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Age Peculiarities of Lipid Peroxidation in Rats
After Extreme Cryoeffects

[NomydeHHbIE Pe3ynbTaThl MO3BOJISIOT MPEAIOI0KUTD, YTO BaXKHBIM MEXaHH3MOM ITOTEHIIMPYIOLIETO IeHCTBHS YKCTPEMAILHOTO
kpuoso3zaeiicteus (OKB) siBisieTcst mOIOXKHUTENbHOE BIMSHIE Ha MPOOKCHAAHTHO-aHTHOKCHAAHTHOE COCTOSHHE OpraHU3Ma
HCCIIeyeMbIX JKHBOTHBIX, KOTOPOE COXPAHSIETCS MIPOJODKUTEIFHOE BpeMs TociIe OKOHUaHUs Bo3eHcTBH. [Ipu aTOM Habmogaercst
BO3pacTHast 0COOCHHOCTH: Ooee BHICOKAasi PEaKTHBHOCTh Y MOJOJBIX XKHUBOTHBIX. B I1e10M akTHBanus aHTHOKCHIAHTHOH CHCTEMBI
cepana nox BiussHueM DKB He3aBuCHMO OT Bo3pacTa MO3BOJSET yBEINIUTh PE3UCTEHTHOCTh OPraHU3Ma K CTpeccy. XpOHHIecKast
HEIOCTAaTOYHOCTh (DYHKITMH aHTHOKCUAAHTHONH CHUCTEMBI SIBISETCS OXHOHN M3 NMPUYMH PAa3BUTHS CEPICIHO-COCYANCTOH MATOIOTHH.
“Msrkuii” HempoAOIKUTEIBHBINA cTpecc, KaKuM MOXKET ObITh DKB, crmocoOCcTByeT BrIpaKeHHOU 3aIIUTHOM peaknH 3a CYET paHHEH
MOOHMIM3alUY AHTHOKCHAAHTHBIX CHCTEM OpraHH3Ma.

Kniouesvle cnosa: nepekncHoe OKHCICHHE JHUIHIOB, SKCTpEMallbHOE KPHOBO3AECHCTBHUE, reMaTodHIedannaecknii 6apsep,
AQHTHOKCHJIAHTHAs CHCTEMA.

OtpuMaHi pe3yNbTaTH JO3BOJISIOTH MPUITYCTHTH, 1[0 BaXIIMBUM MEXaHI3MOM Jii, KU NOTEHIII0E eKCTPeMabHUI KPiOBIUINB
(EKB), € mo3uTUBHMI BIUIMB Ha NMPOOKCHAAHTHO-aHTHOKCHUAAHTHUI CTaH OpraHi3My JOCIHi)KYBaHHX TBAapHH, IO 30epiraeTbcs
TPHUBAJIMH Yac Micis 3aKiHYeHHs BIUIUBY. [Ipy oMy criocTepiraeTbest BikoBa 0COOIUBICTh: OLIIBII BUCOKA PEAKTHBHICTh Y MOJIOIUX
TBapuH. Y LIJOMY aKTHBalis aHTHOKCHIAHTHOI cucTeMu cepius mij BruimBoM EKB, He3anexHO Bix BiKy J03BOJISIE€ 30iIbIINTH
PE3UCTEHTHICTh OpraHi3My 10 cTpecy. XpoHiuHa HEAOCTAaTHICTh (PYHKIIT aHTHOKCUAHTHOT CUCTEMH € OJHI€I0 3 IPUYUH PO3BUTKY
cepLeBO-CyAnHHOT natojorii. “M’sikuii” HeTpuBanuii ctpec, sikuM Moxxe Oyt EKB, cripusie BupajkeHiit 3axucHiil peakuii 3a paxyHoOK
paHHBOi MOOiTi3aNii aHTHOKCUIAHTHHX CUCTEM OpPraHi3My.

Kniouosi cnoea: nepexucHe OKHCIICHHS JIiMIiIB, eKCTPEeMaNbHUI KPiOBIUIUB, reMaroeHuedatiyauii 6ap’ep, aHTHOKCUIAHTHA
cucrema.

The obtained results suppose that an important mechanism of potentiative extreme cryoeffect (ECE) is a positive influence on
pro-oxidative and anti-oxidative state of an organism of the animals under study. This effect has been kept for a long period after the
influence termination. In this case there are observed age peculiarities (higher reactivity for young animals). In a whole the activation
of heart anti-oxidative system under ECE regardless age permits to increase an organism stress resistance. Chronic insufficiency of
the function of anti-oxidant system is one of the causes of cardiovascular pathology development. “Mild” and short-term stress, that

may be ECE, contributes to a manifested protective reaction due to early mobilization of anti-oxidant organism system.
Key-words: lipid peroxidation, extreme cryoeffect, blood brain barrier, antioxidative system.

I'omeocTa3 — MOCTOSHCTBO pa3iIMYHBIX (HU3IUONIO-
FHYECKUX KOHCTAHT OPTaHHM3Ma, BKIIOYAIOLIUM
MEXaHHM3MBbl afanTalud U KOOpAUHALUHU (PU3HO-
JIOTUYECKUX MPOLECCOB, KOTOphie 00ecneunBaroT
€IMHCTBO OpraHM3Ma HE TOJBKO B HOPME, HO U MpH
M3MEHHUBIIUXCS yCIOBHUSIX €r0 CyIIeCTBOBaHUA. JTa
cTabniIbHAs CHCTEMa OCYIIIECTBIISIET aKTUBHBIH ITOUCK
HanboJee YCTOWYMBOTO M ONTUMAJIEHOTO COCTOSHUS
OpraHMW3Ma, YTO BBIPAKAETCS B aJalTallH, KOTOpas
MOET PEeryJIHUpOBaTHCS HECKOJIbKUMHU B3aHMO-
JEHCTBYIOIIMMHY YIPABIAIOUIMMY CUCTEMaMH.

Hauano HoBoro sTamna B Hay4HBIX UCCIIEIOBAHUAX
CBSI3BIBAIOT C OTKPBITHEM (eHOMEHa CBOOOIHO-
panMKaJbHOTO OKHCIEHHS, COINPOBOXKAAIOLIErOCs
00pa3oBaHMEM aKTUBHBIX ()OPM KHCIOPOAA, HEHACHI-
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Homeostasis is stability of various physiological
constants of an organism including the mechanisms
of adaptation and coordination of physiological
processes providing the unity of an organism not only
in the norm but also during the altered conditions of
its existence. This stable system accomplishes an
active search of the most resistant and optimal state
of an organism, that manifests in adaptation which
may be regulated by several interacting between
themselves controlling systems.

New stage in these researches is related to the
discovering of the phenomenon of free radical
oxidation, accompanying by the formation of oxygen
active forms, unsaturated fatty acids, hydroperoxides,
aldehydes and ketons [14, 16, 28].
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LIEHHBIX XUPHBIX KHUCIOT, THIPOIEPOKCHAOB, allb-
JIETUI0B 1 KeTOHOB [ 14, 16, 28].

Bruto ycTaHOBIEHO, YTO B JKHMBBIX CHCTEMax
MOCTOSIHHO MPOTEKAIOT Mpolecchl HeepMEeHTATHB-
Horo [10JI 6uomemOpaH, a MOBBILIEHHOE KOJIMYECTBO
aKTHBHBIX (OpPM KHCIOpoJa BeAeT K maropusHo-
JIOTUYECKUM MEXaHHM3MaM JECTPYKIUHU KIETOUHBIX
MeMOpaH u Tubenu KIeTok 8, 9, 26, 27].

Oo6ocHoBaHa KOHIETINS yaacTus mpoxyktoB [TOJT
B MEXaHHU3Max Pa3BUTHUS CTPECCA, KOTOPHIE SBISIOTCS
o0ImuM Hecrienu(pUIEeCKUM 3BEHOM 3aITyCcKa CTpecc-
peaknuu B OTBET Ha JeficTBHE Pa3zHOOOpPa3HBIX
HeOmaronpusaTHBIX (aKTOpOB. DTa KOHLEMIHS
MMOATBEPIKIaeTCA BBHIPAXKEHHBIM aHTHUCTPECCOBBIM
3¢ dexToM mpu NpUMEHEHHH AHTUOKCHIAHTOB,
CHOCOOCTBYIOIIMX MTOJABICHHUIO BEIPAOOTKH MEPBUY-
HOTO MexuaTopa cTpecca M OCIalJIeHUI0 peaKkIuu
CTpecc-peanu3yommx cucreM. CriennanbHble peryis-
TOPHBIE CHCTEMBI, KOHTPOJIUPYIOIIUE CBOOOIHOPAIH-
kanpHble peakiuu 110J] Ha HU3KOM CTalMOHapHOM
ypoBHE, 00€CTIEYNBAIOT HOPMAaJbHBIE METa0O0IH-
YeCKHE MPOIECCHl U PErYIUPYIOT (DYHKIIHIO KIETOK.

B page cayugaes I1OJI BeIcTymaeTr kak yHUBEp-
CaJIbHBIA MOTU(PHUKATOP CBOHCTB MEMOPaH W BaKHBIN
(bU3MOTOTHYECKUIl PeryiasaTop UX CTPYKTYpPHl U
¢ysxmunm [15, 16].

