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IpencraBiaeHbl pe3yJibTaThl IKCIEPUMEHTOB, KAaCAIOIMXCS H3yUYCHHS BIMSHUS PUTMHYECKUX XOJION0BbIX Bo3zaeiicTuil (PXB) Ha
COZIep)KaHUE KOHEUHBIX MPOnyKToB oOMeHa NO (HHUTPUTOB) B KOpPE M THIIOTajJaMyce TOJIOBHOTO MO3Ta MOJIOZABIX M CTapbIX KpbIC.
IToka3zaHo, 4TO COAEp)KaHWE HUTPUTOB B KOPE IOJOBHOTO MO3ra MOJOJIBIX KPBIC BBIILIE, YEM y CTapbiX. [IpuMeHeHHe 6I0KaTopoB
cunre3a NO-cHHTa3 MOJaBiseT UX HNPOAYKIHIO, & aKTHBaropa L-apruHUHA yBEJIMYHBACT Y KPbIC 0OCHX BO3PACTHBIX TPYIII.
PUTMHYECKHE XOTOJOBBIC BO3ICHCTBHUS CIIOCOOCTBYIOT YBEINUCHHUIO COACPKAHUS HUTPUTOB. BhICKa3aHO NPEAION0KEHUE O BAKHON
poiM reMato’HIe(annuecKoro 6apbepa B agantanuy XHBOTHBIX K PXB, a Takke NO kak BHYTPHUKIETOYHOIO IOCPEAHHUKA,
MPUHUAMAIOLIET0 Y4acTHE B PETYJSLHH BEIeTaTUBHBIX QYHKIIHH.

Knrouegvie cnosa: puTMHYECKHE XOIOI0BbIC BO3CHCTBHS, KOHEUHbIE IPOAYKTH 00MeHa NO, HUTPUTHI, 6JI0KaTopsl, L-apruHuH,
rematosHIedamueckuii Gaprep.

[pencraBieHo pe3ynbTaTi eKCIIEPUMEHTIB, 10 CTOCYIOTHCS BUBUCHHS JIif pUTMiYHUX XoionoBuXx BiuuBiB (PXB) Ha BMicT KiHIIEBHX
npoayktiB 0oMiHy NO (HITPHUTIB) B KOPi i riroTanamMmyci roJJOBHOr0 MO3KY MOJIOAMX i cTapux 1mypiB. [loka3aHo, 0 BMICT HITPUTIB y
KOpi TOJIOBHOTO MO3KY MOJIOZIUX LIy piB BULIUIL, HIXK Y cTapux. Bukopucranns 6iokaropiB cuate3y NO-CHHTa3 MPUTHIYYe iX IPOAYKIito,
a aktuBaTopa L-apriniHa migBuiye y urypis 000X BIKOBUX IpyIl. PUTMiuHI X0JI0/10Bi BIUIMBH CHPUSIIOTH MiABUIIEHHIO BMICTY HITPUTIB.
BucioBieHO MPpUIYIICHHS MPO BaXXJIMBY POJb remarocHiehaniggoro 06ap‘epa B aganrtamii TBapun 10 PXB, a takox NO sk
BHYTPHUKJIITHHHOTO [TOCEPEAHUKA, 1110 Oepe yyacThb y peryJisLil BereTaTUBHUX (QyHKIiH.

Knrouosi cnosa: putmivHi X0I0I0BI BIUIMBH, KiHLIeBI TpoayKkTu ooMiny NO, HiTpuTH, 610KaTopH, L-apriHin, remaroeHuedamiqyauii
6ap‘ep.

The experimental results on studying the effect of rhythmical cold effects (RCEs) on the content of NO (nitrites) metabolism final
products in brain cortex and hypothalamus of young and aged rats are presented. Nitrite content in brain cortex of young rats was
shown to be higher than in aged ones. Applying the blockers of NO-synthase synthesis suppresses their production but L-arginine
activator increases it in rats of both age groups. Rhythmical cold effects contribute to the nitrite content augmentation. There was
assumed about an important role of blood-brain barrier in animal adaptation to RCEs as well as NO as intracellular mediator, participating
in regulation of vegetative functions.

Key-words: rhythmical cold effects, NO metabolism final products, nitrites, blockers, L-arginine, blood-brain barrier.

Crpecc u agantanys — IB€ COIMAIbHO-ONOIOTH-
YeCKUe MPOOJIEMBI, COMPOBOXKIAIOIINE YEIOBEKa Ha
MPOTSKEHUHU BCEU €ro )KM3HU. B COBpEMEHHBIX yCIl0-
BHSIX CTPECC M COOTBETCTBYIOIIUE EMY PEAKIIUU Opra-
HU3Ma HEM30€KHBI K MOT'YT ObITh IPUUUHON PA3BUTHS
Oone3Helt, 0cOOEHHO Yy JIO/IeH MOXKUIIOTO BO3pacTa.

B sTux ycnoBusax BaxkHa CHOCOOHOCTH K a/IeKBat-
HBIM (HU3UOTIOTO-MOP(HOTOTHIECKUM Mpeodpa3oBa-
HUSIM OpPTaHU3Ma, B PE3yJBTaTe KOTOPBIX MTOBBIIIAOTCS
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Stress and adaptation are the two social and
biological problems, accompanying human being
within the whole life. Under present conditions stress
and corresponding organism responses to it are
inevitable and may cause the disease progress,
especially in aged people.

Under these conditions of importance is the
organism capability to adequate physiological and
morphological rearrangements, resulting in an increase
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€ro CTPYKTYPHO-3HEPreTHIECKUH MOTEHINAT 1 HeCTie-
nuguuecKas pe3uCcTeHTHOCTh. Takue peakuu 00Jb-
LI XapaKTEPHBI I MOJIOAOTO OPraHu3Ma, B KOTOPOM
JNEeHCTBYIOT HE3HAYUTENIbHbIE 10 UHTEHCUBHOCTH H
JUTMTENTFHOCTH (PaKTOPBI CTpecca, X MPUHATO Ha3bl-
BaTh “‘(DPU3NOJIOTHUECKUMH ', IOTOMY YTO BHI3bIBAEMBIC
VMU YHEPTETHYECKUE 3aTPAThl OKYAIOTCS TTOCIETYT0-
LIIMMH SHEepreTndecKuMu npruobperennsamu. [1omno6-
HBII TIpoliecC CaMOCOXpaHeHHs (YHKIIMOHAIHHOTO
YPOBHSI CaMOPETYIUPYIOIIEHCS CUCTEMBI HE Xapak-
TEpeH AJISl CTaporo OpraHu3Ma, a YCJIOBHUS Cpenbl B
psizie ciydaeB SBIISIOTCS HeaJeKBaTHBIMHU JUT BEIOOpa
(YHKLIMOHAJIBHOMN CTpaTeruul U TOCTHKECHUSI KOHEU-
HOM 1enu — agantauuu. [loaToMy peakuuy MoI0a0ro
U CTaporo OpraHu3MOB OyAyT pa3HBIMH H BO MHOTOM
3aBHCETh OT MHIMBHIyaJbHBIX 0COOCHHOCTEH pery-
JIATOPHBIX CHUCTEM, AMANa30Ha WX MPHUCIIOCOOUTETb-
HBIX BO3MOKHOCTEH.

C BO3pacToM NMPOUCXOIAT KOJTMIECTBEHHBIE U3Me-
HEHUS U NepecTpoiika BHYTPEHHEN CTPYKTYpHI psija
YKH3HEHHO BaYKHBIX OPT'aHOB, YTO BEJIET K KAYECTBEHHO
WHOMW peaKIiy CTaporo OpraHu3Ma Ha MHOTHE BHEIII-
HUE 1 BHyTpeHHHE BIusiHUA. CTpeMIIeHHe K OMOJOXKe-
HUIO CTaporo OpraHu3Ma JIOJKHO COIPOBOXKAATHCS
MIepeCTPOMKOH CBA3EN U PETYAATOPHBIX BIUSHUI, UTO
JeTaeT TFo0bIe SKCIIEPHUMEHTaIbHBIE TTONBITKY BMEIIIa-
TENbCTBA B IPOLIECC OCTAHOBKH MJIH 3aMEJICHHS CTa-
PEHHUSA, TPOIUICHUS JITUTEIBHOCTH OMOIOTHYECKOTO U
KaJICHIapHOTO BO3pacTa YpPe3BBIYAHO aKTyaIbHBIMH.
Oco0eHHO MePCTIEKTUBHBIMH JIJIST PEIICHUS 3TUX 33719
SBIITFOTCS HU3KOTEMIIEpaTypHbIC BO3JIEHCTBUS Ha
LIEJIOCTHBIM OPTaHU3M.

