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Age Peculiarities of Nitrogen Oxide Role

in Adaptation Mechanisms of Animals to Rhythmic Cold Effects.
Report 1. Content of Final Products of NO Exchange in Blood

and Myocardium of Young and Aged Animals after Rhythmic Cold Effects

HccnenoBanu BIUsSHUE PUTMUYECKUX XOJIOAOBBIX Bo3zaelcTBuil (—120°C) Ha comepikaHne KOHEYHBIX MPOJYKTOB OOMEeHa OKCHIa

azora (NO) B CHIBOPOTKE KpPOBM M MHOKaple MOJIOABIX M CTapbIX Kpbic. [Ipeamonaraercs, yto akTuBHOCTH NO urpaer poib
HaTOr€HETUUECKOTO PErYISITOPHOro pakTopa, aKTHBHOCTH KOTOPOTO CHIIKEHA Y CTapbIX Kpbic. OTMeUYaeTcst OBBILICHNE COePIKAHHS
KOHEYHBIX ITPOYKTOB 00MeHa NO B CHIBOPOTKE KPOBH MOCIE 6 CEaHCOB IKCTPEMaNIbHBIX KPUOBO3ISHCTBHI y MOJIOIBIX 1 6-9 ceaHCOB
y CTapbIX )KUBOTHBIX. CHIKEHHE COAEPIKaHUsI HUTPUTOB B MUOKap/ie KPBIC MOXKET CBHIETEIbCTBOBATh 00 HHTEHCUBHOM pacxone NO
MHOKapAHaIbHBIMKA KieTKaMu. [Tomo0HbI 3¢ deKT y cTapbiX KpbiC B TUHAMHUKE JKCIIEPUMEHTA ‘‘3ama3iblBaeT”’, YTO CBS3aHO CO
CHIDKCHHEM aJanTallMOHHBIX BOBMOXKHOCTEH CTApEIOIEero Opranuima.

Knroueswie cnoga: purMuueckue Xoa040BbIe BO3AEHCTBHSA, OKCH]] a30Ta, HUTPUTBI, CHIBOPOTKA KPOBH, MHOKapa, NO-cuHTaza.

JocmimkyBany ito puTMidHUX X0J010BuUX BIUIMBIB (—120°C) Ha BMiCT KiHIIEBUX IIPOAYKTiB 00MiHy okcuay azoty (NO) B cuposarii
KPOBi Ta MioKap/i MoJIoAMX i ctapux IuypiB. [Ipumyckaerscs, mo akruBHicTs NO Bifirpae posib NaTOreHETHYHOTO PEryIsTOPHOIO
(axTopa, aKTUBHICTh SKOTO 3HW)KEHA Yy CTapuX LIypiB. Bif3HauaeThcs miIBUIIEHHS BMIcTy KiHIeBuX npoaykriB NO y cupoartii
KpOBI ITiciIst 6 ceaHCiB eKCTPeMallbHUX KPIOBIUIMBIB y MOJIOAMX i 6-9 ceaHCiB y cTapux TBapHH. 3HW)KCHHS BMICTY HITpITiB y MioKapai
IIypiB MOXE CBIAYMTHU Npo iHTeHCUBHY BUTpary NO MiokapaianbHuMHK KiiTHHaMmu. [ToniOHuit edekr y crapux miypiB y JuHaMini
SKCIIEPUMEHTY “‘3aIi3HIOETHCS”, 110 MOB’A3aHO 31 3HMKEHHSM aJanTalilHX MOXKJIMBOCTEH CTapiro40ro OpraHiamy.

Kniouosi cnosa: puTMivHi X0J0/10BI BIUTUBH, OKCH]| a30Ty, HITPUTH, CHpOBaTKa KpoBi, Miokapa, NO-cuHTa3za.

Influence of rhythmical cold effects (—120°C) on content of final products of nitrogen oxide (NO) exchange in blood serum and
myocardium of young and aged rats has been studied. NO activity is supposed to play a role of pathogenic regulatory factor, whose
activity is reduced in aged rats. The rise in the content of NO exchange final products in blood serum after 6 sessions of extreme
cryoeffects in young rats and after 6-9 sessions in aged ones has been noted. The reduction of the content of nitrites in myocardium
of rats can indicate an NO intensive expenditure by myocardial cells. The similar effect for aged rats in the dynamics of experiment

is “delayed”, that is related to a decline in adaptive possibilities of ageing organism.
Key-words: rhythmical cold effects, nitrogen oxide, nitrites, blood serum, myocardium, NO-synthase.

Kak cBHIIETENBCTBYIOT IPEBHHUE PEIIETITHI, XOJIO
OBLT OJIHUM W3 HauOoJee PacIpOCTPAHEHHBIX Tepa-
MIEBTUYECKUX MTPUEMOB B ME/IUIINHE.

Joctmxenus B 0071acTi KPHOOHOJIOTUN U KPUOTe-
HUKH, TTI0O3HAHNE MEXaHU3MOB JCHCTBHS Pa3IHMUHBIX
CITOCOOOB U PEKUMOB THIIOTEPMHUICCKUX U OoJiee
HU3KHUX TEMIIEpaTyp Ha TOMEOCTa3 OpraHu3Ma >KH-
BOTHBIX M U€JIOBEKA MPEIONPEACIUIN EPCIICKTHBY U
HHTEPEC MPaKTUYECCKON MEIHMIMHBI K aKTUBHOMY
TTOMCKY HOBBIX BO3MOKHOCTEH JICUeHUS X0JI0I0M [2].

Hcmonp3oBanre B MPaKTHIECKOM 3paBOOXpaHe-
HUU METOJIOB SKCTPEMaJIbHOW KPHUOTEPAITuu He 0a3u-
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Ancient recipes testify to the fact that cold was one
of the most spread therapeutic means in medicine.

Achievements in cryobiology and cryogenics,
understanding the effect mechanisms of different ways
and regimens of hypothermal and lower temperatures
on homeostasis of animal’s and human organisms
preconditioned the perspective and interest of practical
medicine to an active search of new possibilities of
treating with cold [2].

Use of the methods of extreme cryotherapy in prac-
tical health care was not based on profound fundamen-
tal researches, and this did not allow to substantiate the
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poBajoch Ha TTyOOKHX (pyHIAMEHTAJIbHBIX HCCIE-
JIOBaHHUSX, YTO HE IMO3BOJIMIIO 00OCHOBATH CIIOCOOBI
HaIpaBJIeHUs HAyYHO-METOJUYECKUX HCCIIEI0BaHUM,
0TpaboTaTh MOKa3aHMs M MPOTHBOIMOKA3aHUS K ee
npuMeHeHnto. CienyeT Npu3HaTh, YTO TOHKUE MeXa-
HU3MBI JEHCTBHS SKCTPEMAIILHO HU3KUX TEMIIEpaTyp
Ha CyOKJIETOUHOM, KJIETOYHOM, TKAHEBOM, OPTaHHOM
1 OpPraHU3MEHHOM YPOBHSAX CHUCTEMHO Haudajau U3y-
9aTh COBCEM HemaBHoO [1, 2].

Bbruto 0OHapykeHo, 9TO MPU PUTMUYECKUX XOJIO-
ToBBIX Bo3neicTBusx (PXB) ymydmaeTcs perynsanuns
OTIENbHBIX, HanOoJIee 0CIabIeHHBIX (U3MOJIOTH-
YeCcKux cucteMm opranm3Mma [6]. Ilpu oxmaxaeHun
cBoiicTBa remarodHIedamaeckoro 6apnepa (I'OF)
M3MEHAIOTCS] HaCTOJBKO, YTO MOBBIIIAETCS €ro Mpo-
HUIAEMOCTb JJIs1 OMOJIOTHYECKH aKTUBHBIX BEILIECTB.
310 MOXET CTaOMIN3UPOBaTh MHOTHE (DYHKIIMOHATIb-
HBIE CHCTEMBI, aKTUBHPOBATh 3aITyCK KOMIIEHCATOP-
HBIX pEaKUMid, HaIpaBJICHHBIX HAa MOAACPIKAHUE
roMeocTas3a B OpraHu3Me.

@YHKIMOHAIBHOE COCTOSIHUE LIEHTPaIbHON HEPB-
HOH U CepACUHO-COCYAUCTON CUCTEM HCCIIEI0BAIMN Ha
pazmuunbix dTanax PXB. [Tokazano, 9To Habmromae-
MBIE U3MEHEHHSI COOTBETCTBYIOT OBICTPOM MOOHITH3a-
UMY aJanTalMOHHBIX CHCTEM, (QYHKIIUHU KOTOPBIX
HaIpaBJICHbl HA ONTHMHU3AIUIO YPOBHS TOMEOCTa-
THYECKOTO PErYITUPOBAHUS BEr€TaTUBHBIX (YHKLIHUH.
OTH U3MEHEHHS XapaKTEePHU3YIOTCs OMOIOrHYeCKOM
LeJ1ecO00Pa3HOCTHI0, 0COOCHHO Y CTapbIX )KUBOTHBIX
[1]. B aToM cnydae oTMedaeTcs craOuiau3anus
JeATEeNIbHOCTH BEreTaTUBHONW HEPBHOUM CHCTEMBI,
npenonpeaessomeil Gru3nonornueckue OTHOMCHUS
TOPMO3HBIX ¥ BO30YKAaIOLIMX MEINATOPOB, YTO OJia-
TOMPHSITHO CKa3bIBAETCSl HA COOTHOIICHUH (PYHKIIUU
MIEPEKUCHOTO OKMCIICHNS JTUIUIOB U aHTHOKCHJAHT-
HOM CHCTEMBI, UTPAIONUX BEAYIIYIO POJIb B IPOIIEC-
cax CTapeHHs.