[Ipucyrcrayromee B xkuBbix cuctemax [10JI umeer
YHHMBEPCAJIbHBIN XapaKTep U aKTUBUPYETCS B Pa3HO-
00pa3HbIX SKCTPEMAIIBHBIX CUTYALHAX; €[0 HHTEHCUB-
HOCTb U CTETIEHb BBIPAKEHHOCTHU 3aBUCHUT OT CTETICHU
BKJIIOUCHHSI MEXaHH3MOB roMeocTasa B o0meMm
CHHIpPOME aJanTalui B KauyecTBE MEPBUYHOTO U
BTOPUYHOTO “Menuaropa’ ctpecca [8-11].

CrnenoBarensHO, yckopeHue wiu 3amepienne [10J1
BJIMSIET Ha COCTAB KJIETOUYHBIX MEMOpaH U CTPYKTYPHO-
(hYHKIMOHAJIBHYIO OPTaHU3AIHIO KIIETKHU B LIEJIOM, TaK
KaK OHO MOXET CIIY>)KHUTh MEXaHU3MOM YHHUYTOKEHUS
W30BITOYHBIX BHYTPUKIICTOYHBIX CTPYKTYP 1 OOHOBIIE-
Hus 6uomemoOpan [13].

Knerku oprannsma umerot Habop pa3HOOOpa3HBIX
3alIUTHRIX MeXaHu3MOB. lIpu sddexrnBHOM (PyHK-
LUUOHUPOBAHUM MEXAaHHU3MOB AHTHOKCUIAHTHOMU
CHCTEMBI IIOKa3aTesieM cTerneHu BeipaskenHoctu [10J]
SIBISIETCS] CKOPOCTH PACXOJOBAHMSI aHTHOKCHIAHTHBIX
pesepBoB. CienoBarelbHO, ONPEACISITh CTEINEHb
TSXKECTH U BBIPAXXEHHOCTH CTpecca, HapyIIeHUs
KHU3HENEATECIbHOCTH BO3MOXHO IO COCTOSHHIO
KOMITOHEHTOB OKHCJIUTEIHHOTO TOMEOCTA3a.

Crpecc MOXKHO paccMaTpuBaTh Kak HEOOXOIUMOe
3BEHO Hecnenu(pUIecKoil peakKTHBHOCTH OpTraHu3Ma
M 3Tall B KOMIUIEKCE aJamnTallu¥, COCTABISIOLUIUN
HEOOXOIMMBII KOMIOHEHT HOPMAaJlbHOM >XHU3HE-
JesTenbHOCTH. B TakoM ciydae CymiecTByeT IeHe-
THUYECKHU 3aKpeIJICHHAs IporpaMMa 3aIrycKa peakiuii
MPUCIIOCOONICHNS] K DKCTPEMAJIbHBIM YCIIOBHSM B
LEeHTpaX, GOPMUPYIOMIUX CIOXHBIH KOOPAUHH-
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It has been established that in living systems the
processes of non-enzymatic lipid peroxidation of
biomembranes proceed constantly and increased
number of oxygen active forms leads to patho-
physiological mechanisms of cell membrane destruc-
tion and cell death [8, 9, 26, 27].

There has been stipulated the concept of partici-
pation of LPO products in the mechanisms of stress
development, which are general non-specific link of
triggering of stress-reaction in response to the effect
of various unfavourable factors. This concept is
confirmed by manifested anti-stress effect when
applying anti-oxidants, contributing to the suppression
of producing primary mediator of stress and weakening
the reaction of stress-realizing systems. Special
regulatory systems, controlling free radical reactions
of LPO at low fixed level, provide normal metabolic
processes and control cell function.

LPO in some cases acts as universal modifier of
membrane properties and important physiological
regulator of their structure and function [15, 16].

Presented in living systems LPO has universal
character and is activated in different extreme
situations; its intensity and manifestation degree of
the process depend on the extent of triggering the
homeostasis mechanisms in total syndrome of
adaptation as primary and secondary “mediator” of
stress [8-11].

Therefore, acceleration or slowing-down the LPO
affects the composition of cell membranes and
structural-functional organization of cells in a whole
because LPO may serve as the mechanisms of
destruction of surplus intracellular structures and
renewal of biomembranes [13].

Organism’s cells possess different protective
mechanisms counteracting LPO activation. In the state
when mechanisms of anti-oxidative system actively
function, the index of LPO manifestation degree is
the rate of anti-oxidative reserves expenditure. So, the
severity and mani-festation of stress degree, impair-
ment of vital activity could be determined taking into
account the state of components of oxidative
homeostasis.

Ifto consider stress as essential link of non-specific
response of an organism as the stage in complex of
adaptation and homeostasis factor comprising
necessary component of normal vital activity, then
there is obviously determined by evolution and
genetically fixed program of adaptation reactions’
triggering under extreme situations in the centers
where a complicated coordinated response of an
organism is formed, which is CNS and, in particular,
hypothalamus, controlling the function of vegetative
nervous system.

Suppression of LPO intensity should be referred
as appearance of the state of organism’s increased
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POBaHHBIA OTBET OpraHui3Ma. Takum LEHTpPOM
spasgercsa [JTHC u, B acTHOCTH THHOTaiaaMmyc,
yHopaBisomui QyHKIMEH BereTaTUBHON HEpBHOM
CUCTEMBI.

[Nonasnenue natencusHoctu I10JI MOXKHO CBS3aTh
C HAJIMYUEM TIOBBIIIEHHOMN pE3UCTEHTHOCTH OPTraHu3-
Ma K JEHCTBHIO DKCTPEMalbHBIX (aKTOpOB, YTO
NPUBOAUT K MHTEHCUBHOMY PAacXoAy aHTHOKCHIAHT-
HBIX PE3EpPBOB, MOCJE YEro MOXET HACTYyNHUTh
WCTOIIIEHNE OPTaHN3Ma, BEIPAKEHHOE B 3aMEICHUN
cTpecc-HHTuOupyomuX mpoueccoB. MHTEpec K
nporeccaMm I1OJI 1 KOHTPOIUPYIOIITIM €r0 CUCTeEMaM
00yCIIOBJIE€H OJHOW W3 CYMIECTBYIOIIHX TEOPHH
CTapeHHs OpPTaHM3Ma, COTNIACHO KOTOPOH yCHIIEHHE
CBOOOIHOPAIUKAIBLHOTO OKUCIICHHUS SBIACTCS IPHYH-
HOM yxyaueHus QyHKUUH KJIETOK U, KaK CJISICTBUE, —
BO3HMKHOBEHUSI Pa3IMYHbIX 3a00/IeBaHNH.

B craperomem opranusme, kak IMpaBUIIO, MOJAB-
nenure nHTeHcuBHOCTH [1OJI orpaHnyeHO CHIKEHHEM
AKTUBHOCTH LIEHTPAJIbHBIX CTPECC-CUCTEM, K KOTOPBIM
OTHOCHTCS 00JIaZaroInas mpe- 1 MOCTCHHANTHIECKUM
TOPMO3HBIM JICHCTBHEM CHCTEMa, B KOTOPOil MeTabo-
JINTOM SIBIISIETCS TaMMa-aMHUHOMAcCIsHas KHUCIIOTa
(FAMK). B nHopmanbubix yenoBusx [AMK Bozneiict-
By€T Ha LIEHTPHI PETYIISINH BET€TaTUBHON HEPBHOMN U
SHJIOKPUHHOMN CHCTEM, TEM CaMBIM CYIIECTBEHHO
orpaHn4uBas PyHKIHOHUPOBAHHE CTPECC-PEATU3YIO-
mux cucteMm. Tak kak TAMK nponukaer gepes
remarosHuedanyeckuii 6apoep (I'9B), ona moxer
OBITh MCIIOJIB30BaHA AJII YMEHBLICHHUS aKTUBALMH
[1IOJI [24] u yMeHBIIEHHs CTENEHU MOBPEXICHUSA
OpPraHoOB U THOEIH KIETOK.

B nocnennue roasl ycrnenHo pa3BUBalOTCs HOBbIE
HEWHBA3WBHBIE METOMBI JICUCHHUS M BO3ACHCTBUS Ha
OpraHH3M, HalpaBJICHHbIE HA aKTUBAIMIO0 COOCTBEH-
HBIX 3aIIUTHBIX CHCTEM opranm3Mma [2-7]. Ompene-
JIsolas pojb Pe30HAHCHBIX B3aUMOJIEUCTBUNA B
MIpoIeccax PETYISINH COCTOSHUS Pa3TUIHBIX CUCTEM
opranusma, ocobenno [THC, otmedena B [18-22].

B 57011 cBSI3M EpCIEKTUBHBIM ITyTEM JJIS1 HOpMa-
nu3anui GYHKIHOHAIBHOTO COCTOSHHSI OpraHu3Ma
SIBIISIETCS. MOZLYJISILIAS CTUMYJTUPYIOIINX PUTMHUYECKUX
XOJIOJOBBIX BO3JEHCTBUM C y4€TOM HHIUBUAYAIBHBIX
0cOOeHHOCTEH CEeKYHIHONH OMORIEKTpPUUECKON
AKTUBHOCTH TOJOBHOTO MO3ra, NPpUBOJIIINX K
MOBBIICHUIO PYHKIIMOHAILHOW akTuBHOCTH ['OB.

