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Peculiarities of Heart Rhythm Regulation at Different
Types of Cold Acclimation in Rats

Pedhepart: Noka3aHo, 4TO NpM XONOAOBOW aKKNUMaLMM BaXXHOE 3HaYeHMe UMEeeT YPOBEHb BEreTaTUBHOWM perynsaumm cepaedHoro
putma. XKnBoTHbIE C pa3HbiM ncxogHbiM ypoBHeM YCC, SDNN, TP, HF, LF n LF/HF npu gnuTenbHbIX pexumMax XonogoBON akknMMmawlmm
peanu3ylT pa3Hble cTpaTerMm BeretaTMBHOrO OTBETA, KOTOPble OTNMYAKTCA CTENEHbK BOBIIEYEHUS CUMNATUYECKOro U
napacvmMnaTMyecKkoro 3BeHbEB PErynsaumMm cepgeyvyHoro putma. Mpu yckopeHHOM X0noJoBOW akknumauum nogobHOro paclienneHus

BeretatTMBHOro oTeeta He NPoucCxoauT.

KnioueBble cnoBa: YCKOpeHHasa XonogoBasa akknuMmauuda, HenpepbiBHada XonogoBada akknuMauuda, putMmuyeckaa Xxonogosas

akknmmauwusa, BapMaGeJ‘leOCTb cepaedyHoro putmMa.

Pedpepart: NokasaHo, WO Npu XOMNOAOBIN akniMauii Baxnnee 3HaA4YeHHs Mae piBeHb BereTaTMBHOI perynsuii cepueBoro putmy.
TBapuHu 3 pisHum BuxigHum pisHem YCC, SDNN, TP, HF, LF 1 LF/HF npu TpuBanux pexumax xonogoBoi aknimauii peanisytotb pisHi
cTpaTterii BereTaTMBHOI BigMNOBIZi, siKi BiAPI3HATLCA 3a CTyneHeM 3anyyeHHsl CUMMaTUYHOI Ta napacuMnaTUYHOI NaHoK perynsauii
cepueBoro putMmy. MNpu npuckopeHiii xonogosin aknimauii nogibHoro posLluenneHHss BereTaTMBHOI BignoBiai He BiaGyBaeTbCS.

KnrwoyoBi cnoBa: npuckopeHa xonogoBa aknimauisi, 6e3nepepBHa xonofoBa akniMadis, puTMiyHa xonoaosa akmnimauisi,

BapiabenbHiCTb CepLeBoro puTmy.

Abstract: It has been shown that the initial level of autonomic regulation of heart rate is of great important during cold acclimation.
Animals with different initial level of heart rate, SDNN, TP, HF, LF and LF/HF during long-term regimens of cold acclimation implement
various strategies of autonomic response which are different in level of sympathetic and parasympathetic involvement in heart rate
regulation. At a short-term cold acclimation such splitting of vegetative response does not occur.

Key words: short-term cold acclimation, continuous cold acclimation, rhythmical cold acclimation, heart rate variability.

HccnenoBanus akkJIMManuy K XOJOAY BEIyTCS
JIOCTATOYHO AaBHO, OTHAKO OIHO3HAYHOTO TOHUMAHUS
(byHKIMOHUPOBAHHS BCEX MEXaHH3MOB, 0Oecreun-
BaIOIIMX 3TOT MPOIIECC, IO HACTOSIIETO BPEMEHH €Ille
He BBIpaboTaHo. MI3BECTHO, UTO XOJIO], SIBIISISICH OTHUM
13 OCHOBHBIX a/IalITOTCHHBIX (DaKTOPOB OKPYIKArOIIEH
Cpenbl, MOXET 3aMlyCKaTh MPUCTIOCOOHUTEIbHBIC
pPeaKnuu axke Mocie OJHOKPAaTHOTO KPaTKOBPEMEH-
HOT'O XOJIOZIOBOT'O BO3JICHCTBHS, M ITPU 3TOM M3MEHEHHSI,
KaK TpaBUJIO, 3aTParuBaroT Bech opranu3m. Cepred-
Ho-cocynuctas cucrteMa (CCC) sBaseTcs BaXHBIM
3BCHOM IIpU aJaliTallii K X0JIOAY, TaK KaK HET Ipak-
TUYECKH HU OJTHOHM PeaKIIu OpraHu3Ma, B KOTOPOU Obl
OHA HE NMpUHUMAajna ydactue. PaboTy MexaHH3MOB
PETYISAILNY, CBI3aHHBIX C HEOOXOIUMOCTHIO TIPUCIIO-
coOnenus opraHu3sMa K U3MCHAIOIIMUMCA YCIIOBHUAM
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Investigations of cold acclimation have been perfor-
med for a long time, however, the mechanisms providing
this process function, have not been clearly understood.
It is known that cold being one of the basic adaptogenic
environmental factors can initiate adaptive reactions
even after short-term cold exposure, and, herewith,
the changes as a rule affect the whole organism. Car-
diovascular system (CVS) is an important element
during cold acclimation, since it is involved almost in
all physiological responces of an organism. Heart rate
variability (HRV) reflects the function of regulation
mechanisms associated with the necessity of an orga-
nism to adapt for the alterated conditions of external
and internal environments. The analysis of HRV is an
adequate method for assessing the functional reserves
of an organism and provides the control for involvement
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BHEIIHEH U BHYTPEHHEH Cpeibl, OTpakaeT Bapruadeis-
HOCTh cepaednoro purma (BCP). Anammus BCP cun-
TaeTCs aJICKBAaTHBIM METOJIOM OIEHKH (DYHKITHOHAIb-
HBIX PE3€PBOB OPraHU3Ma U 00ECIICUNBAET KOHTPOJIb
3a MPOLIECCOM BKITFOUCHHS B aJalTallMOHHYIO peak-
MO MEXaHU3MOB caMoperysaiuu [2, 18].

W3BecTHO, 4TO KUBOTHEIE OJTHOTO BUA MOTYT HC-
OJTb30BATh PA3HBIC (PU3HOIIOTUIECKUE CTPATETUU TIPU
agarrrariy K xosoxy [ 15, 16]. beuio BeickazaHo npe-
IOJIO’KEHHUE, YTO MEXaHU3MBI ((OPMUPOBAHMS alanTa-
LMY [IPH 3TOM TaKXX€ MOTYT pa3iuyarhbcs. B wactHoC-
TH, TIPH CPABHEHUU YCKOPEHHOH U J0JTOBPEMEHHON
AKKJIMMAIUHU Y KPBIC ObUTH 0OHAPYKEHBI Pa3IHyus B
AKTHBHOCTHU TPUHOATHPOHUH-THPOKCHHOBON CHCTEMBI
[15, 17, 25]. [loka3aHo, 4TO BereTaTuBHAs HEPBHAs
cucteMa (NMPEUMMYIIECTBEHHO €€ CUMIATHYCCKUH
OT/IeT) UTPAET BYKHYIO POJIb IIPH aJAITAIIUH K XOJIOAY
[15,21,24-26,29], HO paGOTHI, B KOTOPBIX ObI aHAIH-
3UpOBANICA OATaHC MEXAY CUMIATHUYSCKUM U Tapa-
CUMIIATUYECKUM OTJIeJIaMH BETeTaTUBHOW HEPBHOMN
CHUCTEMBI IIPH Pa3HBIX BUAX XOJIOI0BON aKKITMMAIlUH
Y YYUTHIBAIOCH BIFSTHIE HCXOIHOTO COCTOSIHUS BETe-
TATHBHOTO TOMEOCTa3a Ha JOPMHUPOBAHUE A ANITAIIH,
MIPaKTUYECKH OTCYTCTBYIOT. [lo3TOMY 1enbr0 Haten
paboTHI OBIIO OIIEHUTHh OCOOCHHOCTH N3MEHEHUS Ba-
prabeTpHOCTH CepIEYHOTO PUTMA U COCTOSTHUE BEre-
TATUBHOW PETYNSIIIUKA Y KPBIC MPU PA3HBIX PEeXKUMAX
XOJIOJIOBOM aKKJIMMAIIHH.