HoBast MeguIIMHCKast TEXHHUKA, MTPEIHA3HAYCHHAS
JUTSl BO3ZICUCTBHUS CBEPXHHU3KHMX TEMIIEpPaTyp Ha perer-
TOPHBIE MOJISI TOBEPXHOCTH TEJIA YEI0BEKA, TO3BOJIMIIA
CO3/IaTh YHUKAJIbHBINH (PU3nOoTEpaneBTHIecKui METO,
oOnajgaromuii BBICOKUMH JI€4eOHBIMU CBOHCTBAMH.
st 6osiee MUPOKOTo BHEAPEHUS METO/Ia B MEUILIMH-
CKYIO IPAKTHKY OTpe0OBaNINCh IyOOoKue pyHaaMeH-
TaJbHBIE HMCCIENOBAHUS IEHCTBUS HU3KUX TeMIIepa-
Typ Ha (YHKIHOHAJIbHBIE CHCTEMBl OpTaHH3MA.
OKCHepUMEHTHI IPOBOAMIIA B CIIEIATBHO CKOHCTPYH-
pOBaHHOW KpHOKaMmepe ¢ 3 cekmusaMmu. B mepmoit
CEeKIINU KaMephl TeMIIeparypa Bo3ayxa Obljia Ha ypoB-
e —10°C; Bo Bropoit — —60°C, B TpeTheit — —120°C.
[IpeObiBaHME )KUBOTHBIX B IEPBO M BTOPOH CEKLIUAX
no 10-15 ¢ gaetT BO3MOXXHOCTH aAanTUPOBATHCS K
HHU3KUM TEMIIeparypamM, 4YTO BaXKHO IJIsl CTapbIX
OpraHu3MOB, TaK KaK PErylsaTOPHBIE CHUCTEMBI H
OpTaHbI-MHIICHU Y HUX MEHee JIAOUIIbHBI, a OBICTPBIH
nepexon B TpeThio cekiuio (—120°C) MoxkeT compo-
BOXKAATHCSI BBIPAKEHHBIM SMOIIMOHAIBHBIM CTPECCOM.

Lenp maHHOTO HICCTIeIOBAHUS — H3YYECHUE BISTHUS
PUTMHUYECKHX XOJOMOBBIX BoznaeiicTeuii (PXB) Ha
coJlepKaHWe KOHEUHBIX MPOoayKToB ooMeHa NO
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in its structural and energetic potential and inspecific
resistance. These responses are mostly typical for
young organism where slightly intensive and short-
time stress factors are acting, they are commonly
defined as “physiological” ones, because the metabolic
costs caused by them are compensated with following
energetic acquirement. The similar process of self-
preservation of functional level of self-regulating
system is not typical for aged organism, but the
environmental conditions in some cases are non-
adequate for selecting functional strategy and final
aim: adaptation achieving. Therefore the responses of
young and aged organisms will differ and mostly
depend on individual peculiarities of regulatory
systems, range of their adaptive possibilities.

With age the quantitative changes and rearrange-
ment of internal structure in some vitally important
organs occur, that results in a qualitatively different
response of aged organism to many external and
internal effects. The intention to aged organism
rejuvenescence should be accompanied with the
arrangement of bonds and regulatory effects, that
makes extremely actual any experimental attempts of
intervention into the process of either ageing stopping
or retardation, extension of biological and calendar
age duration. To solve these tasks of especially
perspective are the low temperature effects on the
whole organism. New medical equipment, designed
for low temperature affecting the receptor fields of
human body surface enables to develop the unique
physiotherapeutic method with high therapeutic
properties. There were needed profound fundamental
researches of low temperature effect on organism
functional systems for a wider introducing this method
into medical practice. Experiments were performed
in a specially designed cryochamber with 3 sections.
In the 1% chamber section the air temperature was at
the level of —10°C; —60°C in the 2™ one and —120°C
in the 3one. Animal staying in the 1* and 2™ sections
for 10-15 sec enables the adaptation to low temperatu-
res, that is important for aged organisms because their
regulatory systems and target organs are less labile
and a rapid transition into the 3™ section (-~120°C)
may be accompanied by a manifested emotional stress.

This research was targeted to study the effect of
rhythmic cold effects (RCEs) on the content of NO
(nitrite) metabolism final products in brain cortex and
hypothalamus of young and aged rats.

Materials and methods

Research was carried out in Wistar white male rats
of two age groups. The first group comprised the
mature young animals (YA) of 6 months’ old, the aged
animals (AA) of 2-2.5 years were in the second one.
Experiments were done according to the “General
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(HUTPUTOB) B KOpE U TUIIOTAJIaMyCe TOJIOBHOTO MO3Ta
MOJIOABIX U CTapbIX KPBIC.

Martepnaabl 1 meToAbl

UccnenoBanust mpoBoamin Ha O€JBIX KpBICAX-
caMmuax JUHUM Bucrtap IByX BO3pacTHBIX rpynm. B
MepBOH rpymIie ObLIH MOIOBO3PEIIBIE MOJIOIBIE XKUBOT-
ueie (M2K), Bo3pact 6 MecsIieB, BO BTOPOH — CTapbie
xuBoTHbIE (CX), Bozpact 2-2,5 roma. OKCIieprUMEHTHI
MIPOBEICHBI B COOTBETCTBHH ¢ OOIIMMY IPUHITUTIAMHI
paboTHI Ha JKUBOTHBIX, 000peHHBIME | Harmmonab-
HBIM KoHTpeccoMm 1o 6mostuke (Kues, 2001) u
COIVIACOBAaHHBIMM C MNOJOXeHUsIMU “Epponeiickoit
KOHBEHI[UH O 3aIIUTE MO3BOHOYHBIX >KMBOTHBIX,
HCIIOJIB3yEMBIX AJIS SKCIEPUMEHTAIBHBIX U JPYTHX
HayuHbIX Heneii” (CtpacOypr, 1985). DxecrpemanbHble
KPHOBO3JIEHCTBHS OCYIIECTBISUIM B KpHOKaMepe ¢
Temreparypoi Bo3ayHoi cpeasl —120°C B TeueHue
1,5-2 muH. PekranpHyto TemMneparypy Tena KUBOTHBIX
KOHTPOJIMPOBAJIN TEMIIEPATYPHBIM JAaTUYMKOM, OHa
OCTaBaJIach MOCTOSTHHON. OCHOBHAsI TpyIIa )XUBOT-
HBIX ObUIa pa3duWTa HAa YETHIPE MOATPYNIHI (IIECTh
JKUBOTHBIX B K&KIOW MOATPYIIIE): TIepBas — MHTAKT-
HbI€ )KHBOTHBIE, BTOPasi — KPBICHI, KOTOPbIE TIOTYYHIN
Tpu ceanca PXB, TpeTbsl — 11ecThb, yeTBepTas — I€BATh.

bazanbHyI0 CeKpenno cTabUILHBIX META00TUTOB
NO B kope 1 runoTasaMmyce roJloBHOT0 MO3ra OLlCHH-
BaJIM OTOMETPHUECKUM METOIOM I10 peakuuu [ puc-
ca. OyHKIHoHaNIBHY0 akTuBHOCTE NOS onpenensiin
10 METOJIMKE, ONTMCAaHHOM B [4].

VYpoBeHb MPOHULIAEMOCTH T'eMaTodHIeannyec-
koro 6apbepa (') ni1st HopazpeHanuHa onpenesIn
¢ IIOMo1LIbI0 uznonorndeckoro merona. [Ipu nonana-
HUW HOpaJpeHallnHa B TOJIOBHON MO3T Ha (poHE ero
CHIKEHHOU pe3ucTteHTHOCTH ['DOb Habmromaercs
YMEHBIIEHHE YaCTOTHl CEpACYHBIX COKpALICHUU
(YCC), 9TO CBHAETENHCTBYET O IIEHTPATHHOM MeXa-
HU3ME IEHCTBUS MEINATopa, BBECHHOTO BHYTPHOPIO-
LIMHHO.