Takol Ioaxo BaXKeH ISl KOPPEKLMY HapyILEHUN
(byHKIIMOHAJIBHBIX CHCTEM CTApEIOIIero OpraHu3Ma,
KorJia COOCTBEHHBIC PETYIISTOPHBIE CUCTEMbBI TEPSIFOT
IJIACTUYHOCTD, 8 YPOBEHb KOMIIEHCATOPHBIX PEaKIINN
MHINBHUIyaJICH.

OkcTpemanbHble KpuoBosaeicTeua (OKB) moryt
MHAyUMpoBath B opranusme cuctemy 110J1, uamenss
COOTHOUIIEHUE NMPOOKCUIAHTHO-aHTUOKCUIAHTHOTO
paBHOBecus. [Ipu yBennueHnn KOIMYeCTBa aKTUBHBIX
npoayktoB [1OJI 3amyckaeTcs mens peakuuil B
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resistance to the effect of extreme factors preserving
for a long time period, that, in its turn, causes an
intensive expenditure of energetic stocks, anti-
oxidative reserves, and then an organism exhaustion
can occur, which may lead to the slowing-down of
stress-inhibiting processes. Interest to the LPO
processes and systems controlling is stipulated by one
of the existing theories of organism ageing, describing
the strengthening of free radial oxidation as the cause
of cell “deterioration” and the alteration of their
functional properties as one of the reasons of the
frequency of appearance of various diseases.

In ageing organism as a rule the suppression of LPO
intensity is limited by the reduction in activity of
central stress systems, to which is referred gamma-
aminobutyric acid (GABA), ergic inhibiting system,
possessing both pre- and post-synaptic inhibiting
effects. Metabolite of this system is gamma
aminobutyric acid under normal conditions, affecting
the regulation centers of vegetative nervous and
endocrine systems, is capable of significantly
restricting the production of stress-realizing systems.
Taking into account the ability of GABA to penetrate
via blood brain barrier (BBB) and its properties may
be used to reduce the activation of LPO [24] and
thereby to decrease a threat rate of damage of organs
and cell death, to increase the possibility of organism
survival under exhaustion conditions.

Recently new non-invasive treatment and effect
methods on organism targeted to activation of own
protective organism systems [2-7] have been
successfully developed. Determining role of resonance
interactions in regulation processes of the state of
various systems of an organism, especially of CNS,
was reported elsewhere [18-22].

In this connection the perspective way for
normalization of functional state of an organism is
modulation of stimulating rhythmic cold effects taking
into account individual peculiarities of second
bioelectrical activity of brain, resulting into a rise of
BBB functional activity.

Such an approach is quite actual one for the
correction of impairments of functional systems of
ageing organism, when own regulatory systems lose
their plasticity and level of compensatory reactions is
individual.

Extreme cryoeffects may induce in an organism
LPO system by changing the ratio of pro-oxidant-anti-
oxidant balance, with increasing the number of active
LPO products, which acting as unfavorable factor
trigger the chain of reactions in an organism, forming
common adaptation reaction. In response to the stress
nervous, endocrine, immune systems are activated,
anti-oxidant potential increases, resulting in LPO
suppression that correspond properly the solving of
vital task of preventing stress situation.
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opranusme, GopMupyromias O0IIYyI0 aJanTaHOHHYIO
peakuuio. B oTBeT Ha cTpecc akTUBUPYIOTCSI HEpBHas,
SHAOKPHUHHAs, MUMMYHHAasl CUCTEMBI, BO3pacTaET
AHTUOKCUJAHTHBIN MOTEHIMAN, B PE3YJIbTaTe 4Ero
yraeraetrcs [1OJI, uro kak Henb3st Ooynee cooTBET-
CTBYET PEIIEHHIO )KU3HEHHO BaXXHOMW 3anadu —
MIPEOAOJIEHNIO CTPECCOBOM CUTYalIUN.

Oco0blil HHTEpEC MPEACTABISIIOT KPAaTKOCPOUHBIE
MepuoJuYecKre AeHCTBUA SKCTPEMaJbHO HUZKHX
temmeparyp (—120°C) Ha eI TensHOCTD BETETATUBHBIX
LIEHTPOB U CUCTEM HEUPOIHIOKPUHHOW pEryisiiuu,
KOTOpbI€ HEMOCPEICTBEHHO OKA3bIBAIOT BIMSIHHE Ha
nHTeHcuBHOCTH peakiuii [10J1. HempogomkutensHoe
JNEeWCTBHE DKCTPEMAJbHO HHU3KUX TEMIIEpaTyp He
HCTOIIAET HEPreTHUYECKHUEe U APyrue (PyHKIMOHAIb-
HBIE PE3EPBHI OPraHu3Ma, a Ha00OPOT AKTUBHO BIUSET
Ha BET€TaTUBHYIO HEPBHYIO CHUCTEMY, MOBBIIIAs €&
pesucteHTHOCTh. Hu3kue temmeparypsl crnocoo-
CTBYIOT MOBBIIIEHUIO poHUIIaeMoct I'0Ob ans pana
OMONIOTUYECKY aKTUBHBIX BEIIECTB B OPraHU3Me, 4TO
ONarompusATHO CKa3bIBaeTCS HAa MHOTUX a/IalTal[HOH-
HBIX ITPOIIECcCax, 0COOEHHO CKOMITPOMEHTHPOBAHHBIX
00JIE€3HBIO.

ITokazano [23], yTo ycuiaeHrue MPOTHBOGA3ZHBIX
kosieOanuit mponuiiaemoctu I'Db mis cummaro- u
[MapacHMIIATOMUMETHUKOB TPU OXJAXKJICHUH MOXKET
BOCCTAaHOBHUTH “MOJIONYIO” (HU3UOIOTHYECKYIO
puTMUKY pyHKUMOHUpOBaHus I OB, onTuMu3npoBath
HapyLIeHHbIE B3aUMOJEHCTBUS (PYHKIMOHAIBHBIX
CHCTEM CTapEeIOIIEro OpraHu3Ma.

Takum oOGpaszom, menp paboThl — HU3YUEHHUE
BO3PAcTHBIX OCOOCHHOCTEH MPOOKCHIAHTHO-OKCH-
JAHTHOTO COCTOSIHHS KpOBH, TKAaHEH MO3ra H cepaua
nmoaBepTHYTHIX DKB Mom0abIX 10OI0BO3pENBIX U
CTapbhIX KPBIC KaK HETIOCPEACTBEHHO MOCIE OXJIaXK-
JIeHUsI, TaKk W 4epe3 3 HeJedau IMOciie MOCIETHEro
BO3JICHCTBUSL.

Matepmnanbl 1 meToabl

OnpITEl TPOBOAMIN Ha OenblXx O0ecropomHBIX
MOJIOABIX HOJOBO3PENbIX M CTAaphIX KpbICax-camiax
maccoil 160-180 r B coorBercTBHHM ¢ “EBponeiickoit
KOHBEHIIMEH 3alIMTHl MO3BOHOYHBIX XHUBOTHBIX,
HCIIOJIB3YEMBIX B 3KCHEPUMEHTAIBHBIX H APYTHX
Hay4HbIX nestx” (CtpacOypr, 1985).

DKCcTpeMaIbHBIE KPUOBO3ACHCTBHUS OCYIIECT-
BIISUTHCH B KpHOKaMepe B TeueHue 1,5-2 MUHYT npu
temmeparype —120°C. Crapblie 1 MOIOZBIE TIOIOBO3pE-
JIbIe )KUBOTHBIC OBUTM pa3OUTHI HA TPU MOATPYIIIIHL:
1-i1 mpoBoawn mmects KB, 2-it u 3-if — neBATH, 1- 1
2-10 TPYIIy UCCIENOBAIN Cpa3y MOCIE MOCIEAHETO
ceaHca, a 3-10 UCClIeJOBaIH Yepe3 3 Heaenu mocie 9-
ro ceanca. KoHTposeM CiIy)XKMJIM IBE TPYIIBI KPbIC
maccoit 160-180 u 250-280 r.

[locne mexanmuTanuy TPOBOAUIIH 3a00p KPOBH,
HU30JUPOBAIHU TOJIOBHOH MO3I M CepAle Iocie
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Short-term, periodic effects of extreme low
temperatures (—120°C) on the activity of vegetative
centers and systems of neuroendocrine regulation of
LPO reactions are of special interest. Short-term effect
of extremely low temperatures does not exhaust
energetic and other functional reserves of an organism,
but actively affects vegetative nervous system,
increasing its resistance. Low temperatures contribute
to increase in the BBB permeability for some
biologically active substances in an organism, that
favorably affects many adaptation processes,
especially those altered by a disease.

It has been noted [23] that strengthening of anti-
phase oscillations of BBB permeability for sympato-
and parasympatomimetics during cooling may recover
“young” physiological rhythmics of BBB functioning,
optimize impaired interactions of functional systems
of ageing organism.

Thus the research aim is to study age peculiarities
of pro-oxidant-oxidant blood state, brain and heart
tissues of young and aged rats, subjected to extreme
cryoeffect both directly after cooling and 3 weeks later
the last effect.