Marepuajabl 1 MeTOABI

OKCHEPUMEHT MPOBOJMIA Ha B3POCIHBIX OEIbIX
Kpbicax-camuax (n = 31) maccoii 220-300 1, KOTOpBIE
MOJIBEPTaINCh PA3IMYHBIM BHIAM XOJIO0BON aKKIIU-
Marmu. Kpbickl ObIIH paciipe/ielieHbl Ha TP 3KCIIepH-
MEHTAJIBHBIE TPYIIIBL: 1) C XOIOOBOM aKKIMMAIIHEH,
copMupoBaHHON HENPEPHIBHBIM BO3JCHCTBHEM
xomoga (HXA) — B Teuenne 30 CyTOK KHUBOTHBIE
BBIJICP)KUBAITUCH B TIOMEIIIEHHH CO CPEIHEH TeMIiepa-
typoii 4...10°C (rn = 11); 2) ¢ X07010BO# aKKIUMa-
e, chopMUPOBaHHON PUTMHUYECKUMH XOJIOJOBBIMU
BosnetictBusamMu (PXA) — Ha mpotsoxkennn 30 cyTok B
CBETJIOE BpEeMs CYTOK B aBTOMAaTHYECKOM DPEXHUMeE
JKUBOTHBIC TOABEPTaIMCh IMEPUOUICCKOMY OOITyBY
XOJIOAHBIM BO3AYyXoM ¢ TemmepaTrypoil 8...10°C B
TEUEeHHUE NEPBBIX 15 MUH Ka)XJ0T0 yaca ¢ 4acTOTOM
Bo3neicTBu 0,1 ', ocranbHble 45 MUH, a Takke 9 u
TEMHOTO BPEMEHH CyTOK )KHBOTHBIE HAXOIUJIUCh TIPU
temreparype 19...22°C (n = 8); 3) ¢ yckopeHHOU
X0J10710BOM akkuManuen (Y XA) — Ha IPOTHKEHUH 2
CYTOK >KHBOTHBIE TIOJIBEPTallUCh 00YBY XOJOIHBIM
BO31IyX0M ¢ Temreparypoii 8...10°C 15 pa3 B TeueHue
MEPBBIX 15 MHUH KaXKI0T0 Yaca, ocTaBmuecs 45 MuH,
a Taxke 9 4 TEeMHOTO BpEMEHH CyTOK )KHBOTHBIE HAXO-
munuck Tipu temmeparype 19...22°C (n = 6). KoHT-

106

of self-regulation mecha-nisms into adaptation reaction
[2,18].

It is known that animals of the same species can
use different physiological strategies during cold adap-
tation [15, 16]. It was suggested that mechanisms of
forming adaptation could be also different. Particularly,
the comparing of short and long-term acclimations in
rats revealed the differences of activity in triiodothy-
ronine-thyroxin system [15, 17, 25]. It was shown that
vegetative nervous system (predominately its sympa-
thetic link) played an important role during cold adap-
tation [15, 21, 24-26, 29], but there were no reports
analysing the balance between sympathetic and para-
sympathetic parts of vegetative nervous system at dif-
ferent types of cold acclimation and considering the
effect of the initial state of vegetative homeostasis on
adaptation formation. In the view of above, the research
aim was to assess peculiarities of changes in heart
rate variability and state of vegetative regulation in rats
at different regimens of cold acclimation.

Materials and methods

The experiments were performed in mature white
male rats (n = 31) of 220-300 g exposed to different
types of cold acclimation. The rats were divided into
three experimental groups: 1) with cold acclimation
based on continuous cold exposure (CCA), when the
animals were exposed for 30 days in the room with
average temperature of 4...10°C (n=11); 2) with cold
acclimation based on rhythmic cold exposure (RCA),
for 30 days in day time under automatic regimen the
animals were exposed to periodic blowing with cold
air of 8...10°C for the first 15 min of each hour,
frequency of exposure was 0.1 Hz, the other 45 min
as well as 9 hrs of night time the animals were at
19...22°C (n = 8); 3) with short-term cold acclimation
(STCA), for 2 days the animals were exposed to
blowing with cold air of 8...10°C 15 times for the first
15 min of each hour, the rest 45 min as well as 9 hrs of
night time the animals were at 19...22°C (n = 6). The
control group consisted of animals, selected simulta-
neously with experimental ones, which were kept at
19...22°C the entire time (n = 6). In the experiment
with STCA an initial level of HRV in animals was
recorded a month prior to exposure to avoid the in-
fluence of residual effects of preceeded anaesthesia
on HRYV indices after exposure.

Electrocardiogram was recorded prior to and after
acclimation, during 5 min using hardware-software
complex Poly-Spectrum (Neurosoft, Russia) in the
animals anesthetized with mixture of sodium thiopental
(30 mg/kg of animal mass) and sodium oxybutyrate
(100 mg/kg of animal mass). Spectral analysis of HRV
was performed with Poly-Spectrum-Rhythm software
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POJBHYIO TPYIITY COCTAaBHJIN )KUBOTHBIE, 0TOOpaHHbIE
OJTHOBPEMEHHO C 3KCIIEPUMEHTAIIbHBIMH, KOTOPBIE BCE
BpeMs colepkaiuch npu Temmneparype 19...22°C
(n=06). B akcriepumente ¢ Y XA HCXOIHBII ypOBEHb
BCP y XUBOTHBIX perucTpupoBaiica 3a 1 Mecsi 1o
BO3AEHCTBUS, YTOOBI M30€KaTh BINUSHUS OCTATOUHBIX
3¢ dekToB TpeaBIIyIIe aHecTe3nn Ha MOKa3aTeIn
BCP mnocne Bo3nencTBUSL.

OJEeKTPOKApANOrpaMMy 10 U IIOCTIE AKKIUMAIUH
pPEruCTPUPOBAIM B T€UEHHE 5 MHMH Ha amlapaTHoO-
nporpamMMHoM Komiuiekce «llonu-Crnekrp» («Heiipo-
cot», Poccus) y KMBOTHBIX, HAPKOTU3UPOBAHHBIX
cMechio THoneHTata Hatpus (30 Mr) u okcuOyTHpara
Hatpus (100 mr) u3 pacdera Ha 1 Kr Maccel Tena.
Crexrpanssblii ananu3 BCP nmpoBoawm npy nomomu
nporpammsl «llonmu-Crextp-Putm» («HefipocodT»).
PaccunthiBanu ciepyromue moka3aTeiad: 4acToTy
cepaeunbix cokpamenni (UCC); oburyro MOITHOCTD
criektpa BCP (TP); MmomHOCTS BEICOKOYACTOTHOH CO-
crapysroneit oomero criekrpa BCP (0,15-0,4 I'r) (HF);
MOIITHOCTh HU3KOYaCTOTHOM COCTABJISIOIIEH 00IIero
crektpa BCP (0,04-0,15 I'm) (LF); MOIIHOCTH CBEpX-
HU3KOYAaCTOTHOW COCTaBIAIOIIEH OOILEro CrIexkTpa
BCP (0,003-0,04 I'm) (VLF); ungexc Barocumma-
tuaeckoro B3aummoneiicteus (LF/HF); cranmaptHoe
OTKJIOHEHHUE CPEHEN TPOJOKUTEIEHOCTH HOpMAIIb-
Heix RR-uHTEpBanos cepaeunoro nukiaa (SDNN);
CPEAHIOI JJIMTENBbHOCTh HOpMalbHBIX RR-nHTEp-
BasioB (RRNN); koadpumment Bapuaruu (CV) [1, 22].