YuuTsiBas, 4TO NMPHU OXJAXKIECHUH U3MEHSIETCS
npoHUIaeMocTh ['Ob tst pa3TuaHbIX OHOTOTHIECKU
AKTHBHBIX BELICCTB, B TOM YUCIIC IS Tapa- U CUMIa-
TOMHMETHKOB, BIMSIOIIMX HA COCTOSHUE psJa Opra-
HOB, MOXKHO NPEAIOJIOKUTh HAJIMYME B OpraHU3Me
(haKkTOpOB, OTHOCALINXCS K KaTerOPUU PETpOrpai-
HBIX MECCEHJIKEPOB, PETyAUPYIOMHX (PyHKIIMOHAIIb-
HYIO IJIACTUYHOCTb TEPMOPETYISATOPHBIX (QyHKIUH
HHC [10]. Takum GU3HOIOTHICCKAM TTOCPESTHUKOM
MOXKeT OBITh Okcu a3oTa (NO), oTHOCSIIHACS K O1o-
normdeckuM menuatopam. [lo manuaemm [10] NO kak
BTOPUYHBIN MECCEHKEP YHUKAJICH 110 CBOEH MPHUpPO-
Jie B MEXaHW3Max MaMATH, Ba30uIaTalluy, HeHpo-
TPAHCMHUCCHUH, ACITEIbHOCTH UMMYHHOMH CHCTEMBI,
arperauuy TpOMOOLMTOB, PEryJSLUHM TOHycCa Iaj-
KHMX MBIILIII.

YcranosieHo, uto NO cuHTe3upyeTcs IpU OKHC-
JICHUM aMUHOKHCIIOTH L-apruHuna npu Hemocpen-
cTBeHHOM ydactuu pepmenra NO-cunrassl. Ilpu
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ways to orientate R&D studies, master the indication
and contra-indications to its application. It should be
accepted that the studying of fine mechanisms of low
temperature effect as a system at subcellular, cellular,
tissue and organ levels have been started just recently
[1,2].

It has been found that under rhythmic cold effects
(RCE) the regulation of some the most weakened
physiological systems of an organism improved [6].
During cooling the properties of blood brain barrier
(BBB) change in such an extent that its permeability
increases for biologically active substances. This may
stabilize many functional systems, activate the trigge-
ring of compensatory reactions, directed to supporting
homeostasis in an organism.

Functional state of central nervous and cardio-
vascular systems was investigated at various stages of
RCE. It has been shown that observed changes corres-
pond to a rapid mobilization of adaptation systems,
whose functions are directed to optimizing the level
of homeostatic regulation of vegetative functions.
These alterations are characterized with biological
expediency, especially in aged animals [1]. In this case
the stabilization of activity of vegetative nervous
system, determining physiological relationship bet-
ween inhibiting and exciting mediators is noted. This
favourably affects the ratio of the function of lipid
peroxidation and anti-oxidative system playing a
leading role in ageing processes.

Taking into account that during cooling the BBB
permeability for different biologically active substan-
ces varies, including para- and sympathomimetics,
affecting the state of some organs, it is possible to
suppose the presence in an organism of the factors
referred to the category of retrograde messengers
regulating functional plasticity of CNS thermoregu-
latory functions [10]. Such a physiological mediator
may be nitrogen oxide (NO), referred to biological
ones. According to the data [10] NO as a secon-dary
messenger is unique on its origin in the mecha-nisms
of memory, vasodilatation, neurotransmission, activity
of immune system, aggregation of platelets, regulation
of smooth muscles tonus.

It has been shown that NO is synthesized during
oxidation of L-arginine amino acid with a direct
participation of NO-synthase enzyme. At intracellular
rise in Ca?* ions to NO-synthase molecule calmodulin
is joined that resulted in the activation of enzyme and
NO synthesis. This process depends on functional state
ofacell [11].

Nitrogen oxide is synthesized with different cell
types [19, 22], that enabled to find-out three main
isoforms of NO-synthases [15]: NOS-1 — neuronal
(nNOS) or brain (bNOS); NOS-2 — inducible (iNOS)
or macrophage (mNOS); NOS-3 —endothelial (eNOS),
being the products of different genes. Due to the
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BHYTPUKJICTOYHOM MOBbIIIEHHH HOHOB Ca*" K MoJe-
kyne NO-crHTa3bl MPUCOETUHSAETCS KaIbMOTYJINH, B
pesynbTare yero (epMEeHT aKTHBUPYETCSI U IPOUCXO-
muT cuHTe3 NO. DTOT IpoIecc 3aBUCHT OT (PyHKITHO-
HaJIbHOTO COCTOSIHUS KieTKu [11].

Oxcup a30Ta CHHTE3UPYETCs Pa3IUYHBIMU TUIIA-
MU KJeTOK [19, 22], 4TO m03BOJMIO BBIACIUTH TPU
ocHoBHbIe n30(hopmbl NO-cunTa3 [15]: NOS-1 —heii-
ponanbHyto (NNOS) miu mo3rosyto (bNOS); NOS-2 —
naaynubenpay0 (INOS) unu makpodaraabHyIO
(mNOS); NOS-3 — sunorenuanpayio (eNOS), sB-
JISIOLTUXCS TPOAYKTAMH PAa3NYHBIX TeHOB. B cBs3n
C 0COOCHHOCTSMH MEXaHU3MOB JEHCTBHS U JOKa-
nu3anuu n3odopmbel NOS Takke moAapa3aesisiioT Ha
koHcTyTaTuBHYIO (cNOS), KOTOpas BKIOYaeT 2
n3opopmel (NOS-1 u NOS-3) ¢ nokanuzanueit B
uuroniasme, u uaayunoensuyo NOS (iNOS), sB-
JAIOIIYIOCS KaJIbIIMHHE3aBUCUMON, KOTOpasi aKTH-
BHUPYETCS MIPH MOBBILICHUN TEHHON TPAHCKPUIILUH,
UrpaeT BaXXHYIO POJib B MOJABICHUH aKTUBHOCTH
OaKkTepUaNbHBIX U OMYXOJIEBBIX KJIETOK, Pa3BUTHHU
apTepuaNbHON THIIEPTEH3UN, HAPYIICHUH MTePEKNC-
HOTO OKHCJICHHS JTUIHI0B [17].

buonornueckoe neiicteue NO oCyIIeCTBISIETCS
Omaromapst ero CrocoOHOCTH OBICTPO AUPPYHIAUPO-
BaTh Yepe3 MeMOpaHbl CHHTE3UPYIOIIEH er0 KIEeTKH
B MEKKJIETOYHOE ITPOCTPAHCTBO U O€3 y4acTHs COOT-
BETCTBYIOIIMX PELENTOPOB MPOHUKATH B KICTKH-
MHUILEHH, T AKTUBUPYIOT HEOOXOJUMbIE SH3UMBI.

HuTparsl oTHOCATCS K YMEPEHHO TOKCHUECKHM
BEIIECTBaM U HE MOTYT OTBEYATh 32 MIUPOKHI CIICKTP
JeCTBUSI HUTPOCOCIUHEHUH. YIanoch NoKa3arh, 4To
B OCHOBE YHHBEpPCAJIbHOTO MEXaHU3Ma JIeHCTBUS
HUTPUTOB B OPTaHM3ME MIIEKOMHUTAIONMNUX JIEKHUT
peakuus npespamenus nonos NO,™ B NO.

CrocoGHOCTh OKCcHIa a30Ta MPOHUKATh B MHUO-
KapAUAJIbHBIE KIIETKH O3BOJISIET IpH yyacTuu ul MdD
CHMXAaTh KOHIEHTPAIUI0O BHYTPUKIETOUHOTO Kajlb-
¥, BBI3BIBAs Ba30JAMJIATALMIO U pacciabieHune
[JIaIKOMBILIEYHBIX KJIETOK M TKaHel, oOecrieunBast
peryssiunio oomero nepudepuyeckoro COnpoTHBIIe-
HUs COCYAOB M IIepepacnpeiesIeHHs] KPOBH B COCYAAX
[14]. Kpome Mmonynsuu ToHyca cocynoB, NO yuacT-
BYET B PETYISLNN COKPATUTEIbHON (YHKUUU MHO-
Kapnaa [16, 21].

I'mmorepMust akTUBHpPYET pa3HbIE N30(POPMBI
NO-cuHTa3, co3maBas yCIOBHS IS TOBBIIIEHHON
nporuaeMocts I 9b. [Tokazano [13], gto mpu Hapac-
TaHUH TUITOKCHH U THITOKAITHAY Ha (DOHE OXJTaKICHUS
HE TIPOUCXOANT CYIIECTBEHHOTO HapyIIeHHs: 0OMeHa
NO B kneTkax rudepHupytomux. OTMeueHHbIE H3Me-
HEHHsI UMEIOT aJaNTHBHBIN XapakTep M UCUE3al0T B
TEUEHHE 2-X 4aCOB.

