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W3y4anu peakiyio CUCTEMbI, OTBETCTBEHHOM 3a renepanuio NO, Ha KOMOHHAIHIO (aKTOPOB, CO3MAIOLIUX YCIOBHS ISl Pa3BUTHS
HNPUPOJHOTO rurnomeraboan3Ma (TUIIOKCHS, THIIEPKAITHUS, TEMHOTa U HU3Kasi TEMIIEPaTypa) y JKUBOTHOTO, CIIOCOOHOTO BIAIaTh B
3UMHIOIO CIITYKY (XOMSIK) II0 CPAaBHEHUIO C )KUBOTHBIM (KpBICa), Y KOTOPOTO Takas ClocoOHOCTh 0TcyTcTByeT. CoueTaHHOE NeiicTBHe
HapacTalollei TUITOKCHH U THIIEPKAHUH Ha (pOHE OXJIaXICHHS, II0-BUIMMOMY, 3aTparuBast oqHu U Te sxe L-apruaunoBsie NO-myTH, He
HNPUBOAMT K CEPbe3HbIM HapyleHussM ooMeHa NO y ruOepHHUPYIOIINX U HErHOSPHUPYIOLUIUX KUBOTHBIX. OTMEUEHHbIE H3MCHEHHS
HOCST, O4EBU/IHO, 3IalITUBHBII XapaKkTep, B OCHOBHOM HUBEIHMPYIOTCS YKe Uepes 2 4 U OKOHYATeNIbHO — yepe3 24 4 [ociie BO3BPalleHUs
JKUBOTHBIX B HOpMaJlbHbIE yCIOBUA. VICKIIIOU€HHE COCTABIsACT CHUKCHHBIM YPOBEHb HUTPUTA B KPOBHU Y )KUBOTHBIX, CIIOCOOHBIX K
ruOepHaIuy.

Knrouesvie cnosa: oxcun a30ta, rinoMeTab0NIn3M, OXJIKICHUE, THIIOKCHS, TUIIEPKAITHUSL.

BuBuanu peakiiiro CHCTEMH, 110 BiAMOBigae 3a rerepaiito NO, Ha KoMOiHaIi0 GaKkTOpiB, AKi CIPUSIOTH PO3BUTKY MPUPOTHOTO
rinoMeTaboi3My (TiMOKCisl, TinepKarHisi, TeMpsiBa i HU3bKa TEMIIEpaTypa) y TBAPHHHU, 31aTHOT BIAJaTH B 3UMOBY CIUISTUKY (XOMSIK)
y TOpIBHSIHHI 3 TBapuHOIO (LIyp), y KOl Taka 34aTHICTH BincyTHs. [loexnana nist HapocTarouol rinokcii i rinepkamnHii Ha QoHI
OXOJIOJUKEHHSI, OUEBH/IHO, Peai3ylounch uepes Ti K cami L-aprininosi NO-1uIsixu, He IPUBOAUTH 10 CEPHO3HUX MOPYIICHb OOMIHY
NO y TBapuH, 1110 TiOCPHYIOTH 1 HE riOepHYI0Th. Bin3HaueHi 3MiHH HOCATh, Ma0yTh, aAalITHBHUIN XapaKTep, B OCHOBHOMY HiBEIHOIOTHCS
BKe uepe3 2 roJ] i 0cTaTOYHO — yepe3 24 T0/1 Miciist TOBEPHEHHS TBAPUH Y HOPMaJIbHI yMOBHU. BUKIIIOUCHHS CKJIa1a€ 3HUKCHUH PiBEHb
HITPUTY B KPOBi y TBApHH, 3[aTHHUX JI0 ridepHaiii.

Knrouoei cnosa: okcus a3oty, TimoMeTadoImi3M, OXOIOIKCHHS, TIITOKCIs, TiepKaIHis.

The response of NO generated system of hibernator (hamster) and non-hibernator (rat) to the combination of factors (hypoxia,
hypercapnia, low temperature and darkness) that promotes the development of natural hypometabolism has been studied. The
combined action of increasing hypoxia and hypercapnia at the background of cooling is thought to affect the same L-arginine-NO-
ways, but it does not lead to serious disturbance of NO metabolism in hibernators and non-hibernators. All discovered changes were
likely adaptive and in general have been restored in 2 h and leveled in 24 h after animals arousal from the artificial hypometabolic state.

The only exception is the depressed level of NOx content in hamster blood.
Key-words: nitric oxide, hypometabolism, low temperature, hypoxia, hypercapnia.

OTKpBITHE HOBOTO OMOIIOTUYECKOTO PETYIATOPA —
okcuna azora (NO) — cmocoOCTBOBAIO Pa3BUTHIO
0c0o00Tr0 HAMpaBICHUS B PETYISIUH KICTOYHBIX
(GyHKUMI 1 KOMMYHHUKaLUi. DTa MpocTast, HO BBICOKO
s eKTHBHAS MOJIEKYNa, EPBOHAYAIBHO OTKPHITAS
Kak (pakTop pacciabiieHus COCYIOB, BIIOCIEICTBUHU
Obuta uaeHTHQUITMPOBaHA KaK HEWpoIepeaaTanK B
HEHTPANBHOW U epudepryecKoil HEPBHOW CUCTEME,
YYaCTHUK psfa BaXKHBIX OMOJIOTHUECKHX (DYHKIIHH:
3KCIPECCUM I'€HOB, KOHTPOJS BBICBOOOXKICHUS
HEeHpOMenuaTopoB, PErylsiiui TOHYCa MO3TOBBIX
COCYIIOB, TIPOHUIIAEMOCTH TeMaTOdHIIE(DaTnIeCKOro
Oapbepa, mporeccoB oOydyeHus u mamsaru [11, 34],
MHOTHX Mepu(epruIecKux MpoLeccoB, peann3anun

Discovery of nitric oxide (NO), the novel biological
regulator contributed the development of a special
trend in regulating the cell functions and commu-
nications. This simple but highly effective molecule,
discovered initially as endothelium relaxation factor,
was then identified as a neurotransmitter in central
and peripheral nervous system, participant of a number
of important biological functions: gene expression,
control of neuromediators release, tonus regulation in
brain vessels, blood-brain barrier permeability, learning
and memory processes [24, 37].

NO has been recently shown to possess an
important role in the mechanisms for temperature
homeostasis maintenance [18], as well as a hypoxia
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MMMYHHOTO OTBETa OpraHU3Ma, a TaKKe Pa3BUTHUHU
psAlla MaToJOTHIECKUX COCTOsTHUM [24, 37].

HenaBuo Obuto mokaszano [18], uro NO wurpaer
3HAUUTEIBHYIO POJIb B MEXaHU3Max MOAAEpKaHUA
TeMIIEpaTypHOr0 TOMEocTasa, a TakkKe BIMSHUA
TUIIOKCUU Ha MeTaboiu3M, TeMIepaTypy Tejia H
JIbIXaHUE TEIUIOKpOoBHOTO opraHusMma [17]. Ilpen-
[0JIaraeTcs, 4TO TUMOKCHUS 3a CUET MOHMKEHHS
ypoBHS NO B M03Te BeJeT K CMEIIeHHIO ycTa-
HOBOYHOHW TOYKHU (set point) TeMIepaTypHOTO
romMeocrasa. JlaHHOe yTBEp)KI€HHE COTIAcCyeTcs ¢
TeM (aKkToOM, YTO PAa3BUBAIOMIASICSA THUIIOKCHS cama
mo cebe W MpU OAHOBPEMEHHOM IEHCTBHUH XOJOAa
BeJeT K MaJeHUI0 TeMIepaTypbl Teja, BO3MOXKHO,
TaK)XK€ CBA3aHHOMY CO CMELICHHUEM YCTaHOBOYHOMU
TOYKHU TEMIIEPATypHOIo roMeocTasa [3], cIBUr KOTOpoi
paccMaTpUBalOT KaK MPEANOCBUIKY ISl Pa3BUTH
THIIOMETa00IN3Ma, B YaCTHOCTH IPUPOIHOTO [ 19].

