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CpaBHMTEAbHaSI XapaKTepucruka 4acrtoTbl CEpPAEYHbLIX coxpameuuﬁ
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Comparative Characteristics of Cardiac Rate in Rats When Applying
Different Methods of Cold Effects

Jlana cpaBHHUTENIbHAS XapaKTEPHCTHKA YaCTOTHI CEPACIHBIX COKPALIEHUH Y KPBIC pa3HBIX BO3PACTHBIX IPYII, OXJIaXKAAEMbIX 10
0o0mEenpUHITON METOIUKE SKCTPEMalbHON KPHOTEpamud U NpEAaraeMOMy aBTOPOM METOAY PHUTMHUYECKOH KpHOTepamui.
OTpHunaTenbHEIH XPOHOTPOIHEIH 3P (EKT OT BHyTPHOPIOIIMHHOTO BBEICHNS KpPbIcaM HOpaApeHaIHHa OTMEYAeTCs JIUIIb 1mocie 9-i
MIPOLIE Y PBI OXJTXKICHHS OOIIETIPUHITHIM METOIOM, a IIPU OXJIAXKCHIH PUTMUYECKUMHE BO3ACHCTBHAME 3 PEeKT HacTynal nocie 3-ro
ceaHca, YTO MOXET CBHJETEIbCTBOBAThH O OoJiee paHHUX CPOKAX NMPOHHIAEMOCTH reMarodHuedanndeckoro 6apoepa (I'OB) mus
HelfpomennaTopa. IToATBepKICHHEM 3TOMY MOXKET CIYXXHTh aKTHBAIMS IMHHOIUTO3a B DHIOTEIHOIHUTAX KAMWIIIPOB, a TAKKe
oOHapy keHHe I'paHyI HepOKCHIa3bl XpeHa B ()parMeHTax YHAOTEIHONUTOB MO3TOBOTO KallIIIAPa.

Kniouegvie cnosa: putMudeckast KpHoTepanus, reMaTodHIedatndeckuii 6apsep, 4acToTa CepAeIHBIX COKPAIEHHH, THHOINUTO3,
MIepOKCHa3a XPeHa.

JlaHa mopiBHsUIbHA XapaKTEPUCTHKA YaCTOTH CEPLEBUX CKOPOYEHb y LIYPiB Pi3HUX BIKOBHX IPYIH, SIKI OXOJIOJKYIOTHCS 3a
3araJIbHONPUIHSITOI0 METOAMKOIO EKCTPEMaIIbHOI KpioTepartii i 3aIpornoHOBaHUM aBTOPOM METOZOM PUTMI4YHOI KpioTepartii. HeratueHuit
XPOHOTPOIHUH e(eKT BiJl BHYTPIIIHLOYEPEBHOIO BBEACHHS IlypaM HOpaJpeHaliHy BiaMmidaeTbcs Juie micis 9-i mpouenypu
OXOJIOKEHHSI 3araJIbHOIPHIHATAM METO/IOM, B TOH Yac sIK IIPH OXOJIOIKEHHI pUTMIYHUMH JisIMU e(eKT HACTyIaB Micis 3-Io CeaHcy,
1110 MO>KE CBITYMTH 1po OibL paHHi cTpoku nponukHocTi I'EB s HelipomeniaTopa. [linTBeppKeHHIM BOr0 MOXKE CITy)KHTH aKTUBALis
HIHOIIMTO3Y B €HAOTENIONNTAX KAMJISIPIB, @ TAKOK BUSBICHHS IPaHyJI IEPOKCHUIA3H XPiHY Yy parMeHTax eHI0TEeNiOUUTIB MO3KOBOTO
Kamiaspa.

Knrwowuoegi cnosa: putMmivHa kpiotepartis, reMaToeHuedamianuii 6ap’ep, HOpaapeHaTiH,9aCTOTa CEPIIEBUX CKOPOUCHb, IIIHOIMTO3,
HepoKCHIa3a XPiHy.

Comparative characteristics of cardiac rate in rats of different age groups, cooled by both methods of standard extreme cryotherapy
and rhythmic one, proposed by the author, have been presented. Negative chronotropic effect after norepinephrine intraperitoneal
introduction into rats is observed only after the 9" cooling session by the standard method and after the 3™ one if cooling with the
rhythmic effects, that might testify to earlier terms of blood brain barrier (BBB) permeability for neuromediator. This may be
confirmed by pinocytosis activation in capillary endotheliocytes, as well as by revealing the horse radish peroxidase granules in

endotheliocyte fragments of cerebral capillary.

Key-words: rhythmic cryotherapy, blood brain barrier, cardiac rate, pinocytosis, horse radish peroxidase.

