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Pecbepat: B pabote Ha ocHOBaHUM AaHHbIX CMEKTparibHOro aHanusa BapuabenbHocTu cepgeyHoro putma (BCP) yctaHoBneHo,
4YTO CMeHa NPOCTPAHCTBEHHOrO MOMOXEHUsI Tena, KoTopasi COMPOBOXAAETCA U3MEHEHWEM LeHTParbHOro BEHO3HOro AaBreHus,
CBsi3aHa C OYeHb HM3KOo4YacTOTHOW VLF-kOMMOHEeHTOW chnekTpa. YCTaHOBMEHO, YTO Npu noctnpaHguvanbHown Harpy3ke B 1,9 pasa
yMeHbllaeTcs obuwas MowHocTb cnektpa BCP 3a cyeT CHMXEHUS 04eHb HU3KOYACTOTHOW KOMMOHEHTbl crnekTpa. OTMevyeHo
CTaTUCTUYECKM 3HAYMMOE yMeHblueHne cooTHoweHuns LF/HF ¢ 6,7 pno 4,8 3a cyeT yBenuyeHus BbICOKOYACTOTHOrO AuanasoHa.
[Mocne BBeaeHWs XUBOTHbIM dhapMakonormyeckux npenapatos «Jflonepamugy, «ATponuHa cynbdart», KOTOpble TOPMO3AT MOTOPHO-
3BaKyaTOPHYIO PYHKLMIO FraCTPOUHTECTMHANbHOrO TpakTa yCTaHOBIEHO BnvsiHWe nuweBaputenbHon cuctembl Ha BCP B LF- n HF-
OunanasoHax. MokasaHo, YTO CTeneHb BblpaXXeHHOCTU M3MeHeHulit BCP B pesynbraTe KpuvopeHepBauuu nervus vagus bbeina
3HaAYMTENbHO HMXE, YeM nocne nposefeHus hapmakonornyeckon geHepsaumm «ATponvHa cynbgdaTom». COOTHOLIEHNE KOMMOHEHT
LF/HF ymeHbwunocb ¢ 3,4 go 1,3 3a cyeT yBenM4eHUs BbICOKOYACTOTHOW KOMMOHEHTbl cnekTpa. Pe3ynbraTbl NpoBeAeHHbIX
3KCMEePMMEHTOB Mokasanu, YTo napacumnaTuyeckoe 3BEHO BereTaTVBHOW HEPBHOW CUCTEMbl KOHTPONMpyeT Bce obnacTu cnektpa
1 urpaet rmasHyo pofnb B popmupoBaHum BCP.

KnioyeBble cnoBa: BapnabenbHOCTb CepAeYHOro putma, cnekTpanbHbli aHanus, LeHTpanbHoe BEeHO3HOe AaBrneHue,
KpuogeHepBauusa nervus vagus.

Pedbepat: Y poboTi Ha miacTasi pe3ynbraTiB cnekTpanbHOro aHanisy BapiabenbHocTi cepueBoro putmy (BCP) BcTaHoOBReEHO,
WO nepemileHHs Tina y NpocTopi, sike CynpoBOAXYETbCS 3MIHOK LEHTpanbHOro BEHO3HOro TUCKY, NOB’A3aHe 3 AyXe NOBifbHO-
xBunboBot VLF-komnoHeHTOl cnekTpa. BcTaHoBneHO, WO npu nocTnpaHgianbHOMY HaBaHTaxeHHi B 1,9 pa3a 3MeHLWYyeTbCH
3aranbHa NOTYyXHiCTb cnekTtpa BCP 3a paxyHOK 3HWXEHHS AyXe MOBifbHO-XBUMbOBOI VLF-koMNoHeHTU. Big3HayeHo cTaTuCTUYHO
3HauyLle 3MeHLUeHHs cniBBigHoweHHst LF/HF 3 6,7 go 4,8 3a paxyHok 30inblUeHHs BUCOKOYACTOTHOrO AianasoHy. [icns BBeOeHHs
TBapuHaMm dapmakornoriyHmx npenapatiB «Jlonepamig», «ATponiHa cynbdart», SKi ranbMyl0Tb MOTOPHO-€BaKyaTOPHY (YHKLi0
racTpoOiHTECTUHANbHOro TPakTy BCTAHOBMEHO BNNMB TpaBHOI cuctemn Ha BCP y LF- i HF-gianasoHax. MokasaHo, Wo cTyniHb
BUpaxeHocTi 3aMiH BCP y pesynbraTi kpiogeHepBalii nervus vagus ByB 3Ha4HO HWXYMM, HiX nicns papMakonoriyHoi aeHepsadii
«ATponiHa cynbdatom». CniBBigHOWEHHSA KOMNoHeHT LF/HF 3meHwyBanocsa 3 3,4 oo 1,3 3a paxyHOK 3HWXKEHHSI HU3bKOYaCTOTHOI
KOMMOHEHTU cnekTpa. Pe3ynbratn npoBegeHUX eKCnepuMeHTIB nokasanwu, Wo napacumnaTnyHa naHka BeretatuBHOI HEPBOBOI
CUCTEMU KOHTPOIIOE BCi 30HU CnekTpa i € ronosHot y dopmyBaHHi BCP.

KniouyoBi cnoBa: BapiabenbHiCTb cepLeBOro puTMy, CnekTparnbHUIN aHani3, UeHTpanbHUiA BEHO3HUI TUCK, KpiodeHepBalis
nervus vagus.

Abstract: Heart rate variability (HRV) spectral analysis was applied to establish how postural changes, accompanied by that
in the central venous pressure were associated with a very low-frequency (VLF) component of the spectrum. Under postprandial
load the total power of HRV spectrum was found out to decrease by 1.9 times due to reducing the very low-frequency component
of the spectrum. A statistically significant decrease in the LF/HF ratio from 6.7 down to 4.8 due to an increase in the high-frequency
range was noted. After treating the animals with Loperamide and Atropine sulfate, which inhibited a motor-evacuation function of
gastrointestinal tract, there was established the effect of digestive system on HRV within the LF and HF ranges. The manifestation
rate of HRV changes as a result of nervus vagus cryodenervation was shown to be significantly lower than after pharmacological
denervation with Atropine sulfate. The ratio of LF/HF components decreased from 3.4 down to 1.3 due to the augmentation of high-
frequency component of the spectrum. The findings demonstrated the parasympathetic nervous system to control all the ranges
of spectrum and play a major role in HRV formation.

Key words: heart rate variability, spectral analysis, central venous pressure, nervus vagus, cryodenervation.
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BapunaGensHocTh cepaeunoro purma (BCP) sB-
JISIETCS TTOKA3aTeNIeM COCTOSHUS PEeTYISTOPHBIX CHC-
TE€M OpraHu3Ma U BEreTaTHBHON HEPBHOM CHUCTEMBI
(BHC) [1, 7]. U3BecTHO, uro BHC urpaer Baxxnyo
POJIb B alaliTAlliU OpraHu3Ma K IEHCTBHIO pa3IHYHBIX
CTPecCcOBBIX (haKTOPOB (MICUXOJIOTHYECKUE, KITUMATH-
YeCKue, FeOMarHuTHbIE, TaTO(QU3NOIOTHUECKHE U JIP.)
[1, 2, 7]. Tak, T.K. bpeyc u coaBr. [2] ycTaHOBUIU
CBSI3b CE30HHO MEPUOANIHOCTH METEO(aKTOPOB C pa-
00TOM CepIeIHO-COCYTUCTON CUCTEMBI, O YEM CBHJIC-
TenbcTBYIOT u3MeHeHus BCP. Kpome toro, nanusie
criekTpansHOTO aHanm3a BCP kak maaukaropa afgan-
TAIMOHHBIX BO3MOKHOCTEH MOTYT MCIOJIB30BaTHCS
P SKCTIEPUMEHTAIILHOM HU3YYEHHH BETETATHBHOTO
cTaTyca OpraHM3Ma B IIPOLIECCE €T0 AKKIMMALIUHU MOC-
JIe XOJIOAOBBIX BO3ICHCTBUI U LIS OnpeesieHust 3¢-
(hEeKTUBHOCTH JIOKAIBbHBIX KPUOTIOBPEKICHUN TKaHEH
1 OpraHOB NPH MOAEIMPOBAHUU MATOJOTMYECKHUX
COCTOSIHUM miu Tepanui |5, 8]. OnHaKo 10 HACTOSILETO
BPEMEHHU HE CJIOKHWJIOCh €JUHOTO MHEHUS OTHOCH-
TENBHO (PU3UOIOTHUECKON HHTEPIIPETAIMH CIIEKTPAIIh-
HbIX koMrioHeHT BCP, mpruem HaumeHee n3yueHHBIM
OCTaeTcs MPOUCXOXKICHHE OYeHb HHU3KOYaCTOTHBIX
konebanuii cepaeanoro putma (VLF-BomH) kak y yemno-
BeKa, TaK M y IPYTUX OHOJIOrNYecKrnX 00beKToB. M3BecT-
HO TOJIBKO, YTO Yy YeJIOBEKa JWana3oH O4e€Hb HU3KO-
YaCTOTHBIX BOJIH HaxoauTcs B ipeaenax 0-0,04 T [14].
[Ipu sTOM cBeneHust 0 pU3MOTOTHIECKON TPAKTOBKE
OYEHb HU3KOYACTOTHBIX BOJIH y KPBIC OTCYTCTBYIOT.
CymectByeT MHEHHE, 4TO V LF-BOMTHBI OTpaskaroT BIIus-
nue Ha BCP sprorpomnusix, rymopaibHO-MeTabou-
yecKuxX (aKTOpOB, PEHUH-aHIMOTEH3MH-aJIbJA0CTe-
POHOBOM CHCTEMBI U BBICIINX CUMIIATUYECKUX LIEHT-
poB [6, 12, 14].