TeM He MeHee, TOUHbIE MEXaHU3MBI, C TOMOILBIO
koTopeix NO BiuseT Ha MeTabdoJM3M M TEPMO-
PETYISIIIO B HOPMAJIBHBIX YCJIOBHUAX U TIPU Pa3BUTHH
runoMeTadbonns3mMa, erle He BhISICHEHBI.

B cBsi3u ¢ 3TUM HHTEpEeCHO OBIIO HE TOJBHKO
W3YYHUTh PEaKIUI0 CHUCTEMBbI, OTBETCTBEHHON 3a
redepartiio NO, HO ¥ BBISIBUTh OCOOCHHOCTH OTBETHOH
peaxI OpraHu3Ma, CltocOOHOT0 BIIaaTh B 3UMHIOIO
CIISTUKY (XOMSIK), Ha KOMOMHALMIO (PaKTOPOB, CO3AI0-
LIUX yCIIOBUSA Ui pa3BUTUS IPUPOJHOTO THIIOMETA-
Oosin3Mma (TMITOKCHS, TUTIEPKAITHUS, TEMHOTA U HU3Kast
TeMIlepatypa), M0 CPaBHEHUIO C OPraHU3MOM
XKHUBOTHOTO (KpbICa), Y KOTOPOTO TaKasi ClIOCOOHOCTb
orcyTcTByeT. CienyeT OTMETUTh, YTO 30JI0THCTHIH
XOMSYOK OTHOCHUTCS K MJICKONUTAIOIINM C TakK
Ha3piBaeMOW (haKyJIbTAaTUBHOU CIIOCOOHOCTHIO
BIIa/JaTh B 3UMHIOIO CISAUYKY, OTIIMYAETCS €le U
BBICOKOM yCTOMYMBOCTBIO K BO3IECHCTBUIO HU3KUX
TEeMITepaTyp.

Lens paboThl — n3y4eHne cofiepKaHus KOHEIHOTO
npoaykra oomena NO (aurpurta) B HHC u nepu-
(depuueckux opraHax rMOCpHUPYIOMUX (XOMSK) H
HETHOEPHUPYIOMIHX (KPbICa) JKUBOTHBIX MPH Pa3BUTHH
HUCKYCCTBEHHOTO T'MIIOMETAa0O0IMYECKOrO COCTOSIHUS
(UI'MC) u BBIXOZIE W3 HETO.

Marepuanbl n metoanl

OKCNepUMEHTHl TPOBEICHBI Ha 7-8-MECAYHBIX
KpbIcax-camiax JuHun Buctap maccoit 180-200 r u
5-6-MEeCAYHBIX 30JOTHUCTHIX XOMAKaX-caMmIax
(Mesocricetus auratus) maccoit 85-95 r B 3uMHHIA
niepro. JKUBOTHBIX COJepKali B yCIOBHUSIX BUBAPHA,
OHH TIOJTy4aJId CTaHAAPTHBIA PAIlHOH C 100aBIEHUEM
3epeH MIUEHULBl U CeMsH NoAcojHeuHuka. ['umo-
MeTab0JIMYECKOE COCTOSTHUE BBI3BIBAJIM IO METOIY
Anmxyca-baxmerseBa-/[>kaiis [2]: )KUBOTHBIX B
TePMETUYHO 3aKPBITOM cocyzne (o0bemMoM 3 nm* st
KpBIC U 2 AM® JJI XOMSKOB) IMOMENIald Ha 3 4 B
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effect on metabolism, body temperature and respiration
of endothermal organism [17]. Hypoxia is thought to
result in a set point shift due to NO level fall in brain.
The idea is consistent with the well known fact, that
the developing hypoxia itself and being combined with
cold effect causes the body temperature fall, which
might also be associated with the set point shift of
temperature homeostasis [3], which is also thought to
be the pre-condition for hypometabolism development,
and particularly, a natural one [19].

Nevertheless the exact mechanisms by those NO
influences the metabolism and thermoregulation under
normal conditions and at hypometabolism development,
still remain unclear.

In this concern it was of interest not only to study
the system response responsible for NO generation,
but also to reveal possible peculiarities of an organism
response, which is capable of hibernating (hamster) to
the combination of factors providing the conditions for
natural hypometabolism development (hypoxia,
hypercapnia, darkness and low temperature)
comparing to the animals (rats) in which such a
capability is absent. It should be noted that golden
hamster is related to the mammals with a so-called
optional capability to hibernation and is also
characterized by high resistance to low temperature
effect.

Present work therefore studies the derivatives
content of NO metabolism, nitrite, in CNS and
peripheric hibernating organs (hamsters) and non-
hibernating ones (rats) during an artificial hypo-
metabolism (AHMS) development and on leaving this
state.

Materials and methods

Experiments were performed in winter in 7-8
months’ Wistar male rats with the weight of 180-
200g and 85-95g 5-6 months’ male golden hamsters
(Mesocricetus auratus). Animals were kept in
vivarium with a standard feeding with wheat corns
and sunflower seeds added. Hypometabolic state
was induced using the method of Andjus-Bakhmetyev-
Giaja [2]: animals in a hermetically sealed tank (3dm?
volume for rats and 2dm? for hamsters) were placed
for 3 hours into a dark cold chamber (3-5°C). Under
the effect of developing hypoxia, hypercapnia and
low temperature conditions AHMS was noted to
develop.

Experiments were accomplished in compliance
with “Ethical Principles and Guidelines for Scientific
Experiments on animals”, approved by the 1*
National Bioethics Congress (Kiev, Ukraine, 2001)
and brought into accord with the “European
Convention on Vertebrate Protection, Used for
Experimental and other Scientific Aims” (Strasbourg,
France, 1985).
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TEMHYIO X0J1010BY10 Kamepy (3-5°C). [Tox BnusHreM
HapacTaroIeNCs THITOKCHH, TUIIEPKATHAH U B YCIIOBHSIX
HU3KOH TeMIIepaTypsl CPEabl Y KUBOTHBIX Pa3BUBAJIOCH
UrMc.

OKCIIEpUMEHTHI NIPOBEIEHBI B COOTBETCTBUU C
“O0IMMH STHYECKUMU ITPUHLMIIAMHI SKCIIEPUMEHTOB Ha
JKUBOTHBIX ’, 000peHHbIMY | HartoHaIpHBIM KOHTpec-
coM 1o omoatuke (Kues, Ykpauna, 2001) u cormaco-
BAaHHBIMU C [TOJIOKEHUSIMU “EBponeiickoil KOHBEHIIMU
0 3aIUTE TO3BOHOYHBIX )KUBOTHBIX, MCIIONTB3YEMBIX TS
SKCIEPUMEHTAIBHBIX W APYTUX HAYYHBIX Ienei”
(CrpacOypr, @panrmust, 1985).

’KuBoTHble ObuM pa3duTsl Ha 4 rpynmel: 1 —
koHTponb; 2 — UI'MC (uepe3 3 4 npebriBaHuA B
repMEeTHYHOHN KaMepe Ha X0JI0A¢e); 3 —uepes 2 9 rmoce
UI'MC; 4 — ugepe3 24 4 mocie UI'MC. 3aboii
HUBOTHBIX OCYLIECTBIISUIN ITyTEM JeKaUTALIH.