JocToBepHOCTD pa3auyuii MPOBEPSIIN, UCTIOJIB3YS
HemapaMeTpuyeckue Kpurepuu ManHa-Yutau v Bui-
KOKCOHa ITPH TTOMOIITH ITporpamMMel Statistika 6.0.

Pe3yabTarsl m o0cyxneHne

Y KOHTPOIBHBIX )KUBOTHBIX Ipu 3anucu DKI gepes
30 cyToK mocIie Havasa SKCIIEPUMEHTa HU OJIH U3 TIOKa-
3arenel 3HaYMMO He H3MEHSIICS, XOTs Obllla OTMEYeHa
TEHJICHIMS MPUPOCTa MOLIHOCTHU B 1Hana3oHax VLF
u LF npu Hen3meHHoCTH 3T0T0 noka3arens B HF-qua-
[1a30HE, YTO HAIUIO OTPAXKEHHUE B U3MEHEHUU NHIEKCA
BaroCUMITaTHIECKOTO B3anMOACHCTBUA (Tadm. 1).

CormacHo mpexamnonoxkenusm Jx. Jlebmana u
10.®. [Tactyxosa [15, 25] mst hopMHUPOBAHUS AKKITH-
MaIli¥ KUBOTHBIX K XOJIOAY MOXKET OBITh TOCTaTOYHO
20-30 KpaTKOBpEMEHHBIX XOJIOJAOBBIX BO3AECHCTBUM,
MIPOBEJCHHBIX B TedeHue 2—5 cyTok. Takoil pexxum
MOJIYYHJ Ha3BaHHUE «YCKOPEHHOW» (B aHIJIOA3BIYHOMN
nuTeparype short-term, T. €. KKpaTKOBPEMEHHOI» ) aK-
KJIUMAIIWH.

[Mocne mpoBeaenuss YXA (tabmn. 2) y >KUBOTHBIX
oTcyTcTBOBanu 3aMeTHble oTinuust B YCC mo cpas-
HEHHIO C UCXOIHBIM YPOBHEM, HO IPU 3TOM 3HAUYU-
TEJIbHO TOBHIIIANIach 00IIas MOIIHOCTh CTIEKTpa
(TP). YBenuuenue 3naueHuit MOmHOCTH criekTpa BCP
npoucxonuno Bo Bcex auamnazoHax (VLF, LF, HF).
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(Neurosoft). The following indices were calculated:
heart rate (HR); total power of HRV spectrum (TP);
power of high-frequency component of total spectrum
of HRV (0.15-0.4 Hz) (HF); power of low-frequency
component of total spectrum of HRV (0.04-0.15 Hz)
(LF); power of very low-frequency component of total
spectrum of HRV (0,003-0.04 Hz) (VLF); vagosympa-
thetic interaction ratio (LF/HF); standard deviation of
average duration of normal RR-intervals of cardiac
cycle (SDNN); average duration of normal RR-
intervals (RRNN); coefficient of variation (CV) [1, 22].

Significance of differences was examined by
Mann-Whitney and Wilcoxon non-parametric criteria
using Statistika 6.0.

Results and discussion

Analysis of ECG in the control animals after 30
days did not revealed any significant changes in studied
indices, though we revealed the tendency for increase
of power in VLF and LF ranges, whereas this index in
HF range was constant, and this was reflected in the
change of index of vagosympathetic interaction
(Table 1).

J. Le Blanc and Yu.F. Pastukhov [15, 25] suggested
that formation of cold acclimation in animals could be
achieved already after 2030 short-term cold exposures
performed during 2-5 days. This regimen was defined
as short-term acclimation.

After performing STCA (Table 2) there were no
strong differences of HR revealed in animals if compa-
red with initial level, however the total power (TP) of
the spectrun was significantly increased. The in-
creasing of HRV power values occured in all the ranges
(VLF, LF, HF). The highest increment in absolute
values was revealed within the range of very low
frequency that pointed to activation of thermoregulation
and involvement of mechanisms of humoral regulation
of cardiac rhythm [2, 13]. Although STCA resulted in
the increasing of absolute values of LF and HF in rats,
the percentage ratio of the values was decreased for
both ranges. Thus, we can assume that short-term cold
acclimation was accompanied with activation of both
links of vegetative nervous system, the maximum load
was adopted by the humoral link of cardiac activity
regulation (that was reflected in a significant increase
of power in VLF range), which may indicate an in-
completeness of adaptation processes in an organism.

Assessment of cold acclimation performed by long-
term regimens (RCA and CCA) showed that con-
tinuous cold-acclimation was accompanied with acti-
vation of parasympathetic regulation and humoral link
associated with thermoregulatory centers, while RCA
occured together with sympathetic regulation [8]. The
analysis of HRV showed that performed long-term
acclimation resulted in appearance of two subgroups
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Tabnuua 1. MNMokasatenun BapnabenbHOCTU cepaeyHOoro
pyTMa Y KOHTPOIbHbIX XMBOTHbIX (M £ SEM)

Table 1. Indices of heart rate variability in control animals

(M + SEM)
Moka3zaTtenu icxonHblin ypoBEHDL Yepes 30 cyTok
Indices Initial level After 30 days
HCC, cokp./mun 355,00 = 32,33 349,00 + 19,94
Heart rate, beats/min

TP, mc?

TP, ms? 66,21 + 41,98 75,00 + 28,4
VLF, mc?

VLF. ms? 59,40 + 35,92 72,10 + 22,31
LF, mc? 1,92 + 0,35 2,29 + 0,83
LF, ms
HF, mc?

HE. ms? 0,67 £ 0,52 0,64 + 0,46
VLF, % 95,80 + 14,05 96,10 + 12,25
LF, % 3,10 + 1,76 3,05 + 0,63
HF, % 1,08 £ 0,14 0,85 + 0,11
LF, n.e. 74,20 + 21,17 78,10 + 10,67
LF, nu
HF, ne. 25,80 + 21,17 21,90 + 10,67
HF, nu
LF/HF 2,87 + 1,31 3,67 + 0,64

RRNN, mc

RRNN. ms 169,00 + 16,06 172,00 + 8,72

SDNN, mc

SDNN. ms 4,00 + 0,80 4,00 + 0,44
CV, % 2,24 + 0,58 2,27 + 0,28

MpumeyaHue: SEM (standard error of mean) — ctaHgapTHas
olmnbKa CpefHero; H.e. — HOPMann3oBaHHbIE eAVNHULIbI.

Note: SEM - standard error of mean; nu — normalized units.

