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NO-Dependent Mechanisms of Rhythmic Cold Exposures on
Functional Architectonics of Microhemocirculatory Bed in Rat Brain

PuTMi4HI X0IOJOBI BIUIMBY BUKJIMKAIOTh ITiJBHIICHHS KOHIIEHTpAlLii HITPUT-I0HIB y CHPOBATL KPOBi i KOPi TOJOBHOTO MO3KY
IIypiB, 1[0 MPU3BOJUTH A0 IEPEPO3NOALTY KPOBi B MIKPOLMPKYJISITOPHOMY pycii Mo3Ky. BHaciinok ocobmuBocTel Mikporemo-
HMPKYJIALIT y TOJIOBHOMY MO3KY KIIBbKICHO I1i 3MiHM MOXKHA OL[IHUTH MeTOiaMU (h)PaKTaIbHOTO aHaJi3y.

Kniouesvie cnosa: oxcnp a3oTy, pUTMiuHI X0J0/10BI BIUIMBH, MiKPOT€MOLIMPKYIIALS TOJIOBHOTO MO3KY, ()paKTaibHa PO3MIpHICTS.

Putmunueckue X0JIOOO0BBIC BO3ﬂeﬁCTBHﬂ IPUBOJAAT K IOBBIIICHUIO YPOBHS HUTPUT-UOHOB B CbIBOPOTKE KPOBHU U KOPE I'0JIOBHOI'O
MO3ra KpbIC, YTO BJIMSAET Ha IepepacrnpelelicHue KPOBH B MUKPOLMPKYJIATOPHOM pycie Mo3ra. Beiencrsue ocoOeHHOCTEH
MHUKPOTEMOLUPKYJIALNNHN I'OJIOBHOTO MO3I'a KOJIMYECTBEHHO 3TH U3MEHEHU S MOXKHA OLICHUTH METOAaMH (bpaKTaJ'leOl"O aHaJi3a.

Kniouosi cnosa: oxcup a3ota, pUTMHUYECKHE XOJIOJOBBIE BO3ICHCTBYSI, MUKPOT€MOLIMPKYJISIIMS TOJIOBHOTO MO3ra, (pakranbHast

Pa3MepHOCTb.

Rhythmic cold exposures lead to increasing of nitrite ion concentration in rat blood serum and brain cortex, resulting in redistribution
of blood in brain microcirculatory bed. Fractal analysis admits to give a quantitative assessment for this alteration.
Key words: nitrogen oxide, rhythmic cold exposure, brain microhemocirculation, fractal dimension.

lNnotrepmiyHMii BIUIMB BUKIMKAE KOMILJIEKC aaarl-
TaIiiTHO-KOMITIEHCATOPHUX PeaKiliii opradizmy. OmHiero
3 CHCTEM, sIKa OIIEPaTUBHO pearye Ha TimoTepMmiro, €
CepIIeBO-CYITHHA CUCTEMA 1, 30KpeMa, MiKPOITHPKYJIs-
TOpPHE PYyCJI0, B IKOMY BUSIBIISIFOTHCS BiIOBIIHI peakmii
OpraisMy Ha Oy/b-SIKHMi 30BHIILHIH 1 BHYTPIILIHIH BIUTHB
[12,13].

MiKpOreMOMpPKyIATOPHA CUCTEMa TOJOBHOTO
MO3KY 3a0€3Meuye€ MIBUIKHNA TePEePO3IMOAiT KPOBI MiXK
TUTSTHKAMH, HE TIPU3BOJSTYH 110 HEeOE3MeuHUX PiBHIB
irmemii TKaHUHHU. AJie 9epe3 iICTOTHI METOAWYHI TPYy/I-
HOIIII, TIOB'sS13aH1 3 HEOOX1HICTIO PEECTpaIlii IPaKTUIHO
MUTTEBUX 3MiH KPOBOTOKA, IHTUMHI MEXaHI3MHU ITHX
MIpoTIeCiB BUBYCHI HEOCTaTHRO [5, 12]. Bimomo, mo
OKCHJI a30Ty 0€3 TIepeIKo/I TPOHUKAE B €HAOTEialbHI
KIJIITUHU Ta BUKJIMKA€E Ba30I1JIaTAIIIO 1 pO3CIIa0IeHHs
[JIaJIKOM'SI30BHX KIIITHH 1 TKAHWH, THM CAMHUM BIUIHBA€E
Ha PeryJsiLiio 3araibHOro nepudepiiiHoro onopy CyauH
1 IepepO3TIOALT KPOBi B MIKPOIIUPKYISATOPHOMY PyCIIi
mKipu ta M'si3iB [5, 17]. Takoxk Oynmo mokaszaHo, 10
NO Bigirpae 3HauHy poib y MeXaHi3Max HMIATPUMKH
TeMneparypHoro romeocrasy [8, 10, 14, 19]. Tomy
MU MIpHUITyCKaeMo, 1o came NO 3abe3nedye MmexaHizM
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Hypothermic exposure causes the complex of adap-
tive-compensatory reactions of an organism. One of
the systems which responds promptly to the hypother-
mia is cardio-vascular system and, in particular, micro-
circulatory bed wherein the appropriate reactions of
an organism occur as a response to any external or in-
ternal influence [12, 13].