B criBopoTKe KpoBH, TKaHAX Mo3ra (kopa,
TUIIOTAIaMyC, CTBOJ, MO3KEYOK), JETKHUX, cepaua,
MeYeHH U MoYeK olleHuBanu yposeHb NO 1o conep-
YKaHWIO0 HUTPHUTA (KOHETHOTO Mpoaykra oomMeHa NO)
(hoTOMeTpHUECKUM METOJIOM IO peakiuu lpucca.
OO0pa3npl TkaHel romoreHusupoBanu B Na-gocdat-
HoMm Oydepe, pH 7,4 npu remmneparype 4-6°C, nemnpo-
TEMHU3UPOBaIH 75 MMONL/1 ZnSO, u 55 MMOIB/1I
NaOH B cootnomenunu 1:1:1,2 mo o6beMy cOOTBETCT-
BEHHO, eHTpudyruposanu 15 mun npu 3000 06/MuH
Ha neHtpudyre PC-6; k 200 Mk cynepHaTaHTa
nocienoBarenbHo no6aBmsuin 20 Mk 1%-ro cynb-
¢onamuna u 20 mxa 0,1%-ro N-1-nHapTunrTunen-
nuamuHauruapoximopuna B 5%-m HCI [1]. On-
TUYECKYIO INIOTHOCTh ONpeAessian uepe3 20 MUH npu
540 HM ¢ MOMOIIBI0 MHOTOKaHAJIBHOTO MHUKpPO-
cnektpoporomerpa pupmer “Flow” (Benuko-
Oputanws). [Ipy mpoBeneHNN WCCIIEAOBAHUS HCIIONh-
30Ban N-(1-HaQTHIT)-3THICHIMaAMHHIUTHIPOXIIOPHI,
cynbponamuyg ¢upmel ICN (CIHIA), ocranbHbIe
peareHThl — OTE€YeCTBEHHOTO IMPOU3BOJICTBA.

CratucTtuyueckyio 00paboTKy JaHHBIX IPOBOANIIN
METOI0M OIHO()AKTOPHOTO JUCIIEPCHOHHOTO aHAIM3a
(ANOVA).

Pe3yAbTaThl M 00CyXXAeHHe

Haubonee n1oCcTOBEpHBIM M TOYHBIM METOJOM
onpezaenenus coaepxxanus NO Ha CeroaHAIIHUN JeHb
CUHUTACTCS MPSMON METO U3MEPEHUS KOHIICHTPAITHH
cBobogHoro NO ¢ nomoibio NO-CeJeKTUBHBIX
3JIEKTPOIOB, HO Tak Kak NO sBIIsIeTCSA ra30M C 0YCHB
KOPOTKHUM BPEMEHEM JKHM3HH (HECKOJIBKO CEKyHI) W
BBICOKOH PEaKIIMOHHOM CIIOCOOHOCTBIO, HCIIOJIb-
3YIOTCS pa3IWdHbIe BAapUAHTH U3MEPEHUS €T0
CTaOMIBHBIX METa0OIUTOB — HUTpATa U HUTPUTA.
Opnaxko onpenenseMblii ypOBEeHb HUTPUTA 3aBUCHUT HE
TOJBKO OT aKTUBHOCTH CIIEIIU(UIESCKUX CHHTA3, HO U
OT WX pacIpe/ielieHNsl B pa3IMYHBIX OpTaHaX U TKAHSIX,
a TaKXe OT CKOPOCTH BBIBEICHUSI HUTPUTA MTOYKAMHU.
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Animals of each species were divided into 4
groups: 1 control, 2 AHMS (3 hours of being kept in
a sealed chamber in ice), group 3 (2 hrs after
AHMS), group 4 (24hrs after AHMS). Animals were
decapitated.

In blood serum, brain tissue (cortex, hypothalamus,
stem, cerebellum), lungs, heart, liver and kidneys the
NO level was evaluated using Griss reaction-based
method. Tissue samples were homogenized in
Na-phosphate buffer, pH 7.4 under the temperature
0f4-6°C, 75 mmol/1 ZnSO, and 55 mmol/l NaOH were
deproteinized in 1:1:1.2 ratio correspondingly by volume,
15min centrifuged at 3000 rot/min using PC-6
centrifuge; to 200ul of supernatant there were then
gradually added 20 pl of 1% sulfonamide and 20pl of
0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride
in 5% HCI [1]. Optical density was evaluated 20 min
later at 540 nm using multi-channel, microspectro-
photometer (“Flow”, UK). During the investigation
there was used N(l-naphthyl)-ethylendiamine
dihydrochloride, sulfonamide (ICN production, USA),
the other reagents were of the Ukrainian production.

Statistical processing of the data was ac-
complished using a one-way analysis of variance
(ANOVA).

Results and discussion

Among the methods used for NO content
determination the direct method for free NO
concentration measuring by NO-selective electrodes
is considered as the most significant and precise one,
although as NO is the gas with quite a short half-life
(several seconds) and a high reactive ability, various
methods for measuring its stable metabolites (nitrate
and nitrite, NOx) are widely used. However the NOx
level to determine depends not only on the activity of
specific synthases, but on their distribution in different
organs and tissue, as well as on the rate of nitrite
elimination by kidneys. Nevertheless the estimation of
derivatives concentration of NOx metabolism is thought
to be the most acceptable mark for total NO production
level [35].

Our experiments in non-hibernators showed in norm
nitrite concentration in rats was in general a little higher
in CNS comparing to peripheric organs and made
7.02+0.31 pmol/l and 6.3£0.3 pmol/1 (p<0.01),
correspondingly. When the animals reached AHMS
(body temperature of 16.5£0.5°C) there was observed
a significant nitrite level rise in brain cortex and the
fall in brain stem, liver, kidneys. In other samples
studied no considerable changes were found (Fig. 1),
though the tendency to nitrite concentration rise was
noted in hypothalamus and cerebellum.

After leaving AHMS (in 2 hours, body temperature
of 33.5£0.5°C), there follows the nitrite level rise in
brain cortex, recovery up to the control level in brain

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N21



Tem He MeHee OlleHKa KOHLIEHTpalluu

KOHEYHBIX MPOAYKTOB oOMeHa NO
paccmaTtpuBaeTcs Kak Haubouee
rpreMyieMas OIIeHKa O0IIEeT0 YPOBHS
npoaykuuu NO [35].

DKCIIepUMEHTHI Ha )KUBOTHBIX, HE
CIOCOOHBIX K 3UMHEH CrstuKe (KpbI-
Chl), TIOKa3aju, YTO B HOpPME KOH-
[IEHTpAaI¥s HUITPUTA B CPEAHEM ObLITa
Heckonbko Beimie B [IHC no cpaBue-
HHUIO C IepUPEePUICCKUMU OpraHaMu
u cocrasmna 7,02+0,31 MKMOJIB/I u
6,3+0,3 mxmoup/n (p<0,01) coot-
BEeTCTBEHHO. [IpH MOCTHIKEHUU JKU-
BoTHeiMH UI'MC (Temmeparypa
tena 16,5+0,5°C) Habaromanu ero
MOBBIIIIEHHE B KOpE MO3Ta U CHU-
JKEHHE B CTBOJIE MO3Ta, IIEUYCHH U
moykax. B oCTanbHBIX M3yYEHHBIX
o0pa3iiax n3MeHeHHs He 00HAPYKEHbI
(puc.1), XOTS TeHAEHUUS K MO-
BBIIICHUIO KOHIICHTPAIIMH HUTPHUTA
OTMEUAETCs] B THIOTAIAMYCE U MO3XKEUKE.

