLIOPAHHOI TOUYKHU, UTO CJAEAYET U3
dopmynel. Ilpu 3TOM, TemIepaTypHBIN THAIA30H IS
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Puc. 2. 3aBucumocts koaddunrentoB Q10 ot remneparypsl. [lpencraneHa 3aBucumoctb Q10,; oT T, , a TakXe 3aBUCMMOCTh
Q104 ot T Ime: (a, a’) — cnsme cycnuku, (b, b’) — B3pocible KpbIChl, (C, ¢’) —KpbIcATa. 3HaYEHUS NIpeCTaBiIeHbl B (hopme
Mean + SEM, n = 5—10. [IpumeuaHue: KpuBbIE a, b 1 ¢ MOJYYEHBI ¢ UCTIOIb30BaHMeM (3), TOTrIa Kak KpUBbIe a’, b’ 1 ¢’ TIOJTyIeHBI C
ucrioab3oBaHueM (2). OgHodakTopHblii TecT ANOVA (riporpammHoe obecrieueHue GraphPad Prism 8) mokassiBaet, 4To cpenHue
nansble Q10, cycnukoB (a’) 3aBUCENH OT TeMIiepatyphL: **** P < 0.0001. 3aBMCMMOCTb OT TeMIIEpaTyphl HAOMIONAIACH TAKXKE PH
aHaJIM3e BbLIENIEHHOTO fnana3ona temnepatyp 20°C — 35°C, Korna 3HaueHUs Haxoauauch B auamnasone 0 < Q10 < 1, ***p <0.0005.
VY B3pOCIIBIX KPBIC U KPBICAT (b’ 1 ¢’) BenmnuuHbl Q10, cTaTUCTUYECKK HE 3aBECUIIU OT TeMriepartyphl: p < 0.05.

poBaHHOM (dopmyibl g pacyera QI10,, 6bUTO OnpaB-
JAHHBIM, TTOCKOJIBKY MBI €KEMUHYTHO PETUCTPUPOBAIIN
YacTOTY CepIeYHBIX COKpAIlleHWiA BO BpeMsI OTOTpeBa
KMBOTHBIX, IIPOIOJIKABIIETOCS HECKOJIBKO YacoB, UTO

BBIUMCJIEHUI TaKKe OepeTcs Mpor3BoibHO. [1pu TakoM
MOAX0Ae HEBO3MOXHO IOJYYUTh OOBEKTUBHYIO KapTH-
HY M3MEHEHUI 3TOro IMapaMeTpa BO BCEM AMAIla30HE
HCCIlenyeMbIX TemIreparyp. llpuMmeHenne Momuduiim-
Ne5 2024
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MO3BOJISIO TIOJIYYUTh OOJBIION MAacCUMB HaHHBIX. Ha-
MPOTUB, B U3MEPEHUSIX ITOTPEOICHNS KUCIOPOoaa, UMe-
olieecss y Hac 000pyIoBaHNE ITO3BOJISUIO IIPOBECTU B
XOJIe IKCIIEPMMEHTA JIMIIb HECKOJIBKO U3MEpPEHMIA, YTO
JIENIAJIOo 1IeJIeCO00pa3HBIM MCIIOIb30BaHNE CTAHIAPTHOM
dopmyibl 1ia pacyera Q10 . DKCIIEPUMEHTHI Ha CyC-
JIMKAaxX ITOKa3aJld, YTO B HAYaJbHBIN II€pUOH ITOBHIIIE-
HUS TeMIlepaTyphl ITocje TMOepHAaIlMd HaOIIoOaInCh
HEOXKUIaHHO BbicoKKe 3HaueHus Q10, (puc. la, 2a’) n
Q10 (puc. 1b u 2a). Y KpbICAT aHATOTMYHOE yBEINYe-
HUE B paHHKE MOMEHTbBI COTPEBaHUsI BISIBJICHO TAKXKE B
pacuerax Q10,,, (puc. 2c), Ho He Q10 (puc. 2¢’).

