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Duration of Whole-Body Air-Cryo-Exposure (-120°C) Affects
Some Properties of Murine Erythrocytes

Pecbepat: B paboTte usyyanu BnusiHne obuiero aspokpuososaeinctaust (AKB) (-120°C) B kpuokamepe Anst aKCnepuMeHTanbHbIX
XMBOTHbIX Ha MOMYNALMOHHBIA COCTaB, OCMOTUYECKYIO XPYNKOCTb W YPOBEHb remMornn3a 3apuTpouuToB nepudepuyeckon KpoBu
(MK) mblwen. AHanu3 NoNyYeHHbIX pe3ynbTaTtoB Nnokasar, YTo NpoaormkMTenbHOCTb ogHoro ceaHca AKB (40, 60 u 90 c) BnusieT Ha
KayeCTBEHHbIA U KONMWYECTBEHHbIV COCTaB 3PUTPOLIUTOB: CHUXeHMe ux obuiero konuyecTtsa B K, B 4acTHOCTM AUCKOLMTOB,
3HauYMMoe yBenu4veHve fonu obpaTrMo U3MeHeHHbIX dopm (ctomatounTtoB). Obwee AKB npuBoanno K NOBbILLEHU OCMOTUYECKOMN
XPYMKOCTU U yCUNEHUIo remonusa aputpountoB. Yepes yac nocne AKB He mpoucxoguT HOpManu3auum KONUMYECTBEHHOMO U
nonynsunmoHHoro coctasa apuTpouuntoB MK mblwen. icxoas n3 nonyyYeHHbIX Hamu pe3ynsTaToB Mo BUSIHWIO OXNaXaeHust opraHuama
Ha CTeneHb remMonusa 3pUTPOLMTOB MOXHO KOHCTaTupoBaTb, YTo Gonee anutenbHoe (60 u 90 c) npebbiBaHWE XMBOTHBLIX MpU
Temnepatype —120°C oka3blBaeT MeHblUee BO3OENCTBME HA 3PUTPOLMTHLI, YEM KPaTKOBPEMEHHOE Obllee 3KCTpeMaribHoe OXrax-
neHve B TedyeHue 40 c.

KnioyeBble crnoBa: aspokpuoTepanus, apuTpouuTbl, popMa 3pUTPOLIMTOB, OCMOTUYECKAs XPYMNKOCTb, reMOSN3, MbILLN.

Pechepar: Y poboTi BuBYanu 3aransHuin aepokpiosnnus (AKB) (—120°C) y kpiokamepi Ans ekcnepvMeHTarnbHUX TBapuH Ha
nonynsAuinHWiA cknag, oCMOTUYHY KPUXKICTb | piBeHb remonidy eputpoumTiBa nepudepunyHoi kposi (MK) muwen. AHania oTpMMaHux
pesynbTaTiB nokasas, WO TpuBanicTtb ogHoro ceaHcy AKB (40, 60 ta 90 c) BnnuBae Ha SIKICHUM Ta KiNbKICHUWA CKNag epuTPOLUTIB:
3HWXEHHS X 3aranbHoi kinbkocTi y MK, 3okpema anckouunTiB, 3HaYHe 36iNbLUEHHSI YacTKn 0BOPOTHLO3MIHEHUX (HOPM (CTOMATOLMUTIB).
B3aranbHe AKB npnBoAMno Ao MigBULLEHHS OCMOTUYHOI KPUXKOCTI Ta MOCUIIEHHS reMoni3y eputpouunTiB. Yepes rogunHy nicna AKB He
BiabyBaeTbCcs HopManisauii kinbkicHoro Ta nonynsuiiHoro cknagy eputpountis MK Muwweir. Buxogsum 3 oTpumaHux Hamu pesynsrartis
LWoA0 BMIMBY OXOMOOXKEHHSI OPraHiaMy Ha CTyniHb remMosni3y epuTpouMTIB MOXHa KOHCTaTyBaTu, wo Tpusaniwe (60 ta 90 c)
nepebyBaHHs TBapuH 3a Temnepatypu —120°C YMHUTb MEHLUUIA BMMUB Ha €PUTPOLMUTU, HiXK KOPOTKOYACHE 3ararnbHe ekcTpemarbHe
oxonoaxeHHs npotsrom 40 c.

KnrouoBi cnoBa: aepokpioTepanis, eputpountn, bopma epuTpouUnTiB, OCMOTUYHA KPUXKICTb, remMoni3, MuLLI.