ITocne Beixoma 3 UTMC (uepe3 2 41, Temmepa-
typa tena 33,540,5°C) npoucxoasT qaibHEHIINI pocT
YPOBHSI HUTPUTA B KOPE MO3Ta, BOCCTAHOBJICHHE O
KOHTPOJIBHOTO YPOBHS B CTBOJIC MO3T4a, TIOUKAX, [ICUCHU
U cepale, najeHne HUXKe KOHTPOJIBHOTO YPOBHS B
CHIBOPOTKE KPOBU. B OCTAIBHBIX CTPYKTypax Mo3ra
Y IepUQEePHUUECKIX OpPraHax IOCTOBEPHBIX H3MEHEHUH
He HaOmonamu. Yepes 24 4 nocne UTMC ypoBeHb
HUTPUTA HE OTIIMYAJICS OT MCXOJHBIX 3HAYSHUH BO BCEX
oOpa3siax.

WcxonHBIi YypOBEHb HUTPHUTA y KHUBOTHBIX,
CIIOCOOHBIX BIQJIaTh B 3UMHIOIO CISTYKY (XOMSKOB),
TaK)X€ XapaKTepU30BaJICS OTHOCHTEIHbHO PaBHO-
MEpHBIM paclpeesIeHneM 0 CTPYKTypaM MO3ra U
nepudepudeckuM OopraHaM ¢ HE3HAYHTEIbHBIM
npeobaganuem B LIHC (3,25+0,5 MKMOJIB/J1 IPOTHB
2,86+0,2 Mxmoib/i1, p<0,04). OgHako MOrpyXeHUE B
UI'MC y XOMSIKOB O CPaBHEHHWIO C KPhICAMH HE
BBI3BIBAJIO N3MEHEHH KOHIICHTPAIH HUTPHUTA BO BCEX
M3Yy4EHHBIX 00pa3nax. VckioueHrne cocTaBuII JHIIb
CHIDKEHHBIN YPOBEHb HUTPHUTA B JIETKUX U CHIBOPOTKE
KpoBH (puc. 2).

B oTnuume oT KphIC XOMSKH HAaYMHAIOT Pa3orpe-
BaThCS Cpasy JKe MOCie BO3BPAIICHUS B HOPMAIIbHBIC
YCIIOBUS CPEIBl, 9TO, BEPOATHO, CBUIETEIBCTBYET O
COXpaHEHUHU aKTHBHOCTHU CHCTEMBI TEPMOPETYIISIITHH.
Uepes 2 1 mocie UI'MC ypoBeHb HHUTPHUTOB B
CBIBOPOTKE KPOBH H JIETKMX BO3BPAIIAJICS K HCXOIHBIM
3HAYCHHUSM, IIPU 3TOM B OCTAJbHBIX TKaHSIX €ro
KOHIICHTpAIUs HE OTIWYallach OT KOHTPOJBHBIX
BEJTMYHH.

UYepes 24 4 oTMEUanoch HEKOTOPOE CHHKEHUE
HUTPHTA BO BCEX M3YUEHHBIX 00pa3Iax (pa3indus He

KoHueHTpaumsi, mkM/n
Concentration, uMol/l
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2 3 4 5 6 7 8 9

Puc.1. Coneprxanne KOHEUHBIX IPoAyKTOB 0OMeHa NO B CTpyKTypax Mo3ra 1
nepudeprueckux opraHax y Kpeic. 1 — Kopa mMo3ra; 2 — rumnoragamyc; 3 —
MO3X€4OK; 4 — CTBOJI MO3T'a; 5 — CBIBOPOTKA KpOBH; 6 —Jierkue; 7 —cepaue; 8—
neyeHb, 9 —nouxu. M- koutpons; A—NIT'MC; O—yepe3 2 y nocnie UTMC; B -
yepe3 24 1 nocne UTMC.

Fig.1. NO derivatives level in brain structures and peripheric organs in rats.
1 — brain cortex, 2 — hypothalamus, 3 — cerebellum, 4— brain stem, 5 — blood
serum, 6 — lungs, 7 — heart, 8 — liver, 9 — kidneys. Bl —control; - AHMS; 00—
2 hrs after AHMS; BH— 24 hrs after AHMS.

stem, kidneys, liver and heart, and the decrease
lower than the control level in blood serum. No
significant changes were observed in the other brain
structures and peripheric organs.

In 24 hours after AHMS the nitrite level did not
differ on the initial values in all the samples.

Nitrite initial level in the animals capable of
hibernating (hamsters) was characterized by a
relatively even distribution along brain structures and
peripheric organs with a slight domination in CNS
(3.2520.5 pmol/l versus 2.860.2 pmol/l, p<0.04).
Comparing to rats, however, entering AHMS in
hamsters did not cause significant nitrite concentration
variations in all the samples studied. The only exception
made nitrite level in lungs and blood serum (Fig. 2).

Hamsters in contrast to rats started warming up
immediately after returning to normal environment
conditions, that is thought to be the proof that
thermoregulation system remained active. In two hours
after AHMS nitrite level in blood serum and lungs
returned to the initial values, while in other tissues it
showed no significant difference comparing to the
control values.

Twenty four hours later there was noted a slight
nitrite decrease in all the samples studied (differences
are not significant versus control), except blood serum,
where the fall was statistically significant.

Thus AHMS in rats and hamsters was shown not
to cause irreversible changes in NO homeostasis-
responsible system. Presented data demonstrate
AHMS slightly impairs the metabolic balance between
NO synthesis and breakdown. All the described above
changes are of a reversible character, stable tendency
to normalization and nearly all return to the base line
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JOCTOBEPHBI TI0 OTHOIIIEHHUIO K KOHTPO- S
JI10), 32 MCKJIIOYEHHUEM CBIBOPOTKH
KpOBH. 4

Takum obpazom, UT'MC y kpeic u
XOMSIKOB HE BBI3BIBACT HEOOPATHMBIX
HU3MEHEHUH B CUCTEME, OTBETCTBEHHOU
3a romeoctaz NO. U3 nmpuBeneHHbIX
naHHbpIX BHOHO, uTo MI'MC He3Ha-
YUTETHHO HAPYIIAET META0OINIECKHI
OamaHc MeXay MPOAYKIMEeH U pas3py-
menueM NO. Bce BhIeonmucanHbie
W3MEHEHUS HOCAT OOpaTHMBIA Xapak- 0
Tep, UMEIOT yCTONYHBYIO TEHACHITHIO K
HOpMAaJTU3aIiH, ¥ B OCHOBHOM, HUBEIIHU-
pyroTcsa depe3 24 4 mocie BO3ACH-
CTBUS, 32 UCKIFOUCHHEM CBHIBOPOTKH
KPOBHU Y XOMSIKOB.

OCHOBBIBasICh TOJILKO Ha aHAJHU3E
M3MEHEHUN KOHIICHTPAIUU KOHEYHBIX
npoaykroB oomerna NO 0e3 MCIONb-
30BaHMs crieruduyecknx 0JI0KaTOpPOB
pasnuunbix popm NO-cuntaz (NOS) u
OIpeJelIeHUsl YPOBHSI UX CHUHTE3a, HEBO3MOXKHO
OTIMCAaTh JIETaIbHbIE MEXaHHU3MBl PETYIHUPOBAHUS
obmena NO u yuactus NOS B peanuzanuu oTBera
OpraHu3Ma Ha KOMOMHHPOBAHHOE JIEHCTBIE TUIIOKCHH,
runepkanauy 1 xonoxa. OJHAKO MOXHO Tpe.-
MOJIOKHUTh, YTO 3TOT MIPOLIECC B TOM MIIM MHOM CTENEHU
3aTparuBaeT BCE 3BEHBS peryisaiuu oomeHna NO.