YcTaHOBJIEHO, YTO MPU CMEHE TOJIO0KEHHUS Teja ¢
KJIMHO- Ha OPTOCTaTUYECKOe M 00paTHO MPOUCKOIAT
3HAYUTEIILHBIC N3MEeHEeHU Imoka3arenen VLF-anama-
30Ha [6, 7, 12]. Cieqyer OTMETUTH, YTO CMEHA TMOJIO0-
JKEHHs Tesla B MPOCTPAHCTBE (MTOCTypaJbHBIE H3Me-
HEHMsI) BIMSIET Ha LICHTPAJIbHOE BEHO3HOE JIaBICHHUE
(IBM), ckopocTb BOCCTaHOBIICHHSI KOTOPOTO 3aBUCHUT
0T cOaJaHCUPOBaHHOIN pabOTHI BCEX 3BEHBEB I'€MO-
JuHaMuueckolt cucreMsl [16]. Kpome Toro, remonu-
HaMHYECKUE U3MEHEeHHUs (mepepacipeesieHue Kpo-
BH) OpraHHU3Ma, CBsi3aHHbIE co cHkeHueM LB/, oT-
Me4aroTCs MoCIIe pruemMa mui. V3BecTHo, 4To nuIeBas
Harpy3Ka BbI3bIBACT HHTEHCH(UKAILIMIO KPOBOTOKA B
xenmynoano-kumiedHoM tpakre (KKT), crenens koto-
POTro JIETEPMUHUPYETCSI HCXOIHBIM (yHKIIMOHAILHBIM
COCTOSTHHEM OpTraHOB NuIneBapenwus [3].

Jnst 6onee neranbHOM OICHKY BIUSHHS CHMITIATH-
yeckoil u mapacumnarudeckoir BHC, a taxxe mo-
TOPHO-3BAKYaTOPHOH (PYHKIUH MHUIIEBAPUTEIHHOTO
Tpakta Ha crnektp BCP ucnonesyror dapmakosnoru-
YECKYIO M XUPYPTUUECKYIO ICHEPBALIUIO NerVUS VAZUS.
dapmakosoruyeckas AeHepBanus n. vagus (poda ¢
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One uses the heart rate variability (HRV) as the in-
dex for assessing the state of body’s regulatory systems
and autonomic nervous system (ANS) [2, 10]. The
ANS is known to play an important role in an orga-
nism’s adaptation to various stress factors (psycho-
logical, climatic, geomagnetic, pathophysiological, efc.)
[2, 3, 10]. For example, T.K. Breus et al. [3] esta-
blished the relationship between a seasonal periodicity
of meteorological factors and cardiovascular system
functioning, as evidenced by changes in HRV. In ad-
dition, the spectral analysis data of HRV, as an indicator
of adaptive capabilities, may be used in experimental
study of vegetative status of an organism during its
acclimation after cold exposures and to determine the
efficiency of local cryoinjuries of tissues and organs
in simulating pathological states or therapy [4, 8, 12].
However, up to now there has been no consensus on
physiological interpretation of HRV spectral com-
ponents, moreover the origin of the heart rhythm very
low-frequency oscillations (VLF-waves) in human and
other species has still remained poorly studied. It is
only known that the range of the very low-frequency
waves in human is within the range of 0-0.04 Hz [8].
Herewith there is no information on physiological
interpretation of the very low-frequency waves in rats.
One believes that the VLF-waves affect the HRV of
ergotropic, humoral-metabolic factors, the renin-angio-
tensin-aldosterone system and higher sympathetic cen-
ters [8, 13, 16].

The change in body position from a clinostatic to
orthostatic one and vice versa was established to result
in significant changes in the VLF-range indices [10,
13, 16]. It should be noted that the change in body
spatial position (postural changes) affects the central
venous pressure (CVP), the recovery rate of which
depends on a balance in activity of all the links of he-
modynamic system [ 14]. In addition, the hemodynamic
changes (blood redistribution) of a body, associated
with CVP decrease, are postprandially noted. The food
load is known to cause the blood flow intensification
in gastrointestinal tract (GIT), the degree of which is
determined by the initial functional state of digestive
organs [17].

For a more detailed assessment of sympathetic and
parasympathetic VNS contribution and the effect of
motor-evacuation function of digestive tract on HRV
spectrum, one uses pharmacological and surgical
denervation of nervus vagus. Pharmacological dener-
vation of n. vagus (test with Atropinum) temporarily
excludes its effect on HRV via blockade of muscarinic
receptors. Unlike surgical denervation, resulting in a
complete rupture of nerve impulse transmission along
the nerve bundle, the cryodenervation is more mild. The
use of this method enables preserving the elastically
collagenous skeleton of nerve membranes, which pro-
vides more rapid regeneration of nervous tissue [7].
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aTPONMHOM) BPEMEHHO HCKIIOYACT BIUSHHE OJIyXK-
natoriero Hepea Ha BCP myTtem Gokaast M-xonuHo-
peuenTopoB. B ominune oT XUpypruueckoil neHep-
BallMU, KOTOpas MPUBOJUT K MOJHOMY pa3phIBy Mepe-
Jlauy HEpBHBIX UMITYJbCOB I10 HEPBHOMY ITyUKY, OoJiee
maaduen spuserca kpuoaeHepsauus. [Ipumenenne
TaKoro MeTofla MO3BOJIIET COXPAHUTh HIACTHUECKH-
KOJIJIar€HOBBIH KapKac 000J04eK HepBa, 4To 00ecneyn-
BaeT Ooree OBICTPYIO pereHepaliio HepBHOM TKanu [ 11].

Ha ocHoBaHMM MMEIONINXCS JINTEPATYPHBIX JaH-
HBIX paHee HaMU ObUIM OTpeesICHBI ONTHMAaJbHbBIC
YaCTOTHBIE TNANIa30HbI BOJH IJIsI IIPOBEICHNUS CTIEKT-
pansHorOo anHanuza BCP xpeic [8] m axcnepuMen-
TaJbHO U3YUYECHO BIMSAHUE ABIXaHUS ¥ COCYIUCTOTO TO-
nyca Ha HF- u LF-nuanazonsl ciektpa BCP kpsic [10].

B cBs13u ¢ BBILIEH3TI0KEHHBIM LIEJIBI0 PAOOTHI OBLIO
HCCJIEI0BaHNE BIIMSAHMS CMEHBI MOJOXKEHUS Tea B
MIPOCTPAHCTBE, NPEANPAHANATBHOTO (10 €Ib1) ¥ ITOCT-
MpaHAHaIbHOTO (TIOCe e/bl) cTaTyca, a Takxke dap-
MaKOJOTHYECKOHW JEHEepBallMM U KPUOJECHEPBALUU
n. vagus Ha VLF-BOJHBI CIEKTPalIbHOIO aHaIu3a
BCP kpsic.

MatepuaJjbl U MeTOABI

PaboTty BeIMONHSIN B cCOOTBETCTBHH ¢ «O0muMu
MIPUHITUIIAMHA SKCIIEPUMEHTOB Ha KHBOTHBIX», 0J100-
perabiMu VI HanponanmbHBIM KOHTpeccoM o OHo-
atuke (Kues, 2016) 1 cortacoOBaHHBIMU C TIOJIOKEHHSI-
MU «EBporeiickoil KOHBEHIINH O 3aIlUTE T03BOHOYHBIX
KHBOTHBIX, HCIIOJIB3YEMBIX JUISI SKCIIEPUMEHTAIbHBIX
U Apyrux HayyHbIX nenei» (CtpacOypr, 1986). Meto-
UKW TPOBEACHUS UCCIENOBAaHUN YTBEPKIEHBI KO-
MuUccHel 1o onostuke MHcTUTyTa TPOOIEM KprOoOHo-
soruu u kpuomenuiasl HAH Ykpannus! (XapbKoB).

OKCTIEpUMEHTHI TPOBOAMIN Ha 7-MECSYHBIX KPbI-
cax-camriax (n = 60) muann Buctap maccoii 200-300 T
B CTAllMOHAPHBIX YCIOBUAX BUBAPHS B yTPEHHEE Bpe-
M (¢ 9 o 12 ).