Brain microhemocirculatory system provides a rapid
blood redistribution between the regions without ap-
pearance of any dangerous levels of tissue ischemia.
However, because of essential methodological diffi-
culties associated with the necessity of recording nearly
immediate blood flow changes, the intimate mecha-
nisms of these processes have been studied insuffi-
ciently [5, 12]. It is known that nitric oxide easily pen-
etrate into the endothelial cells and causes vasodilata-
tion and relaxation of smooth-muscle cells and tissues
and thereby affects the regulation of general resist-
ance of peripheral vessel and blood redistribution in
microcirculatory bed of skin and muscles [5, 17]. There
was also shown that NO played an important role in
the mechanisms of temperature homeostasis mainte-
nance [8, 10, 14, 19]. So we suggest that namely NO
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Mepepo3MoaiTy KpOBOOOITY B TOJOBHOMY MO3KY 3a
YMOB TIIOTepMIYHUX BIIUBIB.

Bimomi tpu ¢popmu NO-cuntaz (NOS) — ennore-
mianeHa (eNOS), makpodaransaa (mNOS) i Heiipo-
HaipHA (NNOS), ane B uX Ha3Bax HE BiAOOpaXxeHO
MicIle X TOYHO] JioKai3arii. [Homi TKaHWHA MO3KY 1
cepus ccaBUiB MicTATh BCi Tpu i30dopmu NOS, siki
HaBiTb MOXKYTb OyTH PO3TALIOBaHi B OAHUX 1 THUX e
xiitHHax [16]. BigomMo, 10 akTUBHICTH IUX ()ePMEHTIB
MOJKe 3MIHIOBAaTHCS i1 BIUTMBOM cTpecy [23], rimokcii
[15], remomguHamiuHOrO cTpecy 3cyBy [18] Ta iHm.
Ockinbku auist aktuBanii ingynuoensHoi NO-cuHTa3un
(iNOS) motpiben TpuBanuii yac (4—6 ronuH), MOKHA
CTBEPIKYBaTH, IO y 3MiHI KOHIICHTpAIlii KiHIIEBUX
nponykTiB cuHTe3y NO mpu pUTMIYHHX XOJIOZOBUX
BrnBax (PXB) ronoBHy poib BiirpatoTs KOHCTUTY-
tuBHI NO-cuHTa3m (cNOS), ski QYHKITIOHATBHO
MOB'A3aHi 3 TUIa3MaTUYHOI0 MEMOpaHOI0, MOCTIIHO
eKCTpecoBaHi Ta 3a0e3MeuyIoTh 0a3aabHe BUBIIbHEH-
Ha NO.

Martepiaan i mertoam

ExcnepuMeHTH IPOBOIIITN Ha O-MiCSYHHX IIIypax-
CaMIISX BiJIIOBIIHO A0 “3arajbHUX MPUHITHUITIB eKCIIe-
pUMEHTIB Ha TBapuHax’, cxBaneHux | HamionansanM
koHrpecoM 3 6ioetuxu (Kuis, Ykpaina, 2001) Ta moro-
JOKEHHX 3 TIOJIOKEHHSIM ““€Bporelichbkoi KoHBeHIIi1 mpo
3aXUCT XpeOETHUX TBAPHH, sIKi BUKOPUCTOBYIOTHCS /IS
eKCIEepUMEHTAIPHUX Ta IHITUX HAYKOBHX IiJIeil”
(Crpacoypr, @paniris, 1986).