B Hactosmee Bpems u3zBecTHo, uTo NO B
opraHm3Me o0pa3yercs U3 aMUHOKUCIIOTHI L-apruanHa
o/ IeHCTBUEM cTepeocnennuueckux (HepMeHTOB
(NOS) nyteM nmpHucOeIMHEHHUS MOJIEKYIAPHOTO
KHCJIOPO/ia K KOHIIEBOMY aroMy a30Ta B T'yaHHIUHOBOH
TPYIITE ¥ META0OIM3UPYETCS B HUTPATHL, HUTPUTHI WIIH
nepokcuHATPHT [36]. NO-cuHTa3bl OBIBAIOT HEHMpo-
HanbHbie (NNOS i bNOS, NOS-I), makpodarains-
ubie (INOS wm mNOS, NOS-II) u sngorennansHbIe
(eNOS umum NOS-III) [16]. Kaxgas u3z NOS
MOJIpa3/iessieTCs Ha ABa MOJTUIIA — KOHCTUTY THBHBIN
Y HHIYTIHOMITBHBIH, 3a nckitoueHrneM mNOS, koTopas
OBIBaET TONBKO MHAYIUOWIBbHON. KOHCTUTYTUBHBIE
NOS (cNOS), pyHKIHOHAIBHO CBA3aHHBIE C IUIa3Ma-
TUYECKON MeMOpaHOM, DKCIIPECCUPOBAHBI TOCTOSHHO
1 oOecrieunBaroT OazanbHoe ocBoOoOxneHue NO.
AKTUBHOCTB 3THX ()EPMEHTOB MOXKET H3MEHSTHCS
nonx BosaelcTBueM ctpecca [36], runokcuu [10],
reMOJAMHAMHYECKOTO cTpecca casura [15] u ap.
HNunymubmisaas NOS (iINOS) axcnipeccupyeTcs mo1
BIIUSIHUEM IIUTOKWHOB M 0aKTepUATBHBIX JTUTIOOIH-
caxapujioB, Ha 4To Tpebyercs 4-6 4. OHa oOpasyer u
obecrieynBaeT JIITUTENBHOE BBIJCICHHE OOJBIIOTO
konudecTBa NO aKTHBHPOBAaHHBIMH Makpogdaramu,
HEeUTpodUIIaMU, COCYIUCTHIM SHIOTEINEM, MUKPO-
IMAIbHBIMU KIETKaMHU, acTporuTamu [26]. Cunuraer-
csa, uto uMeHHo iINOS u oOpasyromuiics mojn ee

N »
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Puc.2. Coneprkanue KOHEUHBIX TPOayKTOB 0OMeHa NO B CTpyKTypax Mo3ra
1 niepruepuIeCKUX OpraHax y XOMSKOB: | — Kopa M03ra; 2 — THIIOTalIaMyC;
3— MO3%e40K; 4 — CTBOJI MO3ra; 5 — CBIBOPOTKa KpoBH; 6 — jerkue; 7 —
cepaue; 8 — neyens; 9 — mouku. M — xouTpons; A—- MI'MC; O —uepe3 2 u
nocne UT'MC; H —uepe3 24 1 nociie UTMC.

Fig. 2. NO derivatives level in brain structures and peripheric organs in
hamsters. 1 —brain corte; 2 — hypothalamus; 3 — cerebellum; 4— brain stem;
5 —blood serum; 6 — lungs; 7 — heart; 8 — liver; 9 —kidneys. ll —control; E2—
AHMS; O - 2 hours after AHMS; B— 24hrs after AHMS.

24 hours after the effect except blood serum in
hamsters.

Basing only on the analysis of concentration
changes for NO derivatives without using the specific
blockers of various NO-synthase (NOS) forms and
not determining their synthesis level, it is impossible to
describe the detailed mechanisms of NO-metabolism
regulation and NOS participation in an organism
response realization to hypoxia, hypercapnia and cold
combined effect. We may conclude however that this
process is relevant in a certain extent to all the
regulation links of NO metabolism.

Nowadays NO is known to form of L-argynine
amino acid in an organism under the effect of NOS-
stereospecific enzymes by attaching molecular oxygen
to the nitrogen atom in a guanidine group and to be
metabolized in nitrates, nitrites either peroxynitrite [36].
There are neuronal NOS (nNOS or bNOS, NOS-1),
macrophagal (iNOS or mNOS, NOS-II) and endo-
thelial ones (eNOS or NOS-III) [16]. Each of NOS is
subdivided into two subtypes: constitutive and inducible,
except mNOS, which can be inducible only. Consti-
tutive NOS (cNOS) which are functionally bound to
plasma membrane, are constantly expressed and
provide basal NO release (pmol). These enzymes’
activity may change under stress effect [36], hypoxia,
hypodynamic shear stress [ 15] etc; while the inducible
one is expressed under the effect of cytokines and
bacterial lipopo-lysacharides, that needs about 4-6 hrs.
It forms and provides a long-term release of large (nm)
NO amounts by activated macrophages, neutrophiles,
vascular endothelium, microglial cells, astrocytes [26].
iNOS itself and NO being formed under its effect are
thought to play the main role in suppressing bacterial
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rusHIEM NO HrparoT IIaBHYIO POJIb B MTOJABICHUN
AKTUBHOCTH OaKTE€PHAIBHBIX M OMTyXOJEBBIX KIETOK
myTeM OJOKHPOBaHMSA HEKOTOPHIX UX (PEPMEHTOB, B
Pa3BUTHH apTEpUAILHON TMIIEPTEH3UH, HAPYLIEHUH
MPOLECCOB MEPEKUCHOTO OKHUCIEHUSA JUMHUIOB,
Pa3BUTHH M MOJAEPKAHUM APYTHUX MATOJOTUYECKUX
npoieccoB, ocobeHHo B moukax [21]. OagHako
M3BECTHO, YTO YPOBEHb dKcIpeccuu reHoB eNOS un
nNOS mMoxeT ObITh HHIYLIIMPOBAH PSIIOM CTPECCOBBIX
peaknuii (reMoAWHAMUYECKHHA CTpPEecC CIABUTA,
MTOBPEXIEHUE HEPBA U 1p.) U, Ha0060poT, INOS MoxeT
(YHKIIMOHHPOBATH KAK KOHCTUTY TUBHBIN (DePMEHT TIPH
(hM3HOTOTUIECKUX COCTOSHHSX B HEKOTOPBIX KIJIETKaxX
[20].

IIpu sTom HazBanug NOS He oTpaxaroT MecTa ux
CTpOroi Jiokanu3anuu. Tak, KIETKH MO3ra MIIEKO-
MUTAIOLIUX colepKaT Bce Tpu uzopopmbl NOS,
WMHOTZIAa PAaCIOJIOXKEHHBIE B OJHUX M TEX )K€ KIETKax
[11]: manpumep, eNOS mupoko pacnpocTpaHeHa B
HEPBHOM cUCTEMeE, I1e €€ aKTUBHOCTH MOXKET OBITh B
psne ciydaeB Jake BBIIIE, YEM B JHIOTEIHOIUTAX.

B pasnuuHBIX OTAENAaX MOYKH TakKe IpPeNICTaB-
nensl Bce Tpu n3opopmel NOS 1 ipoayupyemslii ¢
nx ygactueM NO urpaet ofHy U3 KIIIOYeBBIX POJIei B
ee usuonoruu [8], sBISASACH BAKHBIM PETYISATOPOM
MTOYEYHON TeMOAMHAMUKH U TTIOMEPYIISIPHON (PHITBTpa-
LM, UHTUOUPYS TPAHCTIOPT HATPHSI U yBEIMYHMBASI €TI0
9KCKpeuuio. B cepaue Takxe oOHapy>KeHBI BCE TPH
tuna NOS. Okcuj a3oTra, BBIACISICMBIN dHIOTE-
JIMATbHBIMU KJIETKaMHU CEpAlla, IIyTeM IOBBIIIECHUS
BHYTpPUKJIETOUYHOU KOHIeHTpanuu ul M® obec-
MEeYMBACT KOHTPAKTHIbHYI0 (QYHKLHIO MUOKapAa,
YCWINBAs peJlaKCcaluio JKEIyJOYKOB, YBEIUUNBAET
IMACTOJINYECKYI0 PACTSKUMOCTh M MMEET Upe3-
BBIYAIfHO BAYKHOE 3HAYEHHUE B OCYIIECTBICHUH O-ajpe-
HEPTrUYeCKOr0 HHO- U XPOHOTPOITHOTO OTBETOB [27].