DnekTpokapanorpaduaecKue UCCIeTOBAHUS IIPO-
BOJIMJIM B TEUCHUE 5 MUH Ha allliapaTHO-IIPOrPaMMHOM
kommiekce «llonu-Crextp 8/B» («Hetipocodt», Poc-
CHsI) C MCIIOJIb30BAaHMEM ITPOrPAMMHOI0 00ECIICUCHHS
«Ilomu-Cnexrp-Purm 4.8» B cranmaptasix (I, 11, III)
1 JonoJHUTeIbHBIX (avL, avR m avF) oTBeneHuMsX.
Onpenensiin ciaeaylomne CIeKTpajJbHbIe XapaKTe-
puctuku: TP — mosHast MOIIHOCTD CIIEKTpa KojeOaHni
Kapanoputma, Mc’; VLF — MOIITHOCTB CIIeKTpa KapIro-
puT™Ma B 0061aCTH OYeHb HU3KUX gacToT (0-0,04 T'ir), mc?;
LF — MOITHOCTB clieKTpa KapJuopruT™Ma B 00J1aCTH HH3-
kux gactot (0,05-0,79 T'ry), mc?; LFHOpM — MOIITHOCTH
CIEKTpa KapMOopuTMa B 00JIaCTH HU3KUX YacCTOT, U3-
MEpEeHHas B HOPMAJTM30BAHHBIX €ANHUIIAX, HOPM. €]1.;
HF — momHoCTh criekTpa KapaIuopuT™Ma B 00JacTH
Bbicokux yactoT (0,8-3 T'r), mc*; HFHOopM — Morir-
HOCTb CIIEKTpa KapAXOPUTMa B 00JIACTH BBICOKUX Hac-
TOT, U3MEPEHHasI B HOPMAJIM30BAHHBIX €IUHUIIAX,
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Following on the reported data, we have previously
determined the optimal wave frequency ranges for
HRYV spectral analysis in rats [4] and experimentally
studied the effect of respiration and vascular tone on HF-
and LF-ranges of HRV spectrum in these animals [6].

In this context the research purpose was to inve-
stigate how postural changes, preprandial (before meal)
and postprandial (after meal) status, as well as the
n. vagus pharmacological denervation and cryodener-
vation affected VLF-waves in HRV spectral analysis in
rats.

Materials and methods

The experiments were performed according to the
General Ethical Principles of Experiments in Animals,
approved by the 6™ National Congress of Bioethics
(Kyiv, 2016) and the statements of the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (Stras-
bourg, 1986), as well as with the requirements of the
Committee in Bioethics (Institute for Problems of
Cryobiology and Cryomedicine of the NAS of Ukraine,
Kharkiv).

This research was carried-out in 7-month Wistar
male rats (n = 60) weighing 200—300 g under stationary
conditions of animal facility in the morning (from 9:00
t0 12:00 a. m.).

Electrocardiographic studies were done within
5 min with Poly-Spectrum 8/V computer appliance
(Neurosoft, Russia) using Poly-Spectrum-Rhythm
software (version 4.8) in the standard (I, II, III)) and
additional (avL, avR and avF) leads. The following
spectral characteristics were determined: TP, the total
power of cardiac rhythm oscillation range, ms?; VLF,
the spectral power of cardiac rhythm in the very low
frequency region (0-0.04Hz), ms?; LF, the spectral
power of cardiac rhythm in the low frequency region
(0.05-0.79Hz), ms?; Lfnorm, the spectral power of
cardiac rhythm in the low frequency region, measured
in normalized units (norm. units); HF, the spectral power
of cardiac thythm in the high-frequency region (0.8—
3 Hz), ms?; Hfnorm, the spectral power of cardiac
rhythm in the high-frequency region, measured in
normalized units (norm. units); LF/HF, the ratio of
spectral powers of cardiac thythm in low and high
frequency region; % VLF, % LF, % HF, the per-
centages of very low, low and high frequency oscilla-
tions in the total spectral power, respectively [4].

For HRYV statistical analysis the following calculated
indices were used: SDNN, the standard deviation of
‘normal’ R-R intervals, ms; RMSSD, the root mean
square of the successive differences, ms; CV, the coef-
ficient of variation of a number of ‘normal’ R-R inter-
vals, %; and HR, the heart rate, bpm.

Depending on experimental tasks the animals were
divided into 6 groups of 10 rats each (Table 1).

npo6nemMbl KpMOOMONOrMM U KPUOMEAULIMHDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017



HopM. en1.; LE/HF — cooTHOIIEH e MOIITHOCTEH CIIeKTpa
KapIHOpUTMa B 0OJIACTH HU3KUX M BHICOKHX YACTOT;
%VLEF, %LF, %HF — npoueHT koiebaHuil 04eHb
HU3KUX, HU3KUX U BBICOKUX YacTOT B OOIIIEi MOIITHOCTH
CIIEKTpa COOTBETCTBEHHO [8§].

Hns cratuctudeckoro ananuza BCP npumensiiu
pacuetHble nokazaTtenu: SDNN — ctanaapTHOE OTKIIO-
HEHHE «HOpPMaNbHBIX» HHTepBasioB R-R, mc; RMSSD —
KBaJ[paTHbII KOPEHb U3 cpeaHeapuPMEeTHICCKOrO
3HAYEHUS KBAJpaTa pa3HOCTH TUTEIBHOCTEH TIOCIIe-
JIOBATEIHHBIX «HOPMAIBHBIX» WHTEpBaIoB R-R, mc;
CV — ko3 dunreHT Bapuanuu psaga «HOPMaTbHBIX)»
naTepBasioB R-R, %; UCC — gacTtoTa cepaedHbIX COK-
palLIeHUil B MUHYTY.

B 3aBucuMoCTH OT 3a7a4 HKCIIEPUMEHTA KUBOT-
HbIe OBLTH pa3J/ieJIeHbl Ha IecTh Tpymi 1o 10 B kax-
noii (tabm. 1).

Onexrpokapaunorpammsbl (OKI) B rpynmax 1 u 2
pErHCTPUPOBAIH, PUKCUPYS KPBIC CIIMHOM K orepa-
LHUOHHOMY CTOJY, & B rpymnmnax 3—6 — UCIOIb30BaIN
CICIHAIBHO pa3pad0TaHHYH METOIUKY, aJallTHPO-
BAHHYIO K YCJIOBHIM, MAKCUMAIHHO TTPUOIMIKEHHBIM
K CBOOOJHOMY TIOBEICHHIO JKHBOTHBIX [9].

J171s1 BEIIOJTHEHUS KPUOICHEPBAIINH /1. VaAgUs KU-
BOTHBIX TOJ MHTAISIUOHHBEIM d(PUPHBIM HAPKO30M
(hUKCHpPOBATH K OTIEPAIIMOHHOMY CTOJTY B ITOJIOKCHHH

Electrocardiograms (ECG) in the groups 1 and 2
animals were recorded after fixing rats with their backs
to operating table, and in the animals of groups 3—6 it
was done according to a specially designed techni-
que under conditions maximally approximated to free
behavior of rats [5].

To perform cryodenervation of n. vagus the animals
under inhalation ether anesthesia were fixed to ope-
rating table in the supine position. After hair removing
under aseptic conditions the anterior abdominal wall
was opened. The abdominal esophagus and stomach
were exteriorized through surgical wound. The n. va-
gus branches were clearly visible on both sides of cardial
section of esophagus (Fig. 1A).

The cryodestruction of cardial section of esopha-
gus with both branches of n. vagus was performed
using the cryodevice KD-3 (B. Verkin Institute of Low
Temperature Physics and Engineering of NAS of
Ukraine) with a special cryoapplicator at —150°C tem-
perature of working surface during 60 s (Fig. 1B).
After careful hemostasis, the anterior abdominal wall
was layer-by-layer sutured and cutaneous sutures
were put on the wound. For additional analgesia, Nal-
buphin (Zdorovye, Ukraine) was once injected in-
tramuscularly in a dose of 1 mg/kg. In the post-surgery
period no complications, pathological changes in be-

Tabnuua 1. [lM3aiiH akcnepumeHTa
Table 1. Design of the experiment

[pynnbl UBOTHBIX

MoAarpynnbl *KUBOTHbBIX
Subgroups of animals

Groups of animals
A

B C

1. CMeHa nonoxeHua Tena B NPOCTPaHCTBE B
COCTOAHUN 60APCTBOBAHNA

1. Postural change in waking state
(prone)

KnuHocTaTnueckoe
nonoxeHue (nexa)
Clinostatic position

AHTUOpPTOCTaTUYECKOE
nonoxeHue (BepTukanbHoe —
ronoBo BHW3)
Anti-orthostatic position
(vertically head-down)

OpTOCTaTUYECKOE MOMOMKEHNE
(BepTuKanbHOe — rosioBoi BBEPX)
Orthostatic position (vertically
head-up)

AHTMOpTOCTaTMHeCKOe

KnuHocTatnyeckoe

nonoxeHve (nexa)

Clinostatic position
(prone)

2. CmeHa nonoxeHua Tena B NpoCTpaHCcTBe Noj
MHranAUMOHHLIM 3(UPHBIM HapKO30M
2. Postural change under inhalation ether
anesthesia

OpTocTaTMyeckoe nonoxeHve
(BEpTMKanbHOe — ronoBoit BBEPX)
Orthostatic position (vertically
head-up)

rnonoeHve (BepTuKanbHoe —
ronoBoi BHK3)
Anti-orthostatic position
(vertically head-down)