OkcrpemanbHas kpuorepanus (OKT) — 310 yHU-
BEpCAJIbHBIH M YHUKAJIBbHBIHA 110 CBOUM JIe4EOHBIM
CBOMCTBaM H MOTEHLMATbHBIM BO3MOXKHOCTSIM METOJ,
HE UMEIOIIHNI BO3PACTHBIX, (PU3HOIOTMUECKUX U IICHXO-
JIOTHYECKHUX OrpaHrnyeHui. I1o naHHBIM aBTOPOB METO-
na [2, 6] ans mosryyeHus nede6Horo 3 dexra nanueH-
TaMm Ha3HadaeTcs oT oxHoi# mo 10 u 6onee mporenyp,
JUTHTEITHHOCTHIO Kaxkast oT 60 1o 180 c. Kak mpasuo,
HCTHHHYIO KIIMHUYECKYI0 () (EKTHB-HOCTb MPOIIETYP
OKT MOXHO OTIpeAeTTUTh JIUIIH CITyCTsI 1-2 roia mocie
Hayaja JIeYEeHHUs, YTO, Ha Hall B3I, SBISIETCS
Ype3BBIYAHHO CIOXHOW MEIHKO-OMONIOrnYecKoi
3aJauel, TaK KaK 3a 3TOT IIepHoj Ha JeueOnyto 3 dex-
TUBHOCTb U COCTOSHHE NAllMEHTOB MOXKET MOBJIHATD
MHoOTO (pakTopos [2, 4, 6, 9].
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Extreme cryotherapy (ECT) is a universal and
unique method due to its therapeutic properties and
potentialities, having no physiological, psychological and
age restrictions. As the authors of the method reported
[2, 6], from one to 10 and more procedures with 60 to
180 sec each were administered to patients for thera-
peutic effect. Generally, a true clinical efficiency of
ECT procedures may be revealed only 1-2 years after
treatment beginning, and we consider it as extremely
complicated medical and biological task because of a
possible influence of many factors to a therapeutic ef-
ficiency and patient’s state for this time period [2, 4, 6,
9].

It is evidently necessary to perform fundamental
researches, primarily oriented to studying the mecha-
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Od4eBUAHO, HEOOXOIMMO MPOBOANUTH (PyHIAMEH-
TaJbHBIE HCCIIEJIOBAHUs, HAIIPaBICHHBIC, MIPEXKIE
BCEr0, Ha U3yUYEHNE MEXaHN3MOB HEUPOTYMOpPAIbHON
peryJlMd CHCTEM OpraHM3Ma Ul JO0Ka3aTesIbCTBa
neyeOHbIx cBoiictB DKT.

Meton OKT ornnuaercss BBICOKON CTENEHBIO
CYITECTHBHOCTH, IIO3TOMY OJM>Kailiie Mo3UTHBHBIE
1 HETaTUBHBIE PE3yNbTaThl BO MHOTOM 3aBUCAT OT
[ICHX03MOIIMOHAIBHOTO cTaryca manuenTa [1], uto
TOPMO3HT IIHPOKOMACIITAOHOE €ro BHEAPEHHE B
MEIULINHCKYTO IPAKTHKY.

Hccnenyemslii METOR pUTMHYECKON KPUOTEPATUU
(PKT) mo3BosieT onpeaeuTh COCTOSTHAE BETETATHB-
HOM peryJsiiiy A TeIbHOCTH piaa QyHKIMOHATEHBIX
CHCTEM OpraHu3Ma U JOOUTHCS MPONOJKUTEIBHOTO
neyeOHoro 3¢ dexra, KOTOPBIA MO HalleMy yoexne-
HUIO, 3HAYUTENBHO BBIIIE, YEM B OOIIENPUHATHIX
METOJIax.

Lenb uccnenoBanus — pa3paboraTh Cocod Kop-
PEKLMH psiia BETETATUBHBIX (YHKLUH, C TTOMOLIBIO
KOTOpPOTO OBI 3a CYET yBEIHYEHHS MPOHUIIAEMOCTH
remarosHIedammyeckoro 6apoepa (I'9b) MoxHO ObI-
710 ToBBIIATE 3P PEeKTUBHOCTL (QYHKIIMOHUPOBAHHUSI
CEPIEYHO-COCYIUCTON, AaHTUOKCUJAHTHON U IPYrUX
(hyHKIIMOHATBHBIX CHCTEM OPTraHU3Ma, SIBIISIOLIIXCS
Ba)XHBIMHU 3BEHBSIMH JWHAMUKH CTApEHUS M Pa3BUTHSA
Oone3Hel B IPEKJIOHHOM BO3pacTe, a Takke 000CHOBATh
LeJIeco00Pa3HOCTh MPUMEHEHUS! TUarHOCTUYECKUX
METO/IOB, TIO3BOJISIFOLIMX OMPEEIIATh UX 3P PEKTUBHOCTD
B nuHamuke PKT.

