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MMKpOI'eMOLlMpKY/\SILIMSI FOAOBHOTO MO3ra KpbIC
nocae rrmMnoTepmuyYeckoro BO3AENCTBUSA

l'unmorepMuyeckue BO3AEHCTBUS BBI3BIBAIOT KOMII-
JIEKC alalTalliOHHO-KOMITEHCATOPHBIX pEaKINi opra-
HusMma. lpu uzydenun repmoperynsanuu Obuto oOHa-
PY’KEHO, 4TO MOHIKEHUE TEMIIEPAaTypPhl TeJa )KUBOT-
HOro 1o 32°C, a TakXke pa3apa)keHHE XOJIOJOBBIX
TEPMOPELETITOPOB PUTMUYECKUMHU XOJIOTOBBIMU BO3-
neiicteusimu (PXB) B iekaceKyHIHOM pUTME CIIOC00-
CTBYIOT TIOBBIIIEHHIO MPOHHUIIAEMOCTH TeéMaTO3HIIe-
¢annueckoro Oaprepa 1ia karexoidamuHoB [1]. He
BBI3BIBAET COMHEHHS POJIb MUKPOT€MOLMPKYISTOP-
HOTO pycja rOJIOBHOTO MO3ra B peaJM3alid 3TOro
addekra. B cBs31 ¢ 0coOeHHOCTSIMU (PYHKIIMOHUPOBA-
HHS TOJIOBHOTO MO3Ta €ro MHUKPOLMPKYJISATOpHAs
crcTeMa I0JKHA UMETh OCOOCHHO COBEPIICHHBIE Me-
XaHU3MBI 17151 OBICTPOTO TepepacipeneneHus] KpOBU
13 OTHUX YYacTKOB B IPyTHE, HE JOITyCKash OMMAaCHBIX
ypoBHEH uimemuu Tkanu. K HacTosmeMy BpeMeHH B
CHITY CYII€CTBEHHBIX METOAMYECKUX TPYIHOCTEH 3TOT
BOIPOC HEJIOCTATOYHO U3y4eH [4]. B mociennme rogst
[OSBUJIOCH OOJIBIIIOE KOJIUYECTBO paboT, IOCBAIIEH-
HBIX M3YYEHHUIO (pakTaJbHBIX 3aKOHOMEPHOCTEH B
MUKPOLIMPKYJIATOPHOM pYCJie TOJIOBHOIO Mo3ra [ 5, 6],
YTO OTKPBIBAET HOBBIE TOPU30HTHI JJIs1 UCCIICTOBaHUM.

Lenp uccnenoBaHus — U3y4eHHUE BEreTaTUBHBIX
peakuuii MUKpPOreMOLUPKYIISUN TOJIOBHOTO MO3Ta
npu obmeit runorepmun U1 PXB metogom ¢paxrains-
HOTO aHaJIu3a.

Matepunanbl 1 meToAbl

OKcrepruMeHTHI TpoBeaeHbI Ha 30 KppIcax-camiax
maccoii 180-240 r B cooTBeTcTBHH C “O0MMMHU TPUH-
LUITAMA SKCIIEPUMEHTOB Ha KUBOTHBIX ’, 0JOOPEHHBI-
mu 1l HanmoHanbHBIM KOHTPECCOM 1O OHMOITHKE
(Kues, 2004 1.) 1 cornmacoBaHbI C MOJOXKCHUIMHU
“EBponeiickoii KonBeHIuK 0 3alMTe MO3BOHOYHBIX
’KUBOTHBIX, KOTOPBIEC UCTIONb3YIOTCSI IJI51 SKCIIEPUMEH-
TalbHBIX M APYTUX HayuyHbIX umenei” (CtpacOypr,
1985 1.).