Lenb naHHOrO MCClEAOBAaHUS — U3yUYECHHUE BIIUS-
Hus PXB Ha cozmepkaHue HUTPATOB B CHIBOPOTKE
KPOBH, MHOKap/€ MOJIOABIX U CTAPbIX KPBIC.
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peculiarities of effect mechanisms and localization the
NOS isoforms are also divided into constitutive one
(cNOS), comprising 2 isoforms (NOS-1 and NOS-3)
with localization in cytoplasm and inducible NOS
(iNOS) being calcium-independent, being activated
under a rise in gene transcription, plays an important
role in suppressing bacterial and tumour cells, deve-
lopment of arterial hypertension, disorder of lipid
peroxidation [17].

NO biological effect is performed due to its ability
of rapid diffusion via membranes of the cell synthesi-
zing it into intercellular space and with no participation
of corresponding receptors to penetrate into target
cells, where they activate essential enzymes.

Nitrates are referred to moderately toxic substances
and not able to be responsible for a wide spectrum of
the effect of nitrocompounds. It was successfully
demonstrated that in the base of universal mechanism
of nitrates’ effect in mammalian organism was the
reaction of transferring NO,~ ions into NO.

Ability of nitrogen oxide to penetrate into myocar-
dial cells enables with the presence of cGMP the
reduction of concentration in intracellular calcium by
causing vasodilatation and relaxing of smooth muscle
cells and tissues, by providing the regulation of general
peripheral impedance of vessels and redistribution of
blood in them [14]. In addition to modulation of vessel
tonus NO participates in regulation of contractile
myocardium function [16, 21].

Hypothermia activates various isoforms of NO-
synthases by creating the conditions for an increased
BBB permeability. It has been shown [13], that under
enhancing hypoxia and hypokapnia on the background
of cooling no significant disorder in NO exchange in
the cells of hibernating occur. The found alterations
are of adaptive character and disappear within 2 hrs.

This research aim was to investigate the effect of
RCE on content of nitrates in blood serum, myo-
cardium of young and aged rats.

Materials and methods

The research was performed in white Wistar male
rats of two age groups: the first one was mature young
animals (YA) of 6 month’s age and the second one was
aged animals (AA) of 2-2.5 years. The experiments
were conducted according to General principles of
experiments in animals approved by the 1% national
congress on bioethics (Kiev, 2001) and co-ordinated
with the statements of European convention on protec-
tion of vertebrate animals used for experimental and
other scientific purposes (Strasbourg, 1985). Rhythmic
cryoeffects were performed in cryochamber with the
ambient temperature of —120°C for 1.5-2 min. Rectal
temperature of animals’ bodies was controlled with
temperature gauge. It remained stable within cryo-
effect process. Each group of animals was divided into
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Matepunanbl 1 meToAbl

WccnenoBanust mpoBOoAMIIM Ha O€JBIX KpbhICaxX-
camIax JUHUHM BucTap IBYyX BO3pacTHBIX TPYIII:
repBasi — MoJIoBo3pelbie Mojoabie )kuBoTHBIE (M),
Bo3pacT 6 mecsieB, BTopas — ctapoie (CXK), Bozpact
2-2,5 roga. DKCIIEpUMEHTHI IPOBEACHBI B COOTBET-
ctBun ¢ OOIUMHU TPUHIUIIAMU DKCIIEPUMEHTOB Ha
JKUBOTHBIX, 0JJ0OpeHHbIMU | HalmoHalbHBIM KOHT-
peccom o 6uostuke (Kues, 2001) u cornmacoBaH-
HBIMU C TIoJiokeHusaAMU EBporneiickoii KonBeniuu o
3aIIUTE TO3BOHOYHBIX JKUBOTHBIX, UCTIONIB3YEMBIX JJIS
AKCIIEPUMEHTANIBHBIX U JIPYTUX HAYYHBIX IeJIei
(CrpacOypr, 1985). PurmMuueckue KpruoBO3ICHCTBUS
OCYIIECTBIIIIN B KpHOKaMepe C TeMIIepaTypoi BO3-
nyuHoi cpensl —120°C B Teuenue 1,5-2 muHyT. Pek-
TaIbHYIO TEMIIEpPATypy Teja KMBOTHBIX KOHTPOJIH-
poBasi TemMreparypHbIM faTankoM. OHa ocTaBaiach
MOCTOSIHHOM B Tpoliecce KpuoBosnaeicTus. Kaxnas
IpYyIIa )KUBOTHBIX ObLTa pa30uTa Ha YETHIPE IOJI-
rpynmsl (10 MIECTh KUBOTHBIX B KaXKJIOH): TiepBas —
WHTAKTHBIE JKUBOTHBIE, BTOpPasi, TPEThs, YeTBEpTas —
KPBICHI IOJYYHJIA TPH, LIECTh, IEBITh ceaHcoB PXB
COOTBETCTBEHHO. B kaxj0il moarpymnme coxepxa-
J0Ch 10 7 KUBOTHBIX.

bazanbHyI0 CeKpenuo cTabMILHBIX META0OTUTOB
NO B cbIBOPOTKE KPOBHU, TKaHAX CEpIlla OIEHUBAIN
(oTOMETPHUUECKUM METOOM IO peakuuu Ipucca.
Hnst onpenenenuss QyHKIMOHAIBHOW aKTUBHOCTH
NOS npumensnu aroHUCT L-apTuHUH B KOJIMYECTBE
100 mr/100 T Maccel xxuBoTHOTO. briokamy iNOS ocy-
LICCTBIISUTM BBEJCHHEM KpbICAaM BHYTPHUOPIOLIMHHO
JUATHIINTHOKapOAMUHOBOM KUCIIOTHI M3 pacuera
50 Mr/100 T Maccer, a ctNOS — ¢ ToMoIIsI0 6J10KaTopa
N-omera-HUTpPO-L-apruHuH-MEeTHII-ICTEP U3 pacyeTa
5 mr/100 r macchl xuBoTHOTO. OOpa3ibl TKaHEH
romoreHusuposaiu B Na-pocdarnom oydepe, pH 7,4
ipu Temneparype 4-6°C, mocie 4ero 1enpoTenHN3H-
posanu 75 mmonb/n ZnSO, u 55 mmons/n NaOH B
cootHomeHuu 1:1:1,2 mo 00beMy COOTBETCTBEHHO,
uentpudyruposanu 15 mun npu 3000 o6/MuH Ha
uentpudyre PC-6. K 200 Mk cynepHaTanTa mocie-
noBarenbHO mobarmsim 20 Mka 1%-ro cynbdo-
Hamuaa u 20 mka 0,1%-ro N-(1-HadThn)-3THIICH-
muamuHuruapoxiaopuna B 5% HCI [1]. Ontuuec-
KyI0 TUIOTHOCTB omnpenensian depe3 20 MUH npu
540 HM ¢ TOMOIIFI0 MHOTOKaHAIBHOTO MUKPOCIICKT-
podoromerpa pupmer “Flow” (BenukoOpurtanus).
[Ipn npoBegeHUH McciaenO0BaHUs HMCIIOJb30BaIN
N-(1-HadTHI)->3TUTCHAUAMUHAUTUAPOXIOPHU,
cynsponamua pupmsl ICN (CIIA), ocTtanpHBIE
peareHThl — OTEUYECTBEHHOTO MTPOU3BOCTBA.

Craructuueckasi 00OpabOTKa JaHHBIX MMPOBEICHA
METOZ0M OJHO(AKTOPHOTO AUCIIEPCHOHHOTO aHa-
mu3a (ANOVA).
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four subgroups (6 animals in each): the first one was
intact animals, the second, third and fourth groups
comprised the rats treated with three, six and ten
sessions, correspondingly. In each subgroup there were
7 animals.

Basal secretion of NO stable metabolites in blood
serum, heart tissues was assessed with photometric
method on Griess reaction. To examine functional
activity of NOS L-arginine agonist in the amount of
100 mg/100 g of animal’s mass was used. iNOS
blockade was performed with intraperitoneal intro-
duction of diethyldithiocarbamic acid to rats in respect
of 50 mg/100g of an animal’s mass and cNOS with
blocker N-omega-nitro-L-arginine-methyl-esther in
respect of 5mg/100 g of an animal’s mass. Tissue
samples were homogenized in Na-phosphate buffer,
pH 7.4 at 4-6°C then they were deproteinized with
75 mmol/l ZnSO, and 55 mM/I NaOH in the 1:1:1.2
ratio (v/v), correspondingly, centrifuged for 15 min at
3,000 rot/min with centrifuge PC-6. To 200 ml of
supernatant gradually there were added 20 ml of 1%
sulphone amide and 20 ml of 0.1% N-(1-naphtyl)-
ethylendiaminedihydrochloride in 5% NaCl [1].
Optical density was found in 20 min at 540 nm with
multichannel microspectrophotometer (“Flow”, Great
Britain). When performing the studies we used N-(1-
naphtyl)-ethyleneaminehydrochloride, sulphonamide
(ICN, USA), the rest reagents were of home produc-
tion.

The data were statistically processed with the
method one-factor dispersion analysis (ANOVA).

Results and discussion

During the development of pathological process in
an organism NO acts as regulatory factor including
ischemic states of different genesis. It should be noted
that that NO possesses a high diffusive ability and
instability as a result of that it may release rapidly and
affect a cell and later decay.

A big number of selective NOS inhibitors is known
that testifies to a competitive mechanism of inhibiting
related to the effect on active centre of enzyme. N-
omega-nitro-L-arginine-methylester is an inhibitor of
endothelial and neuronal enzymes, has a high specifi-
city in respect of NOS isoforms and plays an important
pathogenetic role at myocardium ischemia. In vascular
wall for NO generation the activation with acetyl
choline of endothelial muscarine receptors is likely
important as a result of that with the triggering of
phosphohenosite cycle the generation of Ca** takes
place, which stimulates the reaction of vasodilatation.