Yepes 30 muH nocne
npvema nuwm -
30 min after meal

3. MocTnpaHananbHaa npoba
3. Postprandial test

[o npuema nuwm
Before meal

[o BBeneHun
npenapara
Prior to drug
administration

4. BeepeHue «Jlonepamuga» («[JapHuua»,
YkpawuHa) B pose 30 mr/kr per os
4. Administration of Loperamidum (Darnitsa,
Ukraine) in 30 mg/kg per os

Yepes 30 muH nocne
BBE/JleHMA Npenapara -
30 min after drug administration

5. Beenenue 0,1% pacTtBopa «ATponvHa
cynbaTa» («JapHuua», YkpauHa)
B Ao3e 3 Mr/Kr BHYTPUOPIOLINHHO
5. Administration of 0.1% Atropine sulfate
(Darnitsa, Ukraine) in 3 mg/kg intraperitoneally

[lo BBEAEHMA
npenapara
Prior to drug
administration

Yepes cyTku nocne BBeAeHUA
npenapaTa
One day after drug
administration

Yepes 60 muH nocne
BBe[leHMA npenapaTa
60 min after drug administration

6. KpnopeHepsauma obenx BeTsel 6prOLLHOrO
oTgena n. vagus
6. Cryodenervation of both branches
of n. vagus abdominal part

0 KpvofeHepBauuu
Ho «p AeHepBay Mocne kpvopeHepBaumn
Prior to . -
. After cryodenervation
cryodenervation

npo6nemMbl KpMOOGMONOrMM M KPUOMeEeAULMHbDI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017

269




«J1eka Ha criuHey. [lociie ynaneHus mepeTsiHOTo MOK-
pOBa B aCENTUYECKUX YCIOBUAX BCKpPbIBAJIU IEpeEN-
HIOIO OpIOIIHYIO CTEHKY. B onepaninoHnyo pany BbIBO-
JUITH OPIOIIHOM OT/IeJ MUIIeBOAa U keIynok. [To oGe
CTOPOHBI KapIHaJILHOTO OT/eNa MUIIEBOJA YETKO BH-
3yaJIn3UPOBAINCH BETBU 7. vagus (puc. 1, A).

Kpuonectpykiuio kapiuansHOro OTAena MUeBo1a
¢ 00erMU BETBSIMHU 7. Vagus MPOBOIWIN C TIOMOIIBIO
kpuonHcTpyMeHTa «K/[-3» (DTUHT HAH Ykpaunnsi)
CO CIEeLMaIbHBIM KPHOAMNIINKATOPOM [P TeMIIepa-
Type paboueit moBepxHoctu —150°C B Teuenue 60 ¢
(puc. 1, B). Ilocne TmaTembHOTO TeMOCTa3a MMOCIOHHO
YIIUBAIH NEPEIHIOI0 OPIOIIHYIO CTEHKY M HaKJIabl-
BaJIM KOXKHBIE LIBBI HA paHy. [y NOMOIHUTEIBHOIO
00e300/1MBaHUsI OAHOKPATHO BHYTPHUMBIIIEYHO BBO-
mumn «HanOydun» (PK «3n0posbey, Ykpanna) B 103e
1 Mr/kr. B mocneornepaimoHHOM eprozie OCTIOKHEHHH,
MATOJIOTMYECKUX U3MEHEHHH B ITOBEICHUH U IPHUEME
ITUILH, @ TAK)KE CITy4YaeB MOCIEONEPAHOHHON JIeTallb-
HOCTH 3a()MKCUPOBAHO HE OBLIIO.

[Toy4eHHBIC pe3yabTaThl CTATHCTHYECKH OOpa-
OaThIBaIM MapaMeTpudecKuM MeTofoM CThIofeHTa-
duiiepa ¢ UCNOJIb30BAaHUEM t-KpUTEpUs U Hela-
pamerpuuecknM MetogoM MANOVA. KonndecTBen-
Hble JIJaHHbIE IIPEJCTABIISIN B CPEIHUX BEJIUYMHAX
U CPEeIHUX KBaJpaTUUYHbIX OTKJIOHEeHUsX. [lokasarenu
paccunTBIBAIIM ¢ TIOMOILBIO ITporpammsel «SPSS Sta-
tistics 17.0.1» («SPSS», CILIA).

Pe3syabTarsl m o0cyxaeHHe

[Ipu cMmeHe moyioKeHUs Tena ¢ KIMHO- Ha OPTO-
CTaTMYECKOE TOKA3aTelu CIIEKTPAIBHOTO U BPEMEH-
Horo ananm3a BCP 3HaunMo He m3MeHSUITHCH (Taoi. 2).
[Ipu mepeBoae KPHICH B AHTHOPTOCTATUYECKOE (BHH3
roJI0BOI) mostoxkenue B 5,2 pasa (¢ 19,8 1o 184,2 mc?)
TIOBBITIIAJIACE CyMMapHasi MOIITHOCTH CIIEKTPa 3a CUET
yBenuueHust VLF-pomn (Tabm. 2).

CremyeT OTMETHTh, YTO C YBEJIIMUECHHEM abco-
JIFOTHBIX 3HAY€HUH HU3KOYACTOTHOM COCTaBIAIOLIEN
cnektpa (LF-BoJHBI) MOBBIMIANCS TOKA3aTeb BBICO-
kouacTHOro nuana3zona (HF-BomHBI), pu 3TOM COOT-
nowmenue LF/HF Boipocno B 1,8 pasza (tabn. 2). Us-
BECTHO, 4TO 10 cooTHomennto LF/HF MoxxHO cynuTth
o cummaroBaranbHoMm Oamance BHC [1, 6, 12, 14].
CrnenoBarenbHo, yBenuueHue cooTHomenus LF/HF
CBUJETEILCTBYET O IOMUHHUPYIOIIEM BIUSHAN CUMIIA-
trueckoro oraena BHC nax mapacuMmarndecKkum.

IToxazarens UCC cTaTHCTUIECKH 3HAYUMO CHIKATT-
cs Ha 6,7%. IloBpImenne 001eld MOITHOCTH CTIEKTpa
(TP) monTBep aanoch yBeIUUECHUEM CTAHIAPTHOTO
orksioHeHust (SDNN) (Ta6u1. 2). [Ipumep putMorpaMmbl
KPBICHI TIPU CMEHE IMOJIOKEHUS Tejla MpeACcTaBlIeH
Ha puc. 2.

Y KpBbIC rpyIIIBL 2 IPU CMEHE MPOCTPAHCTBEHHOTO
IOJIOKEHUS TeJIa COXPAHSIACh TCHCHIIHS K YBEJIH-
yeHuto TP, mpuuem Hambosiee BhIpaKEHHBIE M3MeE-
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Puc. 1. KpnogeHepBauus 6proiHoro otaena n. vagus: A —
BblAEeNeHNe nNpaBoi BETBU OpIOLIHOrO OTAena n. vagus;
B — kpvopeHepBauus GptowHoOro otgena nuuiesopa c
obevmu BeTBAMU N. vagus.

Fig. 1. Cryodenervation of n. vagus abdominal part: A
shows isolation of right branch of n. vagus abdominal
part; B is cryodenervation of abdominal part of esophagus
with both branches of n. vagus.

havior and food intake, as well as mortality case were
observed.

The findings were statistically processed with
the parametric Student’s t-test and non-parametric
MANOVA. The quantitative data were presented in
the mean values and the mean square deviations. The
indices were calculated using the Statistics 17.0.1
software (SPSS, USA).

Results and discussion

Following postural change from a clino- to ortho-
static position the indices of spectral and time analysis
of HRV did not change significantly (Table 2). Af-
ter placing rats in an anti-orthostatic position (head
down) the total spectral power increased by 5.2 times
(from 19.8 up to 184.2 ms?) due to the VLF-waves
augmentation (Table 2).
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Tabnuua 2. MNokasaTtenn BCP kpbiC Npy CMeHe NonoxeHus Tena
Table 2. HRV indices in rats under postural change

