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Parameters of Spectral Analysis of Heart Rate Variability in Rats

Pedrepar: Ctatba nocesieHa 06006LLEeHNI0 N aHanu3y nuTepaTypHbIX AaHHbIX MO UCMOMb30BaHUIO NapameTpoB CMEKTPanbHOro
aHanu3a npuv uccnegoBaHuy BapuabensHocTu cepaeyHoro putma (BCP) y kpbic. MNprBeaeHsbl Kputepumn anekTpokapanorpadmyeckomn
annapatypbl A5 NPpoBeAeHUs 3KCNEePUMEHTOB HaZ MeNKMMKU MIeKonuTaloLwmMmMmn, 060CHOBaHbI Nnoka3aTenu ANMTenbHOCTU 3anucu
anektpokapauorpammbl (OKI) n ykazaHa Heobxo4MMOCTb CTaLMOHAPHOrO COCTOSIHUSI XUBOTHbIX BO BpeMmsi perncTtpauuu IKI.
OnncaHbl AManasoHbl CNeKTpanbHbIX YacTOT U HA OCHOBAHMU AaHHbIX NUTepaTypHbIX MCTOYHWUKOB MPEeAnoXeHbl napaMeTpbl
cnekTpanbHoro aHanusa BCP npu 5-muHyTHOM 3anucu JKI y kpbic B cocTosiHuM 6ogpcTtBoBanus: TP — 0,015-3 I'y; VLF — 0,015-
0,04 l'y; LF — 0,05-0,79 lu; HF — 0,8-3 lNy. B cTtaTbe ykazaHO Ha HEOBXOAUMOCTb AOMONMHUTENBHBLIX UCCNEA0BaHUI MO U3YYEHUIO
OuanasoHoB BorH Maliepa, a Takke Ha uenecoobpasHOCTb NpoBEAEHUsI CnekTpanbHoro aHanusa BCP ogHOBpeMEHHO ¢ 3anuchbio
rpacvka AbixaHus. [ns yToyHeHUsi napaMeTpoB CMEKTParnbHbIX YacTOT PEKOMEHAOBAHO COMOCTaBMATb MNOMyYEHHble AaHHble C
pesynsTaTtaMu Apyrux metogoB uccregoBaHust BCP. [JlaHHble ctatucTuyeckoi obpaboTku kapauonmHTepBanorpaMm npy perncrpaumm
3KT y kpbic B cBOGOAHOM NOBeAEHUM MO3BONST YTOYHUTL BblibpaHHbIe NapameTpbl U YyTBEPAUTb eOWHbIA NPOTOKON CheKTpanbHOro
aHanu3a BCP y gaHHOro Buga XMBOTHbIX U OUEHUTb UX BereTaTuBHbIN CTaTycC.

KnioyeBble cnoBa: BapnabenbHOCTb CepAeyYHOro putTMma, CrneKTpanbHbll aHanus, 4acTOTHble AManasoHbl, KpbIChl.

Pedhepar: CTatTa npucesveHa y3aranbHEHHIO Ta aHanisy nirepatypHux AaHuX LWOAO BUKOPUCTAHHS NapaMmeTpiB CneKTpanbHOro
aHani3y npu gocnigxeHHi BapiabenbHocTi cepuesoro putmy (BCP) y wypis. HaBeaeHo kputepii enekrpokapgiorpadiyHoi anapaTypu
ONs NpOBEAEHHs1 eKCMEPUMEHTIB Ha ApibHUX ccaBusix, 06rpyHTOBaHO MOKa3HWKW TpuBarnocTi 3anucy enekTpokapaiorpamu (EKI)
Ta HeobXxigHiCTb cTauioHapHoro ctaHy TBapwuH nig 4Yac peectpauii EKIL OnucaHi gianaszoHn cnekTpanbHUX 4acToT i Ha nigcrasi
OaHuX niTepaTypHUX AXepen 3anpornoHOBaHO napameTpu cnekTpanbHoro aHanisy BCP npu 5-xsBunuHHoMy 3anuci EKT y wypis, ski
3Haxo4ATbCs y CTaHi HecnaHHa: TP — 0,015-3 ly; VLF - 0,015-0,04 ly; LF — 0,05-0,79 ly; HF — 0,8-3 l'y. Y cTaTtTi Bka3aHo Ha
HeobXifHICTb AOAaTKOBUX AOCHIMXEHb i3 BUBYEHHNA Aiana3oHiB xBunb Maiiepa, a Takox Ha OOUINbHICTb NPOBEAEHHS CNeKTpanbHOro
aHanizy BCP ogHovacHo 3 3anncom rpadika guxaHHs. [ns yTOYHEeHHs napameTpiB CNekTpanbHUX 4acTOoT peKoOMeHOOBaHo
nopiBHIOBaTM OTPUMaHi AaHi 3 pesynsratamu iHWWX MeTodiB gocnigkeHHss BCP. OaHi ctatuctnyHoi obpobku kapaioiHTepBanorpam,
ski 6ynu oTpumatni nig vac peectpadii EKI y wypiB y BinbHin noBeAiHui, 4O3BONATL YTOYHUTK BUBpaHi napameTpu Ta 3aTBepauTH
€OUHWIA MPOTOKON chnekTpanbHoro aHanidy BCP y gaHoro Bugy TBapuWH i OUiHUTK iX BeretaTUBHUIA cTaTycC.

KnioyoBi cnoBa: BapiabenbHicTb cepueBOro putTMy, cnekTpanbHUiA aHani3, YacToTHi Aiana3oHu, LWypwu.

Abstract: The paper considers the synthesis and analysis of the reported data on the use of the parameters of spectral analysis
when studying the heart rate variability (HRV) in rats. There were demonstrated the criteria for electrocardiographic equipment to
perform studies in small mammals, substantiated the indices of duration of electrocardiogram (ECG) recording and indicated the
necessity in stationary state of animals during ECG recording. When describing the ranges of spectral frequencies and data-based
reports we suggested the parameters of HRV spectral analysis during 5-minute ECG recording in conscious rats such as: TP — 0.015—
3 Hz; VLF — 0.015-0.04 Hz; LF — 0.05-0.79 Hz; HF — 0.8-3 Hz. The paper pointed to the need of performing extra-studies on the Mayer
wave frequency, as well as the expediency of HRV spectral analysis together with respiration diagram recording. To clarify the
parameters of spectral frequencies we recommended the findings comparing with the results of other research methods of HRV. The
data of statistical processing of cardiointervalograms during ECG recording in unrestrained rats will enable to specify the selected
parameters, accept a common protocol of HRV spectral analysis in this animal species and evaluate their vegetative status..