CeaHc puTMiuHMX X0N0A0BHX BIUUBiB (PXB) mpo-
BOJIMJIH 38 JOMIOMOTOI0 TIPOTPaMOBAHOTO OXOJIOIXKYIO-
yoro npuctpoio (CKTBH ITTIKiK HAH Ykpainn), momu-
(hikOBaHOTO IS TIEPEPUBYACTOTO MOJABAHHS XJIA0-
areHTa — XOJIOIHOTO MOBITPA 3 TeMIIepaTyporw 5 +
1°C). PutmiuHi X0JI0[I0B1 BIUTMBH HEHAPKOTH30BaHUM
TBapWHAM TIPOBOIIIIH 3 TIEPIOTIUIHICTIO OJUH BILIUB
kokHi 10 ¢ TpuBamictio 15, 25 Ta 65 xB [3].

Jis mocimiiKeHHST MIKpOTEMOIUPKYJISIIT TKAHUH
TOJIOBHOTO MO3KY B TiM'sTHIH IIJISHINI Yyeperna BUCBEP/I-
JIIOBAJIA OTBip IUIOIIEI0 Ou3bko 1 cM?, TBEpAY MO3-
KOBY 0005I0HKY BUnaisuiH. [lianbHy CyJTMHHY MEPEKY
JOCTiKYBaJdl METOIOM BiTaJbHOI MIKpOCKOMil 3a
noromoroto Mikpockorna JIromam K-1 (JIOMO, Pocis),
OCHaIeHoro 3acobamu (oTo- i Bigeopeecrparrii [7].
Otpumani 300pakeHHS aHaJi3yBaJIM 3 BUKOPUCTAHHAM
koMIT'toTepHoi nporpamu “FRAM” [11], mpusHadeHo1
JUTSL PO3PaxyHKiB MOP(HOMETPUYHHUX XaPAKTEPUCTHK
o0'exTa, a TakoX (QpakransHOi po3mipHOocTi D, sika €
IHTETPATLHUM TIOKA3HUKOM CTaHy MiKPOTEMOITUPKYJIS-
wii oprana.

Bimomo, o NO — ra3 3 10CUTh KOPOTKUM ‘‘dacoMm
XKUTTA (TIepiof] HaIliBBUBEACHHS CKIIa1a€ OJIM3BKO 6 ¢
[5]) 1 BECOKOIO peaxIliifHOO 3aTHICTIO, TOMY JOCTAaT-
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provides the mechanism of blood flow redistribution in
brain under conditions of hypothermic exposures.

There are known three forms of NO-synthase
(NOS): endothelial (eNOS), macrophagal (mNOS) and
neuronal (nNOS), but these names do not reflect the
place of their exact localization. Sometimes mamma-
lian brain and heart tissues contain all three NOS
isoforms which even may be located in the same cells
[16]. It is known that the activity of these enzymes
may change under influence of stress [23], hypoxia
[15], hemodynamical shift stress [18] etc. As the ac-
tivation of inducible NOS-synthases (iNOS) requires
a long time period (4—6 hrs), we may suggest that the
changes in the concentrations of NO synthesis final
products under rhythmic cold exposures (RCE) are
mainly stipulated by constitutive NO-synthases (cNOS)
that are functionally associated with plasma membrane,
are constantly expressed and provide basal release of
NO.

Materials and methods

Experiments were carried-out in 6-month-old male
rats according to the General Principles of Experiments
in Animals approved by the 1st National Congress on
Bioethics (Kiev, Ukraine, 2001) and agreed with the
regulation of European Convention for the Protection
of Vertebrate Animals Use for Experimental and Other
Scientific Purposes (Strasbourg, France, 1986).

The series of rhythmic cold exposures (RCE) was
carried-out with programmed cooler (Special Design
and Technology Bureau at the IPC&C of the NAS of
Ukraine), modified for oscilating supply of cold agent
(cold air with the temperature of 5 + 1°C). Rhythmic
cold effects in unanesthetized animals were carried-
out with the periods of one exposure per 10 sec during
15,25 and 65 min [3].

For investigation of brain tissue microhemocircula-
tion in vertex region of cranium we drilled out the hole
with square of about 1 cm? and removed dura mater.
Pial vascular net was investigated by vital microscopy
with the microscope Lumam K-1 (LOMO, Russia)
equipped for photo- and video registration [7]. The
images were analyzed with the computer program
FRAM [11] developed for the estimations of object's
morphometric characteristics as well as fractal dimen-
sion D which is the integral index of organ's micro-
hemocirculatory state.