Mpynna 1 pynna 2
MNokasaTtenu Group 1 Group 2
Indices
Moarpynna A Moarpynna B Moarpynna C Moarpynna A Moarpynna B Moarpynna C
Subgroup A Subgroup B Subgroup C Subgroup A Subgroup B Subgroup C
CrieKkTpanbHblil aHanus
Spectral analysis
2
IIF; mgz 52,9 + 19,2 36,8 + 8,7 278,8 + 75,1* 135,3 £ 29,4 257,6 + 52,07 320,3 + 68,3 *
VLF, mc? * # #
VLF, ms? 19,8 + 10,3 16,6 + 4,5 184,2 + 64,4 87,9 + 28,0 218,8 + 52,2 254,2 + 61,8
LF, mc? .
LF. ms? 21,8 + 9,2 13,0 + 4,3 72,5 + 13,8 53+ 27 54+ 1,3 12,2 + 2,8
HF, mc? *
HE. ms? 11,2+ 24 7,2 + 05 22,0 £ 6,3 42,0 + 8,1 33,6 £ 15,9 54,0 £ 15,5
LF Hopm. en. 58,7 + 9,3 57,6 + 8,2 75,4 + 6,4 11,2 + 4,9 18,5 + 5,4 22,4 + 6,3
LFnorm, norm. units
HF Hopwm. en. 41,3 + 9,3 42,4 + 8,2 24,6 + 6,4 88,8 + 4,9 81,5 + 5,4 77,6 + 6,3
HFnorm, norm. units
LF/HF . y y
LF/HF 2,3+0,7 1,8 +05 4,3 +0,7 0,1 = 0,01 0,3 + 0,05 0,3 + 0,05
%VLF . ) .
% VLE 32,1 + 5,7 42,8 + 3,9 60,2 + 7,0 60,1 = 11,3 83,1 + 5,6 78,7 + 4,2
%LF .
% LF 39,2 + 5,3 32,2 £ 4,2 28,3 + 2,5 3,9+20 2,4 +0,5 3,8 £0,1
%HF 2 + 6,7 25,1 £ 6,1 11,5 + 4,9* + 11 14,5 + 175 £ 4
% HF 8,8 + 6, 51 £ 6, 5 +£4,9 36,0 £ 11,5 5 +£5,3 5+ 4,3
Cratuctmyeckuit MeTo BpeMeHHOro aHanunsa
Statistical method of time analysis
Hee, CZKgaEJpen:”“/M”” 528,0 = 8,3 534,6 + 8,4 495,6 + 6,9* 391,4 + 9,4 393,0 + 18,2 364,8 + 11,47
SDNN, me 2,6 +0,4 2,2 +£0,2 5,6 + 0,8 4,4 0,4 6,2 +0,7 70087
SDNN, ms
RMSSD, mc
RMSSD. ms 2,2 +0,2 2,0 + 0,01 2,4 +0,2 4,6 + 0,6 3,6 +0,9 4,6 + 0,9
CV, % % #
cv. % 2,2 +0,3 1,9 +£0,2 4,7 £ 0,6 2,9 +0,3 40 £ 04 4,3 £0,5

MpumeyaHue: * — OTNNYNA CTATUCTUYECKM 3HAYUMMbI MO CPABHEHWIO C NokasaTensMu, COOTBETCTBYIOLMMMU KIIMHOCTATUYECKOMY
rnonoxexuto Tena kpbicbl, p < 0,05; # — oTNMYNA CTAaTUCTUYECKM 3HAYMMbI MO CPaABHEHWIO C MokasaTensiMu, COOTBETCTBYHOLLMMMI
KITMHOCTaTMYECKOMY MOJIOXKEHMWIO Tena HapKoTU3MPOBaHHOW Kpbickl , p < 0,05.

Note: * — differences are statistically significant in comparison with the indices, corresponding to clinostatic body position
of rat, p < 0.05.; # — differences are statistically significant in comparison with the indices, corresponding to clinostatic body position

HEHHMS JAHHOT'O TI0Ka3aTeNs OTMEYAINCh B TOATPYIIIIE
C u xoppenuposaiu ¢ nossiieaneM SDNN (tabm. 2).
VY ’)KMBOTHBIX JAHHOU IPYIIIBI IPH IEPEXO/E C KIMHO-
Ha OPTOCTATHYECKOE MOJIOKEHHE Tesa aOCONFOTHBIE TO-
kazatenu VLF-BonH yBemmuuBaimicsk ¢ 87,9 (moarpymma
A) 1o 218,8 mc? (moarpymma B), a B anTHOpTOCTaTHYEC-
KOM TiosioxkeHnn — 10 254,2 mc? (moarpymma C), T. e.
TIPOIIECHT KOJICOAHWH OYEHb HMU3KHX YacTOT B OOIIei
MOIIIHOCTH CTIeKTpa moBbImaics ¢ 60 (moarpymnmna A)
1o 83,1 (moxrpymnmna B) u 78,7% (noarpymnmna C).
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It should be noted that increasing of the absolu-
te values of the low-frequency component of spec-
trum (LF-wave) results in a rise of the index of high-
frequency range (HF-wave), herewith the LF/HF ratio
augmented by 1.8 times (Table 2). It is known that the
LF/HF ratio can be used to judge the sympathova-
gal balance of ANS [2, 8, 13, 16]. Consequently, the
augmentation of LF/HF ratio testifies to a predomi-
nance of sympathetic nervous system over parasym-
pathetic one.
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Puc. 2. Putmorpamma kpbicbl. CMeHa NpoCTPaHCTBEHHOIO NOSIOXKEHUS Tena (C KIMNMHOCTaTU4eCKoro Ha OpTOCTaTI/I‘-{eCKoe)

BblAENEeHa Kpyrom.

Fig. 2. Rat’s rhythmogram. Postural change (from clino- to orthostatic position) is encircled.

W3BecTHO, UTO JIF00BIE N3MEHEHHS! B OTHOM 13 3BEHBEB
CEpIEYHO-COCYANCTON CUCTEMBI TPUBOAAT K TEMOJIN-
HaMHU4eCKHUM IepecTpoiikam Beel cucremsl [16]. Ipn
CMEHE KJIMHO- Ha OPTOCTaTHYECKOE MOJIOKEHUE COKPaA-
1aeTCs MOCTYIUIEHUE KPOBH K IIPaBbIM OTAENAM CEpALa,
IIPU 3TOM LIEHTPAIbHBIH 00beM KPOBH YMEHBIIACTCS
npuban3uTenbHo Ha 20%, MUHYTHBIA 00BeM — Ha 1—
2,7 n/muH [6] 1, Kak CIeACTBUE, CHUKAIOTCS apTepUaib-
Hoe aasienue (A1) u LIB/I. Ha sTom oHe B opranuzme
MIPOUCXOIAT KapIMOTEMOJMHAMUYECKIE N3MEHEHHUA,
HampapJIcHHBIC Ha KoMmieHcarwro magaenus Al u [IB/I.
WX BoccTaHOBIEHHUIO CLIOCOOCTBYET yBEINYCHHE Yac-
TOTHI MyJIbCA U COCYIAMCTOTO COMPOTHBIICHUS 3a CUET
MOBBIILIEHHS TOHYCa CUMIIaTHYECKOM HEPBHOM CHCTeE-
MBI, YTO MPUBOJIUT K YMEHBIIEHHUIO PUTOKA KPOBU K
kanuisipam. Kpome toro, Hopmanuzanusa LIBJ ocy-
LIECTBIISIETCS 32 c4eT paboThl MBILIEYHOTO Hacoca U
BEHO3HBIX KJIanaHoB [16].

[Ipn oprocTarnyeckoM MOJOKEHUM TeJla SIBHBIX
CTaTHCTUYECKHN 3HAYMMBIX H3MEHEHH (YMEHbIIIEHNE
0011eil MOIHOCTH) B CIIEKTPAIHHOM aHAM3e OTMe-
YeHO He OBLIO, YTO, BO3MOXHO, CBA3aHO C OBICTPBIM
BoccTaHoBiieHreM [IB/], mOCKOIbKY B €CTECTBEHHbBIX
YCIIOBHSIX TEJIO KPBICH 3aHUMAET CPETHEE TOJI0KECHHE
MEXIy KIIMHO- ¥ OPTOCTaTHYECKUM. M HarpoTuB, n3mMe-
HEHHE IOJIOKEHHS TeJla KPBIChl HA aHTHOPTOCTATH-
YecKoe IPUBOANT K yBenudeHnuto LIB/I.

Pesynbrarhl 5KCIIEpUMEHTOB ITOKa3bIBAIOT, YTO CMEHA
MIPOCTPAHCTBEHHOTO [TOJIOKEHHSI TEJIa, KOTOPasi TECHO
cBs3aHa ¢ uzMeHenueM LIBJl, oTpaxkaercst Ha OYEHb
MeuIeHHO-BoaHOBOM VLF-komnonenTe cnexkrpa BCP.
[To narnbIM TUTEpaTypHI Y uenoseka LB/ konebnercs
B mpeaenax 0—0,07 I'q [17], 9yTo Takke yKa3pIBacT Ha
3aBucuMocTh VLF-auanazona ot LIB/I.
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The heart rate index was statistically and significan-
tly reduced by 6.7%. An increase in the total power of
spectrum was confirmed by an increase in the standard
deviation (SDNN) (Table 2). The Fig. 2 shows the exa-
mple of rat’s thythmogram under postural change.

In the group 2 rats under postural change the
tendency for TP increase was kept, moreover the most
pronounced changes in this index were observed in
subgroup C and correlated with SDNN augmentation
(Table 2). In animals of this group, the changing a
clinostatic body position for an orthostatic one resulted
in an increase in the absolute indices of VLF waves from
87.9 (subgroup A) up to 218.8 ms? (subgroup B), and
in anti-orthostatic position it increased up to 254.2 ms?
(subgroup C), i. e. the percentage of the very low fre-
quency oscillations in the total power of spectrum
increased from 60 (subgroup A) up to 83.1 (subgroup B)
and 78.7% (subgroup C).

