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Peakunun MUKPOTre MOUUPKYASIUUN TME€YE€HU Ha HU3KOoTemMIepatypHoe

BO3AeCTBUE
M.B. CAETA

MHCTUTYT npobaem kpmobmorormn u kpmomeanunHsl HAH Ykpaunbi, r. Xapbkos

Responses of Liver Microhaemocirculation on Low-Temperature Effect

SLETA V.

Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

IIpuMeHeHne B TenaTolOTHH KPUOXHUPYPTHUECKUX
METOJIOB MOTPEOOBANO CEPHhE3HBIX IKCIEPUMEHTAIBHBIX
HCCIIeIOBAHUN HHU3KOTEMIEPATyPHOTO MOBPEKICHUS
neuyenu [1,4,5]. OgHo#l U3 MEPBUUYHBIX U OCHOBHBIX
“MuLIeHEeN” IS peaiau3alud HU3KOTEMIIEpaTypHOro
BO3JICHCTBYA HAa TKAHb SABISACTCS MUKPOTEMOLIUPKYISITOPHOE
pyciio [3]. Lens paboTsl - onpeenenre 3aKOHOMEPHOCTEH
(GhopMHUpPOBaHHS OTBETHBIX PEAKIMI MHUKPOTEMOIIMPKY-
JIALAY TIEYSHU TIPH JIOKATHHOM KPHUOBO3ICHCTBHH.

UccnenoBanus npoBelneHbl Ha 75 Kpblcax-camuLax
muaA Buctap. OCHOBHBIM METOZOM U3YUYCHHSI MHKPOTE-
MOIMPKYJISIINAH ObLiIa BUTATbHAS MAKPOCKOITHS C TOMOIIBEO
KOHTakTHOTO Mukpockomna Jlromam K-1 [2]. Tpancmopt
MPOBNEMbBI

KPUOBHOJIOrMM
2002, N2 3

Application of cryosurgical methods in hepatology
requires profound experimental investigations of liver low-
temperature damage [1, 4, 5]. Microhaemocirculatory flow
is one of the initial and main “targets” for realisation of
low-temperature effect on tissue [3]. Determination of the
regularities of responses’ formation in liver microhaemo-
circulation at a local cryoeffect was the aim of the work.

Investigations were performed in 75 Wistar male rats.
The main method for studying the microhaemocirculation
was vital microscopy with Lumam K-1 contact microscope
[2]. Protein transport in liver was studied under intravenous
injection of globulin, labeled with fluoresceine isothyocianate
(FITC). Cryoeffect on liver was performed by means of the

PROBLEMS

OF CRYOBIOLOGY
2002, N2 3



ocA

40
30
20
10

0

1 2 3 4 6 7 8 9 10 11 12 13 L,mm
-10 Lmm

-20
-30
-40
-50
-60
-70
-80
-90

Puc. 1. PacnipeneneHre MUHUMaJIBHBIX TEMIIEpaTyp B 3aBUCH-
MOCTH OT yJaJICHHS OT IIEHTpPa KPHUOBO3IEHCTBHUS:
@ — OKCIIEPUMEHTANBHBIE 3HAYECHUS

Fig. 1. Distribution of minimal temperatures depending on the
distance from the center of cryoeffect:
@ - experimental values
0€JIKOB B MEUEHH M3YyYajH IPH BHYTPUBEHHOM BBEICHHU
100yJIMHA, MEYEHHOT0 W30THOLMaHATOM (UIF0OpECeHHA
(OUTL). KpuososneiicTBue Ha Me4eHb OCYIIECTBISUIN
anIJIMKaTOPOM C AUAMETPOM HaKOHEYHHKa 1,5 MM u
TeMIEepaTypoi Ha MOBepXHOCTH -93°C B TeueHUe 2 MUH.

B pesynbraTe aHanm3a JaHHBIX TEPMOMETPHH B IEYCHU
ocyie KpHOBO3IEHCTBHS ObLIO BBIAEICHO 3 30HBL: | - 30Ha
oneaenenus (temmeparypa ot -30°C B nentpe 1o -6°C Ha
rpanure); I — 30Ha oXJTaXKICHUS WM MMOTPaHUYHAs 30HA
(Temmepatypa ot -6 no 0°C); III — 30Ha rumoTepMuu ¢
temneparypoii Beie 0°C) (puc. 1).