It is known that NO is the gas with short "life time"
(period of semi-excretion is about 6 sec [5]) and high
reactivity, therefore its stable metabolites, such as ni-
trate and nitrite, are usually being assessed. It is sug-
gested that nitrite level depends not only on the activity
of specific synthases but also on their distribution in
different organs and tissues and the rate of nitrite ex-
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HBO IIUPOKO BUKOPUCTOBYIOTHCS Pi3HI BapiaHTH BUMi-
PIOBaHHA HOTro CTabiBHUX METabOodITIB — HITpaTY 1
HiTpUTY. BBaxkaeThCsl, 0 piBEHb HITPUTY 3aJIEKUTh
HE TUTBKH BiJl aKTUBHOCTI crienin(pivHUX CUHTA3, ale i
BiJI X pO3MONITY B pI3HUX OpraHax i TKaHWHAX Ta BiJl
IIBUJIKOCTI BUBEICHHS HITPUTY HHPKAMH, TOMY IO
KOHLIEHTpaLil KiHIeBUX MpoxykTiB oominy NO mpo-
CTaTHbO TOYHO MOYKHA OLIIHWTHU 3arajbHHUH pPiBEHb
mpoaykuii NO [22].

Piens NO 3a BMicTOM HITpUTY (KiHIIEBOTO IIPO-
nykty oominy NO) B cupoBartiii KpOBi, TKAHUHAX MO3KY
(xopa, rinotanamyc) Ta cepii OLiHIOBaIH (HOTOMET-
PUYHAM METONIOM 3a peaktiero ['prcca. 3pa3ku Tka-
HUH roMoreHizyBam y Na-pocharaomy Oydepi, pH 7,4
npu Temnepatypi 4—6°C, nenpoTeiHi3yBaiu 75 MMOJIB/ T
ZnS0, 155 mmons/n NaOH y cniseignomensi 1:1:1,2
3a 00" €MOM BiAMOBIIHO, IIeHTpU(yTyBanu 15 xB pu
3000 o6/xB Ha nentpudysi PC-6 (THK “/lacran”,
Kupruszcran); 1o 200 MKJI cyniepHaTaHTy HOCHIiJOBHO
nonasaiu 20 Mk 1%-ro cynedonaminy (ICN, CILIA)
120 mx1 0,1%-ro N-1-HadTrUte THICHAIAaMIHIUT1APO-
xnopuny (ICN, CIIA) B 5%-my po3unni HCI [4].
OnTuyHy WiApHICTE BU3Ha4Yanu vepe3 20 XB mpu
540 HM 3a AOMOMOroI0 OaraToKaHaIBHOTO MIiKpPO-
cnekrpodotomerpa (“Flow”, Bennka Bpuranis).

CraructuuHy 00pOOKY pe3yJIbTaTiB MPOBOIMIH 32
JIOTIOMOTOI0 KOMIT' FOTEPHOTO TTAKeTy Iporpam "Statis-
ticav. 6.0". lani npeacTapisuiy y BUrIsSAi M + s 1 ori-
HIOBAJIM 3a HemapaMeTpHYHUM KpUTepieM MaHHa-
VYiTHi.

Pe3yAbTatn i 0OrosopeHHs

Hamu BcTanoBieHo [6], mo micis mpoBEeACHHS
PUTMIYHOI TinmoTepMmii AiaMeTp MIKpOCYOUH OJHOTO
MOpsiAKa MPAKTUYHO HE 3MiHIOBAaBCs, HA BiMIHY Bij
3HaueHHs (paKTaIbHOI po3MipHOCTI (Tad. 1).

VY 6-MicSIYHHX IIypiB MIKPOT€MOLHPKYIATOPHE
PYCIIO TOJIOBHOTO MO3KY XapaKTePH3YEThHCS ITUPOKOFO
po3ranyxeHor Mepexero. CrocTepiratoun 3a KOHBEK-
CUTAJIBHOIO MTOBEPXHEIO TOJI0OBHOTO MO3Ky ipu PXB,
MU HEOTHOPA30BO (hiKCyBaNH “Ta3MaTHYHI Karmiispu”
[6]. Llett dheHOMEH, a TAKOXK JIOKATLHI 3MiHH B KPOBO-
HaroBHEHHI MiKpOCYAVH BIUIMBAIOTH Ha PO3MOALICHHS
3HaueHb (PpaKTaIbHOI PO3MIPHOCTI B MO 30Dy, SIKe
aHaMi3y€eThCs. SIK BHIIHO 3 TICTOTpaM 1 TaHUX aHaJi3y
CEJIEKTHBHOTO 300paxkeHHs (puc. 1), 3cyB cepemHix
3HauYeHb BiOYBA€THCS 32 paXyHOK 301JIbIICHHS 3HA-
YeHHs (ppakTadbHOI pO3MIPHOCTI Ha PiBHI apTepiod,
Kamispis Ta BeHyi. [1oaiOHi 3MiHM MOXKYTH TTOSICHIO-
BaTHCS JIOKATHHAM BIDTUBOM OKCHITY a30TY Ha MIOIIUTH
MIKpOCYIMH, IEPILITH Ta Ha MPEKAIJIIPHI 1 KalJIspHi
coinxrepu [5].