Study of final products of NO exchange gives the
possibility to judge on the state and possible determi-
ned role of NO in pathogenesis of impairments of
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Pe3yAbTatbl M 00CYyXaeHue

[Ipu pa3BUTHHU MaTOJOTHYECKOTO MpoIecca B
opranu3zme NO BBICTyNaeT KakK perysiTOpHbIN (ak-
TOp, B TOM YHCJE U MPU MIIEMHUYECKUX COCTOSHHUAX
pasnuuHoro rexesa. Cinegyer yuuTsiBaTh, 4To NO
oOnaznaet BbICOKOH a1 (hy3HOHHON CIOCOOHOCTBIO U
HECTaOMIBHOCTBIO, BCIEACTBHE YETO MOXKET OBICTPO
BBICBOOOKAATHCSI M OKA3bIBATh ACHCTBHE HA KIETKY U
pacmnanarsesl.

W3BecTHO OOJNBIIOE KONUYECTBO CEICKTUBHBIX
uHruouTOpoB NOS, 9TO CBUAETEIHCTBYET O KOHKY-
PEHTHOM MEXaHW3Me MHTHOMPOBAHUA, CBSI3aHHOTO C
BIMSHUEM Ha aKTUBHBIN IEHTp dhepmenTa. N-omera-
HUTPO-L-apruHuH-MeTrI-3¢cTep SABISETCS HHTUONUTO-
POM BHIOTENNAIBHOTO U HEHPOHAIBHOTO ()epPMEHTOB,
o0JaiaeT BEICOKOH criel(pUUHOCTHIO TI0 OTHOILIEHHIO
k n3opopmam NOS 1 urpaet BasKHYIO IaTOT€HETHYEC-
KyI0 poJib IIpU HMIIEMHU MHOKapaa. BozMmoxHo, B
cocynucToi ctenke uis reHepanun NO Ba)Ha akTH-
BallMs alETHIIXOJIMHOM MYCKapHMHOBBIX PELENTOPOB
SHJIOTEJIMS, BCICACTBUE Yero BKIOUYCHHEM (Bocdo-
TEHO3UTHIHOTO IMKJIa MPOUCXoauT reneparms Ca?’,
KOTOPBIN CTUMYJIHPYET PEaKINI0 Ba30JUIaTaI[IH.

N3ydeHnne KOHEYHBIX MPOAYKTOB oOMeHa NO
MTO3BOJIAET CyJJUTh O COCTOSTHIH M BO3MOYKHOM JIeTep-
MuHupoBaHHOW ponn NO B maroreHes3e HapyIIeHUH
CEpJEYHON AESITETbHOCTH KaK Yy )KUBOTHBIX, TaK U Y
JIFOZIEN Pa3HBIX BO3PACTHBIX TPYIIII.

Hamu ycraHoBi€HO, YTO B KOHTPOJIBHOM IpyIIe
MOJIOJBIX KUBOTHBIX MCXOJHas KOHLEHTpALHs KO-
HEYHBIX MPOAYKTOB 0OMeHa NO B CHIBOPOTKE KPOBH
Obuia BhILIE, YeM B MHOKapze (puc. 1, 2).

HaGniogaemble U3MEHEHHUsI CBUIIETEILCTBYIOT O
ToM, uT0 NO KaK BTOPUYHBIN MECCEHKEepP aKTHBHO

cardiac activity both in animals and humans of various
age groups.

We have found that in control group of young
animals an initial concentration of final products of
NO exchange in blood serum was higher than in
myocardium (Fig. 1, 2).

Observed changes testify to the fact that NO as a
secondary messenger actively functions in cells and
tissues of the animals under study. Characteristic
values of nitrites in blood and myocardium enable the
supposing the presence of a substance in them (pro-
bably NO) which is produced by endothelial cells. The
process noted in control experiments regulated, since
it may be inhibited with selective NOS inhibitors and
activated with the progenitor of enzyme synthesis,
agonist-L-arginine.

Under the same experimental conditions Fig. 2 and
3 show in myocardium tissues of aged animals a
significant difference in the content of nitrites from
their concentration in myocardium tissues of young
animals (1.37+£0.22 and 2.53+0.44 pmol/l, p<0.05).
This reduction in nitrites in aged animals is likely
related to that fact that NO plays a significant role in
regulation of one of the main heart functions: pumping,
provides a contractile myocardium function [20],
strengthens relaxation of ventricles and provides
diastolic expansibility, is an essential component in
performing [-adrenergic ino- and chronotropic effects
[18]. It is evident that due to the manifested in any
extent dystrophic processes and myocardium ischemia
in aged rats the ability of cells to NO synthesis is
reduced.

It is known that in time there are qualitative and
quantitative changes in the integrity of an organism,
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Puc. 1. Copeprkanne KOHEYHbIX IPoAyKTOB 0OMeHa NO B CHIBOPOTKE KpOBH MOJIOABIX KpbIc: cNOS — rociie npuMeHeHHs
crienuduueckoro Onokaropa koHcryrarusHod NOS; iINOS — mociie npuMmeHeHus: cuenupuyeckoro OIoxaTopa
unayuubensHoit NOS; Argin — nocie npuMeHenus crumyisitopa NOS; 6PXB — miectoe puTMHuECKOe XOJI0H0BOE
BozzeiicTBUe; 9PXB — neBsiToe pUTMHUECKOE XOJI0J0BOE BO3IECHCTBUE.

Fig. 1. Content of final products of NO exchange in blood serum of young rats: cNOS — after application of specific
blocker of constitutive NOS; iNOS — after application of specific blocker of inducible NOS; Argin — after application
of NOS stimulator; 6RCE—- 6" RCE; 9RCE- 9" RCE,;
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Puc. 2. Coneprkanne KOHEUHBIX MPOAYKTOB 0OMeHa NO B MHuOKapIie MOIOApIX Kpbic. O003HaYeHHs Te JKe, YTO U Ha puc. 1.
Fig. 2. Content of final products of NO exchange in myocardium of young rats. Legends are the same as in Fig 1.

(DyHKIIMOHUPYET B KJIETKaX M TKaHSIX HCCIIEAYEMBIX
KUBOTHBIX. XapaKTepHbIE BEITUYHUHBI HUTPUTOB B
KpOBH M MHOKAap/ie TO3BOJSAIOT MPENNOIOKUTH MPH-
CYTCTBHE B HUX BeliecTBa (Bo3MoxHO NO), KoTopoe
MIPOAYLUPYETCS FHAOTENNATBHBIMH KeTKkamu. [Ipo-
1ecc, OTMEUEHHBI B KOHTPOJBHBIX OIBITaX, pe-
TyJIUPYEMBIH, TaK KaK MOXET TOPMO3HUTHCS CEJIEK-
TUBHBIMU MHrHOUTOpamu pasnuyubix NOS u aktu-
BUPOBATHCS MPEANISCTBEHHIKOM CHHTE3a (DEPMEHTOB,
aroHUCTOM-L-apruHuHOM.

Kak BunHO 13 puc. 2 u 3, npu Tex e yCIOBHIX
JKCIIEPUMEHTA B TKAHSX MHUOKapJa CTapblX >KUBOT-
HBIX cozepKaHNe HUTPUTOB CYIIECTBEHHO OTIMYa-
JIOCh OT MX KOHIIEHTPAIIMU B TKAaHSIX MUOKapaa y
monofbiX (1,37+0,22 u 2,5310,44 mxmons/i1, p<0,05).
Takoe CHH)KEHUE HUTPHUTOB Yy CTAPBIX )KMUBOTHBIX,
BO3MOYKHO, CBSI3aHO ¢ TeM, uTo NO Hrpaer cymecT-
BEHHYIO POJIb B PETYJIALNN OTHON U3 TIIABHBIX (PYHK-
LW cepila — HAaCOCHOM, oOecIieunBaeT KOHTPaK-
THWIbHYIO QyHKIUI0O Muokapna [20], ycunusaer
peaKcanuio JKeIy04KOB U YBEIHIUBAET TUACTOIH-
YECKYI0 PaCTSHKUMOCTB, SIBIIETCS HEOOXOAUMBIM
KOMITOHEHTOM B OCYIIECTBICHHH [3-aJpeHEePrHYEeCKO-
r'0 MHO- U XpOHOTpOnHOTO 3¢ dexroB [18]. OueBnano,
YTO B CBS3U C BEIPQKEHHBIMH B TOW WJIM HHOW CTETICHU
TUCTPO(UIECKUMHU TIPOLleccCaMy M UIIEMHUEH MHO-
KapJa y CTapbIX KpbIC CIOCOOHOCTH KJIETOK K CHHTE3Y
NO cHuxeHa.

N3BecTHO, 9TO CO BpeMeHEeM MPOUCXOAAT KauecT-
BEHHBIE M KOJTMYECTBEHHBIE N3MEHEHUS LIEJIOCTHOCTH
OpraHmM3Ma, OTME4aeTcsl IepecTPoliKa BHYTPEHHEH
CTPYKTYPBI, 4TO BEIET K MHOW PEaKLUu CTaporo opra-
HM3Ma Ha MHOTHE BHEIIHWE U BHYTPEHHUE BIMSIHUA.
[IpuMeHeHne B dKCIEPUMEHTAX CIeUDUICCKIX
onokaropos uzopopm cNOS u iNOS noarsepkaaer
HAIIW OPEATIONOXKEHUS.