KpuoBo3zeiicTBre BbI3bIBANIO KPATKOBPEMEHHBII Cl1a3M
BCEX DJIEMEHTOB MHUKPOTreMOLHUPKYISITOPHOrO pycia,
CMEHSIONIMIACS UX TPOIOIKUTENHLHON quisTanuel (puc.2).

CormocraBiieHHE PE3YJIBTaTOB TEPMOMETPHH U OHO-
MHUKPOCKOIIMYECKHUX MCCIEJOBAHNH ITOKA3aJI0, YTO TOJIBKO
B 30He | mponcxonnnm HeoOpaTuMble HAPYIICHNUS MUKPO-
cocynoB 1 (popMupoBaHKE KpHOHEKPO3a. B cBs31 ¢ moiaHbIM
orcyTcTBUEM KpoBoToka MedeHbli PUTI-rmobynun He
O0OHapYKUBAJICS.

B morpanngHO#i 30He oxnaxkaeHue TkaHu Hmke 0°C
BBI3BIBAJIO MHUKPOTEMOIUPKYJISTOPHBIE H3MEHEHHS,
COOTBETCTBYIOIIE OCTPOH (ha3e BOCIIAIMTEIIBLHOTO IpoLiecca,
YTO MOATBEPXKIAIOCH HAPYLIEHHEM COCYAUCTO-TKaHEBOM
MIPOHULIAEMOCTH. B riepBbIe MUHYTBI TOCTIE KPHOBO3IEUCTBUS
MeueHslit OUTL-rmo6ynnH NpoHUKAI B TApEHXUMATO3HbIC
KJICTKH, B HOpME HelpoHHI[aeMble s Oenka. Uepes 1 4. mocne
KpHOBO3/ieiicTBUsT HAOIIOanach MakCUMajlbHash MHTEHCUB-
HOCTB CBEUEHHMSI MOIPaHUYHOM 30HHI (pHc. 3), yepes 3 4. —
YETKOE pasrpaHUYEHHE 30HBI MIIEMUYECKOTO HEKpO3a U
Y4acTKOB EYEHH, KPOBOTOK B KOTOPBIX coxpaHsics. OHako
okoino 30% CUHYCOHIOB B 3TOH 30HE MO-TPEKHEMY
3arpoMOupoBanbl. Uepe3 6 4 mociie KPUOBO3ICHCTBUS HA
MI€YCHBb B OOJBIIMHCTBE MUKPOCOCYIOB IIOTPAaHUIHON 30HBI
KPOBOTOK BoccTaHaBnuBaiics (puc.4). Uepes 1 cyT KpoBoTOK
B II€YEHH 32 IIpeJie]IaMH 30HbI HEKpO3a Mao OTIINYaJICs OT
HCXO/THOTO COCTOSTHMS (pHC.5)

JlokanbHOE KPUOBO3EHCTBUE HA [IEYEHD HE OKa3bIBAJIO
HEoOpaTUMOTo U IMTPOJOIKUTENILHOTO BIMSHUS Ha repude-

puliHbIe y9acTKu opraHa (puc.6).

NPOBJIEMbBI
KPMOBMOJIOrMHK
2002, N2 3

MKM 35
mcm

30

25

20

=

\

.

\

15

10

rTrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrri

0

-

0 30

Puc. 2. l3menenue 1uaMeTpoB TEPMUHAIBHBIX EYEHOUHBIX BEHYI
TIOCJIE JIOKAJIBHOTO KPHOTIOBPEKICHUS:
[ - 10 KPUOBO3/ICHCTBHS;
O - norpaHuYHas 30Ha;
M - 30Ha, yJaJIeHHas OT LIEHTpa KPUOBO3/EHCTBUS HA
10 mm.
Fig. 2. Changes of the diameters of liver terminal venules after
a local cryodamage:
O - before the cryoeffect;
[ - boundary zone;
M - zone, in the distance of 10 mm from the center of
cryoeffect

k:' % - J -

Puc. 3. Pacnipenenenue mo0ynuna, meuenHoro ®UTL, B neuenu
gepe3 1 4 mocie KpHOBO3IEUCTBHS Ha medeHb (00.x10, ok.x7):
a — 30Ha OJICZICHEHHS; b — MOrpaHuYHas 30Ha.