HanGosnpimmii npupocT B aOCOMIOTHBIX BEAMYUHAX OBLIT
OTMEYEeH B quana3oHe cBepxHu3kux 4actoT (VLF),
YTO yKa3bIBA€T HA aKTUBALMIO IIPOLIECCOB TEPMOPETY-
JISIUMU ¥ BOBIICYCHUE MEXAHU3MOB I'yMOPAJIbHOM pery-
JAUuU cepaeunoro putMma [2, 13]. U xots B pesynbTare
YXA y KpbIC OTMEYaeTCsl yBEIMUCHHE a0COIFOTHBIX
3HaueHuii LF u HF, B IpoLleHTHOM COOTHOLIEHUH ATH
[MOKAa3aTeIN CHU3WIINCH B 000UX Auamna3oHax. Takum
00pa3oM, MO)KHO CIUTATh, YTO XOTS IIPH YCKOPEHHOH
XOJIOZIOBOM aKKIMMAIlMi aKTHBUPYIOTCS 00a 3BEHa
BEreTaTUBHOM HEPBHOW CUCTEMBbI, MaKCUMallbHas Ha-
rpy3Ka MpH 3TOM JIOXKHTCS Ha TYMOpPAJIbHOE 3BEHO
PEryIsLUN CepIIeYHON AeaTeTbHOCTH (TIPOSBISETCS
B 3HAYUTEJIHHOM MOBBIIIEHUH MOIIHOCTA B VLF-
JIMaTna30He), YTO MOXKET yKa3blBaTh Ha He3aBep-
LIEHHOCTH aJalTAlMOHHBIX MPOIIECCOB B OpPraHU3Me.

[IpoBeneHue x0n0a0BOM aKKIUMAIUMU MO AJIH-
tenbHBIM pexkxuMaM (PXA n HXA) nokasano, uro npu
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among the animals depending on the initial level of
SDNN, TP, HF, LF and LF/HF and direction of changes
of these parameters. The first subgroup consisted of
animals with higher values of TP, VLF and LF, as well
as higher values of SDNN and CV, if compared with
the 2™ subgroup (Table 3 and 4).

Performed RCA led to the increased HR in the
rats of the 1 subgroup, as well as to the reduction of
spectral power in all the ranges, accompanied by a
change in spectral structure (decrease of VLF part
and increase of LF and LF parts) and decrease of
vagosympathetic interaction index, SDNN and CV.
This allowed to suggest that animals of this subgroup
were characterized by prevalence of sympathetic
effect on cardiac activity dominates, although the

Tabnuua 2. Mokasatenu BapnabenbHOCTM CepAeyHOoro
pyTMa Y KpbIC MPW YCKOPEHHOW XOro[0BOM
akknumaumu (M £ SEM)

Table 2. Indices of heart rate variability in rats at short-term
cold acclimation (M + SEM)

MokasaTenu McxopHblit ypoBeHb Mocne YXA
Indices Initial level After STCA
HCC, cokp./mub 377,17 + 10,83 383,50 = 20,99
Heart rate, beats/min
2
Thme 57,30 + 33,36 114,15 + 57,09*
, MS
VLF, mc?
VLE e 54,26 + 31,89 108,27 + 54,75*
2
LE me 2,28 + 1,24 4,30 + 1,96*
, Ms
2
HE e 0,75 + 0,30 1,64 + 0,65*
, MS
VLF, % 62,30 + 7,95 67,48 = 6,79
LF, % 37,70 + 7,95 32,52 + 6,79
HF, % 2,16 + 0,52 2,71 + 0,66
LF, H.e.
[ e 91,73 + 2,07 93,92 + 0,81
HF, H.e.
e 4,58 = 0,84 3,98 + 0,49
LF/HF 3,70 + 1,82 2,08 + 0,57
RRNN, mc
RANN oo 159,67 + 4,62 159,17 + 8,96
SDNN, mc
SONN. e 4,00 + 0,63 4,50 + 0,76
cv, % 2,34 + 0,43 2,84 + 0,55

Mpumeyvanue: * — p < 0,05 MO OTHOLUEHWNIO K NCXOAHOMY COCTOSI-
Huto; SEM (standard error of mean) — ctaHgapTHasa owunbka
cpefHero; H.e. — HOpMarnm3oBaHHbIE eaNHULbI.

Note: * — p < 0.05 if compared to the initial state; SEM — standard
error of mean; nu — normalized units.
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HENPEPBIBHON XOJOIOBOU
AKKJIMMAIH aKTHBUPYIOTCS
napacuMIaTuyeckas pery-
JISALMA ¥ TYMOPaIbHOE 3BEHO,

Tabnuua 3. MNokasatenu BapnabenbHOCTM CepaeYHOro puTMa y KpbIC nocne

puTMUYecKon xonogosomn akknumauum (M + SEM)

Table 3. Indices of heart rate variability in rats after rhythmic
cold acclimation (M £ SEM)

CBsSI3aHHOE C TEpMOpETry- Moprpynna 1 (n=4) Moarpynna 2 (n=4)
Subgroup 1 (n=4) Subgroup 2 (n=4)
JISTOPHBIMH LIEHTPAMH, a TIPH Mokasatenn
PXA — cummnarudeckas pe- Indices Vicxonmbiii Hocne PXA VicxonHbiii Nocne PXA
YPOBEHb YPOBEHb
rynsuus [8]. Anamuz BCP Initial level After RCA Initial level After RCA
0K 4TO II [poBe-
0Kazaj, 4To IOCJIC MPOBE 4CC, conp
JNEHUS JUINTETBHBIX PEXU- Heart rate, 383,50 + 10,50 | 442,00 + 38,00 | 394,25 + 30,88 | 396,75 + 24,03
beats/min
MOB aKKJIMMaIi{ B 3aBUCH-
MOCTH OT HCXOAHOIO YPOBH:A IE' m‘;i 124,60 + 94,30 1,09 + 1,54* 8,60 + 2,84" | 699,97 + 630,00*
SDNN, TP, HF, LF u LF/HF '
1 HaIIpaBJICHHOCTU U3MEHE- v r"r’:gi 118,75 + 90,25 | 0,857 = 1,01* 7,89 + 2,61 | 664,38 + 599,21
HUH 3THX MapaMeTpoB KH-
BOTHBIX MOKHO OBIIIO pasie- LE me? 463+329 | 0,168 +015* | 044+018 | 2636 + 22,46
JIUTH Ha JBE MOATPYIIsL. B
MOATPyIITYy | ObLIM OTHECEHDI e mi 1,27 + 0,88 0,065 = 0,12* | 0,26 + 0,06# 9,25 + 8,25%
JKUBOTHEIE ¢ 00Jiee BEICOKH-
mu 3HayeHusamu TP, VLF u VLF, % 94,85 + 0,55 78,6 + 6,21*% 90,15 + 2,46 92,13 + 3,04
LF, a Taioxe boree BricoKu- LF, % 4,02 + 0,41 15,4 + 4,33 4,81 + 0,50 6,24 + 2,52
, % . + 0, 4 = 4, * ’ + 0, . + 2,
mu 3HaueHusIMUI SDNN u CV,
4yeM B noArpymnme 2 (tadi. 3 HF, % 1,14 £ 0,16 5,92 + 1,85* 5,05 + 2,53 1,66 = 0,54*7
u4).
[Mocne PXA must xpeic L e 7850 + 0,55 | 72,30 + 3,83* | 56,05 % 10,24 | 77,88 + 1,57
noarpynnsl 1 ObITM Xapak-
HF, H.e. % *
TEPHBI NOBBILICHUE qCC, HE, nu 21,95 + 0,55 27,70 + 3,83 43,95 + 10,24 22,12 + 1,67
CHUYKEHHUE MOIIHOCTH CIIEK-
Tpa BO BCEX IHANA30HAX LF/HF 3,56 + 0,12 2,61 + 0,91 1,59 + 0,46 3,58 + 0,30
b
COIPOBOJK/IAIOIIEECS H3MeE-
p Aatom RN e 156,50 = 4,50 | 136,00 + 13,50 | 154,75 = 11,28 | 153,75 + 9,81
HEHHEM CTPYKTYPBI CIIEKTpa ‘
MCHBIIICHH m1 VLF u
(ymenbIerne A0l v SONN e 5,50 = 1,50 2,00 = 1,00* 2,75 + 0,25 8,50 + 4,51+
yBennuenue poneit LF u HF) '
W CHMKCHUCM MHJICKCA Baro- cv, % 3,46 + 0,92 1,16 + 0,63* 1,64 + 0,117 5,32 + 2,46%¢