Craructuueckas oOpaboTKa IaHHBIX IPOBEICHA
METOJIOM OAHO(AKTOPHOTO TUCTIEPCUOHHOTO aHATIH3a
(ANOVA).

Pe3yAbTaTbhl M 00CyXXA€HHe

YCTaHOBIIEHO, YTO FPaHYIIAPHBIE KIETKHA MOKEUKA
B OTBET Ha BO3JEICTBHE aroHHCTOB ITyTaMaHOBBIX
peuentopoB in vitro nponyrupyoT NO. YdauTeiBas
KOPOTKYIO TIPOAOIDKUTENBHOCTH Ku3HU NO B Mo3re
MJIEKOMTUTAIONINX (HECKOJIBKO CEKYHJ), OMPEIEeIUTh
€ro KOJJMYECTBO B PA3IMYHBIX TKAHIX YPE3BBIYANHO
TPYZHO. B CBSI3M ¢ 3TUM BHUMaHUE MCCIEI0BaTENeH
MPUBJIEKIN (PEPMEHTATUBHBIEC CUCTEMbI, OTBETCTBEH-
Hble 3a cuHTe3 NO, B yacTHOCTH HelipoHanbsHas NO-
cunrasa (nNOS), akTuBaIUs KOTOPOil KOPPEIUPYET ¢
konndyectBoM NO B TkaHAXx. Mcrounukamu NO B
LEHTPaAJIbLHOW HEPBHOM cUCTEME ABIISIOTCA [Ty Tamar-
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ethical principles of experiments in animals”,
approved by the 1% National Congress on Bioethics
(Kiev, 2001) and agreed with the statements of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1985). Extreme cryoeffects
were realised in cryochamber with —120°C ambient
temperature within 1.5-2 min. Rectal temperature of
animal body was controlled with temperature detector,
it remained constant. Main animal group was divided
in 4 subgroups (6 animals in each): the 1* one
comprised the intact animals, the 2™ one consisted of
rats with 3 RCEs sessions, the 3 with 6 and 4" with 9
ones.

Basal secretion of NO stable metabolites in brain
cortex and hypothalamus was photometrically esti-
mated according to Griess reaction. NOS functional
activity was determined by the method, described in
[4].
Permeability level in blood-brain barrier (BBB) for
norepinephrine was determined using physiological
method. When norepinephrine entering into brain at
the background of its reduced BBB resistance a
decrease in cardiac rate (CR) is observed, that testifies
to a central action mechanism of introduced intra-
peritoneally mediator.

Data were statistically processed with the method
of one-factor dispersion analysis (ANOVA).

Results and discussion

Granular cerebellum cells in response to the agonist
effect of glutamane receptors in vitro were established
as NO producing. Taking into account a short-term
life time of NO in mammalian brain (several seconds)
it is extremely complicated to determine its amount
in different tissues. Due to this fact the enzymatic
systems, responsible for NO synthesis, in particular
neuronal NO-synthase (nNOS) which activation
correlates with NO amount in tissues was of attention
of the investigators. NO sources in central nerve
system are the glutamatergic granular cells and
GAMC-energic cerebellum cells, brain cortex neurons
[25], neuroglial astrocyte cells and other brain tissues
[35].

NO effect on electrogenesis mechanism of nerve
cells is manifested at many neurodegenerative brain
diseases, especially inherent in aged people. In these
cases nerve cells express actively NO-synthase and
produce necessary NO volume. Death of neurons and
other macroglial cells, in particular oligodendrocytes
is associated with disorder in these functions.

It should be taken into account that an intracellular
signalling as a more ancient type of information
transition compared with intercellular one has
remained one of the necessary conditions for human
and animal life, but the hypothesis of existing nitrate/
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aprudeckue rpanyaspusie kietku u IAMK-saepru-
YeCKHe KIIETKH MO3Ke4uKa, HEHPOHBI KOPHI TOJIOBHOTO
Mo3ra [25], HeliporiHualbHble KIETKH-aCTPOLUTHI U
Ipyrue TKaHu mo3sra [35].

Bnusane NO Ha MeXaHU3MBI 2IEKTPOTEHE3a HEPB-
HBIX KJIETOK MPOSBIAETCS P MHOTHUX HEHpPOAEreHe-
paTuBHBIX 32a00JI€BaHUIX MO3Ta, 0COOEHHO XapaKTep-
HBIX 7S TOXKUJIBIX JTrofiel. B aTHX citydasx HepBHBIE
KJIETKH aKTUBHO 3KcmpeccupyioT NO-cuHTa3y u
MPOAYLHUPYIOT HeoOXoauMbIil 00beM NO. C Hapyiire-
HUEM dTHX (QYHKIUH CBS3BIBAIOT THOCITHL HEHPOHOB H
JIPYTUX MAKPOTITHAIBHBIX KJIETOK, B YaCTHOCTH OJIUTO-
JEHIPOLINTOB.

HeobxomuMo yYuThIBaTh, YTO BHYTPHUKIETOYHAS
CUTHaJIM3alusl Kak Oojiee IPEeBHUU THI Hepenadu
nHOpMALMU N0 CPaBHEHHIO C MEXKJIETOYHOM
OCTaeTCsl OJHUM U3 HEOOXOAMMBIX YCIOBUH XH3HH
JIOAEN W KUBOTHBIX, & THIOTE3a CYyIlEeCTBOBAHUSA
HUTPATHO/HUTPUTHOTO JBIXaHUS U KOHLETILNS LUKIIa
OKHCHU a30Ta PACCMAaTPUBAIOTCS KaK IBOJIOLMOHHO
OPEBHUN MEXaHW3M 3alIUTHl KIETOK OT MHOTHX
(hakTopoB, HEOIATONIPUATHO BO3ACHCTBYIOIIUX Ha
opranmsm [26].

OdveHp Ba)KHBIN acHeKT (PU3MOIOTHUECKON POIH
NO cBs3aH ¢ ero 0MOJIOrHUYECKUM CBOHCTBOM
HEWPOTPAHCMUTTEPA, YTO OOYCIOBIEHO CIOCOOHO-
CTBIO OKa3bIBaTh APQeKT Ha paccTosHuH A0 100 MKM
[41] oT mecTa cunTe3a. Crierudruecku NO He CBS3bI-
BAETCsI C peLeNITOPaMH OCTCHHANITHYECKOI MeMOpa-
HBI 1 HE SIBJIIETCS KJIACCUYECKUM MECCEHIKEPOM, HO,
obnagas cpoiicTBoM nuddyHIUpPOBATH B Apyrue
YYacTKH, B TOM YHUCJIE U IPECHHANTHUECKUE HEUPOHBI,
JIEHCTBYET KaK peTporpagHblii MECCEHIKED, HEMpO-
MOZYJISATOP, CIIOCOOHBIN aKTHBHPOBATH HEUPOPETyY-
JIATOPHBIE CUCTEMBI MO3ra. MOXHO MPEINOI0XKHUTh,
gy10 NO urpaer 4pe3Bbl4aifHO BaKHYIO POJIb B Pa3BH-
THU CTAPOCTH ¥ BOSHUKHOBEHNH Pa3IMYHBIX TATO(PH-
3UOJIOTUYECKUX COCTOSIHUM, XapaKTEPHBIX ISl 3TON
BO3pacTHOM rpynnsl. B 3TUX Imporieccax MOryT ydact-
BoBaTh NNOS 1 eNOS, Tak Kak OHH IUPOKO NPEACTAB-
JeHbl B Mo3re. DepMeHTHI TOX0KH IO CBOUM CBOMCT-
BaM M OTIMYAIOTCA TOJIBKO TeM, 4To nNOS sBigercs
uuTo3aibHeIM, a eNOS — MeMOpaHHO-CBSI3aHHBIM
(hepMeHTOM.