Materials and methods

The experiments were performed in white breedless
young mature and aged male rats of 160-180 g
according to the standards of “European Convention
for the protection of vertebrate animals used for
experimental and other purposes.” (Strasbourg, 1985).

Extreme cryoeffect (ECE) was made in cryo-
chamber for 1.5-2 min at —120°C. Aged and young
mature animals were divided into 3 subgroups each:
for the first one there were done 6 ECEs, 9 ones for
the second and third group, the first and the second
groups were studied after the last session, the third
one was studied 3 weeks later the 9" session. Two
groups of rats with the weights of 160-180 and 250-
280g served as the control.

After decapitation blood was procured, brain and
rat were isolated after in situ perfusion. In blood serum
there was examined the content of TBA-active
products according to the method [1]. Homogenates
from organs’ tissue were prepared with 50 mM tris
HCI buffer (pH 7.4), containing 50 mM NaCl in the
ratio of 1:2 and 1:4 for brain and heart, correspon-
dingly. In homogenates there were studied basal level
of TBA-active products; intensity of Fe’*-ascorbate-
induced LPO on the rate of accumulation of
TBA-active products in pro-oxidant buffer [14],
enzymes’ activity: catalase on H O, decrement at 240
nm [15], glutathione peroxidase (GP) on the surplus
of content of oxidized glutathione at 260 nm [29];
glutathione reductase (GR) on the reduction of
NADPH content at 340 nm [30]. Protein content was
found with biuretic method.
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nepdy3un in situ. B CBIBOPOTKE KPOBU OTPEIEISITH
conepkanue ThK-aktuBabIX mpoxykros [1]. T'omo-
reHaThl U3 TKaHW OpPraHoB roToBwid Ha 50 MM tris
HCI oydepe (pH 7,4), conepxamem 50 MM NaCl B
cooTHomeHuu 1:2 u 1:4 ans mo3ra u cepaua
COOTBETCTBEHHO. B roMmorenarax uccienoBaiu
0azanpHblil ypoBeHb TBK-akTHBHBIX TPOAYKTOB;
MHTCHCUBHOCTH Fe?’-ackopOaT-uHIyIHPOBAaHHOTO
ITOJI no crxopoctu HakomjeHuss ThbK-akTHBHBIX
MPOAYKTOB B MPOOKCHUAAHTHOM Oydepe [4]; akTUB-
HOCTb (pepMeHTOB: KaTanassl 1o yosuu H O, npu
240 um [15]; rmyrarmonnepokcuaassl (I'TIO) mo
MIPUPOCTY COAEPKAaHMUS OKHCIICHHOTO Ty TaTHOHA TIPU
260 uM [29]; tmytatnonpenykrassl (I'P) o camkennio
conepxanust HAJI®H npu 340 am [30]. Conepxanue
Oenka onpenessiii OnypeTOBBIM METOIOM.

Pesynprarel cratucTuuecku oOpabaTbBaId MPU
MTOMOIIY KOMITBIOTEPHOTO MakeTa nporpamm ““Statis-
tica v. 5.5”. JlaHHbIEe OLIEHUBAJIN, UCIIONB3YS HeNapa-
MeTpHUYECKUM KpuTepuil ManHa-YUTHH, BBIpa)kaiu B
Buzae M+m. JI0CTOBEPHO Pa3IMYAOIIMMUCS CUUTATIU
pesynbrarsl ipu p<0,05.

Pe3yAbTatel M 00CyXAeHue

Bropuunasie npoayktel 110JI xapakTepusymoT
MHTEHCUBHOCTH Pa3BUBAIOIINXCS PEAKIUil HE cpasy,
a CIyCTs ONPENEIIEHHOE BpeMs MOCJE BO3ICHCTBUSA
KCTpPEMalbHOTO (PaKkTopa, OTpaxas TEeM CaMbIM
JOJITOBPEMEHHBIE U3MEHEHHS MPOOKCHUIAHTHO-
AHTHOKCUIAHTHOTO CTaTyca OpraHu3Ma.

Omnpenenenne ypoBHs TBK-akTUBHBIX IPOAYKTOB
B CBIBOPOTKE KPOBH — OJHMH M3 CIIOCOOOB OLEHKH
nHTeHcuBHOCTH npoueccos [1OJI B opranusme B
nenoM. Kak BumHO U3 puc. 1, mpu UcCCIeq0BaHIT
TBK-akTUBHBIX NPOAYKTOB CBIBOPOTKHM KPOBHU B
KOHTPOJBHBIX CEPHUSIX IKCIEPHUMEHTOB JaHHBIU
[0Ka3aTejb C BO3PACTOM IMOBBIIMIAJICA W COCTABIISI
6,094+0,05 mas monoaeix XUBOTHBIX (MX) mu
10,83=+1,1 MkMOJIB/1T — 1J1s1 cTaphix )KUBOTHBIX (CXK).
Junamuka HakomieHuss TBK-akTUBHBIX MpPOAYKTOB
nocisie OKB Taxske 3aBucena ot Bo3pacra. Tak, y MXK
nocne 6-ro Bo3nelcTBusa yposeHb THK mossimancs,
nocie 9-ro Bo3Bpalnajics K HopMe, a uepes3 3 HeJenu
Obu1 HIKe ncxomHoro B 1,3 pasa (puc. 1). Y CXK 6-u
9-e OKB npuBoauian K BBIPa)KEHHOMY CHM)KEHHIO
conepxanus TBK B ceiBopoTke xpoBu B 1,6 pasa, u
€ro MOBBIIIEHHUIO Yepe3 3 HeAenn, OAHAKO KOHTPOIIb-
HOTO YPOBHS HE JOCTHTajo, T. €. HE3aBUCHUMO OT
BO3PACTHBIX Pa3MYU{ B IWHAMHUKE MMOKa3aTems
TBK-aktuBHbIX mpoaykToB OKB oxa3piBamo mpoaoH-
TUPOBAaHHOE JICHCTBUE HA €T0 CHHU)KEHNE WJIU TOBBI-
menue. Ecin y MK B otBer Ha purMuueckoe OKB
OTMEYEHA YETKO BBIPa)KEHHAs! PEaKIMsl MOBBILICHUS
HakomieHus1 TBK-akTUBHBIX MPOAYKTOB CO CHUXKeE-
HHEM HUX COJACPKaHHSA K OTAAJCHHBIM CPOKaM
Habmronenus, To y CX, HaoGopoT, Ha 6- 1 9-¢ cyTkH
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Results were statistically processed using
“Statistica v.5.5” software. Data were evaluated with
Mann-Whitney parametric criterion and expressed as
M=+m. The results were statistically significant at p<0.05.

Results and discussion

Secondary LPO products, including malone
dialdehyde (MDA), which is found in thyobarbituric
acid (TBA) reaction is referred, characterize the
intensity of developing reactions some time later the
extreme factor effect, reflecting thereby long-term
changes in pro-oxidant-anti-oxidant status of an
organism.

Examining the level of TBA-active products in
blood serum is one of the ways to estimate the intensity
of LPO processes in an organism in a whole. Fig 1.
shows that during studying TBA-active products of
blood serum in control series of experiments this
parameter increased with age and made for young
animals 6.0940.05 and 10.83+1.1 pmol/l for aged
ones.

Accumulation dynamics of TBA-active products
after ECE was also age-dependent. So, in young
animals after 6™ effect the level of TBA increased,
after 9™ it came to norm and in 3 weeks it was lower
than initial one in 1.3 times (Fig. 1). For aged animals
6™ and 9™ effects of ECE resulted in a reduction of
TBA content in 1.6 times and in 3 weeks that in serum
increased, but does not reach the control level (Fig. 1),
i.e. independently on age differences in dynamics of
the index of TBA-active products ECE rendered
prolonged effect on its reduction or rise. If in young
animals in response to thythmic ECE there was noted
a manifested reaction of increase in TBA-active
products’ accumulation with the decrease in their
content to distant observation terms, then in aged
animals vice versa to the 6™ and 9" days their reduction
with the approaching to the control indices in 3 weeks
took place.

Increased content of TBA-active products in blood
serum of young animals could be explained with
developing non-specific responses to the effect of
extreme cryotherapy. In this case primary value
belongs to the effect duration and character, as well
as its intensity. It is obvious that in our ECE
experiments, being a “mild” stress, does not result to
significant changes of oxidative homeostasis balance
and even to the 3™ week LPO is practically normalized
due to the inclusion of protective mechanisms for
following balancing of homeostasis in young animals.

Human and animal organisms have various
reactions of protection and countereffect to oxidative
stress development. However if stress factor acts for
a long time, then gradually exhausting protection
mechanisms of cells and organism, anti-oxidative
processes slow down. Under these conditions the

PROBLEMS
OF CRYOBIOLOGY
Vol. 16, 2006, N21



HMMEJI0 MECTO MX CHI)KEHHUE C AalbHEHIIINM TPUOIH-
JKEHUEM K MOKa3aTelIM KOHTPOJIS yepe3 3 Heaenu.