CUMIIATUYECKOIO0 B3aUMO-
nericteua, SDNN u CV. Oto

Mpumeyanue: * — p < 0,05 NO OTHOLLEHMIO K UCXOAHOMY COCTOSIHWIO; # — p < 0,05 MO OTHOLLEHMIO

k noarpynne 1; SEM (standard error of mean) — ctaHgapTHas owubka cpefHero; H.e. —

MO3BOJISIET MPEATIOJIOKUTD,
YTO Y KUBOTHBIX 3TOH MOJ-
rpynnsl npeodiagaer cuM-
MaTUYECKOE BIUSHUS Ha CEp-
JNEeYHYI0 aKTUBHOCTbH, XOTS
camwkenne nuaekca LF/HF ykaspiBaer Ha BOBJIeUeH-
HOCTb M MMAPACHMIIATUYECKOTO 3BEHA.

VY KMBOTHBIX MOATPYNNB! 2, HAIPOTUB, 3HAUYU-
TENBHO YBeNU4MBajock TP 3a cueT MOBBILIEHNS MOII-
HOCTH BO BCEX JUaNa3oHax, HO B IIEPBYIO OUEpEnb 3a
cuet VLF-nuana3zona. IlpoueHTHOE cojepkaHue
CBEpPXMEAJICHHBIX KoJeOaHuii B 00LIel MOLTHOCTH
CIIEKTpa OCTAJIOCH Ha ITPEKHEM YPOBHE, OHAKO M3Me-
HHJIOCh IPOLIEHTHOE COOTHOLIEHUE MEXAY JUana3o-
Hamu LF 1 HF. CooTBeTCTBEHHO YBETUIIIICS HHACKC
LF/HF, a Takxe SDNN u CV. Hcxons u3 nepedwnc-
JIEHHOTO, MOKHO OTMETHTH, 4TO B pe3yasrare PXA y
YKUBOTHBIX MOATPYTITHI 2 TPOUCXOIMIIA aKTHBAIUS KaK

npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI
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HOpMann3oBaHHble eguHULbI.

Note: * — p < 0.05 if compared to the initial state; #— p < 0.05 if compared to the subgroup 1; SEM —
standard error of mean; nu — normalized units.

decrease in LF/HF index indicated the involvement of
parasympathetic component as well.

In the animals of the 2" subgroup, TP was vice
versa significantly enhanced due to increasing the po-
wer in all the ranges, but primarily due to VLF-range.
The percentage of ultraslow fluctuations in the spectral
total power remained the same, but the percentage
between LF and HF ranges changed. Accordingly, the
index of LF/HF, as well as SDNN and CV increased.
Due to the above mentioned, it should be noted that as
a result of RCA in the animals of the 2™ subgroup
activation of both central and autonomous links of heart
rate regulation occured. Increasing values of SDNN
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[IEHTPATBHOTO, TAK 1 aBTOHOMHOTO 3BEHBLEB PET YIS
cepaeuHoro putMa. O0 yCHIIEHHH BaryCHOTO BIHSHUS
CBUJIETENIbCTBYIOT MOBbIIeHUE 3HaueHu! SDNN u
CV, B HEKOTOPBIX ciaydasx — 3amennenue YCC, a no-
BBITIICHUE MHACKCA BarOCUMITATHIECKOTO B3aNMO/ICH -
CTBUS U HOpMaJIM30BaHHOTro 3HaYeHus LF yka3piBaer
Ha akTuBaluio cumnaruyeckoro Binusaus Ha BCP. [To-
BoillieHHEe TP OOBIYHO CBSA3BIBAIOT C MOBBIMICHUEM
BarycHoro BnugHuA [13], HO B JaHHOM Cily4ae OHO
BBI3BAHO MPECHMYIIESCTBCHHO YBEIUYCHUEM MOTI-
Hoctd VLF, 4T0o MOXET yKa3bIBaTh HE TOJIBKO HA aKTH-
BAaLIMIO TEPMOPETYIATOPHBIX MEXaHU3MOB, HO TaKXKe
Y Ha aKTHBALIAIO CUMIIATUYECKOH peryisaui [1, 2].
[Mocie HXA (ta6m. 4) Ha-
omomanuch naMeHenus BCP,
CXOJTHBIE C OTIMCAHHBIMU ITPH
PXA. JKUBOTHBIX Tarxxe MOX-
HO OBLIO pa3/eNTh Ha JIBE
noArpynnsl. B moarpymme 1

and CV and in some cases slowing heart rate testify
to the strengthening of vagal effect and increase of
vagosympathetic interaction index and LF normalized
value indicates to the activation of sympathetic
influence on HRV. Increasing TP is usually associated
with the increasing of vagal effect [13], but in this case
the growth is mainly induced by an increased power
of VLF, that may indicate not only the activation of
thermoregulatory mechanisms, but also activation of
the sympathetic regulation [1, 2].

Performed CCA (Table 4) resulted in the changes
in HRV similar to those discovered under RCA. It was
also possible to divide the animals into two subgroups.

Ta6nuua 4. MNokasateny BapnabenbHOCTU CeEpAEYHOr0 pUTMa y KpbIC Mocne
HenpepbIBHOW xonogoson akknumauuu (M £ SEM)

Table 4. Indices of heart rate variability in rats after continuous

cold acclimation (M £ SEM)

OTMEYalINCh 3HAYUTEIHHOE
Moarpynna 1 (n=4) Mogrpynna 2 (n=4)
magenne TP (3a cuer mori- Subgroup 1 (n=4) Subgroup 2 (n=4)
MokasaTenu
HOCTH BCEX JHMaNa3oHOB), ndices UexomHuii e A UexomHuii e A
YMEHBUICHUEC OO VLF-nua- YpoBEHb After CCA YPOBEHb After CCA
Initial level Initial level
Mma3oHa, CHH)KEHHE HHJEKCa
BaroCHMMIAaTHYEeCKOro B3au- YCC, cokp./MuH
~ Heart rate, 360,0 + 68,80 | 371,20 + 44,16 | 379,17 + 38,11 | 349,83 + 62,83
moaericteuss, SDNN u CV, beats/min
YTO CBHUIETEIHCTBOBAIO O -
M 4 N
TPe06IaTAHNH CHMTTATHYEC- P me? 302,78 + 136,66 | 9,13 + 3,47* | 36,35 + 24,187 | 295,55 + 295,35
KUX MEXaHU3MOB PETysLUN VLE. me?
BCP, X0Ts yMeHbIIEH e HE- VLE, me2 291,10 + 130,68 | 8,30 + 3,60* | 30,38 + 21,737 | 268,67 + 285,11**
) .
nekca LF/HF yka3piBaio Ha LF me?
' 8,31 + 4,31 0,50 + 0,134* 1,75 £ 1,147 | 14,42 + 13,32**
y4JacTue MmapacuMIaTHdec- LF, ms?
KOro 3BeHa. Y >KUBOTHBIX HE. mc?
e 3,59 + 3,04 0,33 + 0,162 4,23 + 3,82 12,21 + 10,82%¢
noarpynnel 2 3Hadenue TP » ms
YBEIHYUBAIIOCH 32 CHCT MO~ VLF, % 95,08 + 2,50 88,00 + 7,96 80,1 + 14,47* 81,5 + 18,77
BBIIIEHUS MOIITHOCTH BO BCEX
Juana3oHax, HO B MEPBYIO LF, % 3,556 + 1,73 6,85 + 3,97 4,81 + 0,84 7,83 + 6,52
ouepenpb 3a cueT VLF-gua-
HF, % 1,36 + 0,86 5,15 + 3,98 15,11 = 14,56 | 10,67 = 12,89
Ma3oHa, XOTs MPOLIEHTHOE CO- 0
HepmaHHevCBerMeﬂ?eHHHX '-LFF' ne: 75,10 + 8,64 61,60 £ 11,12 | 45,75 = 24,62 | 61,98 + 19,42
KoJIeOaHuii B 0OIIel Moll- '
HOCTH CIICKTpa MPpaKTHICCKH HE, e 24,91 + 8,63 38,40 = 11,12 | 54,25 + 24,62 | 38,02 + 19,42
HE U3MEHSUIOCH. YBEITHUECHUE '
unjexcos LF/HF, SDNN wu LF/HF 4,25 + 2,54 1,89 + 0,95 1,71 + 1,64 2,67 + 1,81
CV yka3bpIBaeT Ha aKTHUBa-
MU0 LICHTPAJIBHOIO U aBTO- SS““ mcs 176,40 + 37,28 166,00 + 20,80 160,67 + 17,22 179,00 + 33,33
HOMHOTO 3BE€HLEB PETYIISAIIAN
CEPIAEYHOr0 PUTMA. ng‘ e 7,60 + 2,08 2,80 + 0,32* 3,67 + 1,447 717 + 2,61%*
Takum oOpazom, MbI 00-
(o) * # A
HAPYIKUJTH, 4TO MU JUTHTE - cV, % 4,48 + 0,93 1,66 + 0,13 2,30 + 0,75 4,03 + 1,686