TpaguunoHHBIE HEMpoNepeIaTUNKU CUHTE3H-
pytorcst cnenuuyecKkiMu GpepMeHTaMH 1 HaKarlId-
BAaIOTCS B CHHANTHYECKUX MY3BIpbKax HEPBHBIX
OKOHYAaHHUHI M IpU NOJAPU3ALUU CHHANTUYECKOU
MeMOpaHbl HEPBHBIM UMITYJIECOM BBICBOOOXKIAIOTCSI
B CHHANTHYECKYIO IIeNb, B JaJTbHEWIIEM OKa3bIBas
BO3/ICIICTBHE HAa MOCTCHHANTHYECKHE PELENTOPHI C
nocneayomyuM oOpaTHeIM 3axBatoM. Helipomenuna-
TopHasa ¢pyHKuUs NO peannsyercs Mocie CHHTE3a U3
npenumecTBeHHUKa L-apruanna NO-cunTaszoil. [Ipo-
LieCC YIPABIEHUS CUHTE30M SBISETCS KIIOYEBBIM B
perynsiunu (GyHKIHOHAIBHONW aKTHBHOCTH CaMOIO
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nitrite respiration and conception of nitrogen oxide
cycle are considered as evolutionary ancient mecha-
nism of cell protection against many factors,
unfavourably affecting the organism [26].

Very important aspect of NO physiological role is
associated to its biological property of neuro-
transmitter, that is stipulated by the capability to affect
at a distance up to 100 pm [41] from the synthesis
site. Specifically NO does not bind the receptors of
post-synaptic membrane and is not a classic messenger,
but with the feature to diffuse into other sites, including
presynaptic neurons, it acts as a retrograde messenger,
neuromodulator, capable to activate the neuroregu-
latory brain systems. It may be assumed that NO plays
an extremely important role in aging development and
different pathophysiological states appearance
inherent in this age group. In these processes nNOS
and eNOS may participate because they are widely
presented in brain. Enzymes are similar by their
properties and differ only by the fact that nNOS is a
cytosol and eNOS is a membrane-bound enzyme.

Traditional neurotransmitters are synthesised by
specific enzymes and accumulated in synaptic vesicles
of nerve endings and during synaptic membrane
polarisation by a nervous pulse they are released into
synaptic gap by affecting the post-synaptic receptors
in future with following back capture. NO neurome-
diator functions is realised after synthesis by NO-
synthase from L-arginine precursor. Synthesis control-
ling process is a key one in regulating functional activi-
ty of a messenger itself. Possessing a high diffusive
capability NO is not capable to be stocked, released
or undergone a back capture by presynaptic endings
of synaptic gap [25]. Its role as a universal modulator
in maintaining homeostasis, immune status, gene
expression, synaptic plasticity of nerve tissues, memo-
ry, neurotransmitter release is extremely important.

The role of BBB and a slow controlling brain
system in cold stress development is noted in the paper
[23]. In particular, when increasing the barrier
permeability for para- and sympathomimetics there is
a synchronisation in dynamic image of biocurrents in
some brain structures (hypothalamus and sensomotor
cortex area), that results in a change of organism
activity level, mostly its vegetative functions.
Participation in these processes of some regulatory
systems, among which an important role belongs to
free-radical gases, being a mediator of many physio-
logical processes has been shown [16, 35, 38]. Under
organism cooling the retrograde mediators are of great
importance during thermoregulation [8, 10, 21, 34] as
a neurotransmitter, intercellular communicative sys-
tems, providing a long-term potentiation [35, 38, 40].

Under hypothermic RCEs the nitrogen oxide has
been established [21] as contributing to an increase in
BBB permeability for neuromediators. When NO has
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Meccenmkepa. O6nanas Beicokod nuddy3noHHOM
criocoOHocThi0, NO HE MOXET pe3epBHpPOBaThHCH,
BBICBOOOXKIATHCS MIIM TTOABEPTaThCsl 00paTHOMY 3ax-
BaTy NMPECHUHANTUYECKUMH OKOHYAHMSIMH CHUHANTH-
yeckol menu [25]. Ero pons kak yHUBEpCalIbHOIO
MOJIYJATOpa B HOAJAEPKAHUN TOMEOCTa3a, IMMYHHOTO
cTaryca, 3KCIIPeCCUH '€HOB, CHHAITUYECKOM MIacTuy-
HOCTH HEPBHBIX TKaHEH, MaMsATH, BEICBOOOXKIECHUH
HEWpONEPEIaTUNKOB YPE3BbIYAIHO BAXKHA.

B [23] ormeuena poxs I'Db u MmenienHoi ynpas-
JIAIOIIEH CHCTEMBI MO3ra B Pa3BUTHUU XOJIOJOBOTO
cTpecca. B wacTHOCTH, ITpH NMOBBIIIIEHUH TPOHUIIAC-
MocTu Oapbepa Ui mapa- U CHMIATOMUMETHKOB
CHHXPOHHU3YETCS JMHAMHYECKUNA PUCYHOK OMOTOKOB
psiia cTpyKTyp Mo3ra (TunoraisaMyca i CEHCOMOTOP-
HOH 00MacTu KOpbI), YTO MPUBOAUT K M3MECHEHHIO
YPOBHSI aKTHBHOCTH OpPraHu3Ma, 0COOCHHO ero
BEreTaTUBHBIX (QYHKUUH. BBIIO MoKa3zaHoO ydacTue B
9THX MPOLECCAX Psiia PEryIATOPHBIX CUCTEM, CPENU
KOTOPBIX BaYKHYIO POJIb UTPAIOT CBOOOJHOPAIHKAIIb-
HBIE Ta3bl, ABISIOMMNECS MOCPEIHUKOM MHOTHUX
¢usnonoruyeckux mpoueccos [16, 35, 38]. Ilpu
OXJIAXKACHUY OPTaHN3Ma PETPOTPAJHbIE TOCPETHIKH
HUMEIOT 0OBIIOE 3HAauU€HUE B IIPOLECCEe TEPMOpEry-
msauun [8, 10, 21, 34] xak HellpoTpaHCMUTTEPHBIE
MEXKJIETOYHbIE KOMMYHHKAIMOHHbBIE CHUCTEMBI,
00ecreYrBaoe A0JTOBPEMEHHYIO MMOTEHIHALNIO
[35, 38, 40].

YcraHoBneHo [21], 4TO MpU THIOTEPMHYECKUX
PXB okcup a3ora cioco0CTBYET HOBBILICHUIO IPOHU-
naemoctu I'Ob ana veiipomenuaropos. Korna NO He
HMEET CBOET0 ONTUMAJIBHOTO MAKCHMYyMa, ITPOHUIIAe-
MocTh I'Ob He nocTuraer BBICOKMX 3HA4€HUH, B TO
xKe Bpems ctuMmyisinus cuHTe3a NO mpu BHYTpH-
OprommHHOM BBeficHnu L-aprunmna (1-2 mr/100 r)
YBEIWYNBAET MPOHHUIIAEMOCTh Oapbepa A0 MaKCH-
MyMa, a Oiokazna O- u [3-aJpeHoperenTopoB (HeHoI-
aMHUHOM U IPOTPAHOJIOIOM CHIKAET IPOHUIIAEMOCTh
I'Db 10 ypoBHS KOHTPOJIS.

Ecmu yuects, uro 'Ob u MeaneHHas ynpasistomas
CHUCTEMa MO3Ta SIBISIOTCA CTPYKTYPHO-(YyHKIIHO-
HaJbHON OCHOBOM perynauuu romeocrasa [13, 17], To
B0o3MOXXHO NO Kak (hakTop HeHpOHAJIBHON IIaCTHY-
HOCTH CIIOCOOEH OMOCpPENOoBaTh Takue (U3HOJIOTHU-
YEeCKHE MPOLECChl, KaK JOJTOBPEMEHHAs MOTEHINA-
nus npu PXB.

Kak BumnOo u3 puc. 1, comepkanme KOHEYHBIX
npoayktoB oomMerna NO B Kope roJIOBHOTO MO3ra
koHTponbHBIX MK Ob110 BhIIe, uem y CK. Ilpumene-
HUe crnenu(puIecKux OIOKaTOPOB KOHCTYTATHBHOU
NO-cunTaszsl (cNOS), BKiII0Uatoneil HelpoHaIbHYIO
U 3HAOTEIUAJbHYIO CUHTa3bl, U UHAYLUOENbHO
(iNOS) nozmasisiy aKTUBHOCTH (PEPMEHTOB, & AaTOHUCT
L-apruHuH noBbILIaN UX CUHTE3.