J111st IepeBipKY IIbOTO MPUTTYIICHHS MH BU3HAYIITH
piBeHB KiHIIEBOTO MpoAyKTy 0OMmiHy NO (HITpHUTY) B
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cretion by kidney as well. So general level of NO pro-
duction can be estimated with sufficient accuracy by
measuring the concentration of final metabolic prod-
ucts of nitric oxide [22].

Level of NO was assessed using photometric
method (Griess test) by the content of nitrite (one of
NO metabolic final products) in blood serum, brain tis-
sues (cortex, hypothalamus) and heart. Tissue sam-
ples were homogenized in Na-phosphate buffer, pH
7.4 at4-6°C, then deproteinized by 75 mmol/l of ZnSO,
and 55 mmol/l of NaOH in ratio of 1:1:1.2 (vol/vol),
accordingly, centrifuged for 15 min with 3000 rpm on
centrifuge PC-6 (Dastan, Kyrgyzstan); thereafter
200 pl of supernatant were gradually supplemented
with 20 pl of 1% sulfonamide (ICN, USA) and 20 pl
of 0.1% N-I-naftylethylendiamine dihydrochloride
(ICN, USA) in 5% HCI solution [4]. Optical density
was determined in 20 min at 540 nm in the multi-chan-
nel microspectrophotometer (Flow, Great Britain).

Statistical processing of the data was carried-out
with the "Statistica v. 6.0". The data were presented
as Mz=s and evaluated by non-parametric Mann-
Whitney criterion.

Results and discussion

We have found [6] that after perfoming of rhyth-
mic hypothermia the diameter of microvessel of the
same order was almost not changed unlike the fractal
dimension (Table 1).

Brain microhemocirculatory bed of 6-month-old rats
is characterized by highly branched network. Observ-
ing the convexital brain surface during RCE we re-
peatedly noticed the "plasmatic capillaries" [6]. This
phenomenon as well as local changes in blood filling of

Ta6auus 1. MophomeTpryHi MOKa3HUKH
MIKPOTr€MOIUPKYISITOPHOTO PyClia TOJIOBHOTO MO3KY
1rypis micis PXB

Table 1. Morphometric indices of rat brain
microhemocirculatory bed after RCE

IMoxazuuku KonTpoas ITicas PXB
Indices Control After RCE
Alamerp apTepioa, MKM _ _
Diameter of arterioles, pm 1827 18-28
AlameTp npekamAsipHUX
apTepion, MKM 134 = 4,2 14,5 = 38
Diameter of pre-capillary ! ! ! '
arterioles, pm
Alamerp HoCTKaIiAsIpHUX
apTepioA, MKM 150 = 8.4 148 + 47
Diameter of post-capillary ' ' ' '
arterioles, pm
AlameTp BeHYA, MKM _ _
Diameter of venules, pm 20—-60 22-58
®pakrarbra posmipuicts D 1,28 = 0,01 1,34 = 0,04
Fractal dimension D

problems
of cryobiology

Vol. 21, 2011, Ne2



hiep:/mkm.at uasindex

Puc. 1. XapakTepHi AUISHKH MiKPO-LIUPKY-
JIITOPHOTO PYCJia M’ K0T 00OJIOHKH rOJIOB-

HOT'O MO3KY O-MICSIMHUX ITypiB 110 (A) 1 mics
(B) PXB Ta ix ceneKkTHBHI 300paskeHHSI 3
ricrorpaMamMu po3noAijeHHs ppaKkTanbHOT
po3mipHOCTi D o (C) (N = 188000) i mmicis
(D) N=266000) PXB Bigmosiato. Haee-
HO y iHTepdeiici mporpamu “©PAM”.

Fig. 1. Characteristic regions of microcir-
culatory bed of pia mater in 6-month-old
rats prior to (A) and after (B) RCE and their
selective figures and histograms of fractal
dimension D distribution prior to (C) (N =
188000) and after RCE (D) (N = 266000),
correspondingly; presented in interface of
FRAM software.

IHC, miokapzi Ta cHpoBaTLi KPOBi 6-MiCSYHUX IYPiB
npu PXB 3ayie)xHO BiJ TPUBAJIOCTI PUTMIYHOI Tiro-
Tepmii (Tadi. 2).