Martepnaabl 1 meToAbI

WccnenoBanus npoBoauiy Ha 4-x rpynnax 6-me-
CSTYHBIX KPBIC JIMHUY BUCTap N0 7 JKUBOTHBIX B KAXKIOU
rpynmne. OKCIIepUMEHTHI IPOBEACHBI B COOTBETCTBHUU
¢ “O0mmMy MPUHITATIAME SKCTICPUMEHTOB Ha KHUBOT-
HBIX’, omoOpeHHbpIME 1 HarmmonamhHBEIM KOHTPECCOM 10
ouostuke (r. Kues, YkpanHa) v cOTIacOBaHHBIMH C
nojoxxeHusiMu « EBporneiickoil KOHBEHIIMH 110 3alIUTe
MMO3BOHOYHBIX )KUBOTHBIX, UCIIOJB3yEMBIX IS
9KCHEPUMEHTANBHBIX U APYTHX HAyuyHBIX LieJei»
(CrpacOypr, 1985). [IBe rpymniibl ’KUBOTHBIX: MOJIOABIE
(M2K) u crapsie (C)K) oxumaxmanu 1o oOImenpuHsITHIM
MeTozam [2], ase — no merony PXB. Temneparypa B
KpHOKaMmepe ObUla OIUHAKOBOW JUIsl BCEX JKCIEpH-
MEHTaJIbHBIX )KUBOTHBIX.

CTpyKTypHO-(YHKIIHOHAITBEHOE COCTOSIHHE HJIEMEHTOB
"2 u3y4anu rnpu moMoIy 3IeKTPOHHON MUKPOCKOITHH,
a TPAHCIIOPT MEPOKCHIA3bl XpeHa B TKAHIX MO3ra —
THCTOXUMHYECKHM METOJIOM.

CpaBHUB 0nyOJIMKOBAHHBIE B IUTEPATYPE METOIBI
OKT, ycTaHOBHIN, YTO IPUHIUIIEI IPUMEHEHHUS XOJI0-
JIOBBIX BO3JICHCTBHIA, TOKa3aHUH U IPOTUBOMOKA3aHUI
K UX NPUMEHEHUIO cXOXH [6]. HacToTa u nepuoany-
HOCTbh IPUMEHEHUS SKCTPEMAIbHO HU3KHUX TeMIlepa-
TYP, JVINTENLHOCTh IPOLIEAYPHI, KOJTMYECTBO CEAHCOB
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nisms of neurohumoral regulation of organism system
to prove the ECT therapeutic properties.

The ECT method distinguishes by a high extent of
suggestibility, therefore the immediate positive and
negative results mostly depend on patient’s psycho-
emotional status [1], that slows down its wide-scale
introduction into medical practice.

The studied method of thythmic cryotherapy (RCT)
enables determining the state of vegetative regulation
of the activity in some functional organism systems
and achieving a prolonged therapeutic effect which is
onn our opinion is much higher than in traditonal ones.

The research was aimed to design the correction
method for some vegetative functions, using which due
to the blood brain barrier (BBB) permeability increase
we might enhance the functional efficiency of
cardiovascular, antioxidant and other organism sys-
tems, being the important links in aging dynamics and
disease progress in advanced age, as well as to sub-
stantiate the application expediency of diagnostic me-
thods, allowing to determine their efficiency in RCT
dynamics.

Materials and methods

Research was performed in 4 groups of 6 months’
Wistar rats by 7 animals in each group. Experiments
were carried-out according to the “General ethical
principles of experiments in animals”, approved by the
1** National Congress on Bioethics (Kiev, 2001) and
agreed with the statements of the “European Conve-
ntion for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes”
(Strasbourg, 1985). Two groups of animal (young (YA)
and aged (AA) animals) were cooled by the standard
methods [2] and two groups with RCE. Temperature
in cryochamber was the same for all experimental
animals.

Structural and functional state of BBB elements
and the transport of horse radish peroxidase in brain
tissues were investigated using electron microscopy
and histochemical method, correspondingly.

By comparing the published in literature ECT
methods, the principles of cold effect application,
indications and contraindication to their application
were established to be similar. Frequency and perio-
dicity for the extremely low temperature application,
procedure duration, number of sessions are distinctive
features of RCT method.

Temperature differential in cryochamber was mea-
sured using the metrologically standardised platinum
resistance thermometers (“Gera”, Ukraine). After
cryochamber approaching to an operative regimen
(=110;—-115°C) the place in the middle of the chamber
was determined, where animals were placed and
temperature gradient was measured by chamber height
in the following points: near floor, at 1.7 m height, near
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Fig.1. Temperature gradient measurement in chamber. 01—
near ceiling; - at 1.7 m height; ll— near floor.

SIBJISIIOTCSI OTJIMYUTENBbHON OCOOEHHOCTBIO METOa
PKT.