B TkaHsix runoranaMmyca y KOHTPOJIBHBIX TPYII
KpbIC Oa3abHbIA ypPOBEHb COAEPKaHNs! HUTPUTOB OBLI

NMPOBJIEMbI
KPUOBMOJIOIUM
T. 17, 2007, Ne1

no its optimal maximum the BBB permeability does
not achieve high values, at the same time the NO
synthesis stimulation under intraperitoneal L-arginine
introduction (1-2 mg/100 g) augments the barrier
permeability up to the maximum but the blockage of
o- and B-adrenoreceptors with phenolamine and
propranolol reduces BBB permeability down to the
control level.

If taking into account that the BBB and slow
controlling brain system are the structural and func-
tional bases for homeostasis regulation [13, 17], NO
as a factor of neuronal plasticity is possibly capable
to mediate physiological processes of long-term poten-
tiation type at RCEs.

The Fig. 1 shows that the content of final products
of NO metabolism in brain cortex of control YA was
higher than in AA. Applying specific blockers of
constitutive NO-synthase (cNOS), composing
neuronal and endothelial synthases and inducible
(INOS) suppress the enzyme activity, L-arginine
augments their synthesis.

In hypothalamus tissues of control rat group a basal
level of nitrite content was higher in YA, as well as
synthesis activity after arginine application. Introdu-
cing specific blockers inhibited cNOS activity both
in young and aged animals. After 6" RCEs session in
YA brain cortex the level of content of NO metabolism
final products was much higher than in the control
(Fig. 2) and tended to decrease, that was testified by
their content after 9" RCEs session. Administering
c¢NOS and iNOS selective blockers in our experiments
instead of the expected suppression of enzyme syn-
thesis caused their augmentation after 6" and 9" RCEs
sessions, and nitrite content after arginine introduction
in these terms was unchanged (Fig. 3). In brain cortex
of aged rats the nitrite level after the 6™ and 9" RCEs
sessions did not statistically and significantly differ
from the control. No considerable changes in synthesis
of corresponding selective blockers and activators
were noted.

In research dynamics of hypothalamus tissues for
the content of NO metabolism final products there was
observed their reduction after the 6" RCEs session in
respect of the control (Fig. 4) with following
statistically significant increase after the 9™ session
in respect of the 6™ one. An increased NO-synthase
activity in aged rats after introducing blockers and L-
arginine both in respect to the 6™ RCEs session and to
the control was noted. When interpreting the results
obtained we should refer to our previous research [40].
RCEs with 1 sec duration and 0.1 Hz frequency was
established as resulting in no change in body tempe-
rature, but a cardinal rearrangement of brain bioelectric
activity (BEA), correlating with a complex dynamics
in BBB permeability occurred. At rhythmic hypo-
thermia stages there is an increase in slow controlling
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Puc. 1. Conepxanne KOHEUHBIX MPOXYKTOB oOMeHa NO B KOpe TOJIOBHOTO MO3Ta MOJ'IO,I[LIX kpsic: cNOS — nocie
MIPUMEHeHusl crienuduyeckoro oiokaropa konctyrarnHoit NOS; iNOS — rociie npuMeHeHus! crielupuIeckoro ojokaropa
naaymmoensHoit NOS; Argin — nocie npuMeHenus crumyistopa NOS; 6PXB — mecroe puTMHUECKOE XOJIOHOBOE

KoHueHTpauusi, MKMorb/n
Concentration, pmol/l

BozzeicTBUe; 9PXB — neBsiToe pUTMHUECKOE XOJI0J0BOE BO3IECHCTBUE.

Fig. 1. Content of final products of NO exchange in brain cortex 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,;

Beime y MK, Kak M aKTHBHOCTh CHHTE3a TOCIe
MPUMEHEHUs apruHUHA. BBenenune cnenuduueckux
0JI0KaTOpOB 3aMeIsiino akTUBHOCTE cNOS kak y
MOJIOZIBIX, TaK M y CTapbIX XMUBOTHBIX. [locme 6-ro
cearnca PXB B kope roiosHoro mo3ra y MK ypoBeHb
coJlep KaHMsI KOHEUHBIX MTPOIYyKTOB MeTabomm3ma NO
ObLJI 3HAUMTENIBHO BBIIIIE, YEM B KOHTPOJIE (puUC. 2) U
MMeJ TEHACHIHIO K CHIDKEHHUIO, O YeM CBUJETENb-
CTBYET WX conepkanue mocie 9-ro ceanca PXB.
I[IpuMenenue ceneKTUBHBIX OnokaropoB cNOS u
iNOS B HalIUX SKCIIEPUMEHTAX BMECTO 0XKUIAEMOI0
MTOJIaBJICHUS CHHTE3a ()ePMEHTOB BBI3BIBAJIO ITOBBIIIIE-
Hue ux nociue 6-ro u 9-ro ceancos PXB, a conepxanue
HUTPUTOB IOCJIE BBEJACHHS apTUHIHA B 3TH CPOKHU HE
U3MeHsI0Ch (puc. 3). B Kope ronoBHOro Mosra cTapbix
KpBIC YPOBEHb HUTPUTOB IIOCIIE 6-T0 U 9-TO CEaHCOB
PXB nmoctoBepHO He oTimMuancs oT KoHTpous. He

brain system activity together with BBB permeability
[2, 13, 14]. In a second frequency range the auto-
correlation and coherence functions in brain cortex
and hypothalamus vary from low to extremely high
values of BEA spectrum power, BBB permeability in
this period increases in 3-4 times, reduces down to 0
with a repeated significant augmentation. BEA
oscillation rhythm in cortex and hypothalamus
compartments is sinusoid. The relationship between
these processes, having neurophysiological base has
been shown with various methods [2, 16, 17]. The
results obtained enabled assuming that the cause of
the mentioned above processes might be a resonance
excitation of thermoreceptors, contributing to synchro-
nisation of organism vegetative status and in some
cases complete sympatho-parasympathetic switches,
achieving adequate ratio of sympathetic and parasym-

3,5

3 4

2,5 1

2 1

KoHLeHTpaumsl, MKMOIb/1
Concentration, umol/l

1,5 1
1
0,5 -
0 -

6PXB
6RCE

KonTpornb  cNOS iNOS Argin

Control

6cNOS

9PXB
9RCE

6INOS 6Argin 9cNOS 9INOS 9Argin

Puc. 2. COZ[Cp)KaHI/Ie KOHCYHBIX TPOAYKTOB obmena NO B TUnoTajlaMyce roJJoBHOro Mo3ra MOJIOABIX KPBIC. O06o3HaYeHUs

T€ e, YTO Ha puc. 1.

Fig. 2. Content of final products of NO exchange in brain hypothalamus of young rats. Legends are the same as in Fig. 1.
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KoHueHTpauusi, MKMorb/n
Concentration, umol/l
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cNOS iNOS 6PXB

6RCE

KoHTponb
Control

Argin

6¢cNOS

9PXB
9RCE

B6INOS BArgin 9cNOS 9INOS 9Argin

Puc. 3. Coneprxanre KOHEUHBIX TPOAYKTOB 0OMeHa NO B Kope rolOBHOTO MO3Ta CTapbIx Kpbic. OO03HaYeHH Te ke, YTO U Ha

puc. 1.

Fig. 3. Content of final products of NO exchange in brain cortex of aged rats. Legends are the same as in Fig 1.

OTMEUYEHO W CYIIECTBEHHBIX W3MEHEHUU CHUHTE3a
KOHCTYTaTMBHOW W MHIYIUOEIBbHONW CHHTa3 MOCIe
MPUMEHEHUS COOTBETCTBYIOIIHX CEIEKTHUBHBIX
OJIOKaTOPOB M aKTHBATOPOB.