Bonee nu3koe copeprkanne KOHEYHBIX MTPOAYKTOB
oOmena NO B MuOKap/ie KpbIC, 0COOEHHO CTapbIX, 110
CPaBHEHHIO C MX COAEpKAHHEM B CHIBOPOTKE KPOBHU
OOBSICHSIETCSI HHTEHCUBHBIM MOTPEOJIEHUEM €T0 Ha
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there is noticed the re-arrangement of inner structure
leading to other reaction of aged organism to many
external and internal effects. Use in experiments of
specific blockers of cNOS and iNOS isoforms confirm
our supposition.

Lower content of final products of NO exchange
in rat’s myocardium, especially of aged ones in
comparison with their content in blood serum is
explained by its intensive consumption for maintaining
intracellular metabolism in myocytes to improve
trophics directed to providing an oxygen transport by
not only to myocytes but an organism in a whole.

Under conditions of human organism ageing with
intracellular impairments of metabolism the applica-
tion of different pharmacological formulations and
other methods increasing the resistance of myocardium
to oxygen deficit is quite actual. In this case the ways
enhancing an organism resistance, forming adaptation
reactions capable of providing an adequate functioning
of main systems, including cardio-vascular as a result
of activation of universal regulation factors gain an
important value.

In response to the effect of extreme factors (hypo-
xia, cold, heat) in an organism NO production by cells
is strengthened [4] due to an increase of intracellular
concentration of calcium ions, level of which corre-
lates with a release of endothelial NO.

We have found that RCEs result in a rise in BBB
permeability for para- and sympathomimetics, syn-
chronize the function of vegetative nervous system and
normalize cardiac rhythm, especially in aged animals.
The peculiarities of NO role, its final products in
myocardium function and blood of aged and young rats
after RCE were investigated.

It should be taken into account that NO role in
normal physiological and pathological states of an
organism is not the same and determined by its
concentration.

During the diseases in the base of which there is
noted the development of oxidative stress, accompa-
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Fig. 3. Content of final products of NO exchange in myocardium of aged rats. Legends are the same as in Fig 1.

MojIep’)KaHie BHYTPUKIETOYHOTO MeTaboin3ma B
MHUOLUTAX JUTSl yITyYIIeHHS TPOPHUKH, HAITPABICHHOM
Ha o0ecreueHne TPAHCIIOPTa KUCIOPoaa HE TOIBKO
MHUOIIMTaM, HO U OPTaHNU3MY B IIEJIOM.

B ycnmoBusx crapeHus opraHmusMa y JIOJEH C
BHYTPUKJIETOUHBIMU HapyIIECHUSIMH METa0O0Iu3Ma
Ype3BBIYAHO aKTyaJlbHO MPHUMEHEHUE Pa3IUYHBIX
(hapMakoJIOTHYECKUX CPEACTB U APYTHMX METOIOB,
MOBBIIAIOMINX YCTOHYNBOCTh MUOKAp/IA K I QULIUTY
Kuciopona. B aTom ciyuae BaxkHOE 3HaUCHUE TPUOO-
peTaroT crnocoObl, MOBBILIAIOIINE PE3UCTEHTHOCTD
opranmu3Ma, (HOpMUPYIONIHE aJanTaluOHHbIE peaK-
MU, KOTOPbIE CIOCOOHBI 00ECIEeUNTh aJIeKBaTHOE
(byHKIIMOHMPOBAaHNE OCHOBHBIX CHCTEM, B TOM YHCIIE
U CeplIeYHO-COCYUCTON B PE3yNbTaTe aKTUBAIUU
YHUBEPCATBHBIX (PaKTOPOB PETYISAIIUH.

B oTBer Ha geiicTBHE IKCTpEeMaTbHBIX (haKTOPOB
(TUIOKCHSI, XOJIO/, TEIUIO) B OpraHu3Me YCHIIMBAeTCS
npoaykuusa NO kierkamu [4] 32 cueT yBEJIMUYCHUS
BHYTPHUKJIETOUHON KOHIIEHTPALMU MOHOB KaJbLusi,
YPOBEHb KOTOPOTO KOPPEIUPYET C BEICBOOOKACHUEM
sHpoTenuaibHoro NO.

Hawmu ycranosneno, yto PXB npuBoasT k noBsI-
meHuto mpoHuraeMoctu ['Ob ms mapa- u cummaro-
MHUMETHKOB, CHHXPOHU3UPYIOT (DYHKIINIO BETeTaTHUB-
HOW HEPBHOM CHCTEMBI, HOPMAJU3YIOT CEpAECUHbIN
PUTM, OCOOEHHO Y CTaphIX )KUBOTHBIX. BbUTN N3yUdeHbI
ocobenHoctu pos NO, ero KOHeYHbIX MPOAYKTOB B
(yHKIIMM MHOKapJa U KPOBU CTAPBIX M MOJOABIX
kpeic nocie PXB.

Crnenyet yuuTbIBaTh, 4TO poib NO B HOPMaJIbHBIX
(PM3HONIOTMYECKUX U MaTOJIOTMYECKUX COCTOSHUSIX
OpraHM3Ma HE OJJMHAKOBA U OIpPENENSIETCs] €r0 KOH-
LIEHTpaLUECH.

[Ipu 3aboneBaHusIX, B OCHOBE KOTOPHIX OTMeE-
YaeTcs pa3BUTHE OKCHAAHTHOTO CTpecca, COMPOBOXK-
JAIOIIETOCs] HAKOIIJIEHHEM CBOOOIHOPAJUKAIBHBIX
coenuaeHu, NO B3aUMOJEHCTBYET ¢ aKTUBHBIMH
(dbopmamu Kuciopoza, o0pasysi peakiHOHHOE COCIH-
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nying with an accumulation of free radical compounds,
NO interacts with active oxygen forms by means of
the formation of peroxynitrate reactive compound,
which may either affect the intensity of stress develop-
ment and disease severity [3] or by means of generating
NO render protective effect. According to the data [5]
different periodic extreme effects result in an impair-
ment of daily stereotype and may be accompanied with
disorders in adaptive mechanisms, performing the
search and formation of optimal interaction forms of
an organism with an environment after the effect of
stress factors.

At cold effects in adaptive mechanisms a special
role is played by noradrenergic system of hypothala-
mus, mediating a stress response of an organism and
participating in specific reactions.

The papers [7-9] show that noradrenergic activation
of vegetative functions during cooling is provided due
to arise in BBB permeability. Approximately in 24hrs
after cooling there is observed a repeated change in
the activity of functional systems preparing an orga-
nism to analogous effect on “waiting reaction” type
at neurochemical level. The combination, providing
the preservation in 24 hrs after cold effects of high
level chatecholamines in blood and hypothalamus of
conditions is probably formed. It is characteristic that
after repeated cooling the activity of noradrenergic
system of brain is analogous to the first one.

It has been established that in 24 hrs after appearan-
ce of the “agitation reaction “ on the effect of stress
factor, including cold one in animals there is a repeated
activation of neuroendocrine system, adaptive reaction
preparing an organism to repeated “meeting” of the
effect already survived [12], however there is an
impression that adaptive systems ready to respond to
repeated cooling in 24 hrs are more specific and saving.

“Waiting reaction of repeated effect” takes place
mainly due to intracellular re-arrangements, synthesis
of adaptive enzymes, including NO-synthases. This
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HEHHE MEPOKCHHUTPAT, KOTOPOE MOXKET OKa3bIBATh
CYLIECTBEHHOE BIMSHNE HA UHTEHCUBHOCTD PAa3BUTHUS
cTpecca U TsbKecThb 3aboneBanuii [ 3], nim, reHepupys
NO, ocymectsisieT 3amuTHbIN 3P dexT. [To mraHHBIM
[5] pa3nnuHble MEPUOANYECKHE DKCTPEMAIbHBIE BO3-
JEMCTBUS NIPUBOJAT K HAPYILIEHUIO CYyTOYHOTO CTEPEO-
THTAa U MOTYT CONPOBOXKAATHCS paccTpoiicTBaMu
aJanTallMOHHBIX MEXaHU3MOB, OCYIIIECTBIISIONINX
MOHUCK U (POPMHUPOBAHKE ONTHMAJIbHBIX (HOPM B3au-
MOJEHCTBUS OpraHu3Ma ¢ OKpyXKarolled cpenoi
nociie IeHCTBHS CTPECCOBBIX (aKTOPOB.

ITpu X071010BBIX BO3JAEUCTBUSAX B MEXaHHU3MaX
ajanTanuu oco0asi pojb MPUHAMICKUT HOpaApEeHEp-
THYECKOM CUCTEME THIoTataMyca, KoTopas ornocpe-
JyeT CTPECCOBBI OTBET OpraHU3Ma U y4acTBYET B
cHenr(pUIecCKUX OTBETHBIX PEaKIUIX.