[Ipn oMoy MIaTHHOBBIX, METPOJIOTHYECKH aT-
TECTOBAHHBIX TEPMOMETPOB COMPOTUBIIEHHS ITPOU3-
BoacTBa (upmel «l'epa» (r. UepHHUTOB) H3MepsIH
mepernaj TemMreparypsl B kpuokamepe. [locie Beixona
KprokaMepsl Ha pabouunit pexum (—110; —115°C)
OTpeNie s B CepeuHEe KaMephl MEecTo, Kyjaa
MOMELIANN )KUBOTHBIX, U U3MEPSAIN TPAIUCHT TEM-
neparyp o BBICOTE KaMephl B CIETYIOIIHUX TOUKAX: Y
moJia, Ha BeicoTe 1,7 M, y moroinka (puc. 1). Knetku ¢
Kpbicamu nomemanu B 1-i momo3 (—10°C), roe ux
oxJaxganu 15 ¢, 3aTeM KJIETKH IEPEHOCHIIN BO 2-i
nuto3 ¢ reMmneparypoir —60°C. Ilpu atoil Temmnepa-
Type B KpHOKaMepe KpbICchl Haxoauiuck 20 ¢, mocie
Yero MX MepeMeriany B 3-i IUTI03 ¢ TeMIepaTypon
—110; -115°C na 1,5-2 muH.

B 3TOT MOMEHT H3MEpsUTH TPaueHT TEMIIEPaTyp
B YKa3aHHBIX BbIlIe ToUKax. [locne 2-MyuHyTHOTO MIpe-
ObIBaHMS B KpHOKaMepe KIETKH C KPbICAMU BEIHOCHITH
U JIepKald Ipu KOMHATHOM TeMIepaTrype 5 MHuH,
MPOLENypPy OXJIXKICHHUS KUBOTHBIX C U3MEPEHHEM
repenana TeMIeparyp B KpruokKaMepe MOBTOPSUIH 2
pa3a. Ilocite TpeTbeli npoueaypsl OXIaXKICHUS KPbl-
caM U3MEpPsUIM PEKTAIbHYIO TeMIIeparypy, KOoTopas
JOCTOBEPHO HE MEHSIACH.

J1st oxJmaxk ieHvIst 1o OOIIETPHUHSTON 1 OTTMCAHHOM B
JIUTEPAType METOIUKE KPBIC IIOMEIIATN B KPHOKaMepy
cpasy xe B 3-if mumo3 (—110; —115°C) na 2 mun. s
KaKAOW I'PYNIBbl KUBOTHBIX, OXJIaXAaEMbIX IBYMS
croco0amH, IPOBOIIIIHN 110 9 dKCTPEMAIBLHBIX KPHO-
BO3JICHCTBUM.

Taxkum 00pa3oM, ¢ y4ETOM TEXHHYECKHX Xapak-
TEPUCTUK KPUOKaMepbl IPHU OTKPHITUH LUTI030BOM
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ceiling (Fig. 1). Cages with rats were placed into the
1* lock (—10°C) with following cooling down for 15
sec, afterwards transferred into the 2" lock with —
60°C temperature. Rats remained for 20 sec in cryo-
chamber at this temperature, then transferred into the
37 lock with the temperature of —110; —115°C tem-
perature for 1.5-2 min.

At this moment the temperature gradient was
measured in the mentioned above points. After 2 min
stay in cryochamber the cages with rats were removed
and kept at room temperature for 5 min. The procedure
of animal cooling down with measuring of temperature
differential in cryochamber was repeated twice. After
third cooling procedure a rectal temperature was mea-
sured in rats. [t remained statistically and significantly
unchanged.

For cooling down procedure according to the
standard and described in literature methods the rats
were placed into a cryochamber directly in the third
lock (—110;—115°C) for 2 min. For each group of animals,
cooled by the two ways, by 9 cryoeffects were applied.

Thus, taking into account the technical characte-
ristics of cryochamber at a lock door opening and rat
replacement the temperature inside of operative
chamber increased by 3.5°C in average due to a shock
heat air wave. The time of temperature recovery in
cryochamber after lock door closing to the initial one
was 10 min in average.

Results and discussion

BBB function is a generally organising system of
brain biorhythmics under cold stress, which deve-
lopment is based on neurophysiological processes. BBB
function activation simultaneously with an extra-slow
controlling brain system reflects the homeostasis state
and controls more or less neuroregulatory adaptation
mechanisms under cold effects [1, 3, 5, 7].

Using the push-pull canulla, introduced into a
sensomotor cortex area, anterior and posterior hypotha-
lamus, we determined the neuromediators secretion
and their BBB permeability.

The highest BBB permeability was noted during
synchronisation of ultra-slow activity in cortex, anterior
and posterior hypothalamus where located the most
important controlling centers of vegetative functions
and a synchronised ultra-slow biorhythm of brain com-
partments determined the highest activity of BBB
function.

When studying the RCE influence on BBB
permeability for norepinephrine (NE) with 0.1 Hz fre-
quency and affecting the rat’s caudal thermoreceptors,
a central negative chronotropic effect of neuromediator
on cardiac rate (CR) was found out while introducing
at different stages of cooling.