Key words: heart rate variability, spectral analysis, frequency ranges, rats.

CocrositHue Opranus3Ma B I1€JIOM U €r0 paBHOBECHE
C BHEILIHEW CpeIoif BO MHOTOM OTIPEAEINAETCs KaueCT-
BOM (PYHKIIMOHHUPOBAHUS CEPIACIHO-COCYIUCTOMN
cucteMsl [1-5, 25, 30, 60]. B aT0ii CBsI31M HccenoBa-
HHE HEPBHOM PEryJsiliUN CEPAECYHOTO pUTMa — UHIU-
KaTopa agannTalliOHHBIX BO3MOKHOCTEN opraHu3sMma —
SBJIAETCS. AKTyaJbHOM 3aJauei.
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State of the whole body and its equilibrium with the
environment mostly depend on the quality of cardio-
vascular system functioning [2—6, 23, 53, 55]. Herewith,
the study of nervous regulation of the heart rate,
indicating a body adaptability, is an actual task.

Normally, the autonomic nervous system provides
a modulating effect on heart rate. The sympathetic
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B nHOopme Monynupyromiee AeiicTBHE Ha cepied-
HBIM pUTM oOecreynBaeT aBTOHOMHAs HEpBHas
cucrema. CuMnaTudeckass HEpBHAsl CUCTEMa CTH-
MyJHpyeT paboTy cepila, a mapacuMIaTHIecKas —
nonaBisier ee. LlenTpanpHas HepBHAs cHCTEMa KOHT-
pOJIMPYET YPOBHHU aKTHUBHOCTH CHMITATHYECKOTO U
MapacUMIIaTHYECKOTO OTAEIOB [0 MEXaHU3MY o0par-
HoOM cBs3u [4, 5, 23, 53, 56].

B kauectBe kpuTepurs GyHKIHMOHATBHOTO COCTOS-
HUS YaCTO UCIOJB3YIOT MTOKA3aTeNH BapuabeTbHOCTH
cepaeunoro putma (BCP) mist TouHOW KOJTHMYeCTBEH-
HOH OLICHKH BEereTaTUBHOH (DYHKLIMH KaK B 3KCIIEPHMEH-
TaJbHBIX, TAK U KIIMHAYECKHX IessxX [3-5, 23, 32, 64].

P.M. baeBckwii 1 coaBT. [5] BEIAETSAIOT HECKOIBKO
HarnpasJieHni npuMeHeHus anannsa BCP s peenns
KOHKPETHBIX JTUAarHOCTHYECKUX 3ajad. Pe3ymprarsl
BCP nator BO3MOKHOCTBH HE TOJIKO OIIEHUTH (YHK-
LMOHAJIBHOE COCTOSIHUE OpraHu3Ma (BEeTreTaTHBHBIN
OanaHc ¥ ypOBEHb HEHPOTYMOPAJIbHON PETYIALUN),
HO U CLIPOTHO3MPOBATH CTENEHb BEIPa)KEHHOCTH a/1all-
TAIIOHHOTO OTBETA OPraHU3Ma 110 COCTOSIHUIO OTJIEIb-
HBIX 3BEHBEB PETYIATOPHOTO MexaHu3ma [5, 23, 32, 64].

HccnenoBanue akkIMMauy OpraHu3Ma K XoInoay
U BJIMSHUS JIOKaJIbHBIX KPHOIMOBPEXKAECHUN TKaHEH
OpTaHOB IKCIEPUMEHTATILHBIX )KHBOTHBIX U YEJIOBEKA
HEpa3phIBHO CBI3aHO C HI3MEHEHUSIMH BET€TaTHBHOTO
cTaTyca, 4TO ONpeAesseT BaXHOCTh aHanuza BCP
JU1s1 KpHOOMOJIOT MU ¥ KpuoMeanuHsbI [21, 31].

Hapsany ¢ apyrumu merogamu ounenku BCP
WN.I. Hunexkep u P.M. baeBckum ObuT pazpaboran
CHEKTPaJIbHBIN aHalIu3, OCHOBAHHBIM Ha MCIHOJB30-
BaHUHM OBICTpOrO peodpazoBanus Oypee [2—4]. lan-
HBI METOJ] ITO3BOJISIET KOTMYECTBEHHO OLIEHUTH Pa3-
JINYHBIE YaCTOTHBIE XapaKTePUCTHKH KoJeOaHUU
puTMa cepaua U rpaduveckd NpeAacTaBUTh COOTHO-
LIEHHWE Pa3HBIX KOMIIOHEHTOB CEpAEYHOr0 PUTMA,
OTpaXaIOUINX aKTHBHOCTH OIpPEACNIEHHBIX 3BEHHEB
perymsimmu [5, 43, 48].

[Ipu cnexrpansHOM aHanMu3e KOpoTKoi 3armucu DK
(5 mun) BCP BBIIENSIOT TPH OCHOBHBIX CIIEKTPAJib-
HBIX KOMIIOHEHTa, COOTBETCTBYIOIINX OIIPEAEIIEHHBIM
(bm3momornueckum mporeccam [23, 32].

Konebanust putma cepaia yenoBeka B U3UOIOTH-
YECKUX YCIOBHAX 3aBUCST OT AbIXaTEJIbHBIX ABHKECHUM,
mmerormrx gactoty 0,15-0,4 I'r (9-24 xomebanuil/MuH).
JprxarenbpHbIe (BRICOKOYACTOTHBIC) BOMHBI (high
frequency — HF) oTpakaloT akTUBHOCTb ITapacHMIIa-
THYECKOU HEpBHOM cucteMsl [23, 35, 38].

JpyruM KOMIIOHEHTOM CIIEKTpa SIBISIOTCS Ba30-
MOTOpHBIE BOJIHBI Maiiepa, B 0CHOBE KOTOPBIX 0apo-
pednexropHbie MexaHU3MBIL. Takue BOJIHBI Ha3bIBAIOT-
Csl MEJICHHBIMU (HU3KOYacTOTHBIMU) (low frequen-
cy — LF). Y genoBeka ux gacrora coctaniser 0,04—
0,15 I'1 (2,49 xonebanwmii/mun) [23, 66]. OHK HMEIOT
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nervous system stimulates the heart function and the
parasympathetic one suppresses it. The central nervous
system controls the activity levels of the sympathetic
and parasympathetic divisions by a feedback mecha-
nism [5,7,43,47,48].