It is known that any changes in one of the cardio-
vascular system links result in hemodynamic rearran-
gements of the entire system [ 14]. Changing a clinostatic
position for an orthostatic one results in a reduction of
blood flow to the right heart compartment while the
central volume of blood decreases approximately by
20%, the minute volume reduces by 1-2.7 I/min [13]
and, as a consequence, the arterial blood pressure (ABP)
and CVP decrease. At this background, the body
undergoes cardiohemodynamic changes, aimed to
compensate the AP and CVD fall. Their recovery is
facilitated by an increased pulse rate and vascular re-
sistance due to the sympathetic nervous system tone
elevation, resulting in a decreased blood flow to the
capillaries. In addition, the CVP is normalized via the
work of muscular pump and venous valves [14].
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Tabnuua 3. Nokasatenu BCP y kpbiCc nocne npyema nuwmy 1 BBegeHus «Jlonepamuga» (30 mr/kr per os)
Table 3. HRV indices in rats postprandially and Loperamide administration (30 mg/kg per os)

pynna 3 [pynna 4
4
MokasaTenu Group 3 Group
Indi
ndices Moarpynna A Moarpynna B Moarpynna A Moarpynna B
Subgroup A Subgroup B Subgroup A Subgroup B
CneKTparbHbIi aHanu3
Spectral analysis
TP, mc? * ’
) 272,4 + 38,7 144,9 + 34,4 561,6 + 129,1 322,7 + 59,8
TP, ms
2
VLF, Mcz 168,5 + 27,2 64,6 £ 18,7* 310,6 + 40,9 154,7 + 37,37
VLF, ms
LF, mc? M
LF. ms? 85,8 + 22,5 59,4 + 13,9 186,2 + 46,0 120,7 + 26,0
HF, mc?
5 18,6 + 5,8 21,0 + 9,6 64,6 = 24,0 47,2 + 10,7
HF, ms
LF Hopwm. en. 80,6 + 4,9 75,6 + 5,2 70,3 + 10,8 63,8 + 9,6
LFnorm, norm. units
HF nopm. en. 19,4 + 4,9 24,4 + 5,2 29,7 + 10,8 36,2 + 9,6
HFnorm, norm. units
LF/HF * '
LF/HF 6,7 £ 0,7 4,8 £0,5 6,9 £ 2,1 2,8 £ 1,1
% VLF « 39,1 + 3,67
% VLF 63,1 £ 7,5 45,2 + 7,0 55,7 + 4,1
% LF
o 30,8 + 7,6 42,2 + 7,6 30,7 = 4,8 37,2 + 4,8
% LF
% HF «
% HF 6,1+ 1,4 12,6 = 3,0 13,6 £ 5,6 23,7 £ 7,4
CTaTUCTMYECKMii MeTo BPEMEHHOMO aHanumsa
Statistical method of time analysis
HCC, copauienmii/mmn 401 + 16,5 386,0 + 11,7 343,0 + 18,4 322,4 + 27,1
HR, bpm
SDNN, mc « 4
SDNN. ms 6,4 + 05 4,6 + 0,6 9,6 £ 1,5 6,6 + 2,1
RMSSD, mc
RMSSD, ms 28 =04 2,8 0,6 52+ 1,3 42+1,2
CV, % * #
eV, % 43 +04 3,0+0,3 53 +0,8 35 +04

MpumeyaHue: * — oTNNYUS CTATUCTUYECKM 3HAYUMbI MO cpaBHeHUo ¢ noarpynnoit 3A, p < 0,05; # — oTnnuus cTtaTucTUyeckn

3Ha4yMMbl MO CpaBHEHMIo ¢ noarpynnon 4B, p < 0,05.

Note: * — differences are statistically significant in comparison with subgroup 3A (postprandially), p < 0.05, # — differences are
statistically significant in comparison with subgroup 4B (after Loperamide administration) p < 0.05.

YMmeHbleHre o01eil MOLUTHOCTH CIEKTpa OTMe-
4yeHo B noctnpananansHoM crnektpe BCP B 1,9 paza
3a cueT ymeHbieHus VLF-koMmmoneHTs ¢ 168,5 mo
64,6 Mc>. OTMEUYEHO CTATUCTUYECKHU 3HAYUMOE CHHU-
)kenue coornomenus LF/HF ¢ 6,7 no 4,8 3a cuer
YMEHBIICHUS] MOIIIHOCTA B HU3KOYACTOTHOM JMaria-
30HE W YBEJIMYEHHUS MOITHOCTH B BBICOKOUYACTOTHOM
nuanasone (tadum. 3).

[Tocnie mpuema mumM B KPOBh BEICBOOOKIAIOTCS
TaCTPUHTECTUHAJIBHBIC TIETITH/IbL, PETYIUPYIOIIne (DyHK-
LU0 KEIyTOYHO-KUIIIEYHOTO TPAKTa, YTO BBHI3bIBACT
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In orthostatic body position no obvious statistically
significant changes (decrease in total power) in spectral
analysis were noted, which might be due to a rapid
recovery of CVP, since under natural conditions the
rat’s body was in the middle position between the clino-
and orthostatic one. And vice versa, a change in rat’s
body position for an anti-orthostatic one leads to CVP
increase.

Thus, the experimental findings showed that postu-
ral change, being tightly associated with the CVP chan-
ge, affected the very low-wave VLF component of HRV
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JIOKaJbHYI0 Ba30JMJIATALlMI0 OPIOIIHOM IMOJIOCTH H
niepepactpenencane kposu [13]. Cmemenne 607b-
moro 00beMa KpoBU B OPIOITHYIO TOJOCTh Y 3/I0pPO-
BBIX JIFO/IEH TIOJTHOCTHIO KOMIIEHCUPYETCS U HE TIPUBO-
JUT K MOCTIOPAaHIMaIbHOU runoTonuu [ 13].

[lo pe3ynpraraM 3KCHEPUMEHTAIBHOIO HCCIIEN0-
BaHHUS YCTAHOBIIEHO yMeHblIeHne VLF-KkoMmoHeHTsI
BCP nocne npuema numu ¢ 63,1 10 45,2%, uto cBU-
JIETEIbCTBYET O TiepepacipeielieHul KPOBHU B OPrOIII-
HYIO TIOJIOCTD 1 TTOATBEPIKIAET CYIIECTBOBAHNE B3aH-
MOCBSI3H MEKIy OY€Hb MEJJICHHO-BOJIHOBOI KOMIIO-
nenrou u [IB/I.

AHaJIOTUYHBIE N3MEHEHHN S JAHHBIX CTIEKTPAJILHOTO
Y BpEMEHHOT0 aHaI3a ObIIM OTMEYeHBI U uepe3 30 MuH
nocye BBeaeHus «Jlonepamuna» (tabdmn. 3). Ha gone
OTCYTCTBHS NIEPUCTATIBTUKN FaCTPOUHTECTUHAIBHOTO
TpakTa OTMEYaJoCh yMEHbIIEHHE 3HaueHuil LF- n
HF-Bonn, npu 3Tom cootHomenne LF/HF camxkanocs
B 2,4 paza (c 6,9 o 2,8).

J.K. Triedman u coasrt. [17] noka3zanu y 4eroBeka
BBICOKY0 KOorepeHTHOCTh BoJH LB/, aprepransHoro
JaBIIEHUS (CUCTOIMYECKOTO U UUACTOIMIECKOTO) KaK
B HOpPME, TaK 1 Ha (pOHE aBTOHOMHOI1 OJT0Ka 1Bl ITpoTIpa-
Hotosnom (0,2 mr/kr) u arportuHoM (0,04 Mr/KT).

[Tomnas Omoxaga M-XOJIMHOPEIENTOPOB Y KPBIC
ITyTeM BBEJIEHUS] CyOMaKCUMaIbHBIX 7103 « ATPOIIHHA
cynbdaray cHM¥Kaia 0OLIYI0 MOIIHOCTb CIIEKTpa B
18 pa3 (tabi. 4). Coornomenue LF/HF uepe3 60 mun
[ocJie BBEAECHUS aTPONMHA CHIDKAJIOCH B 1,6 pasa
(c 2,3 no 1,4), mpu 5TOM yMeHbIIATaCh KAaK HU3KOYac-
torHas ((6,4 + 1,2) mc?), Tak ¥ BBICOKOYACTOTHASI
((5,6 £2,3) mc?) cocrapnsromias. Yepes 60 muH mocie
BBeaeHus arponrHa YCC yBennunBanach Ha 69 cokpa-
LIEHUH B MUHYTY, YTO CBA3aHO C BIUSIHUEM CHUMITATH-
YecKoro 1 napacummnarudgeckoro oraeno BHC na cep-
JIEIHO-COCYIUCTYIO cucTteMy (Tadim. 4).

Purmorpammel KpbIChl ITOCIE BBEACHUST M-X0mH-
HOOJIOKATOpa MPEICTABICHBI Ha pHC. 3.