In RCE dynamics in rats within 2 hrs a gradual CR
decrease occurs: from the 20" to 110" min by 70% of
the initial value [8] (Fig. 2).
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JIBEpH U MEpEMEILIEHNH KPBIC U3-32 YJIapHOU TETIOBOI
BOJIHBI BO3JyXa TeMmIepaTypa BHYTpU paboueii
KaMepsl MOBHI-IIanack B cpenHeM Ha 3,5°C. Bpewms
BOCCTaHOBJIEHHS TEMIIEpaTypbl B KpHOKaMepe Mociie
3aKPBITHUS IITF030BOM ABEPH 10 HCXOAHOM — B CPEAHEM
10 MuH.

Pe3yAbTaTbl M 00CyXXAeHHe

Oyuknus I'Db saBisieTcss obmeopranu3yonen
CHCTEMOW OMOPUTMHUKH MO3Ta MPHU XOJIOJOBOM
CTpecce, B OCHOBE Pa3BUTHSI KOTOPOTO UMEIOT MECTO
HEUPO(DHU3UOJOTHIECCKHE TPOMECCH. AKTUBAIUS
¢byakoun I'DOb CHHXPOHHO ¢ CBEpXMEAJIECHHOM
YIPABJISIONIEH CHCTEMOW MO3Ta 0TOOpaXkaeT coc-
TOSIHHE TOMEOCTa3a U MPH XOJIOJOBBIX BO3IEHCTBHIX
B TOM WM MHOW CTENEHHW yIpaBJisieT Hellpope-
TYISITOPHBIMU MEXaHu3MaMu anantanuu [1, 3, 5, 7].

C nomouisto push-pull kanronu, BBeAeHHOH! B
CEHCOMOTOPHYIO 00JacCTb KOpPbI, IEPEIHUI U 3aaHUIA
TUNOTAIaMyC, OMPEEsIN CEKpPEeLUI0 Hellpome-
JIaTOPOB U UX MPOHHUIIAeMOCTh depe3 [ Ob.

Hauboee Beicokas mporutiaeMocts I Db otmeuena
B TPOIIECCE CHHXPOHM3ALNH CBEPXMEIIEHHON aKTHB-
HOCTH B KOp€, MIepeTHEM U 3aIHEM THITOTaJIaMycCe, T7Ie
pacmoioXeHbl BaKHEHWIINE HNEeHTPHl YIpaBICHUS
BEreTaTUBHBIMU (DYHKIMSMH, & CHHXPOHU3UPOBAHHBIH
CBEPXMEIJICHHBIH OMOPUTM OTHIEJIOB MO3Tra Ompe-
JeJIsUT HAaMBBICIIYIO0 aKTUBHOCTH (pyHkumu ['Ob.

[Ipn usyyenun Bnusaus PXB Ha npoHMmaeMocTh
I'Ob nns vopanpenanuna (HA) ¢ wactoroit 0,1 '
C BO3JEHCTBUEM Ha KayJaJbHbBIE TEPMOPELENTOPHI
KpbIC OOHapyXeH LEeHTPaJbHBIH OTpULATENbHBIN
XPOHOTPOMNHBIN 3¢ (eKT npu BBEICHUU HEHpoMe-
IUaTopa Ha 4acToTy cepaednbix cokpariernii (HCC)
Ha Pa3HbIX 3TaNax OXJIaXKIEHHUS.

B munamuke PXB y kpbic B TeueHHne 2-X 4acoB
npoucxomut raBHoe cHwkenne YCC, ¢ 20-i u mo 110-i
MuUHYTHI — Ha 70% oT ucxomHo# BenauHbI| 8] (puc.2).

Y 100% kpbIC, KOTOPBIM B 9YTEPMHBIX YCIOBHSIX
HA BBOguim BHYTpHOPIOIIMHHO, OOHAPYXKEHO
yBenuuenne YCC B cpenneM Ha 15%.

Cucremuo Benennbiii HA Ha pone PXB Br3biBan
ueHTpanbHbId 3¢ ekt nefictBus menuatopa Ha YHCC
(10, 55, 60 u 110 MUH), CBUAECTETHCTBYIOLIUI O TOM,
4To 3K30reHHbi HA He noBrimiaeT, a cHmxkaer YCC
Ha 25+4, 30+5, 29+5% [8] (puc.3).

YCcTaHOBIEHB YCTOWYHUBOE MOBBINNICHUE OWO-
PUTMOB B HCCIEAYEMBIX O0JACTAX MO3Ta M MOBBI-
menue npouuriaeMoctu 1'9b npu PXB B 3-4 pasza B
Tex ke crpykrypax LIHC mo cpaBHEHUIO C TaHHBIMH,
KOTOpPBIE MOJTYYEHbI METOJIOM TPAIUIIMOHHON KPaHHO-
uepedpanpraoii runotepmun (KILI'). BEyTpubpro-
LIMHHOE BBEJCHUE KAaTEXOJIAMHUHOB >KUBOTHBIM Ha
¢one KUI (mo 32°C) npuBoANIO K MEHEE BBIPasKEH-
HoMy ypexxeHnuto YCC, ueM npu npumenennn PXB.
[lony4yeHHblE CTATUCTHYECKUE XaPAKTEPUCTHUKH
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In 100% of'rats with NE intraperitoneal introduction
under euthermal conditions a 15% CR increase was
revealed.