B paborax [7-9] noka3aHo, 4To HOpagpeHepruyiec-
Kasi aKTHBAIINS BETETATUBHBIX (PYHKIUH TP OXJIAXK-
JEHUHM 00ECIIeUYNBACTCS 32 CUET MOBBIIICHHS TIPOHH-
maemoctu ['Ob. [IpubGnu3uTensHo yepe3 CyTKHU Mocie
OXJIKJEHUSI HAOII0aeTCsl IOBTOPHOE M3MEHEHHE
AKTUBHOCTH (DYHKIIMOHAJIBHBIX CUCTEM, KOTOPHIE
[TOJITOTABIIUBAIOT OPTAHM3M K aHAJIOTHYHOMY BO3/EH-
CTBHIO TI0 TUITY “‘peaKIiy OKUJaHNus Ha HEHPOXUMU-
yeckoM yposHe. [lo-Bumumomy, hopMupyeTcs: KomIi-
JIeKC yCIIOBUH, 00€CIeUYNBAIOLINI COXpaHEHUE Yepe3
24 9 miociie X0JI0JJ0BBIX BO3/ICHCTBUN BEICOKOTO YPOB-
HSI KaT€X0JIAMHHOB B KPOBH M TUIIOTajIaMyce. Xapak-
TEPHO, YTO TOCIIe TOBTOPHOTO OXJIQXKIEHUS aKTHB-
HOCTh HOpAJpPEHEePTUUECKOW CHUCTEMBI MO3Ta
aHAJIOTMYHA ITIEPBOMY.

YcTaHOBIEHO, YTO Yepe3 CYTKH MOCJEe BO3HHK-
HOBEHHS “‘peakliy TPeBOTH Ha jeicTBHE (DakTopa
cTpecca, B TOM YHCIIE U XOJIOJIOBOTO, Y KUBOTHBIX
[IPOVCXOIUT MTOBTOPHAS aKTHBAIMS HEHPOIHTOKPHH-
HOW cHCTEeMBI, (OPMHUPYETCS MPHUCTIOCOOUTENbHAS
peakius, KOTopasi TOTOBUT OPTaHU3M K MOBTOPHOM
“BcTpede” ¢ MMEBIIMM MECTO Bo3aeiicTBueM [12],
OJTHAKO CKJIa IbIBAETCS BIICUATICHHE, YTO Al THBHBIC
CHCTEMBI, TOTOBBIE pearupoBaTh Ha MOBTOPHOE
OXJIXK/JICHHE, Yepe3 CYyTKU Ooree cruenuuyHbl U
SKOHOMHYHBI.

“Peaknusi 0)XUJAHUS TTOBTOPHOTO BO3ACHCTBUS
MIPOUCXONT, B OCHOBHOM, 32 CYET BHYTPUKIIETOUHBIX
MePECTPOCK, CHHTE3a a/IallTaTUBHBIX (DEPMEHTOB, B
toM yucie NO-cuHTa3. JTa peakuus, Kak OpaBuio,
(hopmMupyerca B OTpaHUYCHHOM BPEMEHHOM HHTEp-
Bane. B “peakrnuu oxxumanus’ BaXKHOE 3HAUCHUC B
MO/IIepKAHUU TOMEeOCcTa3a, HOPMaIbHOW (PYHKITUH
CEPICYHO-COCYINCTON CHCTEMBI UMEET TUITOTANIAMYC,
B KOTOPOM COCPEIOTOYEHBI PEryIsITOPHbIE IIEHTPHI
MHOTHX BEreTaTUBHBIX (YHKIIUH, B TOM YHCIE U
¢dysaxmun cepana. Ocobast pollb B 3THX MEXaHH3Max
npuHaAEKAT NO Kak peTporpagHoMy MECCEHIKEPY.

Y4uTeiBasi BBHIIEH3TIOKEHHOE, 00pa3Ibl TKAHEH
JUTS UCCIIEIOBAHUS Y SKCIIEPUMEHTAIBHBIX KMBOTHBIX
3abupanu yepe3 cyTku nocie PXB.
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reaction as a rule is formed within a limited time
interval. In “waiting reaction” an important value in
keeping homeostasis, normal cardiovascular system
functioning belongs to hypothalamus, where regula-
tory centres of many vegetative functions, including
heart function, are concentrated. A special role in these
mechanisms is played by NO as retrograde messenger.

Taking into account above mentioned the tissue
samples were derived for examination from experi-
mental animals in 24 hrs after RCE.

Fig. 1 shows that content of final products of NO
exchange in blood serum, procured for the studying
in 24 hrs after 6 RCEs in young animals significantly
differed from the obtained results in control animals.
Basal level of nitrites in them was twice higher than
in the control animals.

After application of specific blocker instead of
expected as in the control suppression we have found
arise in the enzyme cNOS activity. At the same time
in blood serum of these animals no statistical and
significant differences in the content of final products
of NO exchange were revealed after blockade of iNOS
function if compared with the control. With using
L-arginine the content of final products of NO exchan-
ge was not increased and was lower in the studied
sample in comparison with the control.

Basal level of nitrites increased after the 6™ session
of RCE in blood serum of young animals up to 3.442+
1.26 from 2.534£0.44 pmol/l in the control (p<0.05).
After the 9" RCE session there was no reduced dyna-
mics of nitrates both in respect of previous research
stage and to the control (2.33+0.27 pmol/l, p<0.05).

The activity of cNOS with using blockers after the
9 RCE session decreases if compared with the previous
stage in 1.5-2 times, with no difference from the control.

At the same time iNOS blockers not only reduce
the content of nitrites but also significantly increase
their concentration in the samples under study that
enables the supposing of an increase in enzyme activity
as a result of formation of protective effects of
adaptation, activation of functioning of all organism
systems, where an important role is played by common
regulation factors of physiological systems.

The number of metabolites after intraperitoneal
introduction of L-arginine remained practically at the
same level as after 6 RCE session. When studying the
content of nitrites in blood serum after 6 RCE session
in aged animals there was found a rise in their level in
respect of the control, as well as in young animals
(Fig. 3).

The same growth dynamics for nitrites in animals
was observed and after 9 RCE sessions. Within these
terms we have noticed a negative correlation between
the content of NO stabile metabolites and application
of blockers of ¢cNOS and iNOS synthesis that gives
the possibility to suppose the rise in blood serum of
aged animals of both constitutive and inducible NOS
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Kak BunaO M3 puc. 1, comepkanue KOHEUHBIX
poaykToB oOMeHa NO B CBIBOPOTKE KPOBH, 3a0paH-
HOH AJI MCCIEAOBAaHMS Yepe3 CYTKH MOCIHE IEeCTH
PXB y M0On0BIX ®KHBOTHBIX, JOCTOBEPHO OTINYAIOCH
OT MOJIYYE€HHBIX PE3yJIbTaTOB Y KOHTPOJIBHBIX KUBOT-
HBIX. ba3anbHbIl ypOBEeHb HUTPUTOB Y HUX OBLI B JBa
pasa BbILIE, YeM Y KOHTPOJIbHBIX.

[Tocne npumeHeHus crenuduyeckoro dmokaropa
BMECTO OXKHJAeMOT0, KaK B KOHTPOJIE YTHETeHUS,
HaMHU OTMEUYEHO YBEIMYEHUE aKTUBHOCTH (hpepMEeHTa
cNOS. B T0 e BpeMs B CBIBOPOTKE KPOBH ITUX JKH-
BOTHBIX HE OOHAPYKEHO JOCTOBEPHBIX PA3IHUNN B
cofiep KaHUH KOHEYHBIX MpoaykToB oOmera NO mocie
onokaapl pyHKimr iNOS TI0 CpaBHEHHIO ¢ KOHTPO-
aeM. C npumeneHneM L-apruauHa conepkaHue Ko-
HEYHBIX TPOAYKTOB 0OMeHa NO He yBeIHMYMBaIOCh U
OBLIO B HCCIIElyeMOM 00pasLie HUKE, YeM B KOHTPOJIE.

bazanbHbI ypoBEeHb HUTPUTOB MOBBIIIANICS [TOCTE
6-ro ceanca PXB B ChIBOpOTKE KPOBU MOJIOJBIX
JKUBOTHBIX 110 3,442+1,26 ot 2,53+0,44 MKMOJIB/T B
koHTpore (p<0,05). ITocne 9-ro ceanca PXB ormeye-
Ha JWHAMUKa CHI)KEHUS HUTPUTOB KaK IO OTHOIIIe-
HUIO K TIPEABIAYIIEeMY dTaly HCCIeI0BaHHUH, TaK U K
koHTpouto (2,33+0,27 mxmonb/1, p<0,05).

AxtuBHOCTH cNOS ¢ nmpumMeHeHneM OJI0KaToOpoB
nocie 9-ro ceanca PXB cHmkaercs o cpaBHEHHIO C
MpeabIAYIIUM dTanoM B 1,5-2 pasa, IpakTHYECKH HE
OTJINYASICH OT KOHTPOJIAL.

B 10 xe Bpems O6mokaropsl iNOS He TONBKO HE
YMEHBIIAIOT COIEPKAHUE HUTPUTOB, HO CYILIECTBEHHO
YBEIUYUBAIOT UX KOHLEHTPALMIO B UCCIIEAYEMBIX
o0pa3nax, YTo NO3BOJISIET NPEATIOIOKHUTH ITOBBILICHHE
aKTUBHOCTH (pepMeHTa B pe3ynbTare GOpMUPOBAHUS
3aIUTHBIX () PEKTOB amanTauu, aKTHBU3AIMUIO
(DYHKIIMOHUPOBAHHS BCEX CHCTEM OpraHH3Ma, B
KOTOPBIX Ba)XXHYIO POJIb UTPAIOT YHHUBEPCAIbHBIE
(bakTOpBI perynsanuu GU3NOIOTUIECKUX CHCTEM.