HBIX P&KMMaX aKKJIMMaLUH K
XOJIOAY >KMBOTHBIE C pa3HBIM
HUCXOAHBIM ypoBHeM TP pea-
JIU3YIOT Pa3iU4YHbIE CTpaTe-

Mpumeyanue: * — p < 0,05 No OTHOLLEHUIO K UCXOAHOMY cocTosiHUIo; # — p < 0,05, — p < 0,01 no
oTHoLeHuto k nogrpynne 1; SEM (standard error of mean) — ctangapTHas owmbka cpegHero;
H.e. — HOpPManu3oBaHHble eAVHMLIbI.

Note: * — p < 0.05 if compared to the initial state; # — p < 0.05, * — p < 0.01 if compared to the
subgroup 1; SEM —standard error of mean; nu — normalized units.
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TUU BET€TaTUBHOIO OTBETA, KOTOPHIE OTIMYAIOTCS
CTETIEHBIO BOBJICYEHHOCTH CUMIIaTHUECKOIO M Mapa-
CHMITaTHYECKOTO 3BEHbEB. [Ipn MCXOAHO BBICOKOM
3HaueHuM TP akkIuManus K X004y peamu3yeTcs npe-
MMYIIECTBEHHO 32 CYET aKTHBAIIMHA CUMIATHYECKON
perynsauuu. Ecny jxe )KMBOTHBIE H3HAYAJIBHO UMENH
Hu3Kkue 3HaueHus TP, To B porecce akKIMMaIliK akTH-
BHPOBAJIOCH KaK CHMIIATUYECKOE, TaK 1 apacHUMITaTH-
yeckoe BiausiHue. CieyeT OTMETUTb, YTO B KOHTPOJIb-
HOM IrpyIIIe y >KMBOTHBIX C Y XA Takoro pacuierieHus
He HaOIIogaIoCh.

B mamux npeapiaymux paborax [7, 9] Osu10
[TOKa3aHo, YTO KPATKOBPEMEHHBIE PUTMUYECKHE XOJI0-
JIOBBIE BO3JEHCTBUS U OCTpOE 00IIee OXIaKICHUE Y
HapKOTHU3UPOBAHHBIX KPBIC HE MPUBOAMIN K HU3Me-
Henuto cpeaneit YCC, HO B 000HX cydasx MOBBIIIA-
nuck 3HadeHuss SDNN u CV. OTo yka3eiBaeT Ha
AKTUBALUIO TapaCUMIIATUIECKOMN PETYISAINH CEpaey-
HOTO pUTMa IPU TaKUX BO3JEHCTBUAX, 3PPeKT KoTO-
PBIX MOXET OBITh CBSI3aH C M3MEHEHHEM IPOHUIIae-
MOCTH reMaTodHuedamnueckoro 6apbepa K BereTo-
TpOIHBIM BemiecTBam [11, 12].

[TonydyeHHbIE HAMU PE3YNBTaThl MEPEKIUKAIOTCS
¢ mauasiMu pabot E.B. KypesHOBOI! [5, 6], KOTOpas
BBIICTTMIIA TPU THIIA CTPECC-UHAYIIUPOBAHHBIX H3Me-
HeHul napamerpos BCP B 3aBUCMMOCTH OT MOIITHOC-
TH BOJIH CEPJIEYHOTO pUTMa BO BCEX JIWANa30HAX U
yposus TP B nenom. CoanancupoBaHHBIN THUI BBISB-
JISTICSL Y KPBIC C UCXOJHO CPEIHEN MOITHOCTHIO BOJIH
CEpJICYHOT0 PUTMA U XapaKTEPU30BAJICS CHIPKEHUEM
momuocth HF- 1 moBeimenunem momuocty LF-BomH
0€3 3HAUNTEIEHOTO N3MEHEHMS 00TIIeH BapraOeIbHOC-
TH puTMa. B3pBeIBHO THT OBLT XapakTepeH I 0Co-
0eii c ICXOHO HU3KOH MOIITHOCTBIO BOJH CEPACIHOTO
pUTMa U OTJIMYaJICAd PE3KUM IOBBIIIEHUEM HHAEKCA
HaIpsDKEHUs, CHIDKEHHEM MOIITHOCTH BOJIH CepJed-
HOTO pUTMa B MIEPBBIE MUHYTHI CTPECCA C MOCIEAYIO-
IIUM PE3KUM MaJeHUEM HHAEKCAa HalpsKeHUus, IMo-
BBIIIIEHUEM OOIIel BapuaOeTbHOCTH KapIHOWHTEP-
BaJOB 3a CYET ycuieHus mMouiHocTtH BoiH HF mn
ocoberno LF u VLF. 3ameyieHHbIi THI TPOSBIISII-
Cs1'y KPBIC C UCXOAHO BBICOKOM MOIIHOCTBIO BOJIH CEP-
JIEYHOTO PUTMA M XapaKTepHU30BaJICs HU3KUMU 3HaYe-
HUSMU UHJIEKCa HAMPSHKEHUS U CTPECCOPHOI YaCTOTHI
CEpJICYHOr0 PUTMA, MEAJIEHHBIM CHM)KEHHUEM MOII-
Hocti HF-BonH, 3HaUYNTENBHBIM MOBBIIIEHUEM MOIII-
Hoctu LF- u VLF-BonH Ha 3aBepuiaromieM 3Tame
cTpecca.