[Toeimennoe conepxkanne ThK-akTuBHBIX mpo-
IYKTOB B CHIBOPOTKE KpoBU MK MOXHO OOBSICHUTB
Pa3BHUBAIOLIUMHUCS HECTICIIU(DUICCKUMH PEAKIIUAMU B
OTBET Ha JIEHCTBUE AKCTPEMaJIbHON KpHUOTEpAIuH.
[Ipu >TOM MEepBOCTENEHHOE 3HAUYECHUE MTPHOOPETAIOT
MIPOIOJDKATEILHOCTD, XapaKTep BO3ICUCTBUS M €O
WHTEHCUBHOCTE. OYEBHIHO, B HAIMUX DKCIIEPUMEHTAX
OKB, sBngscp “MATKAM” CTPEcCOM, HE TMPUBOIUT K
CYIIECTBEHHBIM HM3MEHCHUIM PaBHOBECHS OKHUCIIH-
TEeJIBHOr0 romMeocTasa, u yxe k 3-i menene [1OJI
MPaKTUYECKH HOPMAJIU3YETCS 32 CUET BKIIOUYCHHUS
3aIIUTHBIX MEXaHU3MOB U MTOCIEAYIOLIETO YpaBHOBE-
muBaHug romMeoctasza y MXK.

OprasHusM 4elOBEKa U KMUBOTHBIX OCHAIICH
pa3HOOOpa3HEIMHU PEAKIIUSIMHU 3aNTUTHI U TIPOTUBO-
NEeHCTBHS Pa3BUTUIO OKMCIUTEILHOTO CTpecca.
Opnnaxo, eciu (hakTop cTpecca ASHCTBYET MPOIOIIKH-
TETHLHOE BPEMS, TO TIOCTETICHHO HMCTOIIAIOTCS MeXa-
HHU3MBI 3aIIATHl KJICTOK M OpPTraHu3Ma, 3aMeISIOTCS
MPOTECChl aHTHOKCUIAHTHBIX CHCTeM. B Takux
YCIOBUSAX Pa3BUBAETCS BO3MOXXHOCTb BTOPUYHOU
aktuBanuu [1OJI, yTo XapakTepHO IS CTaperoIIero
opranu3mMa. MoryT OposIBIATHCS HUHAUBUIYaAIbHBIC
0COOCHHOCTH CTapeIoIero OpraHu3Ma B OTBETHOMH
pPEeaKlnU Ha CTPECC, 3aKII0YAIOIINECs B YCUTICHUH WU
ocnabnenun peaxuu [1OJI.

OKCIIepUMEeHTHI TToKa3ain, uto coaepkanne ThK-
AKTHBHBIX MMPOIYKTOB B CEIBOPOTKE kpoBu CIK mocie
6- 11 9-T0 BO3MIEHCTBHS IPUOIIKAETCS K TTOKA3aTEIsIM
y MK, 3arem cymecTtBeHHO Bo3pactaeT y CXK u
nponomkaeT cHmwkarbes y MK mocne 3-x Hemenb
HaOJIO/ICHUSI.

B 3aBucumoctu ot Bo3pacta xuBoTHHIX JKB
IIPUBOJTUIIO K JIOCTOBEPHOMY TMOBBIIIICHHUO 0a3a1bHOTO
ypoBHSi TBEK-akTUBHBIX NPOAYKTOB B Cepale Kak
MOJIOZABIX, TAK U CTAPBIX KUBOTHBIX.

Kak Buano u3 puc. 2, B TKaHSIX MHOKapjaa
nuHamruka nmoBsimeHust [10J1 y MoimoapIx KpbIc 4eTKo
MPOCIIEKUBAIACH B TE )K€ CPOKH, UTO U U3MEHEHHUS B
CBIBOPOTKE KPOBH, CBUACTEIBCTBYIOIIUE O TOM, YTO
¢byuaknus [10J] akTuBHA B MOJIOJOM OpPTaHHU3ME B
YCIIOBUAX XOJIOAOBOIO CTpECCa U HaIpaBJi€Ha Ha
AKTHBAITUIO aHTHOKCHUIAHTHBIX CHCTEM, HEOOXOIMMBIX
JUTSL O IEp>KaHUs TOMEOCTasa.

[Toeimennoe conepxxanne ThK-akTuBHBIX mpo-
IyKTOB ompenensuiock B Muokapae CX (puc. 2) mocne
6- u 9-ro OKB, B To Bpems kak 0a3abHBIH ypPOBEHb
TBK-akTUBHBIX TPOTYKTOB B CHIBOPOTKE KPOBU ITOM
TPYIIIbI )KUBOTHBIX OBLIT MOHMKEHHBIM.

BaxxHeiiiuM MOJIEKYJIApHBIM MEXaHW3MOM pa3-
BUTHS TOBPEKIACHUS CEPALIA B CTAPEIOIIEM OpraHu3Me
sBIIIeTCs akTHBaIms nporieccoB I10JI B MmemOpanax
KapAUOMHUOIUTOB, NPUBOASILUINX K CTPYKTYpPHO-
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Puc. 1. Conepxxanue TBK-akTHUBHBIX NpPOJYKTOB B
CHIBOPOTKE KPOBH KUBOTHBIX: H — KOHTPOIb; []— mocie 6-
ro Bo3aeicTBus; Ml — ocie 9-ro Bo3nencTBus; 4 — uepe3
3 Hemenu Mmocie BO3ACHCTBHA, * — HOCTOBEPHO OTHOCH-
TENBbHO KOHTPOJIS; # — NOCTOBEPHO OTHOCUTEIBHO 3-X
HEZIEJIb II0CIIE BO3AEHCTBUSA.

Fig. 1. Level of TBA-active products in blood serum of
animals: B — control; O — after 6™ effect; M — after 9" ef-
fect; 2 — 3 weeks after effect; * — statistically significant in
respect of control; # — statistically significant in respect of
3 weeks after effect.

possibility of secondary LPO activation develops, that
is characteristic for ageing organism. Moreover
individual peculiarities of ageing organism in response
to stress, manifesting in strengthening or weakening
of LPO reaction may manifest.

Experiments have shown that content of TBA-
active products in blood serum of aged animals after
6™ and 9" effect approach to the parameters for young
animals, then significantly increases for aged animals
and continues declining in young ones after 3
observation weeks.

Depending on animals’ age ECE resulted in
statistically significant increase in basal level of TBA-
active products in heart both of young and aged
animals.

Fig. 2 shows that in myocardium tissue the
dynamics of LPO rise in young rats was distinctly
traced at the same terms as the changes in blood serum,
testifying to the fact that LPO function is active in a
young organism under the conditions of cold stress
and directed towards activation of anti-oxidative
systems, necessary for homeostasis maintenance.

Increased content of TBA-active products was
found in myocardium of aged animals (Fig. 2) during
the period of 6" and 9" ECE meanwhile as basal level
of TBA-active products in blood serum of this group
of animals was reduced.

The most important molecular mechanism of
development of heart impairment in ageing organism
is activation of LPO processes in membranes of
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(YHKIMOHAJIBHBIM HapyLICHUSM B CEPACYHO-COCY-
JUCTON CHUCTEME.

B nuHamuke pa3BUTHS HILIEMUU MHOKapAa AOCTYI
KHCJIOpOZa CYIIECTBEHHO OTpaHU4YEH, 4YTO JOJKHO
WHTHOUPOBATh CIIOHTAHHO IMPOTEKAIONTUN TIPOIecC
[10J1, a koM4YecTBO €ro aKTUBHBIX MTPOITYKTOB B KPOBU
U TKaHSIX yMmeHbImaeTcs. OJHAKO B HEKOTOPBIX
paborax [ 12] moka3aHbI TPOTUBOIIOJIOKHBIE SBIICHUS,
YTO 00BSACHAETCS 0COOEHHOCTHIO U POJIBIO CepAIla B
MOAJEPXKKAHNUHA TOMEOocTa3a M XU3HU B LEJIOM.
Oxa3zanoce, 4To B CepALe 1aXKe B YCIOBHUIX OJIOKaIbI
JIOCTaBKU KHCJIOPO/Ia COXPAHSIETCS €ro TOCTaTOUYHBIN
YPOBEHb, KOTOPHI MOXKET MOAEPKUBATH (PYHKIIHIO
cepaua Ha npotspkeHuu 60 MuH. MexaHusm 3Toro
SIBIICHUS OOBSACHSETCS NPOJOIDKAIOIIEHCS Jrcconna-
HUeld OKCUTeMOITo0MHa B KaWJUIAPHOM pyclie H
muddysueit Kuciaopoaa B KJIETKH. ITO 00SCIIeIBAET
MUHHMAaJbHBIE YCIOBUS ISl 00pa3oBaHus HEOONb-
moro konrdectsa npoaykros [10J], aktuBupys Takum
00pazoM (QyHKIIMOHATBHBIC CUCTEMBI aallTallHuu.
MoxHO npeanonoxuts, yTo KB noBsimraer GpyHk-
HMOHANIbHBIE BO3MOXHOCTH cepana CX, ymydmaer
€ro reMoJMHaMHKY, a MOBBIIICHUE aKTUBHOCTH
npouecco I1OJI cnenyer paccmarpuBaTh Kak
COXPAaHEHNE WJIU MOBBIIIEHUE CBOWCTB MHOKapAa K
MOOMIHM3aMK aHTHOKCUIAHTHBIX CUCTEM M OO0BsC-
HSETCS HEOOXOAMMOCTBIO CTaOMIH3auu (hyHKINO-
HaJbHBIX CBOWMCTB Ceplla CTaperolero OpraHn3Ma.
OO0 3TOM CBHIIETEILCTBYET U TO OOCTOATEIHCTBO, UTO
TBK-akTuBHBIE NPOAYKTHl B MUOKAapJe CTapblX
JKUBOTHBIX COOTBETCTBOBAIM KOHTPOJIHHBIM ITOKa3a-
TesIM depe3 3 Hemeau HaOmoAcHHS.