PutMuyeckue xoJiogoBbIE BO3ACHCTBUS HA Kay-
JIajgbHBIE TepMopenenTops! ¢ yactoroit 0,1 I'm ocy-
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Rat’s Brain Microhemocirculation
After Hypothermic Effect

Hypothermic effects cause a complex of adaptati-
on-compensatory responses of an organism. When stu-
dying the thermoregulation a temperature decrease in
animal body down to 32°C, as well as the stimulation
of cold thermoreceptors with rhythmic cold effect
(RCE) in a deca-second rhythm were revealed as con-
tributing to the blood brain barrier permeability aug-
mentation for catecholamines [1]. The role of micro-
hemocirculatory brain bed in realising this effect is
beyond doubt. Due to the brain function peculiarities
its microhemocirculatory system should have an espe-
cially advanced mechanism for rapid blood redistri-
bution from one site into the others but preventing
dangerous levels of tissue ischemia. Nowadays due
to the significant methodical complications this
question is still poorly studied [4]. Recently a huge
number of papers, devoted to studying the fractal
regularities in brain microcirculatory bed [5, 6]
appeared, that opens a new horizon to study.

The research was aimed to study the vegetative
responses of brain microhemocirculation under total
hypothermia and RCE by means of fractal analysis.

Materials and methods

The experiments were carried-out in 180-240 g’
30 male rats according to the “General ethical princip-
les of experiments in animals”, approved by the IInd
National Congress on Bioethics (Kiev, 2004) and
agreed with the statements of the “European Conven-
tion for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes”
(Strasbourg, 1985).

Rhythmic cold effect on caudal thermoreceptors
with 0.1Hz frequency were done by immersing of rat’s
tail by a distal 2/3rds into ice water (T =0...4°C) under
automated regimen [1]. For general cooling animals
were maintained on bags with ice. Tissue and rectal
temperatures were measured by Microlife IR 1DE1
digital infrared thermometer and DT-838 electron
multivoltmeter, correspondingly.
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HIECTBISUIA MTOTPYKEHHEM JTUCTaJbHBIX 2/3 XBOCTa
Kkpbicel B easayro Boay (T =0...4°C) B aBTomarHuec-
koM pexxume [ 1]. J171st 001iero oxma aeHus JKUBOTHBIX
colep)kalau Ha MakeTax co JpJoM. Temieparypy
TKaHe! n3MepsuIn HUQPPOBBIM HH(PPAKPACHBIM TEPMO-
metpoMm Microlife IR 1DE1, pekranbHyto — 37€KT-
POHHBIM MyIBTHBOIBTMETpOM DT-838.

st uccneqoBaHMs! MUKPOTeMOLMPKYIISALIUH FOJIOB-
HOTO MO3Ta B TEMEHHOU 00JacTu uepena BhICBEp-
JIMBAJIA OTBEPCTHE TIOIIAIBI0 OKOJIO 1 cM?, TBEpIYIO
MO3TOBYIO 000JIOUKY yIAJISIIH, MTHATBHYIO COCYANCTYIO
ceTh HaOII0aI METOIOM BUTAIEHOW MUKPOCKOITHHU
¢ oMoIIpI0 Mukpockomna Jlromam K-1, crabxeHHoro
cpenctBamu GoTo- U Buaeopeructpaiuu [3]. [lomy-
YEeHHbIE M300paKEHHsI aHAJTU3UPOBAIU C TIOMOLIBIO
KOMIIbIOTEpHOU nporpammel “FRAM”, npennasHa-
YEeHHON I pacueToB MOP(HOMETPUUECKUX Xapak-
TEpPUCTUK 00BEKTa, a Takke (paKkTaJbHOH pasmep-
Hoctu D, KoTOpast sBIIsETCS MHTETPANIbHBIM ITOKa3a-
TEJEeM COCTOSHHS MHKPOTE€MOLMPKYJSALUU OpraHa.
[Tokazarens Xepcra (MophomeTprudecKkuii) paccyu-
TeIBasIK 110 popmyne H,=2 — D [3].