Fig. 3. Distribution of FITC labeled globulin in liver in 1 hr
after the cryoeffect on liver (magnification: objective x10, ocular
tube x7): a — freezing zone; b — boundary zone

applicator with 1,5mm tip and the temperature in the surface
of —-93°C.

As a result of the analysis for thermometry data in liver
after the cryoeffect 3 zones were notable: I — freezing zone
(temperature from —30°C in the centre up to —6°C on the
border); II — cooling (boundary) zone (temperature from —
6°C up to 0°C); III — hypothermia zone with the temperature
higher than 0°C (Fig. 1).

Cryoeffect caused a short-term spasm of all the elements
of microhaemocirculatory flow, followed by their prolonged
dilatation (Fig. 2).

Comparison of the thermometry and biomicroscopic
results demonstrated, that only in zone I the irreversible
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Puc. 4. I'panuna 30HB KpUOHEKpO3a depe3 6 u mocie
KPHOIIOBPEXKICHIUS HOPMAJIbHON Me4eHH KPBICH (00.X25, ok.X7):
a — 30HA OJIZICHEHUSL; b — IIorpaHUYHas 30Ha.

Fig. 4. Boundary of cryonecrosis zone in 6 hrs after a cryoeffect

on rat liver (magnification: objective x25, ocular tube x7): a —
freezing zone; b — boundary zone.

Puc. 5. I'pannna 30HBI KpHOHEKPO3a 4yepe3 1 CyT mocie Kpuo-
BO3/JICHCTBUS HA TeUeHb KPHICH (00.Xx20, ok.X7).

Fig. 5. Boundary of cryonecrosis zone in 1 day after a cryoeffect
on rat liver (magnification: objective x20, ocular tube x7).

Takum 00pazom, MPUIKU3HEHHOE HAOIOEHNE BITUSTHUS
JIO3MPOBAHHOTO JIOKAJIBHOTO KPUOBO3CHCTBHS Ha TICYCHD
SKCIEPUMEHTATIBHBIX )KUBOTHBIX IIO3BOJIMIIO PAH)KUPOBATh
3aBHCHMOCTH MECTHBIX MHKPOTEMOIMPKYIISIPHBIX PEaKITUit
OT BPEMCHH W TUIyOWHBI OXJIAXKJICHUS, OTPAHUUYHUTH
3Havallle TeMIepaTypHble 30Hbl U YCTAHOBUTH IJIaBHbBIE
HarpasieHus: naroMmopdosa B HUX.
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Puc. 6. MEKpOTreMOIUPKYISTOPHOE PYCIIO yIacTKa, YAaJICHHOTO
OT 30HBI KpHOHEKpo3a Ha 15 MM uyepe3 1 cyT mocie
KPHOBO3JEHCTBUS Ha Ie4eHb KphIcH (00.x10, ok.x7)

Fig. 6. Microhaemocirculatory flow in the distance of 15 mm
from a cryonecrosis zone in 1 day after a cryoeffect on rat liver
(magnification: objective x25, ocular tube x7).

failures in microvessels and a cryonecrosis’ formation were
occurred. Due to complete absence of the blood flow no
labeled FITC-globulin was found.

In the boundary zone a tissue cooling lower than 0°C
caused microhaemocirculatory changes, corresponding to
an acute phase of inflammatory process, that was confirmed
by the failure of vascular-tissue permeability. Within first
minutes after the cryoeffect labeled FITC globulin
penetrated into parenchymatous cells, in the norm
impermeable for protein. In 1 hr after cryoeffect the
maximum intensity in a boundary zone the lightening was
observed, in 3 hrs there was noted a clear demarcation of
ischemic necrosis zone and liver sites, blood flow of which
has remained. However about 30% of sinusoids in this zone
were still thrombed. In 6 hrs after the cryoeffect on liver
in the majority of microvessels in a boundary zone the
blood flow was recovered (Fig. 4). In 1 day the blood flow
in liver slightly differed from the initial state (Fig. 5).

Local cryoeffect on liver did not cause irreversible and
prolonged effect on peripheral sites of an organ.

Thus, a vital observation of the action of a dosed local
cryoeffect on liver of experimental animals allowed to
determine the dependence of local microhaemocirculatory
responses on the time and depth of cooling, as well as to
limit significant temperature zones and establish main
directions of pathomorphosis in them.
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