OTO MOATBEP)KAAET M yCTAHOBJICHHBIN HAMHU (PaKT
onaronpusatHoro BinusHus OKB Ha BereraruBnylo
HEPBHYIO CHCTEMY, CIIOCOOHOCTH BHIPABHHUBATD
0aJyaHCc aKTUBHOCTU CUMITaTUYECKOTO U ITapacHMITaTH-
YECKOTO OT/EJIOB M TAKUM 00Pa3oM CTaOMIM3UPOBATh
OCHOBHBIE (PyHKLIMOHANbHBIE CBOHCTBA CEPACYHO-
COCYJIUCTOW CHCTEMBI.

Housl MeTauioB, B yacTHOcTA Fe?’, oGnamaror
MOIIHBIM TIPOOKCHIAHTHBIM ITOTEHIINAJIOM U BBICTY-
MaroT Kak (paKTopsl pa3BeTBICHUS Ieneil cBOOOIHO-
paavKaIbHOTO OKHCcIeHus U oOmiero ycuierws [10J].
JHobasnenue Fe?* B OHOMOTHYECKYHO )KUAKOCTh WIIH
PEaKIUOHHYI0 cMech cTuMynmpyeT mporece T1OJI.
[IpoBeneHHBIE SKCIEPUMEHTHI IOKA3alIH, YTO UHTEH-
cuBHOCTh nHAynuposanHoro I1OJI B cepaue MXK
CHIDKaJIach B 3 pasa nmocie 6-ro, BOCCTaHaBINBAJIACh
nociue 9-ro OKB u BHOBB yraeranacs 10 40% uepes 3
Hegenu (puc. 3). B rpynne CXX BpIpakeHHBIX
WM3MEHEHUH B COAEP KaHUHM HHAYLIUPOBAHHBIX IPOIYK-
toB [10JI He mpoucxoamno, mocie 6- u 9-ro KB
Ha0I0ATach TEHAECHIIHS K €0 TTOBBIIIEHHTO, KOTOpast
YMEHBIIANACh K OTJAJICHHBIM CpPOKaM HaOIIoIeHus

(puc. 3).
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Puc. 2. Cogepxxanne TEK-akTUBHBIX IPOIYKTOB B TKaHH
cepAla JXKUBOTHBIX: B — KOHTpodb; [0 — mocne 6-1o
BozaeicTBus; M — nocie 9-ro Bo3aelcTBus; 4 — uepes 3
HEeJIeNM TI0CIe BO31eHCTBHS; * — TOCTOBEPHO OTHOCHTENBHO
KOHTPOJISL; # — IOCTOBEPHO OTHOCHUTENBHO 3-X HE/IeNb Mocye
BO3JEUCTBUS.

Fig. 2. Level of TBA-active products in heart tissue of ani-
mals: B — control; O — after 6™ effect; Wl — after 9™ effect;
— 3 weeks after effect; * — statistically significant in re-
spect of control; # — statistically significant in respect of 3
weeks after effect.

cardiomyocytes resulting in structural and functional
disorders in cardiovascular system.

In dynamics of myocardium ischemia development
oxygen access is significantly restricted and LPO
process spontaneously proceeding is inhibited and the
amount of its active products in blood and tissues
decreases. However there was observed an opposite
phenomenon explained by the peculiarity and role of
heart in homeostasis and life maintaining in a whole
[12]. In heart even under blocking of oxygen delivery
its sufficient level capable of maintaining heart
function for 60 min occurred to be preserved. This
phenomenon mechanism is explained by continuing
dissociation of oxyhemoglobin in capillary channel
and oxygen diffusion into cells. This provides minimal
conditions for the formation of small amount of LPO
products thereby activating functional adaptation
systems. It could be supposed that ECEs increase
functional opportunities of heart of aged animals,
improve its hemodynamics, and a rise in activity of
LPO processes should be considered as preservation
or enhancing myocardium properties to mobilization
of anti-oxidant systems and is stipulated by the need
in stabilization of functional properties of heart of
ageing organism. This was confirmed by the fact that
TBA-active products in myocardium of aged animals
corresponded to the control indices in 3 weeks of
observation.

This is supported by established by us fact of
favorable ECE on vegetative nervous system, ability
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Anantanus KMUBOTHBIX K (pakTopaMm cTpecca,
Hanpumep KpatkoBpeMmeHHbIM DKB, MoOmimsupyer
AHTHOKCUJAHTHYIO CUCTEMY OpraHM3Ma, KOTOpas
OKa3bIBaeT 0JaronpusTHOE BO3AEHCTBUE HA IMOLIHNO-
HaJbHO-00JIEBOI CHHAPOM, YaCTO COMTPOBOXKIAIOIINN
HapyIIeHne AeATeIbHOCTH CEePAEeYHO-COCYIUCTON
CHCTEMBI, TIOBBIIIAET YCTOWYUBOCTh K THIIOKCHH U
n36sTKy Ca*', oka3pIBaeT MEMOPAHOTPOITHOE JEHCT-
Bue [25].

Ecnu yuects, uro aktuBanus I1OJI sBusercs
BaXHEHIIIMM MTaTOr€HEeTHYECKUM (HaKTOPOM, CIIOCO0-
CTBYIOLINM Pa3BUTHUIO CEPIEYHO-COCYIUCTOM NaToI0-
TUHU, TO, OYEBUAHO, IKCTPEMAIbHAS KpPUOTEpAIUA
noxaasnsaeT uuaynuposanubiit [10J] B Tkansax cepana
U crabmin3upyer QyHKUUU MPOOKCHAAHTHO-aHTH-
OKCHJIAHTHOW CUCTEMBI OpPraHU3Ma KUBOTHBIX.

Perynanus mpookCcHAaHTHO-aHTHOKCHUIAHTHOTO
OajaHca OCYIIECTBIISIETCA MPHU MOMOIIN CHUCTEMBI
AHTHUOKCHIAaHTHOM 3aIlfUTHI, BKIIOUAtONmell Hedep-
MEHTaTHBHOE M (epMEHTATHUBHOE 3BEeHbs. Boccra-
HOBJIEHHBIN TiryTaTHOH (GSH) siBrsieTcs CBA3YIOMNM
MEeXIy HAMH, TaK KaKk MOXKET y4acTBOBaTb B 00OMX
THUIaX B3aUMOACHCTBHUI cO CBOOOAHBIMH paIKaIaMu.

I'myTartnon urpaet BaHyIO poJib B 3aIIUTE KIETOK
U BHYTPHUKIETOYHOM Cpeabl NpHU pa3BUBIIEMCS
OKHCIIUTEIILHOM CTpecce JI000TO0 MPOUCXOKICHHUS.
[ToHnxkeHHOE €ro BHYTPUKJIETOYHOE COJAEpI aHUE,
00yCIIOBIEHHOE HEAOCTAaTOYHOCTHIO CHHTE3a (hpepMEH-
TaMH, CYIIECTBEHHO CHUKAET YCTOMYUBOCTH KIIETOK
u opranusma [32, 33, 37].

Boccranosnennsrit rmyraruon (GSH) o6wranO
CONIEPXKUTCS BHYTPH KJIETOK B CBS3aHHOM BHJE U
BBICBOOOXKTaeTCA B Cllydae MOBBIIICHUS KOHICH-
Tpauud AM® npu BHICOKOH (yHKUHOHAIBHOM
AKTUBHOCTH B 3KCTPEMAJIBHBIX CUTYallUsAX, TUKTYIO-
LIMX OPTaHU3My HEOOXOANMOCTb AKTUBHOTO YUaCTHSI
[JIyTaTUOHOBOM aHTUOKCUAAHTHON cucTeMbl [31].

Kak BunHO 13 puc. 4 ypoBeHb BOCCTaHOBIEHHOTO
[Ty TaTHOHA KOHTPOJIHOW IPYTITBEI CTAPhIX U MOJOMBIX
KpBIC CYIIECTBEHHO HE OTIINYAJICS.

Ocobennoctrio peaknnn cepana MK na OKB
(puc. 4) 6su10 HocroBepHoe cHkeHne GSH mocrne
6-ro Bo3neticTBus Ha 80% 110 OTHOIIECHUIO K KOHTPO-
JI0 C MOCJIEAYIIMHUM yBenudeHueMm B 1,3 pasa
OTHOCHUTEJIBHO IPENbIAYLIEro 3Tana HaburogeHus
nocie 9-ro BospelcTBus. Crnycts 3 Henenu mocie
Hauaja skcrepuMenTa yposeHb GSH BozBpamancs k
[OKa3aTeJsIM KOHTPOJBHOM I'pyMNIbl KUBOTHBIX. B
nuHamuke uccnenosanuii CXK xakux-nmmbo cymecrt-
BEHHBIX U3MeHeHui copepxanusi GSH B cepaue He
OTMEYEHO.