M3BecTHO, 4TO BBIXOH U3 TMOEpHALIUY TPOUCXOOUT
MO, KOHTPOJIEM CHUMITATOANPEHATIOBOM CUCTEMBI, YTO
CIIOCOOCTBYET YBEJIMYEHUIO YaCTOThl CEPAEUYHBIX CO-
KpallleHWii, KpOBOTOKA U apTepPUAIbHOTO TaBJICHMSI.
ODTU U3MeHeHUsI HaumboJiee BhIpaxkeHbl Ha HavyaJlbHBIX
aTanax corpesanus Tena [50]. Kak HegaBHO ObLIO MO-
Ka3aHo, aKTUBAlIMsI CUMIIATUYECKOM U AeIpeccus Ia-
pacuMIaTUYECKOM HEPBHOM CUCTEMEI YUYaCTBYIOT B I10-
BBIIIIEHUY YACTOTHI CepASYHBIX COKPAIICHUI BO BpeMs
npooyxaeHus [51, 52, 52]. B HayanbHbIA TTepUoad BbI-
Xoda 13 IMOepHalM XXHUBOTHBIM HEOOXOOUMO YIOB-
JIETBOPUTH BO3POCIINE SHEPTeTUISCKIE IIOTPEOHOCTH.
[ToaToMy, akTUBHPYETCS CepASYHO-COCYIUCTAasI CUCTE-
ma u HR yBennuuaercs [53, 33]. [loBbllieHUE MeTa-
00IMYECKOl aKTUBHOCTU HEOOXOAMMO MJIs1 SHEpPreTu-
YeCcKOro o0ecIieueH!sI opraHn3Ma Ipyu COTpeBaHNM 3a
CYET pa3INYHbIX (PU3MOJIOTMYECKUX IIPOIIECCOB, TAKUX
KaK JIpOXaTeNbHBIM W HeOpOXaTeIbHBIII TepMOTEHE3
[54, 55].

[Mosbimennbliiypoenb Q10, nQ10,,, (puc.2a-c,c’)
MOXeT OBITh CBSI3aH C YCKOpEHHEM MeTaboim3Ma U
HR Ha ¢one manpix usmenenuii T,, Habaronarommx-
cs B HayaJie OTOrpeBa, U MOXEeT yKa3bIBaTh Ha (hU3HNO-
JIOTUYECKYIO PETYIISIINIO MeTa0OIMUECKIX IIPOIIECCOB,
HAaIIpaBJICHHYIO Ha CKOpeiilliee IOBBIIIEHUE TeMIIepa-
TYpBI T€Ja 32 CYET aKTUBALMU TEILTOMPOAYKIIMHU. YIO-
MsIHYThle BbicOKMe 3HaueHus Q10, HaGmomalonmecs B
Hayajie OTOrpeBa, MOTYT CIYKUTh aJallTUBHBIM Mexa-
HU3MOM, O0JIErYaroluM BBIXOA U3 TUIOTEPMUM Y THU-
OCPHUPYIOIINX CYCIUKOB M Y OXJIAXKIECHHBIX KPBICST.
DTOT Ipoliecc CYIIeCTBEHHO MeHee BhIpaxkeH y Hea-
JaNTUPOBAHHBIX K TUIIOTEPMUU U HECIIOCOOHBIX IeTe-
POTEPMUU B3POCIBIX KPBIC.

MOXHO IIPEIIONOXUTb, YTO y KPBICAT pPaHHETo
TIOCTHATAJIbHOTO Teproaa MPOSBISIETCS CIIOCOOHOCTD
K TeTepOTEPMUM, YUUTHIBAsST OTMECUEHHYIO BBIIIIE JIY4-
IIyI0 BBDKMBAEMOCTb KPBICSAT IIPM OXJIAXICHWHU IIO
CPaBHEHUIO CO B3POCIBIMU KpPhICAMU, a TAKXKE ITOBBI-
HieHHbI ypoBeHb Q10,, B paHHUI nepuon oTorpesa
KPHICAT ¥ TUOCPHUPYIOIINX CYCIIMKOB. DTO COINIACy-
€TCSI C BBICKA3aHHBIM paHee MPEIINOoIOKEeHNEM, UYTO Y
KphICAT HOpMasibHas TeMrepatypa T, = 33°C (urto Ha
4°C Huxe HOpMasIbHO# T, Yy B3pOCIIBIX XKMBOTHBIX) HE-
obxomuma st 3amuTel ux LIHC ot anokcum [48]
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M3BecTHO, YTO BUBI, CTIOCOOHBbIE K TETEPOTEPMUM,
MM POKO PaCIIPOCTPAaHEHHI B OOJIBIIIMHCTBE TPYIIIT MJIE-
kormtaromyx [31]. Crnenyer yImoOMSIHYTh, YTO CYCITMKHU
M KPBICHI OJIM3KO POACTBEHHBI, ITOCKOJIBKY OTHOCSITCS
K otpsany Rodentia. OnHaKo, CITOCOOHOCTh K TeTepo-
TePMUU UJIU €€ OTCYTCTBUE MOXET HabJII0AAThCs Jaxe
y cucTteMaTtuyecku Oam3kux BumoB. Hampumep, Obi-
JIO U3BECTHO, YTO MBIIIN TP OIPEACICHHBIX YCIOBU-
SIX CIIOCOOHBI K TeTepOTEPMMU, TOIAA KAaK Y B3POCIHBIX
KpBbIC ee He Habogaaoch [56]. OqgHako, HeEAaBHO ObLIO
00HapyXeHO, YTO AMKas aBCTPaIUICKast KyCTapHUKO-
Bas Kphica Rattus fuscipes Takke oOjagaeT pyaUMeEH-
TapHBIMHM CIIOCOOHOCTSIMU K TeTepoTrepMuu [57].