The indices of heart rate variability (HRV) are
frequently used as a criterion of functional state for
an accurate quantitative evaluation of vegetal function
both for experimental and clinical purposes [3-5, 47,
61, 63].

R.M. Baevsky et al. [4] emphasise some ways of
HRYV analysis application to solve specific diagnostic
problems. The HRV data provide an opportunity not
only to assess the functional state of a body (autonomic
balance and the level of neurohumoral regulation), but
also to predict the manifestation rate of adaptive
response of a body according to the state of certain
links of regulatory mechanism [4, 47, 61, 63].

The study of cold acclimation and influence of local
cryoinjuries in tissues from organs of experimental
animals and human is inseparably associated with the
changes in vegetative status, thereby determining the
importance of HRV analysis for cryobiology and
cryomedicine [18, 42].

Along with other methods of HRV evaluation
I.G. Nidecker and R.M. Baevsky have designed the
spectral analysis based on the use of fast Fourier
transformation [3, 5, 6]. This method allows a quan-
titative assessing the various frequency characteristics
of heart rhythm fluctuations and graphically represent
the interrelations of various components of heart rate,
reflecting the activity of certain regulation links [4, 16,
28].

During spectral analysis of short ECG recording
(5 min) of HRV three main spectral components are
identified corresponding to certain physiological pro-
cesses [47, 63].

Fluctuations in human heart rate under physiological
conditions depend on the respiratory movements having
a frequency of 0.15-0.4 Hz (9-24 fluctuations/min).
Respiratory (high frequency, HF) waves reflect the
activity of the parasympathetic nervous system [9, 12,
47].

The Mayer waves based on baroreflex mechanisms
are another component of the spectrum. These vaso-
motor waves are called slow (Low frequency, LF)
ones. In human, their frequency makes 0.04-0.15 Hz
(2,4-9 fluctuations/min) [47, 64]. They are of a mixed
origin, whereas the spectrum power within this range
is affected by the tonicity of mostly sympathetic and
partially parasympathetic autonomic nervous system,
as well as the other factors [4, 47]. Therefore the state
of sympathetic activation is difficult to determine in
terms of slow wave indices.
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CMeEIIaHHOE MPONCXOKICHNE, TIOCKOJIBKY Ha MOIITHOCTh
CHEKTpa B 3TOM JHMaIia30He OKa3hIBAET BIUSHIE TOHYC
NPEUMYIIECTBEHHO CUMMNATHYECKOT0 U YaCTHUYHO
MapacyMIIaTHYECKOTO OT/IENIOB BET€TaTHBHON HEPBHON
CHCTEMBI, a TaKkxke Apyrue GakTopsl [5, 23]. [TosTomy
I10 TIOKa3aTeNsIM MEeIJICHHBIX BOJH COCTOSIHHE CUMIIa-
TUYECKON aKTHBALIMU ONPEAEIIUTE CIOMKHO.

Eme oqHMM KOMIIOHEHTOM CIEKTpa SBJISIIOTCS
O4YEeHb MEJJICHHBbIE (HU3KOYaCTOTHBIE) BOJHEI (very
low frequency — VLF) ¢ nuanazonom 0,003—0,04 I'1.
dusznonorunueckue (axkropsl, Baustonme Ha VLF,
OKOHYATENbHO He HccienoBaHsl. [IpennonoxurensHo
OHH CBSA3aHBI C TYMOPAJIbHO-METab0INIECKUM KOM-
[TIOHEHTOM (PEHHUH-aHTHOTEH3MH-aIbJI0CTEPOHOBAS
CHCTeMa MOYEK, KOHLIEHTPALUS KaTeXOJIaMUHOB B IJ1a3-
M€, CUCTEMA TEPMOPETYIALINH, CEKPELIUS HEHPOIENTH-
moB u ap.) [12, 23].

[Ipu 24-gacoBoii 3ammmcu DKI' BeIgengoT cBepx-
HU3KOYACTOTHBIE Kosebanus (ultra low frequency —
ULF) [23, 32]. CymMMy Bcex CHEKTPajbHBIX KOMIIO-
HEHTOB Ha3BIBAIOT OOIIEH MOIITHOCTRIO CTIEKTpa (total
power — TP) [4, 32].

B 1996 1. Ha OCHOBaHMM TEOPETUUECKUX U IKCIIE-
PUMEHTAIBHO-KIMHUYECKUX JaHHBIX padoyast rpymma
EBporetickoro obmectsa kapanonoros u CeBepoame-
PHKaHCKOTO OOIIECTBA IO CTUMYIISIIIA U SIEKTPOPH-
3MOJIOTHU TpOBENa CTaHAAPTH3ALUIO TEXHOJOTUU
U pazpaboTana peKOMEHAAUNH O MPAKTHYECKOMY
ucnons3oBanuio BCP y mroneit. C 1ienpio Bocpon3Be-
JICHHS U COTIOCTABJICHHS PE3yIBTaTOB MCCIIEOBAHUN
B pa3HbIX JJabopaTopusax Mupa napameTpsl BCP Obin
yHUHUIPOBaHHI [32].

B c¢BsI31 ¢ HEOOXOIUMOCTBIO JOKINHNYECKAX HC-
MIBITaHUH (hapMaKOIIOTHIECKHUX TPEnapaTroB, THarHOC-
TUYECKOH ammaparypsl U METOIOB JIEUEHUS BaXKHO
npoBezieHne aHann3a BCP B skcriepuMeHTalbHBIX UC-
CJIEZIOBaHUSX HA KUBOTHBIX, OTHAKO HA CETOTHSIIHUI
JIeHb TaKOM IPOTOKOJ He yTBepxkaeH [19, 50, 51].

B Hacrosieii paboTe Oblia MpeANpPHUHSTA MOIBITKA
MPEICTaBUTh U 0000IINTE JTUTEPATypHBIE JaHHBIC 11O
HCTIOJIh30BaHUIO TAPAMETPOB CIIEKTPATBHOTO aHAITN3a
BCP y xpsic, a TakKe OmpeeuTh Hanbosee OnTH-
MaJbHbIE YaCTOTHBIE HANa30HBbI.