OnHOBPEMEHHO ¢ OMOMHUKPOCKOTMYECKUMH HCCITe-
JOBaHUSIMH MPOBOAMIIA PETHCTPALAIO AIIEKTPOKAp-
JUOTPAaMMBI KHBOTHOTO C TIOCIEAYIOIINM aHATH30M
Ha anmnapaTHO-IporpaMMHOM koMmmuiekce “Ilomu-
Cnextp” (“Heitpocodt”, Poccus). JonoaHurensHo,
COTJIACHO [2], OBLT paccyWTaH MOKa3aTellb XepcTa
BapuabenbHOCTH cepaednoro purMa (Hy x)). Xapak-
TepucTHyeckuii nmokaszarens Xepcra H (Hurst expo-
nent) onpenensutu o Gopmyne: H = log(R/S)/log(T),
rne T — gnurensHOCTH cepun; R/S — coorBerct-
ByIOIllee 3HAYEHUE M3MEHSIOUIerocs macuraa.

Craructryeckyro 00paboTKy pe3ynbTaToB IIPOBO-
v B cpene SPSS.

Pe3yAbTatbl M 00CYyXAeHue

PesynbraTsl MophoMeTprUecKoro aHaiHu3a TpH-
KU3HEHHBIX (OTO- ¥ BUICON300pasKeHHI MUKPOIHP-
KyJSITOPHOTO pycJla TOI0BHOTO MO3ra B HOpME H I10CIIe
THIIOTEPMUYECKUX BO3ACHCTBUI NPUBEIEHBI B Ta0. 1.

[Tocne runorepMuyecKuX BO3AEHCTBUNA TUaAMETPBI
MPaKTUYECKH BCEX THIIOB MHKPOCOCYJOB HE H3MeE-
HuMch. Ha Ham B3misiz, 5TO CBSI3aHO C HAJIMYUEM B
MO3re KOMIIEHCAaTOPHBIX MEXaHHW3MOB, NMPEJOTBpA-
IAOMAX Pa3BUTHE MIIEMHYECKUX HapyIIEHHH.
3HaueHust GppakranbHON pasMepHOCTH D MUKpoIHp-
KyJISITOPHOTO pyciia TOJIOBHOTO MO3Ta MOCIIE THIIOTEP-
MHUYECKUX BO3JIEUCTBUM JOCTOBEPHO OTIMYAIUCH OT
MoKa3aTesiell KOHTPOJIbHOU TPyIIbl. 3HadueHus D s
KpBIC OJIM3KHU K TAKOBBIM Y KOIIEK [5].

BrnionHe oueBHHO, UTO B mporecce HaOMIOAEHUS
32 MUKPOLIMPKYJISIIMEN ITPU TUIIOTEPMUH BaKHOE 3HA-
YeHUEe MUMEET KOHTPOJb 3a pabotoil cepauma. s
WUTIOCTPALH TPOUCXOIIIINX U3MEHEHUH BbIOpau
OJIMH M3 CyYMMapHBIX IOKa3aTelel, yUUTHIBAIOIIHNX
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To investigate the brain microhemocirculation an
approximate 1 cm? hole was drilled in parietal region,
the dura mater was removed and a pial vascular tree
was observed using the method of vital microscopy
with Lumam K-1 microscope, supplied with photo-
and videorecorders [3].

The obtained images were analysed using the
“FRAM?” Software, dedicated to calculate the morpho-
metric characteristics of an object, as well as the fractal
dimension D, being an integral index of microhemo-
circulatory state of an organ. The Hurst index (mor-
phometric) is calculated by the formula H =2 -D [3].

The animal electrocardiograms were recorded and
a following analysis was done with “Poly-Spektrum”
apparatus-program complex (Neurosoft, Russia)
simul-taneously with biomicroscopic studies. In
addition, according to the paper [2] the Hurst exponent
of car-diac rhythm variability (H ) was calculated.
The Hurst characteristic index H (Hurst exponent) was
determined by the formula: H=1og(R/S)/log(T), where
T is the session duration; R/S is a corresponding value
of changing scale.

Results were statistically processed with SPSS.

Results and discussion

Results of morphometric analysis of supravital
photo- and video-images of brain micorcirculatory bed
in the norm and after hypothermic effect are shown in
the Table 1.