B nunamMuke nccneqoBaHusi TKaHEN runoTagaMmyca
Ha cojlepKaHHe KOHEYHBIX MPOAYKTOB oOMeHa NO
HaOJII0AAI0Ch UX CHIDKEHHME ITociie 6-ro ceanca PXB
I10 OTHOIIICHHUO K KOHTPOJTIO (PHC. 4) C ITOCTISIYIONTIM
JIOCTOBEPHBIM YBEIIMUYEHUEM TIoclie 9-To ceaHca 1o
OTHOMIEHUIO K 6-My. OTMEUeHA MOBHITIICHHAS AKTHB-
HOCTh NO-CHHTa3 y CTapblX KPBIC MOCIE BBEICHUS
OnokaTopoB 1 L-apruHuHa Kak 1o OTHOIICHUIO K 6-My
ceancy PXB, Tak un x xoHTpomto. MHTepnpeTupys
MTOYYEHHBIC PE3YJBTaThI, CIEAYET COCIAThCS Ha HAIIIN
npensiymue uccnenaopanus [40]. beuto yctaHOBIEHO,
yro PXB mnmurensHOCTRIO 1 ¢ ¢ wacTtoroii 0,1 I'1 He
MIPUBOIAT K U3MEHEHHIO TEMIIEPaTyphI TeJa, HO UMEeT
MECTO KapJuHaJIbHAas IepecTpoiika OMO3JIeKTpHU-
geckoil aktuBHOCTH (BDA) MO3ra, Koppenupyromas

3,5

pathetic effects on organ functions and sign change of
cardiotropic effects. These significant changes in CNS
activity and whole organism can be explained by RCEs
effect on physiological processes, basing on high-
organised functional system with a special neurome-
diation, providing its activity. Probably, BBB under
certain conditions interacts with electrogenesis
systems, immune, neurohumoral, thermoregulatory
and other homeostasis-providing ones. These
interactions are provided by traditional neuromedia-
tors, biogenic amines, aminoacids, neuropeptides.
However under RCEs effect the BBB and BEA
functioning as the systems with a slow physiological
regulation is provided with a new class of signal
molecules-mediators, among which NO has a special
role. Nitrogen monoxide is an important physiological
mediator, providing neurotransmitter processes [35,
42, 45], participates in biorhythm organisation of
sleep-arousal cycle [31], plays an important role in

3,

2,5
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Puc. 4. COI[Cp)KaHI/IC KOHCYHBIX ITPOAYKTOB oomena NO B TrunoTajiaMyce roJioBHOIro MO3ra CTapbIX KpbIC. O0o03HaueHHSs

T€ e, YTO Ha puc. 1.

Fig. 4. Content of final products of NO exchange in brain hypothalamus of aged rats. Legends are the same as in Fig 1.
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CO CIOXHOU muHaMuKoW mpoHuiaemoctu I'Db. Ha
JTanax PpUTMHUYECKOW THIOTEPMHU IMOBBIMIAETCS
AKTUBHOCTHh MENJIEHHON YNpPaBIAIOLIEH CHCTEMBI
MO3ra HapajuleIbHO C MOBBIIIEHUEM MPOHUIIAEMOCTH
I'Db [2, 13,14]. B cexyHaHOM nuMana3oHe 4acTOT
(YHKLHUST aBTOKOPPEISILIUU U KOTEPEHTHOCTH B KOpe
U THUIOTaJaMyce IOJIOBHOTO MO3ra BapbUPYET OT
HU3KHX JI0 IPENIENBHO BEICOKUX 3HAYE€HUI MOLITHOCTH
cnektpa BOA, mpornnaemocts I'Ob B aTOT MIepuon
moBeIIIaeTcs B 3-4 pasa, CHIXKaeTCs 10 HyJIs U CHOBA
3HAUHUTENBHO Bo3pacraer. Putm komebanmii BOA B
OTeNax KOphl ¥ THIIOTaJIaMyca UMeeT CHHYCOUAAIIb-
Hy10 (opMy. PaznminuHbIMU MeTOIaMu ObLIIa ITOKa3aHa
CBA3b [2, 16, 17] Mexmy 3THMH MpoLIECCaAMU, UMEIO-
LIMMH HeHPOU3HOIOrnIecKyto ocHOBY. [lomydyeHHbIe
Pe3yabTaThl NO3BOIMWIN NPEATNON0KNUTh, YTO TPUIH-
HOM BBILICONMCAHHBIX TPOLIECCOB MOXKET OBITH Pe30-
HaHCHOE pa3Apa)k€HHe TEPMOPELENTOPOB, YTO CIIO-
COOCTBYEeT CHHXPOHM3ALlMU BEreTaTHBHOIO CTaTyca
OpraHH3Ma U B pAJIE CIIy4aeB IMOJIHBIM CUMIIATO-TIapa-
CHMIIaTHYECKUM MEPEeKIIOYEHHUAM, TOCTHKEHUIO
aJIeKBaTHOTO COOTHOIICHUS CUMIIATHYECKHUX U Tapa-
CUMIIATHYCCKUX BIUSHUN Ha (QYHKIUIO OPraHOB H
CMEHY 3HaKa KapJAHOTPOIHBIX dpdekToB. Takue 3Ha-
guTenpHble M3MeHeHus aktuBHOocTH LIHC u opra-
HU3Ma B [IEJIOM MOYKHO OOBSICHUTE BiinssaueM PXB Ha
¢u3nonOorNYecKrue NpoLEecch, B OCHOBE KOTOPBIX
HaXOIUTCS BEICOKOOPTaHU30BaHHAs (PyHKIIMOHAIbHAS
cucreMa ¢ 0co00H Helipomenuanyrei, odecrneynBaro-
el ee aestenbHocTh. OueBuHO, I'Db npu onpene-
JIEHHBIX YCIOBHSAX B3aUMOJEHCTBYET C CHCTEMaMHU
3JEKTPOTreHe3a, UMMYHHON, HEHPOTYMOpAJIbHOMH,
TEPMOPETYIATOPHOMN U IpyTUMH CHCTEMaMHu, o0ecIie-
YUBAIOIIMMH ToMeocTa3. Takoro poga B3aMMOOTHO-
mieHusi 00ecrneynBaroTcsl TPAAUIIMOHHBIMEA HEHpo-
MeauaTopamMu, OMOTEHHBIMH aMHHAMH, aMUHOKHC-
JIoOTaMHu, HeHponenTuaaMu. Bmecrte ¢ Tem npu aenct-
Bun PXB ¢yaxkmmonnposanue I'Ob n BOA kak cuctem
MEJIEHHON (PU3HONIOTHYECKON PEeTYIISAIIH 00eCTIed -
BAE€TCA U HOBBIM KJIACCOM CHTHAJIBHBIX MOJIEKYJI-
MIOCPEIHUKOB, cpenu KoTopbix NO oTBOoAMTCS 0c00ast
poib. MOHOOKCHA a30Ta SABJISIETCS BAXKHBIM (PU3H0TI0-
THYECKUM [TOCPEIHUKOM, 00eCIIEUNBAIOINM HEHpO-
TPaHCMUTTEPHBIE IpoLecchl [35, 42, 45], npuHuMaeT
ydacTue B OpraHM3aluu OMOpPUTMA LHUKJIA COH-
6oxpcTBoBanue [31], urpaer BaXHYIO POJb B IIEHT-
palbHBIX MexaHu3Max tepmoperyisinuu [10, 34], pe-
rymupyet nporumnaemocts I'9b [30, 31, 37-39]. beo
mokaszaHo, 4to nponunaemocts ['Db mis H3-Hop-
anpenanuna, H3-anermixonuna u H*-ceporonunHa B
3aBHCHMOCTH OT CITI0CO0a OXJIaKACHNU HEOINHAKOBA.
[loBTOpHas kpanuoepeOpanbHas THIOTEPMHUS YBEIH-
yuBaeT nponuriaeMocts ['Ob nis Helipomenuatopon
B 2 pa3a, a PXB kaynanbHbIX TEpMOPELIENITOPOB KPBICHI
c yacTtoToli B 1 ¢ — B 3-4 paza 1o cpaBHEHHUIO C IOBTOP-
HOI runorepMuen.
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central thermoregulation mechanisms [10, 34],
regulates BBB permeability [30, 31, 37-39]. BBB
permeability for H3-norepinephrine, H*-acetylcholine
and H3-seroto-nine depending on cooling way was
shown to be unequal. Repeated craniocerebral
hypothermia augments twice the BBB permeability
for neuromediators but RCEs of rat caudal thermo-
receptors with 1 sec frequency do it in 3-4 times
compared with a repeated hypothermia.