BbIBO/1bl

B GonblMHCTBE NyOaMKaLWiA TPUBOASTCS TTpUME-
pPBl YCPEOTHEHHBIX HAHHBIX O 3HAYEHWU TeMIIepaTyp-
Horo Koadduimenta Q10 mpu uccienoBaHUU TeMIIE-
paTypHOM 3aBUCHUMOCTH OMOJOTHYECKHUX IIPOLIECCOB,
KaK y THOepHUPYIOIINX, TaK U Y HErMOSPHUPYIOLINX
TOMOMOTEPMHEIX OpraHu3MoB. [Ipu ucmoiabp3oBaHUU
3TOTO TOIAX0Aa MOMEHTHI, Korna usMeHenus T, Obun
HEOOJIBIIIMMY WIN HECTAOWILHBIMUY, HAIIpUMED, Ha Ha-
YaJIbHOM MJIM KOHEYHOM 3Tarax OXJIaXXACHUS UK CO-
rpeBaHMsI, YaCTO UTHOPMPOBAIUCH KaK HepeIpe3eHTa-
TUBHBIE.

OcCHOBBIBasiICh Ha 3KCIMEPUMEHTAJIbHBIX IdaHHBIX,
MOJIy4eHHBIX Ha XXKMBOTHBIX pa3HBIX BUIOB 1 BO3PACTOB,
MBI TIpeuiaraeM Noaxod K noaHomy onpeneaeHuio Q10
BO BCEM IMamna3oHe u3MeHeHuil T,, KOTOpbIi M03BO-
JISIeT HaM aHaJIU3UpOoBaTh 3TU “HeydoO0HbIe” 00JIacTH,
IJIe MBI OOHAPYXXUJIX HEOOBIYHO BBHICOKME VI HU3KHUE
ko puumreHTs Q10 Mo cpaBHEHUIO C TEMU, KOTOPHIE
npenckasbiBatorcs Teopueit Bant 'opda — AppeHuny-
ca. Takue 3HaYeHNST HEe XapaKTEePHBI IJIsI OOJIBIIMHCTBA
XUMMYECKHUX TTPOLIECCOB B HEXKMBOM MaTepUU U MOTYT
paccMaTpUBaThCs KaK pe3y/IbTraT peryasiinuu pru3noso-
TMYECKHUX IIPOIIECCOB Y XXKMBBIX OPraHU3MOB.
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COMPARATIVE STUDY OF THE TEMPERATURE COEFFICIENT Q10
OF HIBERNATING GROUND SQUIRRELS UROCITELLUS UNDULATUS
AND COOLED RATS OF DIFFERENT AGES

N. M. Zakharova *»#, Y. S. Tarahovsky*"* and M. O. Khrenov*

¢ Institute of Cell Biophysics, RAS, Pushchino, Moscow Region, Russia
b Institute of Theoretical and Experimental Biophysics, RAS, Pushchino, Moscow Region, Russia

*e-mail: n_m_zakharova@pbcras.ru
#* e-mail: tarahov@rambler.ru

The temperature coefficients Q10 of heart rate (Q10,,) or oxygen consumption (Q10, ) were analyzed during
the arises from torpor of long-tailed ground squirrels Urocitellus undulatus, as well as during the rewarming
of precooled adult rats and rat pups. The Q70, value was calculated using a standard equation, whereas for
calculating Q10,,, the equation was empirically modified to track changes in this parameter over a wide range
of body temperatures (7,). It was found that during the initial period of rewarming from torpor, at 7, < 10 °C,
ground squirrels experienced a sharp increase in the temperature coeflicients up to Q10,,= 40 — 50 and Q10,,
= 6 — 7. Even higher values of Q10,,, > 100 were found at the beginning of rewarming of rat pups, although they
had a low level of Q10, = 1.2. Adult rats could not withstand cooling below 16 °C and demonstrated moderate
variability of both Q]OHR =2.0—-4.0and 010, = 2.0 — 2.2. During the restoration of normal 7, the Q10,, in all
animals approached the level ~2.0 predicted by the Van't Hoff-Arrhenius rule for chemical reactlons in both living
and inanimate nature. We assume that high values of Q10,, and Q10, , detected in the early period of ground
squirrel’s arousal from hibernation, may reveal the functioning of adaptive processes aimed at accelerating body
warming. Resistance to cooling and high Q10,,, coefficient in the rat pups may indicate rudimentary adaptability
to hibernation in the juvenile period of rats, as representatives of the order Rodentia, which also includes natural
hibernators such as ground squirrels.

Keywords: Rat; Rat pup; Ground squirrel; Hibernation Q10 coefficient; Heart rate; Oxygen consumption
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