Bru1o uccnenoBaHo cocrosHue HEpMEHTaTUBHOTO
3BEHA CUCTEMbl aHTHOKCHJAHTHOM 3aIlUThI, 2 UMECHHO
aKTUBHOCTH KaTasla3bl U ()EPMEHTOB CONPSKEHHOU
[IyTaTHOH3aBUCUMON CHCTEMBI, INIyTaTHOHIIEPOKCHU-
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Puc. 3. latencuBHoCTh nHAyIHpoBaHHOTO [10JI B TKAHM

ceplma KMBOTHEIX: B — KOHTpousb; [0 — mociie 6-ro
BozaeiicTBus; Ml — mocie 9-ro Bo3aelicTBus; A — depes 3
HEJIEJM TI0CIIe BO3ACHCTBHS; * — TOCTOBEPHO OTHOCHTEILHO
KOHTPOJIS; # — IOCTOBEPHO OTHOCUTEIBHO 3-X HE/IENb MOCTIe
BO3JICHCTBHUS, + — JOCTOBEPHO OTHOCHTEJIBHO 6-TO
BO3/ICUCTBUS.

Fig. 3. Intensity of induced LPO in animal heart tissue: H—
control; O0— after 6" effect; M — after 9" effect; A — 3 weeks
after effect; * — statistically significant in respect of con-
trol; # — statistically significant in respect of 3 weeks after
effect; + — statistically significant in respect of the 6™ effect.

to smooth the balance of activity of sympatic and
parasympatic compartments and thereby stabilize
basic functional properties of cardiovascular system.

Metal ions in particular Fe ** possess a powerful
pro-oxidant potential and act as the factors of
branching-out of free-radical oxidation chains and
strengthening of LPO. Fe >* adding into biological fluid
or reaction mixture stimulates LPO. Due to performed
studies it has been established that intensity of induced
LPO in heart of young animals reduced 3 times after
6" ECE and recovered after 9" and again is suppressed
down to 40% in 3 weeks (Fig. 3). in group of aged
animals no manifested changes in content of induced
LPO products occurred, after 6™ and 9" ECEs there
was found a tendency to its rise, which decreases to
distant observation terms (Fig. 3).

Adaptation of animals to stress factors, including
short-term ECEs, mobilizes an organism anti-oxidant
system causing favorable effect on emotional and pain
syndrome which, frequently accompanying the
disorder in the activity of cardiovascular system,
increases the resistance to hypoxia and Ca*" surplus,
renders membranotropic action [25].

If to consider that LPO activation is the most
important pathogenetic factors, contributing to the
development of cardiovascular pathology, then
extreme cryotherapy suppresses evidently induced
LPO in heart tissues and stabilizes the functions pro-
oxidant-anti-oxidant system of animal organism.
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MX CX

YA AA
Puc. 4. ConepxaHue BOCCTaHOBJIEHHOI'O IIYTaTHOHA B
TKaHU CepAla KUBOTHBIX: H — KOHTpoub; [0 — mocie 6-1o
BozeiicTBus; Ml — mocie 9-ro Bo3aelcTBus; E4 — uepes 3
HEJICNY TTOCTIe BO3ICHCTBUS; * — TOCTOBEPHO OTHOCHTEIBHO
KOHTPOJISL; # — TOCTOBEPHO OTHOCUTEIBHO 3-X HEIENb ITOCTIC
BO3JEHCTBUS; + — JOCTOBEPHO OTHOCHTEIBHO 6-TO
BO3JEHCTBUS.

Fig. 4. Content of recovered glutathione in animal heart
tissue: E — control; 0 — after 6™ effect; Ml — after 9" effect;
B — 3 weeks after effect; * — statistically significant in
respect of control; # — statistically significant in respect of
3 weeks after effect; + — statistically significant in respect
of the 6" effect.

J1a3bl U [Ty TATHOHPEAYKTA3bl C Y4€TOM OCOOCHHOCTE!
pEeaKLuu CepeUHO-COCYITUCTON CUCTEMBI Ha IEPUOIU-
YECKHUE IKCTPEMalIbHbIe KPUOBO3JACHCTBUSA, B3aUMO-
otHoueHus [1OJI u aHTUOKCUJAHTHBIX CUCTEM B
cepaue. Karanasza o0nafaeT HCKITIOUMTEILHO BHICOKOM
CTETIEHbIO KaTajiun3a, ¢ OCHOBHAs (PYHKIIHS B KIIETKE —
pazyiaraTh IEPOKCH]T BOIOPOIA.

Karanaza ¢GyHKIIMOHHUPYET B TECHOM KOHTAKTE C
cynepokcuaucmyTtaszoit (CO/), Taxke o6magaromieit
crnocoOHOCTRIO ObICTPO pasnarare H,O,, u cBoe-
BPEMEHHO WHAKTUBHUPYET aKTUBHBIE (POPMBI KHCIIO-
poJa Kak B YCIOBHSIX HOPMAJIbHOW >KU3HENEATEINb-
HOCTH, TakK M MOBBIMEHHON akTuBHOCTU ITOJI,
00yCIIOBIIEHHOH pa3auyHBIMHU QakTtopamu [35].

YcTaHOBIIEHO, YTO C BO3PACTOM aKTUBHOCTD
Karanas3bl B TKaHU cepAlla MoBhIanack B 2,1 pasa,
npu 3toM GSH-(depmeHTH ocTtaBanuch 6e3 mM3Me-
HeHHH (puc. 5). DKCTpeMabHbIE KPHUOBO3ICHCTBUS
MIPUBOJIMIIA K JTOCTOBEPHOMY IOBBIIICHUIO aKTHB-
HOCTH KaTanasel B cepame MK mocie 6- u 9-ro
Bo3aelicTBus. Cnycts Tpu Henmenu mocie DKB
Karajia3a B UCCICNYEeMbIX TKaHsIX ObLIa BBIIIE, YeM B
koHTpoe (puc. 5). Y CX karana3zHas akTUBHOCTH B
cepAle NOCTOBEPHO yBeIMYHUBAJlach mociue 9-ro
BO3JICHCTBHS U eI B OOJNBIICH CTENCHH IMOCe 3-X
HeZeNb HAOIOICHUS.

I'mytaTtnon3aBucuMasi aHTUOKCHIAHTHAS CUCTEMA
BKJTIOYAET TPH 3aBUCHMEIX (DEPMEHTa, CPer KOTOPHIX
T'TIO uI'P oGmnamaror cOOCTBEHHOI aHTHOKCHAAHTHON
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Regulation of pro-oxidant-anti-oxidant balance is
made by system of anti-oxidant protection, comprising
non-enzymatic and enzymatic links. Reduced
glutathione (GSH) is binding factor between them,
since it may act in both types of interactions with free
radicals.

Glutathione plays an important role in cell and
intracellular medium protection at developed oxidative
stress of any origin. Its intracellular lowered content,
stipulated by insufficiency of synthesis by enzymes,
considerably reduces cell and organism resistance [32,
33, 371

Reduced glutathione in big amounts is found inside
cells usually in bound state and released if concen-
tration of adenosine monophosphate raises at high
functional activity under extreme situation, dictating
an organism a need in active participation of
glutathione anti-oxidant system [31].

Fig. 4 shows that the level of reduced glutathione
of the control group of aged and young rats did not
differ considerably.

The response peculiarity of young animal heart on
ECE (Fig. 4) was statistically significant decrease in
GSH after 6™ effect by 80% in respect of the control
with following rise in 1.3 times after 9" effect in
respect of previous observation stage. Three weeks
later the experiment start a reduced glutathione came
back to the indices of the control group of animals. In
research dynamics for aged animals no significant
changes in the content of reduced glutathione in heart
was found by us.

There was studied the state of enzymatic link of
anti-oxidant protection system, namely of catalase
activity and enzymes of conjugated glutathione-
dependent system, glutathione peroxidase (GPO) and
glutathione reductase (GR), taking into account the
peculiarities of response of cardiovascular system on
periodic extreme cryoeffects, relationship between
LPO and anti-oxidant systems in heart. Catalase has
quite a high degree of catalysis, its main function in a
cell is to degrade hydrogen peroxide.

Catalase functions tightly with superoxide
dismutase (SOD) which is also able quickly and
effectively degrade H O, , timely inactivates active
oxygen forms both under conditions of normal vital
activity and increased LPO activity, stipulated with
various factors [35].

We have found that with ageing the activity of
catalase in heart tissue increased in 2.1 times, herewith
GSH-enzymes remained unchanged. Extreme cryo-
effects resulted in statistically significant rise in
catalase activity in heart of young rats after 6" and 9™
effects. Three weeks later the ECE catalase in studied
tissue was higher that in the control (Fig. 5). In aged
animals catalase activity in heart statistically and
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Puc. 5. KaranazHast akTHBHOCTb B TKaHU CE€pJILA )KUBOTHBIX:
B — xoHTpoib; OO0 — mocie 6-ro BoznercTBus; Ml — mocie
9-ro Bo3elcTBUS; 4 — yepe3 3 Heeu Iocie BO3IEHCTBHYS;
* — TOCTOBEPHO OTHOCHUTEIBHO KOHTPOJIS, # — TOCTOBEPHO
OTHOCHUTEIBHO 3-X HEAEIb ITOCJE BO3ACHCTBHUS, + —
JIOCTOBEPHO OTHOCHUTENIbHO 6-T0 BO3/IEUCTBUS.