Panee Obta oTMedeHa 3aBHCHMOCTh MEXIY HC-
XOIHBIM COCTOSHHEM BETE€TAaTUBHOIO TOMeEOcTas3a U
MTOCIIEZICTBUSIMH PA3IMIHBIX CTPECCOPHBIX BO3EHCT-
Buii [3, 11]. Ha npumepax cTpecca pa3nuyHOro reHesa
(B TOM dmCIIe ¥ XOJIOIOBOTO) OBLIO IMTOKAa3aHO, YTO

I'IpO6J'IeMbI Kpl/lOﬁl/IOﬂOFI/II/I N KpnomeaunuUunHbl
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The 1% subgroup was characterized by a significant
reduction in TP (due to reduction of power in all the
ranges), decreased VLF range portion, reduction of
vagosympathetic interaction ratio, as well as SDNN
and CV, that indicated the predominance of sympa-
thetic mechanisms of HRV regulation, although
reduction of LF/HF ratio pointed to participation of
parasympathetic link. In the animals of 2™ subgroup
the TP index was enhanced due to increasing power
in all the ranges, primarily VLF range, though the
percentage ratio of ultraslow fluctuations in the total
power of the spectrum did not change. The increasing
in LF/HF, SDNN and CV indices indicated to the
activation of central and autonomous links of heart rate
regulation.

Thus, we have found that during long-term ac-
climation to cold the animals with different initial level
of TP implemented various strategies of autonomic
response, which differed by degree of sympathetic and
parasympathetic links involvement. With initially high
value of TP the cold acclimation was implemented
mainly through the activation of sympathetic regulation.
If the animals initially had low values of TP, both
sympathetic and parasympathetic effect were activated
during acclimation process. It should be noted that in
the control group and in the animals with STCA such
a splitting was not observed.

In our previous studies [7, 9] it was shown that
short-term rhythmic cold exposures and acute general
cooling in anesthetized rats did not result in changes
of average heart rate, but in both cases the values of
SDNN and CV were increased. This demonstrated
the activation of parasympathetic regulation of heart
rate at such exposures, the effect of which might be
associated with changes in blood brain barrier
permeability for vegetotropic substances [11,12].

The obtained results coincide with the data reported
by E.V. Kurianova [5, 6], who distinquished three types
of stress-induced changes in HRV parameters,
depending on power of heart rate waves in all the
ranges and level of TP in a whole. Balanced type was
revealed in rats with initially moderate power of heart
rate waves and was characterized by decreasing HF
waves power and increasing power of LF ones without
a significant change in the overall variability of thythm.
Burst-like type was typical for the rats with initially
low power of heart rate waves and differed by a sharp
rise of tension index, decreasing heart rate wave power
in the first minutes of stress and with the following
sharp fall of tension index, increasing the total variability
of heart rate due to strengthening the power of HF
waves, and especially of LF and VLF waves. Slow
type was manifested in rats with initially high power
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KUBOTHBIC, 00JIafaloNIie TOBBIIICHHBIM TOHYCOM
CHUMITaTUYECKOM HEPBHOM CHCTEMBI, OKa3aJUCh Hau-
0ojee yCTONYMBBI K OTHOCHUTEIIBHO KPaTKOBPEMEH-
HBIM CTPECCOBBIM BO3JECHCTBUSAM U HAUMEHEE YCTOM-
YUBHI K 00JIee NITUTEIBHBIM. [Ipr ’TOM KPBICHI C TTOBBI-
LHICHHBIM TOHYCOM MapacUMIaTUYeCKOW HEPBHOU
CUCTEMBI ObLITH MEHEE YCTOWYHBHI Ha IIEPBBIX CTAIHSIX
cTpecca, HO UMenu 0ojee BBICOKMH MOKa3aTelb
BBDKHBAEMOCTH B YCIIOBUSAX UIUTEIHLHOTO CTpecca.
Kprickl ¢ paBHOBecHeM BEreTaTUBHOIO FOMEOCTas3a
Y CPEHUM HaIPsHKEHUEM PETYIISITOPHBIX MEXaHHU3MOB
MMEIIH CPEeAHIOI0 yCTOMYMBOCTH HA BCEX CTATUAX
cTpeccopHOTO Bo3aeicTBIs. OHAKO B 3THX UCCIIEN0-
BaHUSX aBTOPHI MIOIPOOHO HE PACCMATPHUBAJIH ITPOIECC
(hopMUpOBaHUS alanTalli OPTaHU3Ma K CTPEeccop-
HBIM BO3JEHCTBUSIM.

VYV yenoBeka Tak)Ke OTMEYaeTcsl pa3HbIid Berera-
TUBHBIN OTBET CEPJICUHON PETYISINH PU PA3TUIHBIX
Harpy3Kax B 3aBUCUMOCTHU OT UCXOIHBIX 3HaYCHHUI [4].
B gacTHOCTH OBLTO TOKA3aHO, YTO MY>KYHHBI U KEH-
IIMHBI OTIIMYAIOTCS UCXOAHBIMU 3HadueHussMU BCP, n
XOJIOZOBBIE BO3JACUCTBUS MPHUBOIAT K Pa3IMUHOM
HanpasieHHocTy u3menenuit BCP [10, 14]. Y my»xunn
[IOCJIE OTHOKPATHOTO MPUMEHEHHS XOJIOAOBBIX BO3-
nericteui [ 10] u mocie 20-THEBHOTO Kypca, COCTOSB-
LIEr0 U3 CEaHCOB JJIUTEIBHOCTHIO 1—3 MUH KaXKIbIi
[14], oTMeuanock OJHOBPEMEHHOE CHIDKCHHUE TOHYCa
CHMITATHYECKOTO 3BEHA PETYISIIUN W MOBHIIICHUE
[MapacHMITATHYECKOT0, B TO BpeMs KaK y >KEHIUH
nociie 000X BUIOB XOJOA0OBBIX BO3JICHCTBUI OCHOB-
HBIC U3MEHEHHUSI POUCXOIUIH TOIBKO 33 CYET MOBBI-
IIEHUS TOHYCAa ITapacuMITaTideckoro 38eHa [10, 14].

T'oBOp# 0 3HAUEHNHN UCXOAHOTO YPOBHS BETETATHB-
HOM peryssiuu Jjisi IpOrHO3UPOBAHUS MOCIEYIOIIETO
OTBETa Ha XOJOAOBOE pasipa)keHue, cieayeT Oojee
TIIATETHHO MOAXOAUTH K OLEHKE KOHTPOJIHHOTO COC-
TosiHUS. VI3BECTHO, YTO JKMBOTHBIE YCJIOBHO MOTYT
OBITh pa3/ieJICHBI Ha BUJBI C IPEOOIaJaHUEM CHMIIA-
tuaeckort perymasiauu BCP (kpeickl, Mpliy, cobakw,
KOpOBHI, kponukwn) [20, 23, 27] u npeobiaganuem
MapacuMIaTHYeCKOM PEryISInH (TI0JIEBKH K MOPCKHE
cBuHKH) [19, 23]. Takoe pa3neneHue ObLIO OCHOBaHO
Ha JaHHBIX, MOJIYYCHHBIX IPU TEMIIEPATyPe OKPY-
aromeit cpeasl 19...23°C. Swoap S. J. u coaBt. [28]
B cBOei paboTe ortennBaiy BCP y MbIIIel B yCI0BHAX
TEPMOHEUTPATBHOCTH, T. €. IPU TTOJTHOM OTCYTCTBUU
xonopooro pazapaxkenus (30°C), u 00HapyKWIIH, YTO
y MBIIIEN Mpeodiafjalio mapacuMITaTHIeCcKoe 3BEHO
perymsimiin BCP. Ipu Takoi Temneparype ObLTH Ipak-
TUYECKU HE aKTUBHBI XOJIOA0BEIE perenTopsl [16], T. e.
B YCIOBHUSX «KOMHaTHOH Temmeparyps» (19...23°C)
MTOBBINIIEHHBIN YPOBEHb CHMIATHYECKOTO BIIHSTHUS
MOXKET OBITH O0YCIIOBJICH CTUMYJTHPOBAHUEM XOJIOI0-
BBIX perenTopoB. Takum o0pa3om, BO3MOXKHEIH Mexa-
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of heart rate waves and was characterized by low
values of tension index of stress heart rate, slow
reduction of HF waves power, a significant increase
of LF and VLF waves power at the final stage of
stress.