After hypothermic effects the diameters of quite
all types of microvessels were unchanged. We believe
this is associated with the presence in brain of
compensatory mechanisms, preventing the ischemic
disorder development. The values of fractal dimension
D of brain microcirculatory bed after hypothermic
effects was statistically and significantly different from
the control group indices. D values for rats are close
to those in cats [5].

It is quite evident that when monitoring the micro-
circulation under hypothermia the heart activity control
is of great importance. To illustrate the occurring
changes we selected one of the total indices, taking
into account a non-linear component of cardiac rhythm
(CR): the standard deviation (SDNN) and bound with
it coefficient of variation (CV). The Hurst expo-nent
of cardiac rhythm H ) variability was calculated as
well (Table 2).

After hypothermic effect no significant change in
CR occurs but there is an increase in the values of the
standard deviation and variation coefficient. This
indicates the enhancement of parasympathetic
component in cardiac rhythm. Of especial note is the
H gz, analysis. In the control group we see the value
close to 1. This testifies to a strong suppression of
cardiac activity with narcosis. After general cooling
the H ) value decreases that points to the activation
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Taéauua 1. Mopdomerpuueckue mokasaTenu MUKPOreMOLMPKYIATOPHOTO Pycila FTOJIOBHOTO MO3Ta KPBICHI
Table 1. Morphometric indices of rat brain micorcirculatory channel

amMerp ApameTp mocTt
mpeka —
o o Apnamerp KalUAASIPHBIX Apnametp ®DpakTarbHas
°C T ,°C TIMAASTPHBIX
Ipymnms Joara! B apTepPUOA,MKM BEHYA,MKM BEHYA,MKM pasmepHOCTEL D
Brain ectal X apTepHOA,MKM . .
Groups o B Arteriole : Diameter of Diameter of Fractal
temperature,C | temperature,°C di Precapillary . . .
iameter,um arteriole post— capillary venules,um dimension D
di venules,um
iameter,um
Komrpoas 36,6=1,4 37,4%1,2 18—27 13,4%4,2 15,0+8,4 20— 60 1,28%0,01
Control
TTocae PXB
After RCE 359+1,3 358+1,6 18—28 14,5+3,8 14,8+4,7 22—58 1,34+0,04
Oobiiiee
OXAAJKACHUE 30,2%1,7 31,0%=1,9 19—127 151+2,4 12,6+29 27—56 1,38=+0,01
General cooling

HEJIMHEWHYIO COCTABISAIOLIYIO CEPACYHOIO PUTMA —
cragmaptHoe oTkioHeHHE (SDNN) u cBsi3aHHBIN C
HuM ko3 dunuent sapuauuu (CV). Takxe Obu1 pac-
CUMTAH MOKa3aTesb XepcTa BapuabenbHOCTH cepaey-
HOro put™a Hg ) (Tabm. 2).

ITocne runorepMudecKkux BO3ACHCTBUN HE IPOUC-
XoauT 3HauuTenbHoro usmeHeHus YCC, HO MOBEHI-
LIAIOTCSI 3HAUCHHMS CTAHAAPTHOTO OTKJIOHEHUS ¥ KO3~
(umenTa Bapranuu. JTO yKa3bIBaeT HAa YBEIHMUECHUE
[IapacUMIIaTUYECKON COCTaBIAIOUICH B CEPIEUYHOM
putMe. OTIENbHO CIENYyET OCTAHOBUTHCS HA aHATIU3E
Hg ). B KOHTPONIBHOM rpyIiIie Mbl BUAUM 3HAYEHHUE,
6mu3koe K 1. DTO CBUAETEIBCTBYET O CHIIBHOM yTHE-
TEHUW CepAeYHON aKTHBHOCTH Hapko3zoM. Ilocime
O0LIEro OXJIAXAEHUS MOHMKAETCs 3HaueHue H g,
YTO yKa3bIBa€T HA aKTHBALMIO CaMOIIOAJEPKUBAIO-
et cucrembl. [Tocne PXB 3nauenune H g g, nepeniio
B 30HY aHTHIIEPCUCTEHTHOCTH, YTO CBUETENHCTBYET
0 TIEpEHACTPOIKE CUCTEMBI U 3aIlyCKe IPUHIUIHAIIb-
HO MHBIX aJalTallMOHHBIX MEXaHU3MOB.