Fig. 5. Catalase activity in animal heart tissue: H— control;
O — after 6™ effect; M — after 9" effect; A — 3 weeks after
effect; * — statistically significant in respect of control; # —
statistically significant in respect of 3 weeks after effect;
+ — statistically significant in respect of the 6™ effect.

AKTUBHOCTHIO U CHOCOOHBI OOECIEUHTh 3aILUTY
¢ynkunonuposanus cucreM GSH u CO/.

I'maBnas ¢ynkums I'P B merabonusme riyra-
THOHA — BoccTaHoBIeHue GSH u3 okucieHHoi
¢dopmel (GS-SG). OcranbHble (EepMEHTHI ABISAIOTCA
MOTPEOUTENSIMHA BOCCTAaHOBJICHHOTO Ty TaTHOHA [36].
I'myTatnonnepokcunasa sBisieTcs CeIeHONPOTENHOM
[34], ero ¢yHKIHS 3aKI0OYaETCsA B 00€3BpEKMUBAHUN
H,O,, opraHM4€eCKuX U JUIHIHBIX IEPOKCHIOB.
@®epMeHT JIOKaJN30BaH MPEUMYIIECTBEHHO B LIUTO-
I1a3Me KJIETOK M (PYHKIIMOHUPYET conpsikeHHO ¢ ['P.

DxcTpemanpHoe 6-¢ KpuoBosaehicTBue y MK
MPUBOJMIO K CHMXEHHUIO B 1,3 pa3a rioyTraTuoH-
MEPOKCUIIA3HON aKTUBHOCTHU (pHC. 6) U 2-KpaTHOMY
MOBBINIEHUIO KaTala3Ho# (puc. 5), B TO BpeMs Kak
[IyTaTUOHPENYKTa3Hass aKTUBHOCTH (puc.7) He
u3MeHnsiack. [locne 9-ro Bo3aeicTBUSL BOCCTaHAB-
JIMBANIaCh MIyTAaTHOHIIEPOKCUIA3HAs] aKTUBHOCTb, HO
MOBBIIIANIACh KaTana3Has B 2,6 pa3a U INyTaTUOH-
penykrasHas — B 1,4 pa3a OTHOCHTEIEHO KOHTPOJISA.
Uepes 3 nemenu nocine KB nHabmoganock ycToii-
YUBOE YBEIHUYCHHE (PEPMEHTATHBHON aKTUBHOCTH B
TKaHX Cep/Ia OTHOCUTEIHHO yPOBHEN KOHTPOJIS, UTO
KOppeInpyeT CO CHUKEHHEM HHTEHCHBHOCTHU
MIEPEKUCHBIX MPOIECCOB HAa 3TOM JTalle IKCIIEpPH-
MEHTOB.

B T0 e Bpems y CXK nocne 6-ro 9KB rmyrarnosn-
MepoKCcUAa3Hasi aKTUBHOCTh CHUKajachk A0 74%,
DIyTaTUOHPEAYKTa3Has — yBeJlrnyuBajack B 1,8 pasa,
KaTana3Has — He uaMeHsnacek. [locne 9-ro KB
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Puc. 6. ['myTarnoHnepokcuaa3Hasi aKTHBHOCTh B TKaHH
cepla XMBOTHBIX: B — koHTpoab; O — nocie 6-ro
BozaeiicTBus; Ml — mocie 9-ro Bo3aelicTBus; K4 — depes 3
HEJIeNY TI0CIIe BO3ICHCTBUS; * — TOCTOBEPHO OTHOCHUTEIBEHO
KOHTPOJISL; # — IOCTOBEPHO OTHOCHUTENIBHO 3-X HEZIeNb Moce
BO3JEHCTBUS; + — JOCTOBEPHO OTHOCHTEIBHO 6-TO
BO3JEUCTBUS.

Fig. 6. Glutathione peroxidase activity in animal heart tissue:
B — control; [0 — after 6 effect; M — after 9" effect; 2 — 3
weeks after effect; * — statistically significant in respect of
control; # — statistically significant in respect of 3 weeks
after effect; + — statistically significant in respect of the 6® effect.

significantly enhanced after 9" effect and did even in
greater extent after 3 observation weeks.

Glutathione-dependent anti-oxidant system com-
prises three dependent enzymes, there are GPO and
GR among them having their own anti-oxidant activity
and capable of providing protection of GSH and SOD
functioning.

The main peculiarity of GR in metabolism of
glutathione is recovery of GSH from oxidized form
(GS-SG). Rest enzymes are consumers of reduced
glutathione [36]. Glutathione peroxidase is seleno-
protein [34], its function at LPO activity consists in
neutralization of H,O,, organic and lipid peroxides.
The enzyme is mainly localized in cell cytoplasm and
functions in conjugation with GR.

Extreme 6™ cryoeffect in young animals resulted
in reduction in 1.3 times of glutathione peroxidase
activity (Fig. 6) and two-fold increase in catalase one
(Fig. 5), meanwhile glutathione reductase activity did
not alter (Fig. 7). After 9" effect glutathione peroxidase
activity recovered, but catalase one enhanced in 2.6
times and glutathione reductase activity in 1.4 times
in respect of the control. In 3 weeks after ECE there
was observed a stable rise in enzymatic activity in heart
tissues if to compare with the control levels, that
correlates with a decrease of intensity of peroxide
processes at experimental stage.

At the same time in aged animals after 6" ECE
glutathione peroxidase activity reduced down to 74%,
glutathione reductase one increased in 1.8 times, and
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DTy TaTHOHTIEPOKCHIa3a U PeIyKTa3a COOTBETCTBOBAIN
WHTAKTHBIM TI0OKa3aTeJisiM, a YPOBEHBb KaTalla3bl
nossimaicsa 10 130%. Ha 21-ii nens ucciegoBaHuii
rmoKasareiu (pepMEHTATHBHOW aKTUBHOCTH HAXOIH-
JIUCH Ha 00Jiee BRICOKOM YPOBHE 10 CPAaBHEHUIO KaK C
HUX COAEP>KAaHUEM Y MHTAKTHBIX KPBIC, TaK U CO
3HAUYEHHUSIMU MOclIe 9-ro BO3JIEHCTBHS, 32 UCKITIOUE-
Huem I'TIO.

BbiBOABI

Takum 00pa3oM, MOJTy4YECHHBIE PE3YJIBTAThI O3B0~
JISIFOT TIPEATION0XUTh, 9TO BAXXHBIM MEXaHU3MOM
oTeHITUpYomero neicTus JKB sBiseTcst momoKu-
TEJILHOE BIHUSHHUE Ha MPOOKCHAAHTHO-aHTHOKCH-
JAaHTHOE COCTOSHHUE OpraHU3Ma HCCIEAYEMBIX
’KUBOTHBIX, KOTOPOE COXPaHsAETCA NPOAOIKUTEIBLHOE
BpeMs Imociie OKOH4YaHus Bo3aercTBus. Ilpu stom
HaONIOAATCS BO3PACTHBIE OCOOCHHOCTH TaKUX
n3MeHeHui (0osee BbICOKasi peakTUBHOCTH Y MIK).
B menom, aktuBanus aHTUOKCHUAAHTHOW CHCTEMBI
cepama nop BisiareM KB, He3aBHCHMO OT BO3pacTa,
MTO3BOJISIET YBEIUIHUTh PE3UCTEHTHOCTh OpTraHU3Ma K
cTpeccy.
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Puc. 7. T'moTarnonpeaykra3Has akTUBHOCTb B TKaHU
cepAla )XUBOTHBIX: B — KOHTpodb; [0 — mocne 6-ro
BozaeicTBus; M — nocie 9-ro Bo3aencTBus; 4 — uepes 3
HEJICNY TIOCIIE BO3ICHCTBUS; * — TOCTOBEPHO OTHOCHTEIBEHO
KOHTPOJISL; # — IOCTOBEPHO OTHOCHUTENBHO 3-X HE/IeNb Mocye
BO3JICHUCTBHUS, + — JOCTOBEPHO OTHOCHTEIBHO 6-TO
BO3JEUCTBUS.

Fig. 7. Glutathione reductase activity in animal heart tissue:
B — control; [0 — after 6 effect; Wl — after 9" effect; ;A — 3
weeks after effect; * — statistically significant in respect of
control; # — statistically significant in respect of 3 weeks
after effect; + — statistically significant in respect of the 6® effect.

O6paszoBaHne HAL®H, HMonb/Mr 6enka/MuH
NADPH production, nmol per mg of protein per min

catalase one did not change. After 9" ECE glutathione
peroxidase and reductase corresponded to intact
parameters and the level of catalase increased up to
130%. To the 21% experimental day the indices of
enzymatic activity were at higher level in comparison
both with their content in intact rats and with the values
after 9 effect, except GPO.

Conclusions

Thus the obtained results enable the supposing
about the main mechanism of potentiative influence
of ECE, which is positive one on pro-oxidant-anti-
oxidant state of the investigated animals, and this effect
has been kept for along time after finishing the effect.
Herewith age peculiarities, higher reactivity for young
animals, are observed. In a whole activation of heart
anti-oxidant system under ECE, age-regardless,
enables the increasing of an organism stress resistance.
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