B sHaoTenuanbHbIX KIETKaX JIETOYHON apTepuu U
BeHsl NO ob6pasyercs moja BausiaueM cNOS. B
JPYTUX KIIETKaX JIETKUX, CIOCOOHBIX BHIPaOATHIBATh
NO, npexacraBiena skcupeccus iNOS, B npixa-
TenbHBIX MyTAX cNOS xapakrepusyercsi BICOKON
roMosiornyHocThIo K iNOS [12].

XapaKTepHbIMU pEaKkIUsIMU OpPraHH3Ma JKUBOT-
Horo Ha norpyxenue B UI'MC, nocruraemoe mno
metony Anmxyca-baxmerneBa-/[xaiis [2], Hapany
¢ 3¢ (eKTUBHBIM MOJAaBICHNEM BCEX BUIOB XUMHUIEC-
KOM TepMOperyssuu (Kak COKpaTUTEIbHOTO, TaK U
HECOKPATUTEJILHOTO TEepMoOTeHe3a [5]) u 3Hadm-
TEJbHBIM CHIDKEHHEM TeMIIepaTyphl Tela, SABISI0TCS
nanenue pH (¢ 7,4 no 6,8), pa3BUTHE pecIHPaTOPHOTO
aumnnosa (pCO, noseimaercs B 5-6 pas) u Top-
MOXEHHE MOTJIOUIEHHs] KUCIOpoAa TKaHsIMHU (10
CpPaBHEHHUIO C THIOTEPMHUEH A0 TAaKOH Ke TeM-
neparypsl), YTO MOKET HETTOCPEJCTBEHHO BIMATH Ha
obpazoBanue NO u, Kak cecTBue, HUTpuTa. Tak Kak
yMeHblieHHe pH NpuUBOAMT K 3HAYUTEIBHOMY
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and tumor cells activity by blocking certain enzymes,
in arterial hypertension development, impairment of
lipid peroxidation processes, in development and
maintenance of other pathological processes,
particularly in kidneys [21]. It is known however that
the level of gene expression as well as eNOS and
nNOS may be induced by a number of stress reactions
(hemodynamic shear stress, nerve damage etc) and,
in contrast, iNOS may function as a constitutive
enzyme at physiological states in some cells [20].

NOS names do not reflect the site of their exact
localization thereat. Mammalian brain cells has all three
NOS isoforms, located sometimes in the same cells
[11]: eNOS, for example, is widely spread in nervous
system, where its activity may even be higher in the
number of cases, than in endotheliocytes.

In different kidney compartments there are also
presented all the three NOS isoforms and NO produced
with their participation, plays one of the major roles in
its physiology [8] being an important regulator of kidney
hemodynamics and glomerular filtration, by inhibiting
sodium transport and increasing its excretion.

In heart there were also found all the three NOS
types. NO released by endothelial heart cells by
increasing an intracellular cGMP concentration
provides myocardium contractile function by increasing
the relaxation of ventricles, increases diastolic tensility
and is indispensable in realization of a-adrenergic
ionotropic and chronotropic responses [27].

NO is formed under the effect of eNOS in
endothelial cells of lung artery and vein. In many other
lung cells capable of producing NO there is presented
iNOS expression, in respiratory tracts cNOS is
characterized by high homologic characteristics to
iNOS [12].

Fall of pH (7.4 to 6.8), respiratory acidosis
development (pCO, is 5-6 times increased) and
inhibition of oxygen adsorption by tissues (comparing
to hypothermia up to the same temperature) are known
to be peculiar responses of an animal organism to
entering into AHMS reached using Andjus-Bakhme-
tyev-Giaja method [2] along with effective suppression
of all types of chemical thermoregulation (both
shivering and non-shivering thermogenesis [5]) and
considerable body temperature fall, that may directly
affect the NO formation and, as a result, nitrite
formation. As according to the paper [14] pH fall
causes a significant reduction of NOS activity
associated with the sensitivity decrease to Ca?" ions
from one hand and a tight dependence of the processes
of NO synthesis and breakdown upon the presence of
oxygen both free and the one bound with hemoglobin,
from another hand [32], we may expect a considerable
fall in the level of NO derivatives. However the
processes of NO metabolism only in brain stem, liver
and kidneys in rats and also for hamsters in lungs and
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mageHnio aktuBHOCTH NOS [14], cBsi3aHHOMY C
MOHMKCHUEM YYBCTBUTEIBHOCTH K HoHam Ca*’, ¢
OJTHOM CTOPOHBI, 1 CUIIBHOW 3aBUCHMOCTBIO IIPOLIECCOB
cuHTe3a u pacnaga NO oT Hanuuus KUCIOpoJa Kak
CBOOOAHOTO, TaK M CBA3aHHOIO C TeMOITIOOMHOM, C
Ipyroi [32], MOXKHO OBLIO OBI OXKUAATh 3HAYUTEIHHOTO
CHIDKEHHS YPOBHS KOHEUHOTO Ipoxykra oomena NO.
OnHako 3aBUCHUMBIMHM OT BBIIIENEPEUYNCICHHBIX
(hakTOpOB B HAIIMX HCCIEAOBAHUAX, BO3MOXKHO,
SIBIISIIOTCSL TOJIBKO Tiporiecchl oOmeHa NO B cTBojIe
MO3Ta, NEYEeHW M MOYKaxX y KpbIC, B JIETKUX U
CBIBOPOTKE KPOBH y XOMSKOB. Ipn aTOM MOmymnsus
aktuBHOCTH NOS B mpenenax ¢puznonorndeckux pH
MOJKET MPEACTABIATH BAKHBINA U OBICTPBIA MEXaHU3M
KOHTpOJs oOpa3oBanuss NO BO BpeMs IEpEXOA0B
HOPMOKCHSI-aHOKCHS U oOpatHO[14].

I'mnokceust cama nmo ceGe MPUBOOUT K Pa3BUTHIO
runoMeTadonu3mMa U TMIIOTEPMUU y MHOTHX Opra-
HHU3MOB OT MPOCTENIINX A0 MIEKOMHUTAIOIHUX, IO
KpaiiHell mepe, yacTuuHO cBs3aHHbIX ¢ NO [10, 17].
OTMeuyeHHbIE TIPH 3TOM YBEIHYEHHE KOXKXHOTO
KPOBOTOKa M TOBBIIICEHHE TEMIEPaTypbl KOXH,
BEPOATHO, perynupytorcsa BausaueM NO Ha HEHTPHI
TEPMOPETYISAINU. B To xe Bpems HpHu THIOKCHH,
OYEBHTHO, IPOUCXOANT CHIDKEHHE TEMITEPATYPHOIL set
point xKak cieacTBue ymenbineruss NO B Mo3re, 4To
MOJKET OBITh CBA3aHO C UHTUOUPOBAHUEM aKTUBHOCTH
NOS [30].