CoBpeMeHHEBIE UCCIIeIOBAHNS TPOBOISTCS Ha KPbI-
cax pa3HOro BO3pacTa, Mojia, TeHETHYECKUX JIMHUM,
a TaKkXKe C HEOAMHAKOBBIM (PH3HOIIOTUIECKUM COCTOSI-
HueM (0oapcTBOBaHME, HAPKO3), TIOITOMY B JIMTEpa-
Type OTCYTCTBYIOT €JIMHBIC JIaHHBIE OTHOCHUTEIIHHO
nokazareneit BCP [18, 24-28].

s npaBUIILHOM HHTEPIPETALIH PE3YIBTATOB HC-
cienoBanust BCP HeoOXonuMbl periiaMeHTHPOBaHHbIE
TpeOOBaHMS K PETUCTPAIIIH CUTHAIOB, KOTOPhIE HEBO3-
MOJKHO TIOJTYYHUTH 0€3 CIeIHaIbHOTO 000pyIOBaHHSI.
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Very low frequency (VLF) waves within a range
0f'0.003—0.04 Hz are other component of the spectrum.
Physiological factors affecting VLF have not been
completely studied. They are presumably associated
with humoral and metabolic component (renin-angio-
tensin-aldosterone system of kidney, concentration of
catecholamines in plasma, thermoregulatory system,
secretion of neuropeptides, efc.) [29, 47].

At a 24-hour ECG recording one identifies the ultra-
low frequency (ULF) fluctuations [47, 63]. Sum of all
the spectral components is called as the total power
(TP) of spectrum [5, 63].

In 1996, due to theoretical, experimental and clini-
cal findings, the task group of the European Society of
Cardiology and the North American Society of Pacing
and Electrophysiology has standardized the techno-
logies and designed the recommendations for practical
use of HRV in human. In order to reproduce and
compare the findings in different laboratories around
the world the HRV parameters were unified [63].

Proceeding from a need in pre-clinical trials of phar-
maceutical products, diagnostic equipment and thera-
peutic methods, it is important to analyse the HRV in
experiments with animals, but up to now such a protocol
has not been approved yet [35, 36, 38].

In this paper we have attempted to present and
summarise the reported data on the use of parameters
of HRV spectral analysis in rats, as well as to deter-
mine the most optimal frequency ranges.

The current studies are performed in rats of diffe-
rent age, sex, genetic lines, as well as various physio-
logical state (wake, anesthesia), therefore there are
no common reported data on HRV indices [37, 49, 55,
57,58 60].

For a correct interpretation of results of HRV studies
the regulated requirements for registration of signals,
which can not be obtained without special equipment,
are needed.

Medical equipment for electrocardiogram registra-
tion to analyse the HRV in human should comply with
the requirements, approved by the European Society
of Cardiology such as: a high rate of signal-to-noise
ratio, the most appropriate level of suppression notch
with a high bandpass, efc. [25]. Similar requirements
are also imposed to the devices, designed for the HRV
study in animals. When performing experiments in rats
the sampling frequency of analogue-to-digital converter
should not be less than 1,000 Hz; bit capacity: 12 bit,
since small mammals are characterised by a high heart
rate.

In order to standardise the results of physiological
and clinical studies one uses two types of records: a
short 5-min one (performed under physiologically stable
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MenunuHckoe 000pyAoOBaHHE AJSl PETUCTPALUH
3NEKTpOKapArOoTrpaMM ¢ Lenbto aHanuza BCP y moneit
JIOJKHO COOTBETCTBOBATh TPEOOBAaHUSIM, yTBEPKACH-
HeIM EBponeiickum 00111ecTBOM KapIU0JI0TrOB: BBICO-
KW TIOKa3aTeNlb OTHOLICHUSI CUTHAII/TIIYM, Hanbolee
MIPUEMIIEMBIH YPOBEHb PEKEKTOPHOTO TOJaBIIECHUS
C BBICOKOM TIOJIOCOH MPOMyCKaHus u ap. [47]. AHanornd-
HbIE TPEOOBaHMS IPEIBSIBIISIFOTCS U K alllTapaTaM, pe-
Ha3HA4YeHHBIM U1 uccnenoBanust BCP y )KMBOTHBIX.
[Ipu mpoBeieHNH SKCTIEPHIMEHTOB Ha KPbICaX 4acTOTa
JMCKPETU3aLIH aHAJIOTO-LIU(POBOTO IIpeodpa3oBaTes
nomkHa o6tk He Menee 1000 I'w; paspsimHocTs — 12 6wr,
MTOCKOJIBKY JJIS1 MEJIKMX MIICKOITUTAIOIINX XapaKTepHa
BBICOKAsl 4acTOTa CEPJEYHBIX COKpAILECHUH.

C uenpio CTaHAapTU3ALNUN PE3YNbTaToB (PU3UOIO0-
THYECKUX U KITMHUYECKUX HCCIIEA0BAaHUH HCTIONB3YIOT
JIBa TUIA 3alMCe: KPaTKOBPEMEHHYIO S-MUHYTHYIO
(BBITIONTHSETCS B (PM3NOIOTHIECKH CTAOMIBHBIX yCIIO-
BHSIX U JaHHBIE 00pabaThIBAIOTCS YaCTOTHBIMU METO-
JTaMH) ¥ HOMHHAJIbHY0 24-4acoByto (IaHHBIE 00pada-
THIBAIOTCSI C TTOMOIIBIO BPEMEHHBIX METOJIOB) [47].

Munnmanbaoe Bpemst mis 3anucu DKIT qomxHo
COCTaBIIATH 5 MUH, IPH TOM MaKCUMAaJIbHBIA IEPUOT
OYEHb MEJJICHHBIX BOJIH OrpaHn4rBaercs 1/3 nepuoaa
3aMuCcH KapJUOMHTEPBAIOrPaMMBbl. TakuM o0paszom,
npu S-munyTHOH 3anucu DK MoxHO OOHapyXUTH
BOJIHOBBIE KoJieOaHMsI ¢ mepuogamu 10 99 c, a mpu
XOJNITep-MOHUTOPUPOBAHUH — IUPKATHbBIC KOJIEOaHMsI
¢ mepuonamu a0 8 4 [5, 15, 29, 47].