Cuip Bim3HaunTH, 10 ITpH BCix Buaax PXB crocre-
piramucs 3HIKEHHS KOHLIEHTPALil IPOAYKTiB 00OMiHYy
OKCHTy a30Ty B rimotajamyci (p <0,01) i miaBUIeHHs
y Kopi i cupoBariii kposi (p <0,01).

BaxumBo, mo piBens nepuBaTiB NO B TKaHHHAX
MioKapaa 3HmKyBaBcs B epii 15 x8 PXB (p <0,01),

microvessels affect the distribution of fractal dimen-
sion values in the analyzed vision field. As it is seen
from histograms and data of selective image analysis
(Fig. 1) the shift of average indices occurs due to the
increase of fractal dimension value at the level of
arterioles, capillaries and venules. Such changes may
be explained by the local influence of nitric oxide on
microvessel myocytes, pericytes and pre-capillary and
capillary sphincters [5].

Taéauus 2. KoHueHTparlis HiITpuT-aHiOHIB (MKMOJIB/JT) y TKaHMHAX 6-MicsgHuX 11ypiB micist PXB (M +£55)
Table 2. Concentration of nitrite anions (mol/l) in tissues of 6-month-old rats after RCE (M + s)

I'pynu TBapun TinoTaramyc Kopa Mo3Kky CupoBaTka KpoBi Miokapa,
Groups of animals Hypothalamus Brain cortex Blood serum Myocardium
KonTpoas 1,50 = 0,18 3,73 = 1,39 1,42 = 0,23 1,71 = 0,46
Control
Konrpoa 3 L -aprinison 1,50 = 0,11 3,23 = 1,01 2,24 = 0,442 1,13 = 0,222
Control with L -arginine ! ! ! ! ! ! ! !
KouTpoas 3 cNOS-6r0KaTOpOM , ) "
Control with cNOS-blocker 1,18 = 0,15 3,39+ 0,16 2,29+ 0,42 1,20 = 0,40
PXB 15 xB 2 3 n f
RCE for 15 min 097 £ 0,18 437 =048 2,71 0,19 1,02 = 0,32
PXB 25 xB ) . |
RCE for 25 min 117 =016 5,71 % 0,90 2,64 = 0,07 1,55 = 0,48
PXB 65 xB ) 3 N
RCE for 65 min 1,03 = 0,28 587 = 1,12 3,31 = 0,36 1,44 = 0,45

IMpumirka: 2 —p < 0,05, p < 0,01 BixHOCHO KOHTPOJIO BinNoBigHO; * — p < 0,05 BigHOCHO KOHTpOINIO 3 cNOS-0110KaTOPOM.
Note:'?> —p < 0.05, p <0.01 as compared to the control, correspondingly; > — p < 0.05 as compared to the control with cNOS-blocker.
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Puc. 2. Konuenrpanist HITpUT-i0HIB y Miokapai (A), cupoBarii kpoBi (B), kopi ronosroro mo3ky (C) ta rinoranamyci (D)

utypiB ipu PXB piznoi tpusanocri: 1 — konTtpons; 2 — 15 xB PXB; 3

[ 1-25-75%;0—Meniana.

—25xBPXB;4—65 xB PXB,; — MIHIMyM-MaKCHMYyM;

Fig. 2. Concentration of nitrite ions in rat myocardium (A), blood serum (B), brain (C) and hypothalamus (D) during RCE

of different duration: 1 — control; 2 —

a 710 25 XB KOHIEHTpAIlis HITPUT-10HIB MOBEpTaIacs
710 PIBHSI KOHTPOJIBHOI IPYIIH 1 IEIIO 3HMXKYBaIacs 10
65 xB PXB (puc. 2).

Piske 3umxenHs piBHs aepuBatiB NO B miokapai
micis modatky PXB Mo)kHA MOSICHUTH T ABUIIICHOIO
BUTPATOIO OKCUAY a30Ty TKAHUHAMH cepls AJs 3a0e3-
MIEYCHHS aJIeKBAaTHOI aJanTalliifHOT peaKIlii cepreBo-
cyauHHOI cuctemu. Bigomo, o NO Bifmirpae icToTHy
POJIB y perymsiii HacocHoT QyHKIIIT cepis, 3a0e3neuye
KOHTPAKTHIbHY (YHKIIIO MiOKap/a, TOCKITIOE PejlaKca-
Li0 IIUTYHOYKIB 1 € HEOOX1THUM KOMITIOHEHTOM Y 371~
CHEeHHI aib(ha-aIpeHePTrivHOrO 1HO- 1 XPOHOTPOITHOTO
edexTiB [20]. OckiabKH B HAMOMY €KCIIEPUMEHTI BH-
KOPHCTOBYETHCS] HE3HAUHUH CTPECOBUII BILJIMB HA Opra-
Hi3M, TO BUCHKEHHSI HE BiI0yBa€THCs 1 BXKE uepe3 25 XB
ryit NO B MioKapii TPaKTHIHO BiTHOBIIOETHCS.