Amnanornussle BbIBOAbI ObuH caenanbl M.S. Houle
U coaBT. [15], KOTopbIe B 3KCIIEpUMEHTaX Ha co0akax
[OKa3aJiv, YTO HU3KOYACTOTHYIO KOMITOHEHTY CIIEKTpa
YUCC He cnenyeT cuuTaTh HaA€KHBIM HHIEKCOM CHM-
MaTUYECKOro BO30yKICHNUS. ABTOPHI yCTAHOBUIIH, YTO
npu OJOKMPOBAHUM MapacUMIATUYECKOW CHCTEMBI
«ATtponuHa cyns(haTom» 1 IpH JajbHeHIel cyOMakcu-
MaJbHON Harpyske, KOTopas MPUBOIMIA K WUIIEMHH,
UCC yBenmumBanachk B cpenaeM Ha 70 cokpamieHni
B MuUHYTy. OHaKO TOKa3aTreab HU3KOYACTOTHBIX KO-
Tie0aHMii He YBEITMUHBAJICH, A, HAIIPOTHUB CHIDKAJICS B Cpe/l-
HeM Ha 27% [15]. ComocTaBUB NOTyUYCHHBIE PE3YIIb-
TaTbl, aBTOPbI IPHUIILTH K BEIBOAY, YTO HU3KOUYAaCTOTHBIE
kose6anus BCP onpenensirorest napacuMIIaTHIeCKUM
otnenom BHC. Ilociie BBeneHus « ATporuHa cyib(aray
KpbicaMm ymenbllleHue VLF-koMmoneHnTs! B 16,2 paza
TaK’Ke€ CBHJIETEJILCTBOBAJIO O BJIMSHUU ITapacUMIIaTH-
YECKOro 3B€Ha Ha uccieayeMyto JacTe criekrpa BCP.
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spectrum. According to the reported data the CVP oscil-
lations in human are within the range of 0-0.07 Hz [15],
which also indicates the dependence of the VLF-range
on CVP.

The total spectral power reduced by 1.9 times in
postpradial spectrum of HRV due to a decrease in the
VLF-component from 168.5 down to 64.6 ms? (Table 3).
A statistically significant reduction of the LF/HF ratio
from 6.7 down to 4.8 was noted due to the power de-
crease within the low frequency range and its increase
within the high-frequency range (Table 3).

The gastrointestinal peptides, regulating gastroin-
testinal tract function are released into blood postpran-
dially, causing a local vasodilation of abdominal cavity
and blood redistribution [1]. The transfer of a large
blood volume towards abdominal cavity in healthy peo-
ple is completely compensated and causes no postpran-
dial hypotension [1].

According to the experimental findings the reduc-
tion of VLF component of HRV postprandially from
63.1 down to 45.2% was found out, thereby indicating
a relationship between the very low-wave component
and CVP.

Similar changes in spectral and time-line analysis
data were noted 30 min after Loperamide administra-
tion as well (Table 3). At the background of absent
gastrointestinal motility a decrease in LF and HF wave
values was noted, herewith the LF/HF ratio reduced
by 2.4 times (from 6.9 to 2.8).

J.K. Triedman et al. [15] showed a high coherence
in CVP waves, and arterial blood pressure (systolic
and diastolic) in human both under normal conditions
and at the background of autonomic blockade with Pro-
pranololum (0.2 mg/kg) and Atropinum (0.04 mg/kg).

A full blockade of muscarinic receptors in rats
following administering submaximal doses of Atropine
sulfate reduced the total spectral power by 18 times
(Table 4). The LF/HF ratio 60 min later Atropin
administration reduced by 1.6 times (from 2.3 down to
1.4), while both low- and high-frequency components
decreased ((6.4 + 1.2) and (5.6 £ 2.3) ms?,
respectively). In 60 min after Atropine administration
the heart rate increased by 69 bpm, that was due to
the function of sympathetic and parasympathetic
nervous systems (Table 4).

M.S. Houle et al. [9] made the similar conclusions
that the low-frequency component of HR spectrum in
dogs should not be considered as a reliable index of
sympathetic excitation. The authors found out that
blocking the parasympathetic system with Atropine
sulfate and under further submaximal load, resulting in
ischemia, led to an increase in the HR by 70 bpm on
average. However, the index of low-frequency oscil-
lations did not increase, but, vice versa, it decreased
by 27% on average [9]. After comparing the findings,
the authors concluded the low-frequency oscillations

npo6nemMbl KpUoGMoNorum 1N KpUomMeaULUMHbI
problems of cryobiology and cryomedicine

Tom/volume 27, Ne/issue 3, 2017



Tabnuua 4. MNokasatenn BCP y kpbic nocne BBeaeHns «AtponuHa cynbdarta» (3 Mr/kr BHyTPUOPIOLLMHHO)
W KpuodeHepBauuu n. vagus

Table 4. HRV indices in rats after Atropine sulfate administration (3 mg/kg intraperitoneally) and n. vagus cryodenervation

lpynna 5 lpynna 6
Moka3zatenu Group 5 Group 6
Indices
Moprpynna A Mopgrpynna B Moarpynna C Mogrpynna A Mogrpynna B
Subgroup A Subgroup B Subgroup C Subgroup A Subgroup B
CneKTpanbHbIii aHanu3
Spectral analysis
TP, mc? % N P
TP, ms? 490,0 + 80,3 27,0 £ 3,0 1413,7 £ 430,0 340,2 + 27,3 179,1 = 21,7
VLF, mc? % N y
5 243,7 + 41,8 15,0 = 2,1 796,7 + 1431 198,2 + 20,1 62,7 + 10,9
VLF, ms
LF, mc? . N 4
LF. ms? 171,3 =+ 34,4 6,4 +1,2 466,0 + 107,3 107,4 + 27,9 65,9 + 13,4
HF, mc2 . & 4
HE ms? 75,1 £ 14,0 56 + 2,3 150,9 + 57,7 35,0 £ 6,5 50,6 + 8,2
LF Hopwm. ea. 69,4 + 2,9 56,6 + 6,2 77,3 + 3,1 73,1 + 6,2 853 £ 297
LFnorm, norm. units
HF Hopm. ea. 30,6 + 2,9 43,4 + 6,2 22,7 +3,1% 26,9 + 6,2 44,7 £ 2,9
HFnorm, norm. units
LF/HF . .
LF/HF 2,3 +0,3 1,4 £ 0,3 3,6 £0,7 3,4 +£0,7 1,3 £0,2
0
OA; VLF 49,7 + 3,6 56,6 + 9,5 60,7 + 7,2 59,7 £ 7,2 359 £ 527
% VLF
% LF
% LF 35,2 + 3,8 23,7 £+ 4,3 30,1 + 4,8 30,5 + 6,8 35,7 £+ 3,9
% HF P
% HF 15,2 + 0,5 19,7 + 6,3 9,2 + 2,7 99 + 1,4 28,5 + 2,6
CraTncTM4ecKuii MeTo[i BPEMEHHOr0 aHanusa
Statistical method of time analysis
Hee, C?_:‘gagpem””"'/""”” 445,0 + 17,4 514,7 + 14,8* 414,7 + 12, 2¢ 435,8 + 30,5 438,8 + 14,7

SDNN, mc 8,3 +0,7 2,0 + 0,2 14,0 + 2,3¢ 7,0 £ 0,5 50 + 0,37

SDNN, ms

RMSSD, mc * &

RMSSD. ms 53+ 0,7 1,7 £ 0,7 6,7 £ 2,2 3,6 + 0,5 4,0 + 0,3
CV, % % & #
cV. % 6,1 £ 0,6 1,6 £ 0,1 9,7 £ 1,4 4,9 +0,2 3,6 £0,2

MpumeyaHue: * — OTNUYMA CTATUCTUYECKM 3HAYUMbl MO cpaBHeHWUto ¢ noarpynnon 5A, p < 0.05; & — oTnmMumMs cTaTUCTUYECKN

3Ha4YMMbl MO CpaBHEHUIO ¢ noarpynnon 5B, p < 0,05; # — oTNUYMA CTaTUCTUYECKM 3HAYMMbI MO CpaBHEHUIO ¢ noarpynnon 6A, p < 0,05.

Note: * — differences are statistically significant in comparison with subgroup 5A, p < 0.05, & — differences are statistically significant in
comparison with subgroup 5B, p < 0.05; # — differences are statistically significant in comparison with subgroup 6A, p < 0.05.

[Ipu cnextpansHOM U BpeMeHHOM aHanu3e BCP
4yepes CyTKH MOCIIe BBEACHUS « ATpONIMHA Cyb(aray
B noarpymnie 5C Opiia oTMeYeHa oOpaTHas peakuus
OpraHu3Ma — pe3Koe yBEINYeHHEe O0IIelH MOIIHOCTH
cuektpa ((1413,7 + 430,0) Mc?) 3a cueT Bcex €ro
komrioHeHT. Coornomenne LF/HF moBslanocs 10
3HaueHus 3,6 BCIEACTBUE yBenwueHws Bkimamga LF-
BoiH 10 30,1% u ymensmenns Bkiaga HF-pomH mo
9,2% (tabin. 4). Hacrora cepieuHbIX COKpAIIEHUH B
noarpynne 5SC cuHuxanach Ha 100 cokpaiieHuii B
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of HRV to be triggered by parasympathetic nerve
system. After Atropine sulfate administration to rats,
a 16.2-time decrease in VLF-component also indicated
the effect of parasympathetic link on the studied part
of HRV spectrum.