Jist oGecniedenns yCIoBHiA CTallMOHAPHOCTH PETHCT-
parmto S-MuHyTHBIX 3armceit K1y geroBeka BBITTOITHSI-
FOT B ITOKO€ WJTH TIPH OJJHOOOPa3HOU (hH3MUECKON HAarpy3-
K€ JI0 AOCTH)KEHUS YCTOWINUBOTO (YHKIIMOHATHHOTO
coctostHug. OJHAKO M3BECTHBI Pa0OTHI, B KOTOPBIX
onucansl uccnenoBanus BCP y uenoseka B HecTalmo-
HapHbIX ycnoBusax. Hanpumep, B.A. Marms ycranoBw,
yto nokaszarenu LF, LF/HF u HFn B Takux ycnoBusix
MPOSBISIIOT YCTOMYUBOCTh K KOPOTKMM BPEMEHHBIM
CerMeHTam B jquana3one (256 + 64) RR-unTepBana
[22]. KomnuectBo RR-nHTEpBAIOB CBUIETEIHCTBYET
0 TOM, YTO JJTUTENLHOCTD 3aIMCH MTPH YAaCTOTE MyJIbCa
60 ymapoB/MUH MOXET COKPAaTUTHCA 10 3,5 MHH.

[Ipn mpoBeneHnM 3KCIEPUMEHTOB Ha YKHBOTHBIX
BO3HHUKAIOT ONpeieNieHHbIE TPYAHOCTH, CBSI3aHHBIE C
X UKCcaHeH, HaJ0KCHUEM DJICKTPOIOB (3aKUMOB,
MaHXET), MMOCKOJIbKY 3TH MaHUITYJSUH BBI3BIBAIOT
JOTIOJIHUTENBHBIN cTpecc U auckomdopt [40, 59].
B cBs3u ¢ 0TCYTCTBHEM YCIIOBUH CTALIMOHAPHOCTH I10-
nyuyeHHsle okazarenu OKI' mg ananuza BCP moryt
OBITH HETOCTOBEPHBIMU. Il METIKUX MIICKOITUTAIO-
LIMX BO N30€KaHUE TEXHUUECKUX HABOJOK U YMOLHO-
HaJIBHOTO cTpecca mpu 3anucu DKI' ucmonb3yoT
ANEKTPOIBI HEOOIBIIOTO pa3Mepa, KOTOPhIe HMITJIaH-
THPYIOT TOJ KOXYy, a 3anuchk JKI' mpoBomsar ¢ mo-
MOIIBI0 OECIIPOBOIHOM CBs3M [58].
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conditions and data processed with frequency methods)
and nominal 24-hour one (processed with time-domain
methods) [25].

The minimum time for ECG recording should be
5 min, wherein a maximum period of very slow waves
is limited to 1/3 of period of cardiogram recording.
Thus, at 5-min ECG recording and at a Holter
monitoring the wave fluctuations with up to 99 s periods
and circadian oscillations with up to 8 hrs periods can
be detected, respectively [4, 25, 31, 41].

In order to provide the stationary conditions the
5-min-long ECGs are recorded in human when resting
or with monotonous physical activity to achieve a
sustained functional state. However, there are reported
data, obtained during HRV research in human under
non-stationary conditions. For example, V.A. Mashin
established the fact, that the LF, LF/HF and HFn indices
under these conditions were resistant to short time
segments within the range (256 + 64) of RR-interval
[45]. The number of RR-intervals testified that
recording duration at pulse rate of 60 beats/min could
be reduced to 3.5 min.

Experiments in animals are accompanied with the
certain difficulties, associated with their fixation,
electrode appliance (clamps, cuffs), since these mani-
pulations cause additional stress and discomfort [14,
52]. Due to the absence of stationary conditions the
obtained ECG indices for HRV analysis may be
insignificant. In order to avoid technological noise and
emotional stress during ECG recording for small
animals one uses electrodes of small diameter, which
are implanted under skin and ECG recording is perfor-
med using a wireless communication [51].

After thorough processing of the ECG data
(accurate labelling of RR-intervals) it is possible to
arrange the frequency range for spectral analysis.
However, in some publications, the authors do not
specify these ranges, that may put in a doubt the
correctness of their conclusions [28].

The question arises which should be the parameters
of HRV spectral analysis during a 5-min ECG recording
in conscious rats?

The ranges of all the frequencies, composing HRV
spectrum have not been distinctly determined so far.
For example, some studies have indicated that the total
power of RR-interval spectrum is within the range of
0.003-0.4 Hz, i. e. the frequency parameters of HRV
spectrum in rats are similar to human ones [18, 29,
46]. The respiration rate in animals was 50-150
oscillations/min, therefore the upper limit of HF-waves
should not be below 2.5 Hz. Since 60 oscillations/min
correspond to the frequency of 1 Hz, 150 oscillations/min
should do the frequency of 2.5 Hz. In some papers
right this frequency (2.5 Hz) has been proposed as the
upper limit of HF-waves range [10, 14, 22, 33], but
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[Tocne TmarensHO#M 00paboTku gaHHbIX DKI
(Tounas mapkupoBka RR-uHTEpBaNIOB) MOKHO BBITION-
HUTb PacCTAHOBKY JUAIMAa30HOB YacCTOT ISl CIIEKT-
pasibHOrO aHanmu3a. OTHAKO B HEKOTOPBIX ITyOITMKAIINSAX
ABTOPHI HE YKA3BIBAIOT ITU TUATIA30HBI, YTO MOXKET TI0-
CTaBUTH ITOJT COMHEHHE MPABWIHHOCTE MX BBIBOJIOB [ 12].

Bo3uukaer Bompoc, KaKWMH K€ IOJDKHBI OBITH T1a-
paMeTpsl criekTpainbHoro aHanmuza BCP mpu 5-MunyT-
Hoi#i 3anrcu DKI y KpBIC B COCTOSTHUM O0IPCTBOBAHUS.

Jlo HacTosAIIET0 BpEMEHN TOYHO HE ONPEICTICHBI
JIana3oHbl BCEX YacToT, cocTapisitomux crekrp BCP.
Tak, B HEKOTOPBIX HCCIENOBAHMIX YKa3aHO, YTO 00-
m1asi MOIHOCTH criekTpa RR-uHTEepBanoB HaxoauTcs
B nuanasone 0,003-0,4 I'u, T. e. mapameTpsl 4acTOT
cnekTtpa BCP y kpbIc aHaIOTMUHBI YeOoBeUeCKHM [ 13,
31, 55]. YacToTa apIXaHus ’KUBOTHBIX COCTaBIseT 50—
150 xomebaHM/MHH, TTOATOMY BEPXHSS TpaHHIIA
HF-Bonn nomxHa 06ITh He HIDKe 2,5 ['m. [lockonpky
60 xoneGaHm/MHUH COOTBETCTBYIOT yactore 1 ['11, To mpu
150 xonebaHWN/MUH YacTOTa OJDKHA COCTABIATH
2,5 I'u. B HexoTophIX paboTax WMEHHO TaKylo
gacToTy (2,5 I'11) OBLUTO IPEIOKEHO CUUTATh BEPXHEH
rpanuieit nuanasona HF-sonu [7, 17, 36, 40], onHako
CyIIECTBYEeT MHEHHE, YTO TaKUM IOKa3aTeleM SB-
nsercs yactota 3—3,5 ' (180-210 xoneOanuii/MuH).
Cnenyer OTMETUTb, UTO Y 5,5-MeCAYHBIX >KUBOTHBIX
JIBIXaHUE TPOUCXOANT ¢ yacToTol 1,27 ', 1. e. (75,8 £
3,3) npixatenbHbIX Avokenuid/MuH [9]. [lpu crpecce nin
JIPYTUX TATOJIOTUUSCKUX COCTOSIHUSIX JTAHHBIN TTOKa-
3aTelTh MOYKET yBEITMUUBATLCS 10 180 KomeOaHuil/MuH.