Periodic cold effects on organism [5] were estab-
lished to augment a non-specific animal resistance to
the effect of other extreme factors, there was an
increase in resistance to hypoxia [9, 11, 12, 32, 36],
related to BBB activation [17-20, 22, 23] and its
regulatory function, based on genetically substan-
tiated mechanism of selective permeability for
substances, providing metabolism and neurohumoral
regulation processes equally to a changing functional
state [44].

Catecholamine are believed as not passing through
BBB due to peculiarities of their polar structure, low
solubility in lipids and enzyme barrier presence [7,
27]. However high BBB selectivity for neuromedia-
tors is not constant and depends in a certain extent on
functional state of an organism.

Either epinephrine or norpeinephrine administering
into hypothalamus area causes the responses, being
oppo-site to their peripheric introduction into a vascu-
lar channel or intraperitoneally [7, 27] that was confir-
med in CR reduction in contrast to cardiac rate
acceleration during introduction into blood channel.
This enabled assuming about the BBB participation
in neuro-humoral regulation of some vegetative
functions [2, 3] and their effect on BBB state.
Consequently, RCEs are capable to change BBB
permeability that is important under adaptation
conditions within the frames of physiological
processes.

Proceeding from these premises (Fig. 5) the effect
of norepinephrine under its intraperitoneal adminis-
tering in RCEs dynamics on CR has been studied in
young and aged rats.

CR in young animals was established to be higher
than in aged ones. Intraperitoneal introduction of
norepinephrine statistically and significantly increased
CR both in young and aged rats.

After the 3" rhythmic cold effect CR significantly
decreased in YA, higher RC inhibition was observed
after 6 sessions of RCE, but following 9 cooling
sessions in young animals CR augmented and achieved
its values in intact animals.

Similar dynamics of cardiac rhythm transformation
was observed in aged rats as well. Fig. 5 shows that
after the 3 RCE there was a reduction in CR in respect
to the intact animals after administering norepine-
phrine, it was much more manifested following the
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YcTaHOBNIEHO, YTO MPU MEPUOAUUYECKUX XOJIOM0-
BBIX BIMSHUSIX HA OPraHU3M MOBBIIIAETCS HECHIELHU-
(uueckas yCTOWYHBOCTH KXUBOTHBIX K JIEHCTBUIO
JPYTUX SKCTPEMAIBHBIX (PaKTOPOB [5], MOBBIIIAETCS
ycTolunBoCTh K runokcuu [9, 11, 12, 32, 36], uro
cBsi3aHo ¢ aktuBauueit ['Ob [17-20, 22, 23] u ero
perynsaTopHOi QyHKIHEH, B 0OCHOBE KOTOPOH T€HETH-
YeCKH 00YCIIOBICHHBIN MEXaHU3M CEJIeKTUBHON IPO-
HUIIAEMOCTH ISl BEIIECTB, 00ECIICUNBAIOIINX MPO-
ecchl MeTabonu3Ma U HeMpOTyMOPaNIbHON peryisi-
LMY JICKBATHO U3MEHSIOIIEMYCs ()YHKIIMOHAILHOMY
coCTOsTHHIO [44].

CuuTaeTcs, 4To KaTeX0JIaMUHbI HE IPOXOAST Yepes
I'OB B cBs3H ¢ 0COOEHHOCTSIMH UX MOJSIPHON CTPYK-
TYpBI, MaJIOW PaCTBOPUMOCTBIO B JIMMHAAX W HAIU-
yreM (epmenTHOTO Oapbepa [7, 27]. OnHako BEICOKas
nzbupatensuocts ['Db nns Heiipomennaropos He
MOCTOSIHHA U B OINpPEACIICHHON CTENEHU 3aBUCHUT OT
(hyHKIIMOHATILHOTO COCTOSTHUS OpTaHU3Ma.

BBenenne aapeHanmHa WM HOpaJApEHAINHA B
00JIacTh TUTIOTaJIaMyCa BBI3BIBACT PEAKIIUH, IIPOTUBO-
TIOJIOKHBIE UX MepUEepPUIECKOMY BBEICHHUIO B COCY-
JIUCTO€ PYyCJIO WU BHYTpHOpromuHHO [7, 27], 4TO
noaTBepkaaercsa cHmwkerneM YCC, B oTimume OT
yYallleHHs] CEPJICUHBIX COKPAIEHUI IPU BBEACHUU B
KPOBEHOCHOE PYCi0. DTO MO3BOJISIET CAENaTh Ipe.-
nonoxkeHne 06 ydactuu ['Ob B HeliporymopanabHOU
Peryisuuu psijia BereTaTuBHBIX GyHKuui [2, 3] u ux
BausgHUU Ha coctosHaue I'Db. CaenoBarensHo, PXB
CHOCOOHBI U3MEHSTH TPOHHUIIaeMOCTh | Db, uTo BaxHO
B YCIIOBHUSAX aJalTaIlid B paMKaxX (PU3MOIOTHIECKUX
IIPOLIECCOB.

Hcxonst v3 3TUX MPEAnoCchUIoK (prc. 5), Y MOJIOIBIX
Y CTaphIX KPBIC U3ydann d3QQeKT NeHCTBUS HOpaIpe-
HaJIMHA TP €T0 BHYTPHOPIOITUHHOM BBEICHUU B
muaamuke PXB na UCC.

Ycranosieno, uro YCC y MONOABIX )KUBOTHBIX BbI-
1Ie, YeM y CTaphix. BBeeHue BHYTpUOPIOIIMHHO HOP-
anpeHanmHa qoctoBepHo yBenmmumBaio YCC kak y
MOJIOZABIX, TAK U CTAPBIX KPEIC.

[Tocne 3-ro pUTMUYECKOTO XOIO0IOBOTO BO3ACHCT-
Buss YCC 3HaumTenbHo cHuxkanachk y MXK, eme
6obie —nocie mectd PXB, ogHako rmociie 9 ceancos
OXJIKIeHUs Yy MOoabIX »kuBoTHEIX YCC Bo3pacTana
U JOCTHUTaJla 3HAYEHUN MHTAKTHBIX )KUBOTHBIX.

AHaJOru4Has TMHAMUKA TpaHC(HOpMAIH PUTMA
cepaia Habmoganachk Uy crapeix kpoic. [locne 3-ro
PXB otmeuaetcs camxenne UCC Mo OTHONICHHIO K
WHTAKTHBIM )XUBOTHBIM IIOCJIE BBEICHUS HOpaJApEHa-
JIMHA, elle B OONbIIel CTeIIeHH OHO OBLIIO BEIPAYKEHO
rocie 6-ro X0JI0I0BOTO BO3ACHCTBUA U MPOAOIIKAIIO
CHUKAThCS B JIMHAMHUKE OXJIAKICHUS, B OTIHUYHE OT
HaOonaeMoro pocra B 3T cpokn y MK. Yeenuuenue
YCC y CXK nabnronanocs Iuiib Ha 7-W JeHb MOCIe
Hayajia OXJIAXICHHS, T. €. HAMU OTMEYCHO 3aras-
neiBanre BocctaHoBieHUss YCC y cTapbIX JKUBOTHBIX
10 OTHOIIEHUIO K MOJIOIBIM.
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6™ cooling effect and kept reducing in cooling
dynamics, in contrast to the observed growth within
these terms in YA. CR augmentation in AA was
observed only to the 7" day after cooling beginning,
i. e. we observed a delay in CR recovery in aged
animals in respect to the young ones.

Similar phenomena on mechanism of RCEs effect
on CR may by explained from the point of high BBB
resistance to the transport to nerve cells of neuro-
mediators, catecholamines, plasm proteins, hormones
[15, 24, 27-29]. High BBB sensitivity for these sub-
stances, namely neuromediators is not constant and
mostly depend on functional state of an organism. We
assumed about BBB participation and role in regu-
lation mechanisms in CNS and cardiovascular system.
RCEs probably result in BBB opening for neurome-
diations, stimulate function of vegetative system and
its principal integrator: hypothalamus, that confirmed
the CR decrease.

In our experiments the maximum BBB permea-
bility evidently corresponds to the highest decrease
peak of CR, for YA this is the 6™ RCE but the 6" and
9t ones for AA, because an acceleration of cardiac
rhythm after intraperitoneal norepinephrine injection
was observed to the 4" day in young and to the 7" in
aged ones since cooling beginning, i.e. a peripheric
effect was observed.