Abstract: An influence of whole-body air-cryo-exposure (ACE) (—120°C) performed in cryochamber for experimental animals
rendered on the populations, osmotic fragility and the hemolysis level in erythrocytes of peripheral blood (PB) of mice was studied.
The analysis of our findings showed that the duration of one session of ACE (40, 60 and 90 sec) affected the qualitative and
quantitative composition of erythrocytes, i. e. their total number in the PB was reduced, in particular on an account of discocytes, the
part of reversibly modified forms (stomatocytes) was significantly increased. Whole-body ACE led to an increased osmotic fragility
and elevated hemolysis of erythrocytes. An hour following the ACE we have not found any normalization in quantitative and po-
pulation composition of erythrocytes of mice PB. Thus the observed effect, rendered by a whole-body cooling on the hemolysis in
erythrocytes, enabled to state that the longer (60 and 90 sec) staying of the animals at —120°C had less impact on erythrocytes
comparing to whole-body short-term extreme cooling of mice for 40 seconds.

Key words: air-cryo-therapy, erythrocytess, erythrocyte shape, osmotic fragility, hemolysis, mice.

HopmanbsHoe QyHKIIMOHUpOBaHKE JIF000H OHOJI0-
THYECKON CHCTEMBI 3aBUCHUT OT (DAKTOPOB BHEIIHEH
cpensl. Tak, B OTBET Ha U3MEHEHHUE TEMIIEPATYPHOTO
pe’XuMa B OpraHM3Me MOTYT BO3HUKATh Pa3iMYHbIC
MIPUCIIOCOOUTEbHBIC PEAKIMU, CBA3aHHbIE C Iepe-
CTpOMKaMH B IEHTPAJIbHOM HEPBHOW U KPOBETBOPHOMN
CHUCTEMAaX, KOTOpBIE, KaK M3BECTHO, MOAJAEPKUBAIOT
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Normal functioning of any biological system depends
on environmental factors. Particularly, temperature
alterations could lead to various adaptive responses in
an organism associated with rearrangements in central
nervous and hematopoietic systems, which are known
to maintain homeostasis and regulate metabolic pro-
cesses in tissues and cells [3, 18].
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TOMEOCTa3 U PETYAUPYIOT METAO0MMIECKHE TPOIIeC-
CHI B TKaHSX U KJIeTKax [3, 17].

AJanTUBHBIE pPEAaKIIMM OPraHU3Ma MOTYT UMETh
MOBPEKAAIOLINN XapaKTep, ECIH JJTUTENBHOCTD IEHCT-
BHSI pa3/IpakKUTENsl PEBHIIIAET PE3EPBHBIE BO3ZMOXK-
HOCTU opraHu3Ma. Peszkue KonebaHusi TeMreparypsl
OKpYy Karolel cpeibl MOryT MPUBOANTE K Pa3BUTHIO
MaTOJIOTMYECKUX MPOLIECCOB B OPraHN3Me, OKa3bIBaTh
CYIIECTBEHHOE BIMSHHIE Ha KIIeTOYHbIe MeMOpans! [ 10,
17]. C nenbro nmpeaoTBpaIIeHUs BEIIIICYKa3aHHBIX He-
ratuBHBIX 3(dexToB TemneparypHoro dakropa ciie-
JyeT yYUTHIBATh MIPOJIOIDKUTEIEHOCTD €0 BO3/IEHCTBHS
Ha opraHu3M. B Hacrosimee BpemMsi NCKyCCTBEHHBIE
TUTIOTEPMITYECKIE COCTOSTHUS 1 KproTepars (—120°C)
C OTIpEICIEHHOM YaCTOTON U BpEMEHEM a3POKPHOBO3-
neiictBust (AKB) mmpoko ucmonb3yroTcs B KIMHU-
YEeCKOM MpaKTHKE IS MOBBILIEHUS yPOBHA (PyHKIIHO-
HUPOBaHHS OCHOBHBIX PETYIATOPHBIX U aJalTALIMOHHO-
MPUCTIOCOOUTENBHBIX CHCTEM OpPTaHU3Ma U JICUCHHS
IICUXOCOMAaTHUYECKUX paccTpoiicts [1, 3, 5, 11].

CoxpaHSIONHiicss MHOTHE JECATUICTHS HHTEPEC
K JIe4eOHON TUITOTEPMHUH OOBACHSAETCS TEM, UTO B Pa3-
JIUYHBIX 00JIACTAX MEAUIIMHBI aKTUBHO MTPUMEHSIETCS
METOJ] HICKYCCTBEHHOTO CHIKEHHS TEMITEPATYPHI TeNA.
MeTo/1 0OCHOBAH Ha CBOWCTBE TMIIOTEPMUH 3aME AT
WHTEHCUBHOCTH OOMEHHBIX MTPOIIECCOB, YTO MTPUBOANUT
K TIOBBILICHUIO YCTOHYMBOCTH OpraHnu3Ma K HeOJaro-
MPHUATHBIM YCIIOBHSM U, IPEXK]IE BCErO, K TUIIOKCHH,
KOTOpast 0OOBIYHO COIYTCTBYET PAa3JIMUHBIM BUAM I1a-
tojoruu [1, 3,5, 10].