B onHUX HCcciemoBaHUAX HHUXHIOW TPAHUILY
HF-Bomnn ycranosnusatot Ha ypoBHe 0,6—1 11 [37, 52,
65], B npyrux — 0,7-0,8 I'm (42—48 xonmebaTembHBIX
IBIDKeHUI/MUH) [16, 49, 50, 51, 54].

Hwnana3zonsl HF-BoH 4eTKo He onpenenensl, O1Ha-
KO YCTaHOBJICHA UX IpsiMasi 3aBUCUMOCTD OT YaCTOTHI
JIBIXaHUS, IIO3TOMY IIeJIECO00pa3HO PETUCTPUPOBATH
ANEKTPOKApANOrpaduIecKre OoKa3aTeln OJIHOBPE-
MEHHO C JBIXaTeIbHOI KPUBOM, KOTOpAasi MOKa3bIBAET
peCIMpaTOPHYIO COCTABISAIONIYIO B BApHaOEIbHOCTH
CEpJIEYHOTO PUTMA.

B HexoTophIx paboTax yCTaHOBIEHO, YTO YaCTOTA
BOJTH Maiiepa B cocymax kpsic coctapisiet 0,4 ' [39,
61]. C. Julien [48] moka3ai1, 9TO BA30MOTOPHBIE BOJIHEI
HaxoAATcsl B yacToTHOM amamna3zone 0,04—1 I'm, a
C. Cerutti [41] ompenenui mapameTpsl MeAJICHHBIX
BosH —0,27-0,74 I'.1.

D. Brown [39] npencTtaBuil pe3ynbsraTsl HCCIIEN0-
BaHUS B3aMMOJEMCTBUSA CUMIIATUYECKON HEPBHOM
AKTUBHOCTH, apTEPUATILHOTO JABIICHUS U YaCTOTHI
CEpJICYHBIX COKPAILCHUHN Y KPBIC B COCTOSIHUU OOp-
CTBOBaHMS, a 3aTeM TIOCIIC aHecTe3nn peHobapOuTa-
71oM (30 mr/kr). [Iuk criekTpaaIbHOM MOIITHOCTH HaX0-
mwics Ha yposHe 0,4 ', BiimsiHne npixanvist Ha Bapua-
OCIBHOCTh CEPACYHOTO PUTMa Hambosee BRIPAXKEHO
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one believed that such a limit should be the frequency
of 3-3.5 Hz (180-210 oscillations/min). It should be
noted that in 5.5-month-old animals the respiration
occurs with the rate of 1.27 Hz, i. e. (75.8 + 3.3) respi-
ratory movements/min [65]. Under stress or other
pathological conditions this index may augment up to
180 oscillations/min.

In some researches, the lower limit of HF-waves
was set at the level of 0.6—1 Hz [11, 40, 62], in others
it was 0.7-0.8 Hz (42—48 oscillatory movements/min)
[32,34-36, 44].

Ranges of HF-waves are not clearly defined, but
their direct dependency on respiration frequency is
established, therefore it is expedient to record the
electrocardiographic indices simultaneously with
respiratory curve, which shows the respiratory
component in heart rate variability.

In some reports there was established the fact, that
the Mayer wave frequency in rat vessels was 0.4 Hz
[13, 54]. C. Julien has demonstrated the vasomotor
waves to be within the frequency range of 0.04-1 Hz
[27], and C. Cerutti has determined the parameters of
slow waves to be 0.27-0.74 Hz [15].

D. Brown [13] presented his findings on the inter-
action of sympathetic nerve activity, blood pressure
and heart rate in conscious rats, and then after pento-
barbital anaesthesia (30 mg/kg). The peak of spectral
power was at 0.4 Hz. The effect of respiration on the
heart rate variability was most pronounced in anaes-
thetised rats (1.2 Hz), thereby indicating a close relation-
ship between sympathetic nervous system and HRV
at 0.4 Hz. [13].

Y. Cheng [17] established the fact that, despite pre-
vious experimental data, testifying to a wide involve-
ment of sympathetic component of blood baroreceptor
reflex into genesis of Mayer waves, the low frequency
oscillations could not be used as a quantitative index
of sympathetic baroreflex sensitivity.

Nowadays there are different notions about a range
of slow waves, especially their lower limits (0.005—
1 Hz) [1, 24, 26,40, 56, 57].

Most researchers limited the range of LF-waves
from 0.19-0.2 Hz to 0.7-0.8 Hz [1, 20, 34, 58, 67].
A.P. Ivanov [26] and E.V. Salnikov [57] have reported
the slow waves to have a range of 0.02-0.74 Hz with
very small value of lower limit of LF-waves.

E.V. Kuryanova has determined the range of LF-
waves in conscious breedless rats to be 0.32-0.9 Hz.
The author believed that such a range of LF-waves
allowed the recordings of predominance of the effect
of parasympathetic nervous system after acute emo-
tional-pain stress in the normal animals, as indicated
by high indices of HF [39]. These observations
suggested an overrated lower limit of slow waves. Of
note is the fact, that M. Kuwahara [40] selected a

239



y KpbIc nocine anecre3uu (1,2 I'm), yTo ykaspiBaeT Ha
TECHYIO CBSI3b MEXAY CUMIIaTUYeCKON HEPBHOM CHC-
temoit 1 BCP npu 0,4 T's [39].