KonnuecTBo MeTabOIUTOB MOCIE BHYTPHUOPIO-
IIMHHOTO BBEJACHMS L-apruHuHA MPAKTHYECKH OCTa-
BaJIOCh Ha TOM € YPOBHE, YTO U IOCIe 6-ro ceaHca
PXB. Ilpu uccienoBaHuu coaep:KaHus HUTPUTOB B
CBIBOPOTKE KpoBH Mocie 6-ro ceanca PXB y crapbix
KUBOTHBIX OTMEUEHO MOBBIMIECHHE UX YPOBHS MO
OTHOLICHHUIO K KOHTPOJIIO, KaK U Y MOJIOABIX KHBOT-
HBIX (puc. 3).

AHajoru4Has JUHAMHKA pOCTa HUTPUTOB Y JKU-
BOTHBIX HaOmoznanace u nocie 9 ceancos PXB. B atu
CPOKHM HaM{ OTMEYeHa OTpHIIaTeIbHas KOPPEAIUsI
MEX/1y COJlepKaHneM CTaOMIbHBIX MeTa0onToB NO
u npuMeHeHneM 61okaropos cuaTe3a cNOS u iNOS,
YTO Ja€T BOZMOXXHOCTH MIPETIOIOKUTH O TIOBBIIIICHUN
B CBHIBOPOTKE KPOBHU CTapbIX KMBOTHBIX KaK KOHCTY-
TaTUBHOH, TaK U MHAyHHOenbHOH nzopopm NOS.
BBenenue kpoicam L-aprununa He TOJIBKO HE YBEJIU-
YUBAJIO KOJIMYECTBO HUTPUTOB, 2 HA0OOPOT CHUIKAIIO
UX COACepKaHHUE.
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isoforms. Introduction of L-arginine to rats did not
increase the number of nitrites and vice a versa reduced
their content.

Thus after 9 session of RCE in aged animals all the
studied indices in blood serum significantly exceed the
same in control ones.

Growing interest to ageing problem is mainly
stipulated by the need in development of flexible
adequate methods of the correction of impaired func-
tion of organ and systems, including cardiovascular
one. In these processes an important role may be play-
ed by aggravation of endothelium-dependent vasodila-
tation, stipulated by absolute or relative deficits of
nitrogen oxide.

Homeostasis in animals of various age groups
under different environmental conditions is supported
by multifactor regulation in the course of which a new
state is achieved, more advantageous to an organism
in the arisen conditions. One of these regulation
mechanisms is NO formation from L-arginine, when
in an organism due to some reasons in some extent a
manifested state of hypoxia is developed. No recovery
from nitrites is less energy-spending mechanism if
compared with the synthesis from L-arginine. Cells
obtain the possibility from NO metabolic products
(nitrites and nitrates) to form NO, using energetically
more economic mode.

Summarizing the obtained experimental results in
aged and young animals one can suppose that activity
of NO plays a role of pathogenetic regulatory factors,
the activity of which reduces in aged intact animals
(Fig. 3, 4).

Of special interest is the fact of a rise in the content
of final products of NO exchange after 6 sessions of
extreme cryoeffects in young rats and after 6-9 sessions
in aged ones.

It has been found that NO plays an important role
in blood circulation, because it is a powerful vasodila-
ting agent. Endothelium of vessels produce the release
of some NO amount into blood, performing the func-
tion of effective biological mediator, however in aged
organism this function reduces in the result of that
many important physiological processes slow down,
among them the ratio of oxidant and anti-oxidant
protective systems, impairment in stability of which
is extremely dangerous if to take into account that lipid
peroxidation is one of the main causes of organism
ageing and disease development. The fact that in
contrast to young, in aged animals after 9 RCE sessions
we suppose the content of nitrites is increased and this
may testify to activation of NO-constitutive synthase.
Taking into account that nitrites and nitrates participate
in many pathophysiological processes, an increase in
the content of these products in blood serum of aged
rats after extreme cryoeffects is physiologically
expedient, directed to the improvement of trophics and
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KoHueHTpauusi, MKMorb/n
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cNOS iNOS Argin 6PXB 6Argin 6cNOS 6INOS 9PXB 9Argin 9cNOS 9INOS
6RCE 9RCE

KoHTponb
Control

Puc. 4. CoznepxaHre KOHCYHBIX TPOAYKTOB 00MeHa NO B CBIBOPOTKE KPOBHU CTaphIX Kpbic. OO03HAYCHHMS TE JKE, UTO U Ha pHC. 1.
Fig. 4. Content of final products of NO exchange in blood serum of aged rats. Legends are the same as in Fig 1.

Takum o6paszom, mocine 9-ro ceanca PXB y crapbix
KMBOTHBIX BCE HCCIIClyeMbI€ TOKa3aTeIH B CHIBOPOT-
K€ KPOBH CYILECTBEHHO MMPEBBIIAIN aHAJIOTUYHBIE Y
KOHTPOJIbHBIX.

Bospacraromuuii naTEpec K mpodiieMe cTapocTy BO
MHOTOM 00YyCIIOBJIEH HEOOXOIMMOCTBIO pa3paboTKu
rUOKHX aJICKBaTHBIX METOZOB KOPPEKIIMU HapyIICH-
HOU (YHKIMHM OPTaHOB M CUCTEM, B TOM YHCJIC H
CEpACUHO-COCYAUCTON. B 3THX mponeccax BaKHYIO
POJIb MOXET MTpaTh yXyAIIEHUE DHIOTEITNH3aBUCH-
MOH Ba30JMIATAIINH, O0YCIOBICHHON aOCOIIOTHRIM
WM OTHOCHUTENBHBIM JIe(PUIINTOM OKHCH a30Ta.

T'omeocTa3 y ®HMBOTHBIX pa3IMYHBIX BO3PACTHBIX
IPYMI B YCIOBUSAX JIEHCTBHS Pa3inU4YHBIX (PAaKTOPOB
Cpeabl MOAJIEPKUBACTCS MYAbTU(DAKTOPHBIM PEryiu-
pOBaHMEM, B IPOIIECCE KOTOPOTO AOCTUTAETCS HOBOE
COCTOsIHHME, 0OJiee BBITOJAHOE OPTaHM3MY B CO3/1aB-
muxcst ycnoBuax. OIHUM U3 TaKMX MEXaHHU3MOB
perynupoBaHus siBiseTcs oopazoBanue NO u3 L-ap-
IUHUHA, KOTJIa B OPTaHU3ME B CHIY pslia MPUYHH
pa3BUBaETCs B TOW WM MHOM CTEIEHH BBIPAXKEHHOE
cocrosiHue Tunokcuu. Boccranosnenne NO u3 HAT-
PUTOB — MEHEe 3aTPaTHBIA B SHEPTETHYECKOM OTHO-
IIeHUW MEeXaHW3M, 4eM cHHTe3 u3 L-apruauna.
Knerku momy4aroT BO3MOXHOCTb M3 IPOAYKTOB MeTa-
6omu3ma NO (HUTPHUTHI M HUTPAThI) 00Pa30BHIBATh
NO, ucnomnb3ys sHEpreTH4eckd 0osiee YKOHOMHBIH
MyTh.

O060011as moay4eHHbIC PE3YIBTaThl IKCIIEPUMEH-
TOB Y CTapbIX ¥ MOJIOABIX KMBOTHBIX, MOYKHO TPEJIIIO-
JIOXKUTH, 9TO aKTUBHOCTH NO HTpaeT poib maroreHe-
THYECKOTO PEeryIsTOpHOTO (aKTopa, aKTUBHOCTH
KOTOPOTO CHHIKAETCSl Y CTAphIX MHTAKTHBIX JKUBOT-
HBIX (puc. 3, 4).

Oco0eHHO WHTEPECHBIM SBIAETCS (DaKT MOBBIIIE-
HUSI CONEPIKaHUS KOHETHBIX MPOMYKTOB oOMeHa NO
rocie 6 CeaHCOB IKCTPEMANIbHBIX KPHOBO3AECHCTBUN
y MOJIOAIBIX U TIociie 6-9 ceaHCOB y CTapbIX KpBIC.
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function of cardiac muscle vessels. This is confirmed
by the circumstance that decoding of the mechanisms
of vasodilating effect of NO enabled to apply nitro-
glycerin as efficient medicine to stop the pain and
spasm of coronary vessels.

Nitrogen oxide affects the interaction of blood cells
with endothelium of vessels, by preventing the adhe-
sion of blood plates, leukocytes and other blood cells
to endothelium thereby preventing aggregation of latter
and formation of thrombi. Such NO effect may have a
big value at early genesis stages and development of
atherosclerotic impairments of vascular wall, as well
as act as anti-growth factor, preventing proliferation
of smooth muscle cells of vessel walls.

Therefore, a rise in the content of nitrites under
RCE effect may increase the resistance of aged
organism, activity of intracellular systems, mobili-
zation of system and protection of cells and tissues
under hypoxia and extra pathophysiological loading.

Statistically significant reduction of the level of
final products of NO exchange in myocardium of
young rats after 6" session of cryoeffect may testify
to its intensive expenditure by myocardial cells.
Similar effect in aged animals starts just after 9™
session of cold effect. This “slowing down” may
probably be explained by a decrease in adaptive
possibilities of ageing organism. Nitrogen oxide
synthesizing from L-arginine with NO-synthases
participation penetrates into myocardial cells where
with the participation of guanine monophosphate
reduces the concentration of intracellular calcium,
causing vasodilatation and relaxation of smooth
muscle cells and tissues, providing the regulation and
redistribution of blood in vessels [16, 21].