NE introduced systematically at the background of
RCE caused a central effect of mediator action on
CR (10, 55, 60 and 110 min), testifying to the fact, that
exogenous NE did not increase but reduced CR by
2544, 30+5, 29+5% [8] (Fig. 3).

There were established a stable biorhythm increase
in the studied brain areas and 3-4 times rise in BBB
permeability under RCE in the same CNS structures
compared to the data, obtained by the standard
craniocerebral hypothermia (CCH) method. Intra-
peritoneal introduction of catecholamines to animals at
the background of CCH (to 32°C) resulted in a less
manifested CR fall, than at RCE application. The
obtained statistical characteristics of cardiointervals
confirm our suggestions about a change in BBB
permeability for mediators and a high level of a second
range synchronisation of bioelectrical rhythm reflects
BBB general functional activity of cooled brain.

When cooling animals in cryochamber by proposed
by us methods a central effect of intraperitoneally
introduced NE action was revealed after 3™, 6™ and
9" procedures in aged rats and after 3, 6™ in young
ones. Seven days after RCE in cryochamber in aged
rats the CR was at the level of CR of intact rats and
was hardly statistically and significantly different from
CR of NE animals with no following RCE. In young
animals after 9 RCT the cardiac rate significantly
increased compared to the 3" and 6" cold procedures
and approached to the indices in intact rats but was
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Fig. 2. CR change during RCE.
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KapJUOMHTEPBAJIOB MOATBEPKAAIOT HAIIE MPEIIO-
JIO’)KEHHE 00 M3MEHeHWHU mpoHunaemoctu ['Db mis
MEINATOPOB, a BRICOKUI yPOBEHb CHHXPOHHU3ALIUH CeE-
KYHIIHOTO AMana3oHa OHWO3JIeKTPUUYECKOTO pUTMa
oTpakaeT o0Iy10 (PYHKIHOHANBHYIO akTUBHOCTB [ Db
OXJIAXKJEHHOT'O MO3Ta.

[Ipu oxnakneHWW KUBOTHBIX B KPHOKaMepe Io
MPEIIOKEHHON METOAMKE IEeHTPaJbHBIA 3(PdexT
JefCTBHS BBEJEHHOTO BHyTpuOpromuHHO HA o6Ha-
pykeH mocye 3, 6 u 9-i mponeaypsl y CTapbIX KpbIC,
mocie 3 u 6-it — y monoaeix. Uepes 7 mHel mocie
PXB B xpuokamepe y ctapbix kpeic YCC Obuia Ha
ypoBHe YCC MHTaKTHBIX KPBIC ¥ JOCTOBEPHO HE OTIIH-
yanack 0T YCC XHUBOTHBIX, KOTOPHIM BBOAMIN HA
6e3 nmocneayrommx PXB. Y MoOIOIbIX ®KUBOTHBIX TIOC-
ae 9-ro PKT gacToTa cepieyHbIX COKpalleHUH
CYILLIECTBEHHO MOBBIIIATIAch IO CPABHEHUIO C 3-i U 6-
1 X0JI0/10BO# MpoLe Ay POl ¥ MPUOIIKANIACh K IOKa3a-
TEJSIM Y WHTAKTHBIX KPBIC, OJHAKO ObLIa HIKE IO
OTHOIIIEHHUIO K KOHTPOJbHOM Tpymme. CrrycTs 7 nHei
nociie PXB, nunamuka pocra UCC coxpaHnsiack
(puc. 4).

B ananorn4HeIX rpymnnax KHUBOTHBIX B T€ )K€ CPOKH
Habmonennit BMecto PKT npoBoanim ogHOpa3oBbie
JKCTpeMallbHbIe X0J10/I0BbIe Bo3neicTBus (DXB).
YcTaHOBIIEHO, UTO MOCTIE BBEIECHHS BHY TPHOPIOIINHHO
HA xppicam IBYX BO3pacTHBIX TPy HAOIIOOaIOCh
nocroBeproe yBenuuenne YCC (puc.5). CHmkeHue
YUCC y XMBOTHBIX, KOTOPBIM IpoBoauau OXB,
OTMEYEHO JIMILB Iocie 9-ro ceaHca BO3AEHCTBHSA XOJI0-
oM, a mpu PXB — mocine 3-ro ceanca. Takum oOpa-
30M, YCTaHOBIICH ()EHOMEH «3ar1a3/IbIBaHuUs» BO3HUK-
HOBEHHS OTPHUIATEIILHOTO XPOHOTPOITHOTO 3 dexTa
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o
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Puc. 3. Bmusane PXB ¢ gacroroit 0,1 I'm nHa YCC mpu
cucTeMHOM BBegeHUd HA.