Correlation between the initial state of vegetative
homeostasis and the effects of various stress exposures
was already discovered previously [3, 11]. There was
shown in terms of stress of various genesis (including
cold one) that the animals possessing an increased tone
of sympathetic nervous system were the most resistant
to the relatively short-term stress exposures and were
the least resistant to longer ones. Herewith, the rats
with an increased tone of parasympathetic nervous
system were less resistant at early stages of stress,
but had higher rate of survival under conditions of
prolonged stress. The rats with a balanced vegetative
homeostasis and medium tension of regulation mecha-
nisms had an moderate resistance at all the stages of
stress exposure. However, these reports did not con-
sider in details the forming adaptation of an organism
to stress exposure.

Different vegetative response of cardiac regulation
at different loads, depending on initial values was found
in human too [4]. In particular, it has been shown that
men and women differ by initial values of HRV, and
cold exposures lead to various kinds of changes in HRV
[10, 14]. In men, after single use of cold exposures
[10] and after a 20-day-long course consisting of 1-3
minute-long sessions [14], a simultaneous reduction
of tone of regulation sympathetic link and increasing
parasympathetic one were noted, while in women the
major changes after both types of cold exposures
occurred only due to increasing tone of parasympathetic
link [10,14].

Speaking about the importance of initial level of
vegetative regulation to predict the following response
to cold irritation, the control state should be more
carefully assessed. It is known that animals can be
conditionally divided into the species with a predomi-
nance of sympathetic regulation of HRV (rats, mice,
dogs, cows, rabbits) [20, 23, 27] and predominant para-
sympathetic regulation (voles and guinea pigs) [19, 23].
This division was based on the data obtained at environ-
mental temperature of 19...23°C. Swoap et al. [28]
assessed HRV in mice at thermoneutrality, i.e. at total
absence of cold irritation (30°C) and found that para-
sympathetic link of HRV regulation in mice prevailed
under such conditions. Cold receptors were almost in-
active under this temperature [16], i.e. at ‘room tem-
perature’ (19...23°C) the increased level of sympa-
thetic effect might be stipulated by stimulation of cold
receptors. Thus, a potential mechanism of various reac-
tion of an organism to cold exposures may consist in
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HHU3M pa3JIMYHOTO pearupoBaHUs OpraHH3Ma Ha
XOJIOIOBBIE BO3JICHCTBHUS MOXET 3aKIIOYaThCs B 3a-
BHCHMOCTH €ro UcxoaHbIX ypoBHeil BCP ot crenenn
AKTUBALMM BET€TaTUBHON HEPBHOM CHCTEMBI, CBA3aH-
HOM ¢ HaXOXXIEHUEM >KHBOTHBIX B Pa3HBIX ydacTKax
JMara30Ha TEPMOHEHTPATbHOCTH, aJalITHPOBAHHOCTH
K 3TOMY IMaNa30Hy U aAalTallMOHHBIX BO3MOXXHOCTEH
(TeHeTHYecKH MPeIONPEEICHHBIX ) B IIETOM.

3aka0uenue

B otnuuue oT HEMPOJOIKUTENBHBIX WU PAa30BbIX
XOJOJOBBIX BO3ICUCTBUI NMPU ATUTEIBHBIX PEKUMAX
AKKIIMMAIUH K XOJIOJTy 3aIyCKaeTcs Ooee CIOXKHBIN
KOMILIEKC peakiuil. [Ipu anantanuu K Xono1y B opra-
HHU3ME aKTUBUPYIOTCS BCE YPOBHU PETYIIALIMHU CEPACY-
Horo putma. IIpu 3ToM BakeH UCXOAHBIM ypOBEHBb
BET€TaTUBHOM PETYIISIUU.

JKuBOTHBIE C pa3HBIM HCXOIHBIM YPOBHEM O0TIICH
MOIITHOCTH CIIEKTPa ITPU IJTUTENIbHBIX PEXKUMaAX aKKITH-
MAIIMH K XOJIOly PEaiu3yIoT pa3Hble CTPATETUU BETe-
TaTUBHOTO OTBETA, KOTOPBIE OTINYAIOTCS CTEHEHBIO
BOBJICYEHHOCTH CHUMIIATUYECKOTO W MapacuMIIaTH-
4YeCcKoro otaenoB. Eciau >XKUBOTHBIE UMEIOT UCXOIHO
BbICOKHE 3HaueHUs TP, To mpu akKIMMaliK K X001y
NPEUMYIIECTBEHHO aKTHUBUPYETCSI CUMIIATHUYECKas
perymsnus. 1Ipu Huskux 3Hadenusx TP B mporecce
AKKJIMMalUM aKTUBUPYIOTCS UM CUMIATHYCCKUH, U
MapacUMIATHUYECKUI OTAEIbl BEreTaTUBHOW HEPBHOM
CHCTEMBI.

YckopeHHas akkJIUMaIUs y KpbIC IPUBOJIUT K
MMOBBIMICHUIO aOCONMIOTHBIX 3HAYCHUH MOIIHOCTH
criektpa BCP Bo Bcex uccieryeMbIX auarna3oHax, HO
MaKCHMaJIbHasi Harpy3Ka Ipy 3TOM JIOKHUTCS Ha TYMO-
paibHOE 3BEHO PETYISALMU CEPACUHOMN NEATEIbHOCTH,
YTO MOXKET yKa3blBaTh Ha HE3aBEPIICHHOCTH aJarl-
TAallMOHHBIX POLIECCOB B OpPraHU3MeE.

BrisiBieHHBIE 3aKOHOMEPHOCTH YKa3bIBAaIOT Ha
BaXXHOCTbH NPEABAPUTEIBHOIO aHaJIM3a HUCXOJHOTO
YPOBHSI TIOKa3aTeJieli BapuaOeIbHOCTH CEPICYHOTO
pUTMa JJ1s1 IPOrHO3UPOBAHMS PE3YJIBTAaTOB aJaTaluy
K XOJIOZY.
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dependence of its initial HRV levels on rate of vege-
tative nervous system activation, caused by situation
of animals within different ranges of thermo-neutrality,
adaptation to this range and adaptive capability
(predetermined genetically) in a whole.

Conclusion

In contrast to short-term exposures, the long-term
regimens of cold acclimation initiate more complicated
complex of reactions. Adaptation to cold of an
organism is accompanied by activation of all the levels
of heart rate regulation. Herewith, the initial level of
vegetative regulation is essential.

The animals with different initial level of total power
of spectrum implement various strategies of vegetative
response at long-term regimens of cold acclimation,
which differ by the degree of involvement of sympa-
thetic and parasympathetic divisions. If the animals
have equally high values of TP, the sympathetic
regulation is mainly activated during cold acclimation.
Sympathetic and parasympathetic divisions of vege-
tative nervous system are activated under low values
of TP during acclimation.

Short-term acclimation in rats leads to the increased
values of HRV spectrum power within all the studied
ranges, however the maximal load falls on humoral
link of cardiac regulation, probably pointing to the
incompleteness of adaptive processes in an organism.

The revealed regularities attest the importance of
preliminary analysis of initial level of heart rate
variability indices for forecasting the results of cold
adaptation.
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