In tissues under study an increase in final products
content of NO metabolism was noted in the same
terms as for CR change both in aged and young
animals in response to norepinephrine intraperitoneal
introduction. nNOS activation possibly results in
augmentation of NO formation, that in its turn gives a
rise to an increase of cGMP and Ca*" intracellular
concentration, contributing to phosphorylation of
cytosol and cytoskeletal proteins, be creating condi-
tions for endocytosis processes of mediators, affecting
BBB permeability. BBB activation stimulates neuro-
hormonal mechanism in AA thereby not only
stabilising homeostasis but “rejuvenating” it as well.
We assumed that BBB functioning as the base of a
slow controlling system of brain adaptation might be
realised by a principally new class of signal molecules-
mediators, where special role belongs to NO. Nitrogen
oxide activates synthesis of cyclic guanosine mono-
phosphate, which as an intracellular mediator regulates
activity of membrane ion channels, thereby contribu-
ting to synaptic process activation, including intracel-
lular accumulation of neuromediators in vesicles and
their active transport. Nitrogen oxide having the
properties of lipophil molecule diffuses freely through
cellular membranes and having no need in receptors
penetrates into neighbour cells, for example into
endothelial vascular cells, by causing brain vessel
vasodilatation. It is not excluded that changes after
RCEs lead to reduction of the arterial pressure level,
being determined by the balance of vasoconstrictor
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Concentration, pmol/l

KoHueHTpauums, MKMonb/n
- N w oy (4]
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1 1 1 1 1

ol

Kontpone  CXXHA CX3PXB CX6PXB CXKO9PXB CX9PXB KoHtponb MXHA MX3PXB MXG6PXB MX9PXB MX 9PXB
CX AA NE HA HA HA 7 oH HA VXK YA NE HA HA HA 7 pH HA
Control AA3RCE AABRCE AA9RCE AA9RCE Control YA3RCE YAGBRCE YA9RCE YA9RCE
AA NE NE NE 7 days NE YA NE NE NE 7 days NE

Puc. 5. YactoTa cepaeuHbIX COKpPAICHUH Y CTaphIX ¥ MOJIOBIX )KMBOTHBIX IIOCJIC PUTMHUYECKUX XOIOJOBBIX BO3JICHCTBHNI:
HA — BBenenune Hopaapenanuaa; PXB — ceaHChl pUTMHYECKNX XOIOJOBBIX BO3IEHCTBUH (IIM(pa yKa3bIBaeT HA KOJIMYECTBO
CEaHcoB); 7 IH — U3MEPEHUS MPOBEICHBI Ha 7-i1 IeHb Mmocie nmocieanero ceanca PXB.

Fig. 5. Cardiac rate in aged and young animals after rhytmic cold effect: NE — introduction of norepinephrine; RCE —
rhytmic cold effect session (number shows the quantity of sessions); 7 days — the measurements are performed on the 7th

day after the last session of RCE.

[TomoOHbIe siBNeHUS 110 MexaHu3MYy AeiicTBus PXB
Ha UCC BO3MOXXHO OOBSICHHUTH C MO3UIIUI BBEICOKOM
pesucteHTHOCTH ['OB K TpaHCHIOPTY K HEPBHBIM
KJIETKaM HeHPOMEIMaTOPOB, KATEX0JIAMHUHOB, OEITKOB
miaa3Mbl, TOpMOHOB [15, 24, 27-29]. Bricokas
qyBCTBUTENHHOCTH [ Db 1151 3THX BelecTB, 0COOEHHO
HEHPOMEINAaTOPOB, HEMOCTOSSHHA U BO MHOTOM
3aBHCHUT OT ()YHKIIMOHAIHHOT'O COCTOSHHUS OpraH13Ma.
Mper npeanonaraem ydactue I'DOb B MexaHm3Max
perynsauuu ¢usznonorudeckux mnpoueccos B [[HC u
CepAeYHO-COCYyIUCTON cuctembl. Beposthno, PXB
MIPUBOIAT K OTKpEITHIO I'Db 115 HelipoMennaTtopos,
CTUMYJIUPYIOT (DYHKIIMIO BET€TaTUBHOM CUCTEMBI U €€
[JIAaBHBIM MHTErPaToOp — FUIOTalaMyc, YTO KOCBEHHO
noareepxaaeT cHmkenne YCC y KprIc.

B Hammx skcnepuMeHTax, OY€BUJIHO, HAUBBIC-
meMy nuky cHkeHuss YCC cOOTBETCTBYET MaKCHU-
MajbHas nponunaeMocts ['9b, s MK ato 6-e¢ PXB,
a s CXK — 6-e u 9-e, Tak Kak y MOJOABIX Ha 4-e
CyTKH, a Y CTapbIX Ha 7-€ CYTKH ¢ MOMEHTa HaJdajia

and vasodilator effects on smooth muscular fibres of
vascular wall [33, 43].

Conclusions

Content of NO metabolism final products in brain
cortex of young animals was higher than in aged ones.
Application of specific blockers of NO-synthase
synthesis suppressed but L-arginine ligand stimulated
their activity in young and aged animals.

Rhythmic cold effects contributed to the nitrite
content rise in studied tissue samples. We suggested
about an important BBB role in animal adaptation to
RCEs, as well as about NO as an intracellular mediator,
participating in vegetative function regulation.
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TO3a MEAMATOPOB, BIMIIONINX Ha MPOHHUIIAEMOCTH
I'Ob. AxtuBarus ['Ob ctumynupyer HEpBHO-TOPMO-
HanbHble MexaHu3Mbl y CXX u takum oOpa3om He
TOJBKO CTaOWJIN3HMPYET TOMEOCTa3, HO U “OMOJIaKH-
BaeT” ero. MblI cuntaem, uto ¢pyHkuonuposanue [ Ob
KaK OCHOBBI MEJJICHHOW yIpPaBIAIOMIEH CHUCTEMBI
aJjanTallM¥ MO3Ta MOXET OCYIIECTBIATh MPUHIU-
MUAJTBHO HOBBIM KJIACC CUTHAJIBHBIX MOJIEKYJI-TIOCPEA-
HHUKOB, B KOTOPBIX 0co0ast poiib orBoauTcs NO. Okeu
a30Ta aKTUBUPYET CHHTE3 IHUKINYECKOTO T'yaHO3WHA
MoHo(docdara, KOTOPBIH Kak BHYTPHUKIETOYHBIN
MIOCPETHUK PETYIUPYET pabOTy MEMOPaHHBIX HOHHBIX
KaHaJIOB, TAKUM 00pa3oM CIIOCOOCTBYSA aKTHBALUU
CHHANTUYECKUX IIPOIIECCOB, B TOM YHCII€ BHYTPHKIIE-
TOYHOMY HAKOIIJIEHUIO HEMPOMETATOPOB B BE3UKyJIax
U X aKTUBHOMY TpaHcnopty. Oxcup a3ota, odnanas
CBOMCTBaMH JUIOPUILHON MOJIEKYJIbI, CBOOOIHO
IuQPyHaAUpyeT uepe3 KIeTOYHble MEMOpaHbl U, He
HYXJasiCh B pPELENTOpax, NPOHUKAET B COCEIHUE
KJIETKH, Hal[pUMeEp, B 3HI0TEIHAIIbHBIE KIIETKH COCY-
JIOB, BBI3bIBas BA30AMIISATAIIMIO COCYI0B Mo3ra. He mc-
KJIFOYEHO, YTO M3MEHEHUs], HACTYTHBIINE B TKAHIX U
KiieTkax nocie PXB, IpUBOAAT K TOHMKEHHIO YPOBHS
apTepuaIbHOTO JABJIEHUS, KOTOPBIA ONpEeAeIseTcs
OanaHcoM Ba30KOHCTPHKTOPHBIX M Ba30IMIIATaTOPHBIX
BIUSTHUI Ha T71aIKOMBIIIIEYHBIE BOJIOKHA COCYINCTON
cTeHku [33, 43].
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KOpE TOJIOBHOTO MO3Ta Y MOJIOJBIX )KUBOTHBIX OBLIO
BbIILIE, YeM Yy cTaphiX. [IpuMeHeHune cienquduueckux
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k PXB, a Takske NO kak BHYTPUKJIETOUYHOTO IIOCPE-
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