AHaTI3yI04H 1 IBUIIICHHAS KOHIICHTPAIIii MPOIYKTIB
oominy NO B cuposarui kposi (puc. 2B) mpu 36i16-
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15 min; 3 —25 min; 4 — 65 min; —min-max; [ |—25-75%;0—median.

To check this suggestion we determined the level
of NO metabolism final product (nitrite) in CNS, myo-
cardium and blood serum in 6-month-old rats after RCE
depending on the duration of rhythmic hypothermia
(Table 2).

It should be noted that during all types of RCE we
observed the decrease of concentration of NO me-
tabolism final products in hypothalamus (p <0.01) and
its increase in cortex and blood serum (p < 0.01).

Of importance is the fact that the level of NO de-
rivatives in myocardium tissues decreased during the
first 15 min of RCE (p < 0.01) and to the 25" min the
nitrite ion concentration returned to the control level
and decreased insignificantly till the 65" min of RCE
(Fig. 2A).

A dramatic drop in level of NO derivatives in myo-
cardium after start of RCE may be explained by the
elevated expenditure of nitric oxide in heart tissues due
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meHHl TpuBanocti PXB, MoxHa 3a3HaYUTH, IO 1151
3MiHa mporHo3oBaHa. [loaiOHa peakiiis criocrepira-
Jacsl 1 IpH IHIIKMX BUJAX TIHOTEPMIYHMX BIUIMBIB [1, 2,
14]. e MokHA MOSICHUTU THUM, IIO CaM€ CEPIIEBO-
CYIMHHA CHCTEMa MEPIIOI0 Pearye Ha XOJIOI0BHH 10-
Ipa3HUK, 1 OKCHJ a30Ty Oepe aKTHBHY y4acThb y Oara-
TBOX MpOLecax, AKi 3a0€3MeUyI0Th aJaTHBHY TEPMO-
PETyIATOPHY BiJNOBIb 32 PaXyHOK PO3CIIa0IeHHS 1
peryiiii TOHyCy CYAWH, KOHTPOJIO BHBUIbHEHHSI
HelpomeniatopiB. OKCHA a30Ty MOXE MOAYITIOBATH
CYIMHHY (PyHKIIIO TaKOX 32 JOIOMOTOI KOHTPOJIIO
3a eKCIPECI€I0 T'eHiB, SKi BiAMIOBIAAI0TH 38 CHHTE3 Ba-
30aKTHBHUX OLIKIB, HAIIPUKJIal €HIOTEMiHIB, (PaKTOPy
POCTY CyAMHHUX KJIITHH Ta iHII. [5, 16,21, 24].

301Ib1ICHHS KOHIIEHTpALi1 HITPUT 10HIB Y KOpi MO3KY
(puc. 2C) Binnosigae noxiOHOMY ii iABUILICHHIO PU
ITy4YHOMY TinmoOioTnaHOMY cTaHi [14]. Mu BBaxaemo,
10 TIMOTEePMiUHI TOAPa3HEHHS BUKINKAIOTh aKTHBA-
1Iif0 TOBTOTPUBAJIOi MOTEHITIaIii B KOpi, IeiicMeKepoM
JUIS1 321y CKY SIKO1 BUCTYIIA€ OKCHJI a30Ty. Y rimoTana-
MycCl IPOIIECH JOBIOTPHBAJIOI IOTEHITiallii MEHII BUpa-
KeH1 a00 BiICYTHI, TOMY TaM KOHIIEHTpAILisl TPOAYKTIB
0OMiHY He MiJBUIIYETHCS, 8 HABIAKH CIIOCTEPIra€Thes
noctoBipHe ii 3HmkeHH (puc. 2D), onHak el nporec
BHMArae moJJallbIIoro JOCIiKEHHS.