[Ipu neiicTBUM Ha OPraHU3M SKCTPEMaIbHBIX (haK-
TOpPOB, B YaCTHOCTH HHU3KUX U CBEPXHU3KHUX TEMIIE-
paTyp, NPOUCXOASIT U3MEHEHUs TOMEOCTATHYECKUX
MoKa3aTesneil, OTHOCAIINXCS K cucTeMe KpoBh. KpoBb,
KaK caMOpeTylupylomascs CTpyKTypa, obecredn-
BaeT CIOCOOHOCTh OpraHU3Ma MPOTUBOCTOSATH IKCT-
peManbHBIM BO3JEHCTBUSAM OJlaronaps COBEpPIIEH-
HBIM MEXaHH3MaM PETYJSIIUU (PU3UOIOTHIECKIX
(byHKIMI, TeHETHYECKOMY KOHCEPBAaTHU3MY PELEITO-
POB U IJIACTUYHOCTH UCTIOTHUTEIBHOr O anmnapara [ 14].
Kpome Toro, KpoBeHOCHast cucTemMa O00bEIUHSET
paboty Bcex (PyHKIMOHAJIBHBIX 3BEHbEB OPraHNU3Ma,
3aJ1elICTBOBAHHBIX B MOJAJEpPKAHUM FOMEOCTA3a.
Takum 00pa3oM, XapaKTePUCTUKUA KPOBH MOTYT CIIy-
JKUTh YyBCTBHUTEIHHBIMH IOKa3aTEJSIMU CTpecca U
OBITH IPUTOIHBIMU JIJISI U3yUEHUS POIIECCOB a1arl-
TaIluH, PE3UCTEHTHOCTH U COXPAHEHHUS MTOCTOSHCTBA
BHYTPEHHEH Cpe/ibl OpraHu3ma.

Camasi MHOTOUYHCIICHHAS TOMYIAIHS (OpPMEH-
HBIX 3JIEMEHTOB KPOBH (SPUTPOLIUTHI) OJTHOM U3 Mep-
BBIX BKJIIOYAETCS B OTBETHYIO PEaKIMI0 OpraHu3Ma
Ha pa3lIn4HbIe BO3/ieiicTBHA U (pakTopkl. B mocieanme
JIECATHUIIETUS] YCTAHOBJICHA B3aMMOCBS3h MEXY W3-
MEHEHHSIMH CBOHCTB MEeMOpaH SpUTPOLIUTOB M XapaK-
TEPUCTUKAMH I'OMEOCTa3a KJIETOK BHYTPEHHUX Opra-
HOB [7-9, 14].
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Adaptive responses appearing in an organism
may gain a damaging effect, if the action of the sti-
mulus or duration of its exposure exceed the certain
limits. Sharp fluctuations in ambient temperature can
lead to the development of pathological processes
in the body, in particular to affect significantly cell
membranes [11, 18]. Preventing the above men-
tioned negative effects of the temperature changes
should consider the duration of its impact on the
body. To date the clinicians widely apply artificial
hypothermic states and cryotherapy (—120°C) uti-
lizing a certain frequency and duration of air-cryo-
exposure (ACE); usually these are used both for a
general improvement of the functioning of main re-
gulators of the organism’s adaptive systems, or in
the cycle of treatment of psychosomatic disorders
[1,3,6,12].

The persistent interest within many decades to a
therapeutic hypothermia is explained by the fact that
in various fields of medicine the method of artificial
lowering of body temperature has been widely applied.
The method is based on the feature of hypothermia to
slow metabolic rate, and in such a way to increase an
organism resistance to adverse conditions and, above
all, to hypoxia, which is usually accompanied with
various pathologies [1, 3, 6, 11].

Extreme factors, in particular, low and ultra-low
temperatures act on an organism resulting in the
changes in homeostatic indices of the blood system.
Blood is a self-regulating structure and therefore
could make the body able to resist the extreme in-
fluences due to improved regulation of physiologi-
cal functions, genetic conservatism of receptors and
plasticity of executive apparatus [15]. Furthermore,
the blood circulatory system integrates the activity
of all the functional links of an organism involved
into homeostasis. Thus, blood characteristics can
serve as sensitive indicators of stress and could be
used when studying the processes of adaptation, re-
sistance and constancy of inner environment of the
body.

The largest population of blood cells (erythrocy-
tes) is the first one involved into the body’s response
to various influences and factors. Numerous recent
reports described the relationship between the chan-
ges in erythrocyte membrane properties and homeo-
stasis characteristics of the cells of internal organs
[8-10, 15].