Rhythmic cold effects increase the tonus of para-
sympathic compartment of vegetative nervous system
and reduce the activity of humoral regulation link. In
addition, they enhance total spectral power of parasym-
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YcranosneHo, yto NO urpaer BaXHyIO poJib B
cucTteMe KpoBOOOpalIeHUs, TaK KaK OH SBISICTCA
MOIIHBIM COCYIOPACUIMPSAIOIINM areHTOM. DHJIO0Te-
JINHA COCYIOB MPOAYIIUPYET BEIOPOC B KPOBH HEOOITb-
moro konnyectBa NO, BBIMOTHSAIOMIETO (yHKITHIO
3 (PeKTUBHOTO OMOIIOTHIECKOTO MEIUATOPa, OTHAKO
B CTapoM opraHusMme 3T1a (QyHKIUS CHHUKAECTCS, B
pe3yabpTaTe 4ero 3aMeJIsi0TCd MHOTHE Ba)KHbBIE
(bm3nonornyeckre MpoIecchsl, CPeIr KOTOPhIX COOT-
HOIIIEHHE OKCHJAHTHON M aHTHOKCHJIAHTHOM 3allNT-
HBIX CHUCTEM, HapylleHHe CTa0MIBHOCTH KOTOPOTO
0COOEHHO OMACHO, €CIIM Y4YEeCTh, YTO MEPEKUCHOE
OKHCJIEHUE JIMIIHJIOB SIBJISIETCA OJHON M3 BaKHBIX
MPUYUH CTApEHUs] OpraHu3Ma U pa3BUTHs OOJE3HHU.
Tot ¢akrt, 4TO B OTAMYUE OT MOJIOABIX y CTapbIX
KUBOTHBIX Tociie 9 ceancos PXB, no HamemMy npen-
MTOJIOKEHUI0, COAEPIKaHUEe HUTPUTOB MOBBIIIIEHO U 3TO
MOXXET CBUETEIHCTBOBATh 00 aKTHBAIIMU KOHCTY-
tatuBHOW NO-cHHTa3bl. YUUTHIBASA, 4TO HUTPUTHI U
HUTPAThl y4aCTBYIOT BO MHOTHX MaTO(PU3NOIOTHIEC-
KHX TpoIleccax, MOBBIIICHUE COAEPKAHUSI ITUX
MIPOAYKTOB B CBIBOPOTKE KPOBH CTapbIX KPBIC MOCIIE
IKCTPEMAIbHBIX KPUOBO3ICHCTBUHN (PU3UOTOTHIECKH
Lesnecoo0pa3Ho, HaPaBJIeHO Ha yIydlIeHUE TPOPHUKH
1 QYHKLUUHU COCYIOB CEPACUHON MBIIIIBI. DTO MOJ-
TBEPXKIACTCSI U TEM 00CTOSATEIILCTBOM, YTO paciund-
POBKa MEXaHM3MOB COCYOPACIIUPSIONIETO AEHCTBUSA
NO no3Bonuiia MpUMEHTH Kak 3QHEeKTUBHOE JIeKap-
CTBEHHOE CPECTBO HUTPOTIUIICPUH ISl CHATHS 00N
Y cria3Ma KOPOHApHBIX COCY/IOB.

Oxcuj a3oTa OKa3bIBaeT BIHMSHHE HA B3aMMO-
JelcTBUE KIETOK KPOBHU C DHIOTEIMEM COCYAOB,
MIPETSITCTBYS IPUKPEIVICHUIO KPOBSHBIX IJIACTHHOK,
JIEHKOLIMTOB U JAPYTUX KIETOK KPOBH K SHJOTEIHIO,
TEM CaMBbIM MPEJOTBpAIIast arperamuio MOCIeHuX U
obpazoBanue TpomO0B. Takoe peiictBue NO Moxer
HUMeTh OOJIBIIOE 3HAUCHUE HA PAHHUX dTallaX reHesa
1 pa3BUTHUS ATEPOCKIEPOTUUYECKUX MOBPEXKACHUN
COCYAUCTON CTEHKHM, & TaK)KE€ BBICTYNATh B pOJIHU
aHTHPOCTOBOTO (PAKTOPA, MPEMSTCTBYIOLIETO HPOJIH-
(epanuy r1aKOMBILIICYHBIX KJIETOK CTEHKH COCY/IOB.

CrnenoBarenbHO, yBETHUCHHUE COECPKAaHUS HUTPH-
TOB 110/ BiusiHueM PXB MokeT noBbIarh pe3ucTeHT-
HOCTh CTaporo opraHu3ma, akTHBHOCTHh BHYTpHU-
KJIETOYHBIX CUCTEM, MOOMIIN3ALINIO CUCTEMBI H 311N~
THI KJIETOK 1 TKAHEH B YCIIOBUSX TUIIOKCHH U Ype3Mep-
HO MaToyHKIIMOHATBHON HATPYy3KH.

CraTHCTHUYECKH JOCTOBEPHOE CHI)KEHUE YPOBHS
KOHEYHBIX IpoAyKToB 0OMeHa NO B MHOKap/ie MOJIO-
JBIX KpBIC MOcJae 6-ro ceaHca KpHUOBO3AEHCTBUSA
MOXET CBUAETEILCTBOBATH 00 HHTEHCHBHOM €TI0 pac-
XO/I0BaHUM MHOKapAHaJIbHBIMU KileTKaMu. 11omno6-
HBIH 3 (eKT y cTapbix KUBOTHBIX HACTYIAET JIMIIb
nociie 9-ro ceaHca X0JIO0OBOTO BO3JEeHCTBUS. Takoe
“3aras3jpIBaHue”’,04€BUIHO, MOYKHO OOBSICHUTH CHH-
JKEHHWEM aJIalITHBHBIX BO3MOXKHOCTEH CTaperolero

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 16, 2006, N24

387

pathic and sympathic regulation compartments of
vege-tative nervous system in aged animals, that
testifies to a transition from slow humoral metabolic
level to rapid vegetative regulation level which is
characteristic to aged organism.

Applied RCEs cause “mild stress” due to activation
of higher vegetative centers improve adaptive capa-
bilities of aged animals and the revealed effects of
neurohumoral regulation are notable for expedience,
because are realized via autonomous nervous system.
It could be supposed that NO role as a secondary
messenger in these processes is especially important.
Rhythmic cold effects contribute to a rise in NO acti-
vity in cells, improvement of trophics, intercellular
communication, balanced functions of oxidative-
antioxidant systems.
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opranusma. OKCHJT a30Ta, CHHTE3UpyeMbIil u3 L-ap-
ruavuHa npu ydactun NO-cuHTa3, TPOHHUKAET B
MHUOKapAualbHbIE KIETKH, TA€ IPU YUaCTUN T'yaHHH-
MoHO(pocdaTa CHUKAET KOHIEHTPALUIO BHYTPH-
KJIETOYHOTO KaJIbIIUS, BBI3bIBAs Ba30AMJIATALINIO U
paccnabneHune IaAKOMBIIICUHBIX KJIETOK U TKaHEeH,
obecreunBas peTysILMIO U IepepacupeaeseHue
KpoBH B cocynax [16, 21].

PutMmudueckue X0JI0IOBBIE BO3JEUCTBUS MOBHI-
LIAOT TOHYC NapacUMIIaTHYECKOTO OT/AEJIa BEreTaTuB-
HOU HEPBHOW CHCTEMBbI U CHHUXXAKT aKTUBHOCTh
TyMOPaJIBHOTO 3BeHa peryisiiuuu. Kpome toro, ysenu-
YUBAIOT OOIIYIO CTIEKTPAIHHYIO MOITHOCTD ITAPaCcHM-
MaTHYECKOTO U CUMITATHYECKOTO OT/IENIOB PETYIAINN
BEreTaTUBHOW HEPBHOM CHCTEMBI Y CTapbIX KUBOT-
HBIX, 4TO CBUAETEIBCTBYET O IIEPEXO/IE C MEVIEHHOTO
rYMOPaJbHOrO METa0OJIMYECKOro ypOBHS Ha OBICT-
PBIi BET€TaTUBHBIN YPOBEHB PETYIALUH, KOTOPBIN HE
CBOWCTBEHEH cTapoMy opranusMy. [Ipumensemsie
PXB BbI3BIBaIOT “MSTKHIA cTpecc” U 3a CUET aKTHBa-
UMY BBICIINX BETETAaTUBHBIX I[EHTPOB YIydYIIAIOT
aJanTalMoOHHbIE BO3MOXXHOCTH CTapbIX KUBOTHBIX,
a oTMe4eHHbIE YPPEKTH HEHPOTYMOpPATHLHOU pery-
JIAUU OTIIMYAIOTCS 11€JI€CO00Pa3ZHOCTHIO, TOCKOIBKY
pealin3yoTCsl Yepe3 aBTOHOMHYIO HEPBHYIO CUCTEMY.
MOXHO TIPEANoNoKHUTh, 4TO potb NO Kak BTOpHY-
HOTO MECCEHJIKepa B 3THX NpOLeccax 0COOEHHO
BakHAa. PUTMMUeckue xonoqoBble BO3IECHCTBHS CIIO-
cOOCTBYIOT NOBBIIIEHNIO aKTUBHOCTH NO B KJIeTKax,
yIyYIIEHUIO TPO(PHUKU, MEKKIETOUHOH KOMMYHHU-
Kaluu, cOanaHCUPOBaHHOCTH (DYHKLUH OKCUAAHTHO-
AQHTHUOKCUJAHTHOHN CHCTEM.
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