Mu BBakaemo [9], mo Ha modaTkoBuX eTanax PXB
akTuByt0ThCsI cNOS eHaoTenmionuTiB. OTHOYACHO IS
OIATPUMKH ONTHMaNbHOTO piBHA NO B TOIOBHOMY
MO3KY 3aBJISIKH MEXaHi3MaM JIOBIOCTPOKOBOI MOTEH-
miarii cTUMyIoeThest HelipoHaabaa cNOS. IMoBipHO,
came I1i MexaHi3MH 00yYMOBITIOIOTH OCOOTMBOCTI 3MiHU
MIKpOaHT10apXITEeKTOHIKY B TOJIOBHOMY MO3KY IIypiB
npu PXB.

BucHosku

PuTMiuHI X0J10/10B1 BIUIMBY BUKJIUKAIOTH IT1{BUIIIEH-
HS KOHIIGHTpAIlii HITPUT 10HIB Y CHPOBATIIi KPOBI 1 KOpi
MO3KY, SIK€ MPHU3BOIUTE JI0 TEPEPO3NONITY KPOBi B
MiKpOLMPKYISITOPHOMY PYyCJIi FTOJIOBHOTO MO3KyY. BHac-
JI0K 0COOMMBOCTEH MIKPOTEMOLUPKYJISLII y TOIOB-
HOMY MO3KY KUTBKICHO ITi 3MiHH MO>KHA OITIHUTH METO-
namMu (hpaKTaIbHOTO aHAJI3y.

Mu sucnoguroemo wupy noosaxy kauo. oion. nayk Cremi
Ipuni Baoumosni 3a 0onomozy npu npogeoenti Mikpoyup-
KYJISIMOPHUX OOCAI0NCEHD.

Jlutepatypa
1. bBabuliyyk B.I. Bo3pacTHble 0coObeHHOCTY ponu okcuaa asora
B MexaHM3Max ajanTtauuu XUBOTHbIX K PUTMUYECKUM
xonogosbiM Bo3fencTBuaM. CoobueHve 1. CogepxaHue
KOHeYHbIX npoaykToB o6MeHa NO B CbiIBOPOTKE KPOBU U
MWOKapAe MOMoAbIX U CTapbiX XWBOTHBIX MOCe pUutMmnyec-
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to the providing of adequate adaptive reaction of cardio-
vascular system. It is known that NO plays an impor-
tant role in regulation of heart pumping, provides myo-
cardium contractile function, strengthens the ventricles
relaxation and is an essential component in implemen-
tation of alpha-adrenergic ino- and chronotropic effects
[20]. Since our experiment applied only slight stress
influence on organism, the exhaustion does not occur
and in 25 min the NO pool in myocardium is almost
restored.

The analyzing of the rise in concentration of NO
metabolism products in blood serum (Fig. 3) after in-
crease of RCE duration allowed to suggest that this
change is predictable. Similar reaction was observed
also during other hypothermic exposures [1, 2, 14]. It
can be well explained by the fact that namely cardio-
vascular system responds primarily to cold stimuli, and
nitric oxide takes active part in a number of processes,
providing adaptive thermoregulatory response due to
the relaxation of vessels, regulation of vascular tonus
and controlled release of neuromediators. Nitric oxide
may modulate vascular function due to the controlled
expression of genes, responsible for the synthesis of
vasoactive proteins, e.g. endothelins, as well as of vas-
cular growth factor etc. [5, 16, 21, 24].

The increase of nitrite ions concentration in brain
cortex (Fig. 2C) corresponds to similar rise during ar-
tificial hypobiotic state [ 14]. We suggest that hypother-
mic stimuli cause the activation of long-term potentiation
in cortex, for initiation of which the nitric oxide is the
pacemaker. In hypothalamus the processes of long-
term potentiation are less expressed or absent so the
concentration of metabolic products does not rise, and
vice versa a reliable decrease is observed (Fig. 2D),
however, this process demands further investigation.

We suggest [9] that at initial stages of RCE the
c¢NOS of endotheliocytes are activated. At the same
time to maintain the optimal level of NO in brain the
neuronal cNOS is stimulated due to the mechanisms
of long-term potentiation. Probably namely these
mechanisms stipulate the peculiarities of changes in
microangioarchitectonics in rat brain during RCE.

Conclusions

Rhythmic cold exposures cause the rise of nitrite
ions concentration in blood serum and brain cortex
which leads to the blood redistribution in the microcir-
culatory brain bed. In consequence of microhemocir-
culation peculiarities in brain these changes may be
quantitatively evaluated by the methods of fractal
analysis.

We aknowledge Dr. Irina Sleta for the help in perform-
ing microcirculatory investigations.
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