Fig. 3. RCE influence of 0.1 Hz frequency on CR under NE
system introduction.

lower than the control group. Seven days after RCE
the dynamics of CR growth was kept (Fig. 4).

In similar groups of animals within the same
observation terms the single extreme cold effects
(ECE) were performed instead of RCT. It was
established that after NE intraperitoneal introduction
into rats of two age groups a statistically significant
CR increase was observed (Fig. 5). CR decrease in
animals with ECE was noted only after 9" session of
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NE  AA 3RCT AA 6RCT AA 9RCT AA 9RCT NE YA 3RCT YA 6RCT YA 6RCT YA 9RCT
NE NE NE 7 days NE NE NE NE NE

Puc. 4. Yacrora cepedHbIX COKpAILEHUH y CTapbIX U MOIOABIX KUBOTHBIX Iocsie PXB: CXK — crapsle xxuBoTHbIE; MK —
Mouoable xuBoTHbIE; HA —HOopaapenanun; 7a1 HA — cemb aneit nocine 9-ro Bo3nericteus PKT.

Fig. 4. Cardiac rates in aged and young animals after RCE: AA —aged animals; YA — young animals; NE - norepinephrine;

7 days NE — seven days after 9" RCT effect.
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Puc. 5. Yacrora cepaevHbIX COKPAILEHNH y CTapbIX K MOIOIBIX dKMBOTHBIX, OXJIAYKAECHHBIX IO TPaJUIUOHHOMY MeToay: CK —
cTapsle )xuBoTHbIE; MK — Monozbie )xuBoTHBIe; HA — HOpagpeHavH.

Fig. 5. Cardiac rate in aged and young animals, cooled by the standard method: AA —aged animals; YA — young animals;

NE —norepinephrine.

BBeseHHOoro HA na YCC y XKMBOTHBIX, KOTOPBIX OX-
JIaX 1AM TPaAULIUOHHBIM METOJIOM.

Uccnenyemas namu meroguka PKT mo3Bonser
YBEIMUYUTh aKTUBHOCTH CUMIIATHYECKOTO WJIM Tapa-
CHUMIIATUYECKOTO OT/IEa BETreTaTUBHON HEPBHOM cHC-
TEMBI, YTO MOXXET CBHUJAETEIBCTBOBATH O BOCCTa-
HOBJICHUHU X COOTHOIICHUH B MEXaHNW3MaX BIIMSIHUN
Ha yCKOPEHHE WIH 3aMe/IJIeHIe CEepAeYHOr0 PUTMa B
3aBHCUMOCTH OT MOTPEOHOCTH.

B pa6ore [4] mokazano, yto PKT ontummsupyer
LIEHTpaJbHbIE MEXaHU3MBI BET€TaTUBHON PErysalun
CepJIeYHBIM PUTMOM, B YAaCTHOCTH, IMOBBIIIAETCS
(yHKUIMOHAJIbHAsI aKTUBHOCTH CTBOJIA, TUIIOTaJIaMyca
1 KOPBI MO3Ta, B pe3yJbTaTe Yero 3HaYUTEIbHO BO3-
pacTaoT afgantalioHHbBIE BO3MOXHOCTH, OCOOCHHO
CTapbIX KUBOTHBIX, YTO OATBEP)KIAET 3HAUYUTEIHHOE
yBEJIMUEHUE MOIIHOCTHU CHEKTpa KoJIeOaHui, a TakxKe
MOBBIIEHNE TOHYCAa CUMIIATHYECKON M MapacuM-
[1aTU4YE€CKOM BEreTaTUBHON HEPBHOM CUCTEMBI. B 3TOM
ocobast ponb orBoautcs ¢pyHkuuu I'Ob kak BaxkHOMY
3BEHY IEHTPAJIbHBIX MEXaHW3MOB T'OMEOCTa3a, YTo
CBUJIETENILCTBYET O MOSABJICHNH B KAITMJUISIPHOM 3HJI0-
TeJMH TIEPETHEr0 W 33JHEr0 TUIoTajaMmyca MHOTO-
YUCJIICHHBIX BE3UKYN (pHC.6) pa3IuvHBIX Pa3MEpoB,
KOJIMYECTBO KOTOPBIX yBEJIWYMBAaeTcs B 2-3 pasza 1o
CPaBHEHMIO C KOHTPOJIEM.

Ha snexrponorpammax HaOI10mal0TCsl BCE STallbl
(hopMHPOBaHUS TMHOLUTO3HBIX BE3HUKYII, IOSIBICHHE
CBOOOAHBIX MUHOLMTO3HBIX ITy3bIPHKOB, CIMSIHUE UX
Mexay coOoH, popMHUpOBaHNE KAHAIOB U3 CITUBILIMXCS
Be3uKyd. OnucaHHbIE H3MEHEHHS YIBTPACTPYKTYPHI
a1eMeHTOB ' Db MOJDKHBI TPUBOAUTH K MTOBHIIICHHUIO
€ro MPOHUIAEMOCTH, YTO MMOATBEPIKIAETCS aHATN30M
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cold effect but after the 3" one under RCE. Thus, the
phenomenon of “delaying” with negative chronotropic
effect appearance of introduced NE on CR in animals,
cooled by the standard method has been established.