BbiBOADI
Tpamuinoaabie MOPHOMETPHUCCKUE TTapaMETPHI
OKa3aJINCh HEJOCTATOYHO WH-
(hopMaTHUBHBEIMU TSI aHAJIA3a
HU3MEHEHUH B MUKPOTEMOLIUP-
KYJISIIUU TOJIOBHOTO MO3ra Ha

of self-maintaining system. After RCE the H , value
passed in the area of anti-persistence, testifying to the
system readjustment and triggering the principally new
adaptive mechanisms.

Conclusions

The standard morphometric parameters occurred
to be insufficiently informative to analyse the changes
in brain microhemocirculation at early stages of
hypothermic effects.

The Hurst H exponent, quantitatively characterising
the structural and functional state of cardiovascular
system 1is sensitive to the changes in functional
geometry under hypothermic effects.

Using the method of fractal analysis of CR dynamic
series and brain microangioarchitecture according to
the H criterion we demonstrated that under RCE at
the level of heart even at early stages the adaptation
processes (H = 0.39) were triggered, meanwhile the
structure of microhemocirculatory bed remained stable
(H=0.65).

Fractal analysis enables an adequate comparing of
morphometric and electrophysiological characteristics

Tao6auuna 2. [Tokazarenn QyHKIMOHATHHON aKTUBHOCTH CEPACTHO-COCYIUCTON

CHUCTEMBI KPBICHI

Table 2. Indices of rat’s cardiovascular system functional activity

PaHHMX dTaIax TUIOTEPMHUYIEC-
“ o T pekr., °C

KHX BO3JE€UCTBHUU. 'pymnmsr Rectal YCc, % SDNN, mc v, ¥ H

TTokazarennp XepCTa H’ KO- Groups temperature, CR, % SDNN, msec v (R—R)

°C
JIMYECTBEHHO XapaKTEPU3YIO-
ULl CTPYKTYpHO-QYHKIKO- Kontpoar 37,4 =12 100 4 2,54 =0,12 0,96+0,03
HaJIbHOE COCTOSHHE cepacU- Control o o AR
HO-COCYJHCTOM CHCTEMBI, UyB-
CTBUTEJIEH K H3MCHCHUSIM
> %CAeRPéEB 358 =1,6 04,5 =47 8 5,86 =1,04 0,39+0,14
(hyHKIIMOHATBEHON TEOMETPHH ter
IIPUA TUIIOTEPMHUUYECKUX BO3-
VCTBUSX. Obuee

Aenc OXAAJKACHUE 31,0 =1,9 98,5 =5.1 10 6,86 =1,1 0,82 0,07

MeTtonoMm ¢pakTaibHOTO General cooling
aHanu3a IMHAMUYECKOro psaa
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UCC 1 MUKpOAHTHOAPXUTEKTOHUKHN TOJIOBHOTO MO3Ta
no H-kpurteputo nokazano, uyto npu PXB Ha ypoBHe
CepAlia YK€ Ha paHHUX 3Tamax 3alycKaroTcs afar-
tarmonHele mporeccel (H = 0,39), B To Bpems kak
CTPYKTYpa MUKPOTEMOLUPKYISITOPHOTO pycia Oc-
taetcs ctabuipHOU (H = 0,65).

O®paxTajdbHBI aHaIN3 MO3BOJSIET aJIeKBATHO
CPaBHUTH MOP(HOMETPUYECKHE U ANEKTPOPHU3HOIOTH-
YECKHE XapaKTEPUCTUKH B CEPICTHO-COCYAUCTOU CHC-
TE€ME I10 KOJUISCTBEHHOMY MPU3HAKY, KOTOPHIM SIB-
JISIETCS MOoKa3arelb XepcTa.
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in cardiovascular system by the quantitative character
which is the Hurst exponent.
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