Y. Cheng [42] ycTaHoBHII, YTO, HECMOTPSI HA UMEIO-
IFecs SKCIIepUMEHTaJIbHbIE TaHHBIE, KOTOPhIE CBUJIE-
TEJNBCTBYIOT O IIMPOKOM BOBJICYEHUH CUMITAaTHYECKON
COCTaBIIAIONIEH apTepHaIbHOTrO 6ApOPELEeNnTOPHOTO
pediiekca B reHe3 BoJH Maiiepa, HU3KOYaCTOTHBIC
KOJIeOaHHS HE MOTYT OBITh HCITOJIb30BAaHBI B KAUE€CTBE
KOJIMIECTBEHHOTO MHJEKCA CUMITaTHIeCKoi 6apoped-
JIEKTOPHOU 4yBCTBUTEIBHOCTH.

B HacTosimee BpeMs CyIIECTBYIOT pa3iuyHbIE
MHEHHSI OTHOCUTETBHO AUana3oHa MeIJICHHBIX BOJIH,
ocobenHo HmxHUX ux rpanwui (0,005-1 I'm) [11, 26, 34,
46,52, 62].

BonpumHCcTBO HccnenoBaTenei onpeeauiu Jua-
mazon LF-somx 01 0,19-0,2 't mo 0,7-0,8 I [17, 27,
33,45, 67]. B padorax A.Il. MBanosa [11] u E.B. Caib-
HUKOBA [26] yCTaHOBIIEHO, YTO MEJJICHHBIE BOJHBI
umerot auanason 0,02—0,74 I'n ¢ oueHb MaJIbIM 3Ha-
YyeHUeM HWKHeW rpanunei LF-BonH.

E.B. Kypsanosa [20] ycTaHoBuUNa nHamna3oH
LF-BoJH y HEMTUHEWHBIX KPBIC B COCTOSTHUH 0OJIPCTBO-
Banus — 0,32—0,9 ['u. [1o MHEHUIO aBTOpA, IPU TAKOM
nuanasone LF-BoiH, B rpyIine HOpMBI MOCJIE OCTPOTO
SMOILMOHANBEHO-00JIEBOT0 CTpecca NPeBaIUPyeET BIHs-
HUE NapacUMIAaTHYECKUX OTICIIOB HEPBHOM CUCTEMBI,
Ha YTO yKa3bIBaIOT BbicoKue mokaszarenu HF. Takoit
pe3yabTaT CBUAETEILCTBYET O 3aBBIIEHHOW HUKHEN
rpaHulle MeJJICHHBIX BOJMH. ClieTlyeT OTMETUTh, YTO
M. Kuwahara [52] BeiOpana 6oJiee MuIpOKHiA 9acTOT-
HbI auama3on LF-sonH Ha yposue 0,041 ['m. Ot
mapaMeTpbl CYUTAIOT Hambojee ONTUMAaIbHBIMU
U Apyrue ydensle [46, 62, 65].

IIpupona VLF-BoH y JaHHOTO BU/1a 5KUBOTHBIX JI0
KOHIIa He U3y4eHa. bonee Toro, B HEKOTOPBIX SKCTIEPH-
MEHTAJIbHBIX UCCIEAOBAHUSIX UX COBCEM HE YUUTHIBA-
ot [11, 26, 49, 52, 54]. Tlo naHHBIM IPYTUX aBTOPOB
napaMeTphl OUEHb MEJUICHHBIX BOJH HAXOASTCS B AUa-
mazone 0,01-0,04 I'm [53, 57, 63]. Haubonee Touno
HIDKHS rpaHuia VLF-BoH y uenoBeka ycTaHOBJIEHA
B pabote P.M. baesckoro [5]. [Ipu kpaTkoBpeMeHHOH
3aIcH HeOOXOIFIMO OT paHIIMBATh Arara3oH VLF-BomH
mo 0,015 I'mm, a Bce konmebanms ¢ mepuomoM Ooee
MUHYTBI OTHOCUTH K quana3zony ULF u Henocpeact-
BEHHO B HEM BBIJICISATH COOTBETCTRYIOIIME MO AUAIIA-
30HHI [2, 5]. Takue 3Ha4eHUS OYEHb MEJJICHHBIX BOJIH
OTHOCSTCS KaK K 4eJIOBEKY, TaK U K ’KUBOTHBIM, IIOC-
KOJIBKY MPU KPaTKOBPEMEHHOM 3alucy IMIaBHOU cOC-
TaBJISAIONICH SABISETCS HE OMOTOTUYCSCKUN BHJ, a
BpeMeHHOH dakrop [2, 5].

Kpome Toro, B HEKOTOPBIX MyOJUKALUAX HAPSAY
C IWara3oHaMH MEJICHHBIX U OBICTPHIX BOJH BbIJIE-
TIAI0T auamnas3onsl cpenaux (0,27-0,76 I'm) u meixa-
tenbHBIX (0,79-2,5 I'm) BoH [36]. B padote A. Daffon-
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wider fre-quency range of LF-waves at the level of
0.04—1 Hz. Other scientists considered these parame-
ters as the most optimal ones as well [24, 56, 62].

The nature of VLF-waves in this animal species
has not been fully investigated so far. Furthermore, in
some experimental studies they are not considered at
all [26, 34, 40, 44, 57]. According to the findings of
other authors the parameters of very slow waves are
within the range of 0.01-0.04 Hz [43, 50, 59]. The
lower limit of VLF-waves in human was established
most accurately in the studies of R.M. Baevsky [4].
During short-term recording it is necessary to limit the
range of VLF-waves up to 0.015 Hz, and all the
oscillations with a period of more than a minute should
be referred to the ULF range with selecting the corres-
ponding sub-ranges directly in it [4, 6]. These values
of very slow waves are referred both to human and
animals, since at a short-term recording the main com-
ponent is not a biological species, but time factor [4, 6].

Moreover, some reports contain together with the
ranges of slow and fast waves the medium and
respiratory waves: 0.27-0.76 Hz and 0.79-2.5 Hz,
correspondingly [10]. In the paper of A. Daffonchio
the medium waves are localized within the range of
0.1-0.6 Hz [19].

Thus, up to now there is no consensus on the indices
of frequencies of HRV spectral analysis in rats. Taking
into account the physiological peculiarities of this
animal species, we can emphasise the following para-
meters of HRV spectral analysis during the 5-minute
ECG recording: TP — 0.015-3 Hz; VLF — 0.015—
0.04 Hz; LF — 0.05-0.79 Hz; HF — 0.8-3 Hz.

For the most HRV indices in human there were
revealed such high correlations as: the RR-interval
value was positively and high correlating with the mean
of standard deviations for all 5-min sites (SDNN-i),
VLF, LF, HF, and negatively with the Baevsky index
and mode amplitude (AMo) [7, 21, 30]. There was
noted a high correlation between the root mean square
of the successive differences (RMSSD) and HF, cha-
racterising a high-frequency heart rate variability,
associated with the modulation of parasympathetic
activity during respiration [30, 66].