The studied by us RCT methods enable to increase
the activity of sympathetic and parasympathetic
compartments of vegetative nerve system, that may
testify to their ratio recovery in the effect mechanisms
on cardiac rhythm acceleration or deceleration as
needed.

As reported in the paper [4] the RCT optimises the
central mechanisms of vegetative regulation by cardiac
rhythm, specifically functional activity of brain stem,
hypothalamus and brain cortex augments, resulting in
significantly enhanced adaptation possibilities, especially
in aged animals, that confirms a considerable aug-
mentation of oscillation spectrum power, as well as
the tonus increase in sympathetic and parasympathetic
vegetative nerve systems. A special role in this belongs
to BBB function as an important link of central mecha-
nisms of homeostasis, that testifies to the appearance
in capillary endothelium of anterior and posterior
hypothalamus of numerous vesicles (Fig. 6) of different
sizes, which number in 2-3 times increased compared
to the control.

All stages of pinocytic vesicle formation, appearance
of free pinocytic vesicles, their fusion between
themselves, channel formation from fused vesicles are
observed in electron diffraction patterns. The described
changes in BBB element ultrastructure should result
in its permeability rise, that is confirmed by analysis of
ultrathin sections of hypothalamus tissues. An intra-
venous injection of pinocytosis marker of horse radish
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Puc. 6. AKTHBaIMS TMHOLIUTO32 B 9HOTEIHOIUTE KaIMILIpa
mosra. X 50000.

Fig. 6. Pinocytosis activation brain capillary endotheliocyte.
% 50000.

YABTPATOHKUX CPE30B TKaHEH runoraiamyca. BHyTpu-
BEHHOE BBEJICHHE JKUBOTHBIM MapKepa MHHOIUTO3a
MEPOKCHIA3bl XpeHa TO3BOJIMIO OOHAPYKUTH €ro B
BH/JIE DJIEKTPOHHO-TUIOTHBIX BKIIIOYCHHH B COCTaBe
BE3UKYJI W IIUTOIJIA3MATHIECKUX KaHAIOB, KOTOPHIE,
BO3MOXKHO, 00pa30BaHbl CIHSIHHEM JTHX BE3HKYIL.
[lepokcuaasa xpeHa oOHapyKHBaIach Takxke par-
MEHTapHO 3a 0a3ajbHON MEeMOpPaHOH MEX 1y KOHIIE-
BBIMH HOKKaMH acTPOIHUTOB (puc.7).

BuiBOABI

[Tpu PXB B0o3HUKAIOT CTPYKTYpPHBIE IEPECTPONKH
I'Sb runoranamyca, NpUBOASIINE K YBETUUEHHUIO €T0
[IPOHHUIIAEMOCTH.

OtMeueHHbIE U3MEHEHHS (yHKIMOHATbHON aKTHUB-
HocTH ['DB sBstt0TCS QU3MOIOTMUECKH 3HAYNMbIMH,
TaK KaK OHU CTUMYJIUPYIOT aJJallTalluOHHbIE [IPOLIECChL
Ul IojiepKkanus romeocrasa. Ilepokcugasa xpeHa
BU3YaJIM3UPYET NIPOLIECC TPAHCIHIOTEINAIBHOIO IIepe-
HOca OMOJIOTMYECKU aKTUBHBIX BELIECTB.

Meton PXB 103BOJIsIeT YBEIUYNUTh aKTUBHOCTH
BETETaTUBHON HEPBHOM CUCTEMBI, YTO UMEET BaXKHOE
3HA4YEeHUE I OCIa0JIEHHONH BO3pPAacTOM CEpIEYHOM
JEeATEIbHOCTH.
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Puc.7. I'ucroxummnueckast peakiysi Ha IEPOKCUIa3y XpeHa B
(hparMeHTe 3HIOTENMOLITa MO3TOBOTr0 Karnsipa. X 30000.

Fig. 7. Histochemical response to horse radish peroxidase in
endotheliocyte fragment of brain capillary. x 30000.

peroxidase enabled its revealing as the electron-dense
inclusions into vesicle compositions and cytoplasmic
channels, possibly formed by these vesicles’ fusion.
Horse radish peroxidase was also fragmentarily revea-
led behind a basal membrane between the terminal
arms of astrocytes (Fig. 7).

Conclusions

Under RCE the BBB structural rearrangements in
hypothalamus, resulting in its permeability increase
occur.

The noted changes in BBB functional activity are
physiologically significant, because they stimulate the
adaptive processes for homeostasis maintenance.
Horse radish peroxidase visualises the process of trans-
endothelial transfer of biologically active substances.

RCE method enables to the enhance activity of
vegetative nerve system, that is of great importance
for age-weakened cardiac activity.
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