Tak xak NO cnocoOCTByeT akKTHBHOU Ba3oau-
JIATAIUY U SBISETCS OJTHUM U3 OCHOBHBIX (DAKTOPOB,
PETYIHPYIOMUX KPOBOTOK M KOHTPOJUPYIOLIHX
OazanpHOE apTepuanbHoe naBieHue [13], To oTme-
YEHHBIA HAMU MOBBIIICHHBIN YPOBEHb HUTPUTA B KOPE
MO3Ta KPbIC MOXET OTpa)kaTh IEHTPAITU3AIHIO
KpOBOOOpAIIeHNs, HAIIPaBIEHHOTO Ha O/ Iep KaHNe
KpOBOTOKa 4epe3 3Ty CTPYKTYypy MO3ra.

l'umokcus momasiseT U Tpanckpumuto reHa eNOS
u ctabuiapHOCTE ee MPHK [25], uTo B coBOKyITHOCTH
C IIOHMIKAOILEHCS TEMIIEPATypOH MOKET IPUBOJUTH
K MaJCHUIO CONEPKAHUS KOHEUYHBIX MNPOIYKTOB
obomena NO u CBHAECTEIHCTBOBATH O YaCTHYHOU
Ba30KOHCTPUKIHUU WU HAPYUICHUU SHAOTEIUM-
3aBUCHUMOM peaKCcaluu COCYIOB.

OpnHako Npu NPOJIOHTUPOBAHMM THUIOKCUU [29],
HA000POT, OTMeYaIn yBennueHue sxcrpeccud nNOS
u ioBeIeHue copepkanns NO. CyIiecTByeT MHCHHE,
YTO yBeIHYeHHE cUHTe3a HedWpoHambHOro NO B
WIIEeMU3UPOBAHHOM MO3re ycyryOisieT MmOoBpex-
Jaroliee AecTBHE TUIIOKCHH, TOT/Ia KaK MOBBIIICHNE
aKkTUBHOCTH YHpoTennanbHoii NOS mMeeT moJI0XKH-
TEeIbHOE BJIUSHHE, B MEPBYIO OYepenb, 3a CUET
AKTUBHOM Aunstaiuu cocynos [22]. CrenoBarenbHo,
MO>KHO IIPE/IIIOJIOKUTh, YTO B HAIIEM CITy4ae UMEHHO
saporenuanbaast NOS B OoJIblIEl CTENEHN CIIOCO0-
CTBYET YBEJIMYCHUIO KOHEYHBIX MPOIYKTOB OOMEHa
NO B kope Mo3ra y KpbIC.
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blood serum are thought to be dependent upon the
mentioned factors, while NOS activity modulation
within the limits of physiological pH may represent an
important and quick mechanism of NO formation
control during the normoxia-anoxia transitions and vice
versa [14].

Hypoxia itself results in hypometabolism and
hypothermia development in a number of organisms
from protozoa to mammals, associated at least partially,
with NO [10, 17]. Occurred thereat increase of skin
blood flow and skin temperature rise are probably
regulated via NO influence on thermoregulation
centers. At the same time temperature set point fall at
hypoxia as a result of NO reduction in brain is thought
to occur, that may be associated with NOS activity
inhibition [30].

As NO promotes active vasodilatation and is known
to be one of the major blood flow regulating factors
and which controls basal arterial pressure [13], the
noticed increased nitrite level in rat brain cortex may
reflect blood flow centralization directed to blood flow
maintenance via this brain structure.

Hypoxia is also known to inhibit eNOS gene
transcription and stability of its mRNA [25], that in
combination with the decreasing temperature may
result in the fall of NO derivatives content and testify
to a partial vasoconstruction or at least, to the impair-
ment of endothelium-dependent vessel relaxation.

In contrast, when prolonging hypoxia, however
[29], we noted the rise in nNOS expression and NO
content increase. There is an idea, that increasing the
synthesis of neuronal NO in ischemic brain aggravates
the damaging effect of hypoxia, while the rise in
endothelial NOS activity shows a positive influence,
first of all, due to active vessel dilatation [22]. It may
be supposed therefore that endothelial NOS itself
promotes in a greater extent the rise in NO derivatives
level in rat brain cortex in our case.

The fall in the content of NO derivativesin liver
and kidneys in our experiments may also be reflected
by NOS activity decrease in response to oxygen
concentration fall (the latter is NOS co-substrate), that
may result in blood flow slowing in these organs and
cause Na" excretion decrease and water delay in an
animal’s organism being in hypometabolic state [5].
Urine formation decrease is also characteristic for a
natural hibernation [2].

It should also be noted that heart activity suppression
(heart rate fall 360 to 80 beats/min) peculiar for
hypometabolic state development, correlates in our case
with nitrite content decrease in heart. This could be
stipulated by the dependence of a-adrenergic of ino-
and chronotropic responses upon NO level in
cardiomyocytes [27].

As for iNOS activation certain time is needed (4 to
6 hrs) we might suppose that constitutive NOS (nNOS
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[Nagenue comepxaHUsS KOHEYHBIX MPOAYKTOB
obMena NO B meuyeHW W MOYKax B HAIIMX JKCIIC-
pUMEHTax, BEPOATHO, OTPa’kaeT yMEHbUICHHUE
aktuBHOCTH NOS B OTBET Ha NaJ€HUE KOHIICHTPALIUU
KHuciaopoaa (MOCIeIHUH SBISIETCS KOCyOCTpaToOM
NOS), 4To MOXET HPUBOIUTH K 3aMeIJICHUIO
KpOBOTOKa B 3THX OpraHax M BBI3BIBATh B IOYKaX
yMEHbILIEHUE 3KCKpeuuu Na* U 3aJep>KKy BOIBI B
OpraHu3Me XUBOTHOTO, HAXOZSIIEroCs B TUIIOMETa-
0OIMIEeCKOM COCTOSTHUH [5]. YMeHbIeHne Mmoueobpa-
30BaHUS XapaKTEPHO U JIJIsl ECTECTBEHHOM CIISTUKH [2].

CrnexyeT OTMETHTbH, UTO YTHETEHHE aKTHBHOCTH
cepana (3ameayieHue 9acTOThI CEPJIEYHBIX COKpallle-
Huii ¢ 360 10 80 yn/MuH), XapaKTepHOE JJIs Pa3BUTHS
TUIIOMETa00NMYECKOTO COCTOSHUSA, KOPPEIUPYET B
HallleM CiIy4ae ¢ MaJeHueM COJIEpXKaHUs HUTPUTA B
cepane. OT0 MOXKET OBITH 00YCIIOBIEHO 3aBUCHU-
MOCTBIO OI-aIp€HEPTHYECKUX HHO- U XPOHOTPOITHOTO
0TBeTOB 0T ypoBH:A NO B kapauomuonurax [27].

Tak xak qis aktuBanuu iNOS Tpebyercs ot 4 110
6 9, MO’XKHO OBLITO OBI IPEAITOIOKUTh, YTO BETY UMM
B M3MEHEHHH KOHIEHTPAIlMH KOHEYHBIX MPOIYKTOB
cuaTe3a NO, mo kpailHeli Mepe Ha 3Tarne pa3BUTHUS
UI'MC, sasnstorea konctutyTrBHBIE NOS (nNOS 1
eNOS), u, BIIOJIHE BEPOSITHO, uepes 2 1 nociie MT'MC
Bkian iNOS B HakomjIeHHWE HUTPHUTOB MOT OBl
BO3pacTaTh U ONpPENEIATh B AAJBHEUIIEM ypOBEHb
0o0pa3oBaHMs KOHEUHBIX MpoaykToB oomena NO. U
XOTS HEJb3s OTPHLATh BKJIAJa aKTUBALIMM MUMEHHO
iNOS B 3TOT mepuon, clieyeT OTMETUTh IJIHIIb
HOpMAaJIM3aLMI0 YPOBHS HUTPUTA B U3yUEHHBIX TKAHIX
yepe3 24 4 nocine UI'MC.