Under spectral and time-line HRV analysis a day
later Atropine sulfate administration a reverse reaction
of an organism, namely a sharp increase in the total
spectral power ((1,413.7 +430.0) ms?) due to changes
in all its components was noted in the subgroup 5C.
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MUHYTY 10 cpaBHEHHUIO ¢ moarpymmnoii SB. Pezynsraret  The LF/HF ratio increased up to the value of 3.6 due
CIIEKTPAILHOTO aHAJIN3a CBsI3aHbI ¢ TAaHHBIMU BpeMeH-  to the augmentation of LF-wave contribution up to
Horo ananu3a: ypeaudenue SDNN 10 14,0£2,3uCV  30.1% and a decrease in that of HF-waves down to
10 9,7% (tadu. 4). 9.2% (Table 4). The heart rate in subgroup 5C was

Brimonnenune kpuoaenepsauuu . vagus npecie-  reduced by 100 bpm as compared to the subgroup 5B.
JIOBAJIO LIeJIb — U3y4YUTh MHOTOdakTopHOe BiusiHie Hu3-  The results of spectral analysis are associated with
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KHX TeMriepaTyp (0OIIed THIIOTepMUN TPH OXJIaXK-
JIEHUU OPIOIIHOM IMOJOCTH M JIOKAJTLHOTO NECTPYK-
TUBHOTO JISHCTBHS HA TIOCTTaHTIMOHAPHEIE Oe3MUEITH-
HOBBIE BOJIOKHA 1. vagus) Ha BCP.

YcTaHOBIEHO, UTO K JECTPYKTUBHBIM U3MEHEHUSAM
B pe3yJbTaTe KpUOIeHEPBAIlUH BETBEH OPIOIIHOTO OT-
Jiena 1. vagus B OOJIbIIeH CTETICHH ITOJIBEPraeTCsl HePB-
Hasl TKaHb BCJIEJCTBHUE JIOKAJBHOTO MOBPEKICHHUS,
9eM TocTIe O0IIeH TUTOTepMUH (JIOKATBHBIN XapaKTep
KPHUOBO3JICUCTBHS, OTCYTCTBUE OXJIAXKICHHUS MaruCT-
PaIbHBIX COCY/IOB, TUTEIBHOCTh MAaHUTTYIISIIH — 60 C).
Ha sT0 yka3piBaeT OJHOHAMPABICHOCTh U3MEHEHUI
nokasaresneit BCP y kpbIc 4epes CyTKH mociie mpoBe-
JeHUsI KpUOACHEPBAMH 7. vagus U (HapMaKOJIOTH-
YECKOU JIeHepBaIuy « ATponHHA Cylbharomy. OIHAKO
IIPH 3TOM CTEIICHb BBHIPAXEHHOCTH U3MEHEHUI ObL1a
3HAQYUTEIHHO MEHBLIE, YEM TMOCIE BBEACHUS «ATpPO-
nuHa cynbdaray. OOIas MOMIHOCTh CIEKTpa CHU-
3unack Ha 47%, cootnomenue LF/HF — ¢ 3,4 no
1,3 (BciecTBHE yBETMYSHHS BEICOKOYACTOTHOM COC-
TaBIsTIomei cuekrpa mpo 28,5%), Benmmuuna VLF-
criektpa — Ha 68% (¢ 198 mo 68 mc?) (tabm. 4). Jlan-
HBIC BPEMEHHOTO aHaTN3a TaKXKE JEMOHCTPHPOBATIU
MIPU3HAKHU, XapaKTePHBIE IS IEHEPBAIUU 7. VAZUS:
ymenbiieane SDNN 10 5,0 £ 0,3 u CV — no 3,6%.

Takum 00pa3om, CMEHA TOJOKECHUSI Tella B MPO-
CTpaHCTBE, TOCTIIPaHINaIbHAS HATPY3Ka, (hapMaKoo-
ruyeckas JAeHepBalus U KpUOACHEpBALUs 1. vagus
[IOMOTAIOT MOIYYUTh (DU3HOIOTHIECKYIO HHTEPIIpe-
TalMIo oka3areneil cnekrpaibHoro ananusza BCP, B
JaCTHOCTH n3MeHeHus rokasareiieii VLF- u LF-guana-
30HOB CBUJICTEIBCTBYIOT O BIUSHUU T€MOIUHAMUYEC-
KoM cuctemsl opranu3ma Ha BCP.

BaxHo 0TMETHUTB, 4TO OJ1aroapst OTHOCUTEIBHON
JIOCTYITHOCTH BBIZICJICHHSI BETBEU OPIONTHOTO OTAENa
1. vagus y KPBICHI 10 JTATEPATBHBIM KpasiM IMHIIEeBOIa
MOYHO TIPOBOJIUTH KPHUOICHEPBAIINIO KaK OTIETHHBIX
BETBEH HEpBa, TaK U BMECTE C MHUIIICBOIOM.

BriBoabI

1. CMeHa NpOCTPaHCTBEHHOI'O MOJIOKEHUS Tela,
KOTOpasi COMPOBOXKAAETCS FeMOAUHAMUYECKUMU
U3MEHEHUSIMUA OpraHu3Ma, B TOM YHCIIE€ YMEHbIIE-
HUEM/YBEIMYCHUEM [IEHTPAIBHOTO BEHO3HOIO JIaB-
JICHUS CBs3aHa C OYCHb MeNIeHHO-BOIHOBOM (VLF)
komnoHeHTo# criekrpa BCP.

2. ITokazarenu BCP nociie BBenenus papmakosio-
THYECKHX MIPETIapaToB, KOTOPHIE OJIOKUPYIOT MOTOPHO-
9BAaKyaTOPHYIO (YHKIIHUIO TaCTPOMHTECTUHAIBHOTO
TpakKTa, CBUACTEIBCTBYIOT O ToM, 4To Ha BCP B LF-
n HF-mnamazonax O0bIIOE BIMSHNUE OKA3bIBAET ITH-
LIEBAPUTEIIbHAS CUCTEMA.

3. IlokazaHna OJHOHAIPABICHHOCTb NCUCTBUS Ha
BCP kpuoapenepauuu n. vagus u 610katopoB M-xo-
JINHOPELICNTOPOB. YCTAaHOBIICHO, YTO CTEIIECHb BhIPa-
xeHHocTh n3meHeHnii BCP nocine nposeaeHus kpuo-
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the time analysis data: SDNN and CV increase up to
14.0 = 2.3 and 9.7%, respectively (Table 4).

The cryodenervation of n. vagus was aimed to
study a versatile effect of low temperatures (general
hypothermia under abdominal cavity cooling and local
destructive effect on postgangdionic non-myelinated
fibers of n. vagus) on HRV.

It was established the fact that as a result of n. va-
gus abdominal part cryodenervation the nerve tissue
was more subjected to destructive changes, than after
hypothermia. This was indicated by uniform character
of changes in HRV indices in rats a day after n. vagus
cryodenervation and pharmacological denervation with
Atropine sulfate. However, the manifestation rate of
changes in this case was significantly lower than that
after Atropine sulfate administration. The total spectral
power decreased by 47%, the LF/HF ratio did from
3.4 down to 1.3 (due to an increase in the high-fre-
quency component of spectrum up to 28.5%), the VLF-
spectrum value reduced by 68% (from 198 down to
68 ms?) (Table 4). The time-line analysis data also
showed the features of the n. vagus denervation such
as: a decrease in SDNN and CV down to 5.0 £ 0.3
and 3.6%, respectively.

Thus, the postural change, postprandial load, phar-
macological denervation and cryodenervation of n. va-
gus assisted in obtaining a physiological interpretation
of HRV spectral analysis indices, in particular, the
changes in the indices of VLF and LF ranges testi-
fied to an influence of body’s hemodynamic system
on HRV.

It is important to note that a relative simplicity of
isolation of n. vagus abdominal part branches in rat
along the lateral edges of esophagus, enables perfor-
ming the cryodenervation of both separate branches
of the nerve and together with esophagus as well.

Conclusions

1. A postural change, accompanied by hemodyna-
mic changes in a body, including a decrease/increase
in the central venous pressure, was associated with the
very slow-wave (VLF) component of HRV spectrum.

2. HRV indices after administering pharmaco-
logical drugs, which blocked the motor-evacuation
function of gastrointestinal tract, testified to a high effect
of digestive system on HRV (in LF- and HF-ranges).

3. An uniform effect of n. vagus cryodenervation
and blockers of muscarinic receptors on HRV was
demonstrated. The manifestation rate of HRV changes
after n. vagus cryodenervation was established to be
significantly lower than after Atropine administration.
The LF/HF ratio, an index of sympathovagal balance,
decreased from 3.4 down to 1.3 due to an increase in the
high-frequency component of the spectrum.

4. The findings showed the parasympathetic ner-
vous system to control all the ranges of HRV spectrum.
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JIEHEPBAIH 7. vagus OblTa 3HAYUTEIIHLHO HIDKE, YeM
nocie BBenenust arponuHa. CoorHomenue LF/HF,
KaK TI0Ka3aTells CHMIIAaTOBarajibHOTO OanaHca, yMEHb-
wanocsk ¢ 3,4 no 1,3 BciencTBre yBeIUUEHUS BBICOKO-
YAaCTOTHOU COCTaBJISIIOLIEH CHEKTpa.

4. Pe3ynbraThl NPOBEAECHHBIX JIKCIIEPUMEHTOB
nokasanu, yto napacumnaruueckuit oraen BHC kont-
ponupyet Bce obnactu cnextpa BCP.
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