Proceeding from this fact, in order to specify the
frequency ranges of spectral analysis in rats one should
also consider the data obtained with statistical, geo-
metric methods and correlation rhythmography (scat-
terography), characterising the HRV without any
mathematical transformations.

Conclusions

According to the reported data there was estab-
lished the fact, that in rats during HRV spectral analysis
there were determined different frequency ranges of
all spectral components.
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chio [44] cpenHue BOJHBI IPEACTABICHBI B THAITA30HE
0,1-0,6 I'm1.

Takxum 00pa3oM, eTMHOTO MHEHUS O TIOKa3aTeIsIX
4acToT clieKTpanbHoro aHanuza BCP y kpeic 10 Hac-
TOSIIIET0 BPEMEHH HE CYLIECTBYET. Y UUTHIBast (PU3HO-
JIOTUYECKHE 0COOCHHOCTH JJAHHOTO BUJIA JKUBOTHBIX,
MO>KHO BBIICIUTH CIEIYIOIINE MapaMeTphl CIIEKTPalib-
Horo a"anu3a BCP npu 5-munytHo# 3ammcu OKI: TP —
0,015-3T'm; VLF-0,015-0,04 I'; LF —0,05-0,79 I'ny;
HF - 0,8-3 I'n.

s 6onpmECTBA TIOKa3areneit BCP y uenoBeka
BBISIBJICHBI BRICOKHE KOPPEIATUBHBIC CBSI3H: BEITMUNHA
RR-nHTEpBaa OIOKUTETHHO U BEICOKO KOPPETUPYET
CO CPETHUM 3HaYeHHEM CTaHJapTHBIX OTKIOHEHHH 110
BceM S5-MuHYTHBIM ydactkaMm (SDNN-i), VLF, LF, HF,
a OTpPULATENIBHO — C UHJIEKCOM baeBckoro u aMuu-
Tynoi mMonel (AMo) [6, 8, 14]. OTmeueHa BhICOKast
KOppeTsilusg MEXAY KBaIpaTHbIM KOPHEM U3 CYMMBbI
KBaJIpaTOB Pa3HOCTH BEIMYUH MOCIEI0BATEIbHBIX AP
nnTepBanioB (RMSSD) u HF, kotopsie xapakTepusyror
BBICOKOYACTOTHYIO BapHabeIbHOCTh pUTMa CEpALaA,
CBSI3aHHYIO C MOJYJISIIIMEN MapacuMIIaTUUYECKO ak-
TUBHOCTH T1pH abrxanww [ 10, 14].

B cBs3u ¢ 3TUM 1J1 yTOYHEHHUS IHAMa30HOB
YacTOT CIIEKTPAIIBHOTO aHANN3a y KPhIC HEOOXOIMMO
TaK)Ke€ yYHUTHIBATH JAaHHBIC, MMOIYUYEHHBIE CTATHCTHU-
YECKUMH, TEOMETPUUECKUMHU METOAaMU U KOppemsi-
LUMOHHOI puT™Morpaduei (ckareporpadueii), KOTopble
xapakTtepu3ytor BCP 6e3 kakux-nmubo Mmatemaruiec-
KHX TIpeo0pa3oBaHMiA.

BriBoabI

Io pe3ynpraram aHanu3a JUTEPATYPHBIX JAHHBIX
YCTaHOBJIEHO, YTO Y KPBIC IPH CIIEKTPAIIEHOM aHAJIN3e
BCP onpenensiorcs pa3IndHbIE YaCTOTHBIE THAIA30-
HBI BCEX COCTABJISIOMINX CIIEKTPA.

B cBs31 ¢ TeM, YTO B COBPEMEHHBIX Ty OJINKAIAIX
OTCYTCTBYIOT O0IIIie KPUTEPUH BHIOOPA KOHKPETHBIX
YaCTOTHBIX TNANIa30HOB, MBI TIPEIOKIIIN BBIEIUTD
cnenyromue: TP —0,015-3 I'u; VLF —0,015-0,04 I'n;
LF -0,05-0,79 I'; HF — 0,83 T'w.

[Ipenyaraempie mapameTpsl CHEKTPAIBHOTO aHa-
m3a BCP y kpbIc TpeOyroT yTOUHEHUs, TOATOMY HE0O-
XOIMMO JOTIOJIHUTENBHO M3YUYUTh JUAMAa30HBI BOJIH
Maiiepa n npoBonuts aHam3 BCP, mapamiensHo 3anu-
chIBas rpad UK Jprxanus. [Ipu 9ToM BaXKHO CONIOCTAB-
JIATH TONYYEHHBIE PE3YNbTaThl C JAHHBIMHU JIPYTHUX
MetonoB uccienosanus BCP.

Cratuctrueckas o0paboTka KapIHOWHTEPBAIO-
rpamMM nipu peructpanuu DKI' y kpbic B cBOOOJHOM
[TOBEJICHUH MTO3BOJIMUT YTOUHUTH BEIOPAHHBIE ITapaMeT-
PBl, YTBEPAUTH €AMHBIM MPOTOKOJ CIEKTPAIbHOTO
a"ann3a BCP miis naHHOro BUa >KUBOTHBIX U OLIEHUTH
UX BEreTaTHBHBIN CTaTycC.

Taxum 06pa3oM, IO eANHBIM ONITUMATILHBIM Hapa-
MeTpaM criekTpanbHOro anainusa BCP moxHo 6omnee
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Due to the fact that in current publications there
are no common criteria for selection of specific fre-
quency ranges, we have proposed to emphasise the
following ones: TP — 0.015-3 Hz; VLF —0.015-0.04
Hz; LF — 0.05-0.79 Hz; HF — 0.8-3 Hz.

The proposed parameters of HRV spectral analysis
in rats need to be specified, therefore it is necessary
to perform additional studies on the Mayer wave
ranges and analyse the HRV together with respiration
diagram recording. In this case it is important to
compare the findings obtained with those of other
research methods for HRV.

Statistical processing of cardiointervalograms during
ECG recording in unrestrained rats will enable to clarify
the selected parameters, to accept the common pro-
tocol of HRV spectral analysis for this animal species
and to assess their vegetative status.

Thus, having the common optimal parameters for
HRYV spectral analysis this method may be more widely
and correctly applied in cryobiology and cryomedicine.
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