HecMoTpst Ha TO, 4TO pa3JIMYHBIE 3BEHbS pe-
rymsinun Metadonuzma NO 1 MOTYT Hapymarbes Ipu
KpaTKOBPEMEHHBIX THMIOKCUYECKUX BO3AECHCTBHUSX,
aktuBaruu iINOS He Habmomaercs (mHAyKIusa iNOS
MPHK u akTHBHOCTB €€ OEIKOBBIX MPOIYKTOB
YCTOMYMBBI K runokcuu npu pO,> 32 mm pr. ct.) [7],
TP 3TOM OCTAETCsI HEU3BECTHBIM, SIBJISIFOTCS JIM TAKHE
OMOJIOrMYECKHEe YPOBHU TMIIOKCHHU AOCTATOYHBIMU IS
HapyeHus cuareza NO iNOS u3 L-apruauna.

Bonee Toro, nmokaszano [33], uto ypoeHp NO B
MO3T€ BO3PacTacT HE BO BPEMsI MILIEMUH, a B IIEPUOJT
penepdy3un, Ipu4eM ypoBEeHb KPOBOTOKa B MO3TE,
colepXaHue JaKTaTa ¥ BOABI OCTaBajoch 0e3
n3meHennii. Ogaaxo B pabore [12] ormMewaercs, 4To
o0m1asi akTUBHOCTh BHOBb CHHTE3MPOBaHHBIX NOS
ObLIIa TIOZIABTICHHOMW B IIEPUO]T UIIEMHUH-PENIepPy3HU.

W3 npencraBieHHBIX HAMU PE3YJIBTATOB CIEAYET,
YTO POCT COJIEP’KAaHUSI HUTPUTOB (KPOME CBIBOPOTKHU
KpOBH, TZI€ yPOBEHb HUTPHUTA CHIDKEH) Yepe3 2 4 110cIie
NI'MC, no xpaiiHeil Mmepe, 0Tpa)aeT BOCCTAHOBIICHHE
HOPMAaJIbHOTO (PYHKIIMOHUPOBAHHUS CUCTEMBI OOMEHa
NO.

l'unepkanHus Takxe MPUBOOUT K THIOTEPMHU Y
MHOTHX BUJOB IMO3BOHOYHBIX [9], HO MeXaHU3M
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and eNOS) are leading in changing the concentration
of NO derivatives synthesis, at least at the step of
AHMS development, and it is quite possible that 2 hrs
after AHMS the iNOS contribution in nitrites
accumulation may increase and determine in future
the level of NO derivatives synthesis. And if we
shouldn’t neglect the activation contribution of namely
iNOS at this period, we should only note the nitrite
level normalization in studied tissues in 24 hrs after
AHMS.

Also, even if different regulation links of NO
metabolism may be destroyed at short-term hypoxic
effects, no iNOS activation is observed (mRNA iNOS
induction and activity of its protein products are
hypoxia-resistant at PO_>32mm mercury column) [7],
while it is still unclear whether such biological levels
of hypoxia are sufficient for impairment of NO iNOS
synthesis of L-argynine.

NO level was shown to increase [33] in brain not
as aresult of ischemia, but during re-perfusion, while
the blood flow level in brain, lactate and water content
remained unchanged. The work [12] demonstrated the
total activity of newly synthesized NOS remained
suppressed during the period of ischemia-reperfusion.

Noted by us rise in nitrite content 2 hours after
AHMS (except blood serum where their fall is noted)
is thought to reflect the recovery of normal functioning
of NO metabolism system.

Hypercapnia is also known to cause hypothermia
in a number of vertebrate animals [9]. Although the
mechanism of hypercapnic hypothermia de-velopment
may differ on hypoxic hypothermia, though is it
supposed that in both cases L-argynine-NO-pathways
are involved in thermoregulation system, as well as
central ones, which shift the set point down to the
lowest level in golden hamsters [23].

Other authors think hypercapnia does not noticeably
influence metabolism even at low temperature and its
effect considerably differs on hypometabolic response
to hypoxia [31].

As for the cooling factor, the temperatures used
and the effect duration result, first of all, in the activation
of thermoregulation system [4] and, as our work has
demonstrated [6] do not cause a statistically significant
fall in the level of NO derivatives(except blood serum
where the nitrite level significantly decreased), this is
consistent with the data on the absence of NOS activity
changes at short-term cold effects [28].

Conclusions

Thus a combined effect of an increasing hypoxia
and hypercapnia on the background of cooling is
thought to cause no serious NO metabolism
impairments in both hibernating and non-hibernating
animals by affecting the same L-argynine NO-
pathways. The changes noted are probably of
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Pa3BUTHS TUMEPKAMTHHYECKON THMOTEPMHH MOXKET
OTINYATHCS OT TAKOBOTO IMPU THUIMOKCHUYECKOH
TUIOTEPMHUH, XOTS MpeArnonaraercs, 4ro B 000ux
ClIy4asX B CUCTEMY TEPMOPETYISALUN BOBJIEKAIOTCS
L-apruannoBbie-NO-IyTH, B TOM YUCIIE IEHTPAIIBHEIE,
CABHTArOIIMeE set point K HIXKHEMY YPOBHIO [23].

OtmeueHo, [31], uTo runepkanHusa He OKa3bIBAcT
3aMETHOTO BIUSHMS Ha METa00IM3M Aaxe PU HU3KOH
Temreparype u ee SQQGEeKT 3HAYUTEINBHO OTIUIASTCSI
OT TUTIOMETAa00IMYECKOTO OTBETa Ha TUITOKCHIO.

Hcnonp3oBaHHBIE HAMH TeMIIepaTypa W IJIH-
TENBbHOCTh BO3JIEMCTBHS MPUBOASAT K aKTHUBAIUU
CHCTEMBI TePMOpETyasuuu [4] U He BBHI3BIBAIOT
JOCTOBEPHOTO CHU)XEHHUS YPOBHS KOHEYHBIX IPO-
nykToB ooMeHa NO (3a MCKIIIOYCHHEM CHIBOPOTKH
KPOBH, IJIe YPOBEHb HUTPHUTA 3HAYUTEIIHLHO CHUXKAJICS )
[6], uTO cornmacyeTcs ¢ JaHHBIMH 00 OTCYTCTBUH
n3MeHeHn akTuBHOCTH NOS IpH KpaTKOBPEMEHHBIX
XOJIOIOBBIX BO3JICUCTBUSX [28].

BbiBOADI

Takum o0pazom, codueTaHHOe JEHCTBHE HapacTa-
FOIIEH THIIOKCHY U TUTIEPKAITHAN Ha ()OHE OXJIKICHHS,
TO-BUIMMOMY, 3aTparkBasi OHU H Te ke L-apruHuHOBbIE
NO-myTH, HE PUBOAUT K CEPHE3HBIM HAPYIICHUSIM
obmeHa NO y rTHOSpHUPYIONINX ¥ HETHOSPHUPYIOIIIX
KUBOTHBIX. OTMEUEHHBIC U3MEHEHHUS HOCST, O4EBUITHO,
aJIaNTHBHBIA XapaKTep, BOCCTAHABIMBAIOTCS B OCHOBHOM
yKe 4epe3 2 4 U OKOHYATEeIIbHO HUBEIHMPYIOTCS Yepes
24 4 mocne BO3BpAIeHUS KUBOTHBIX B HOPMAJbHbIC
ycnoBus. MckirodeHne coCTaBiIsieT CHUKEHHBIN
YPOBEHb HUTPUTA B KPOBH Y JKUBOTHBIX, CIIOCOOHBIX K
ruOepHaIHy.
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adaptive character, and are mainly leveled already
by 2 hrs, and completely leveled in 24 hrs after
returning the animals into normal conditions. The
exception is the decreased nitrite level in animals’
blood capable of hibernating.
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