In this regard, the revealing of changes in structural-
functional organization of erythrocytes under tempe-
rature stress conditions is important for investigation
of the consequences appeared due to the extremely
low temperatures exposure of an organism at the level
of biological membranes, as well as for assessing the
individual and species-specific resistance to air-cryo-
therapy.
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B sT0ii CBA3M BBISBIEHHE U3MEHEHUH B CTPYK-
TYpPHO-QYHKIIMOHAILHON OpraHU3aIH YPUTPOIIHTOB
IIpH TEMIIEPATYPHOM CTPECCE MMEET CYIIECTBEHHOE
3HA4YEHUE IS U3y4eHUsI TOCIEACTBUN IEHCTBUS DKCTpe-
MaJbHO HU3KHUX TEMIEPATyp Ha OPTraHU3M Ha YPOBHE
OromeMOpaH, a TaKKe sl OLEHKU WHANBUAYIbHON
1 BUJIOBOM PE3UCTEHTHOCTH K a3pPOKPHOTEPAITUH.

B Hacrodiee BpeMs peKOMEHI0OBaHHON IPOAOII-
KUTEIBHOCTHIO TEPAIEBTUYECKOTO BO3IEHCTBUS IPH
temneparype —120°C na genoseka sBisercs 60—180 ¢
[3, 5, 11], Ha kpBIc — 90—-120 ¢ [3]. UccmenoBanus mo
Brussanio AKB Ha MbIiei 10 cux He IPOBOIUIIHCE.

Lens paboThI — N3YYIHUTD BIUSHUE TIPOAOTKUTENb-
HOCTH O0IIEro dKCTPEMAIbHOTO adPOKPHOBO3IEHCT-
Bus (—120°C) Ha OCMOTHUYECKYIO XPYTKOCTb, YPOBEHb
reMoJIN3a U COOTHOLIEHUE (POPM SPUTPOLIUTOB MBILIH
1o uHAekcy chepuynoctd. HeoOxonumMocTs naHHBIX
HCCIICI0OBAaHMI 3aKiiovaiach B oa0ope onTUMalb-
HOTO JUISL 3TUX >KUBOTHBIX BPEMEHH NpEObIBaHUS B
kpuokamepe (—120°C) ¢ uenbro MpoBeAeHUs MOoCie-
TYIOIINX SKCTIEPUMEHTOB.

Martepuajbl U MeTOABI

PaGora BhITIONTHEHA B OCEHHE-3UMHHI TTEPUO]] HA
3-mecsunbix Mblmax jguaId CBA (n = 34) maccoit
1820 1. ’KuBOTHBIX coziep Kajii B YCIOBUAX BUBAPUS
IIPU ECTECTBEHHOM CBETOBOM PEKHUME (TeMIepaTypa
22...24°C) Ha cTaHAapTHOM PallMOHE MTUTAHMSL.

DKCIEepPUMEHTHI TPOBEACHBI B COOTBETCTBHH ¢ «O0-
UMY TIPUHIUNAME pa0OThl Ha KUBOTHBIX», 0/100-
pennbiMu V1 HanimoHansHBIM KOHIPECCOM 110 OHOATH-
ke (Kues, 2016) u corliacOBaHHBIMU C TIOJI0KESHUSIMHU
«EBpomneiickoil KOHBEHIIUHN O 3alUTE MO3BOHOYHBIX
YKUBOTHBIX, UCTIOIB3YEMBIX JUIS 9KCTIEPHUMEHTAIbHBIX
U IpyTuX Hay4HbIX meiei» (CtpacOypr, 1986).

AdPOKPHOBO3IEHCTBHE HA MBIIIEH OCYIIECTBIISIIH
B KpHOKaMepe ISl SKCTPEMAIBHOTO OXJIaXJACHUS
IKCIIEPUMEHTAJIbHBIX JKUBOTHBIX, pa3pabOoTaHHOW B
oraene kpuogusuonornu UTTKuK HAH Ykpaunsi [12,
18]. J17s1 4MCTOTHI SKCIIEPUMEHTa B KpUOKaMepy T0-
MELIAJU 10 OJHOMY XUBOTHOMY. IloCKONIBKY peko-
MEHJIOBaHHAsI CPEAHSS MPOAOLKUTEIBHOCTh OJIHON
MPOLEAYPHI ISl YEIOBEKA U KPBIC IIPU TEMIEpaType
BozaeiicTtBus —120°C cocrasnsier 120 ¢ [3, 5, 11], To
B MPEIBAPUTEIBHBIX HCCICIOBAHUAX MBIIICH ITOME-
AU B STYEHKY AKCIEPUMEHTAIBHON KpHOKaMephl
Ha 120 c. YkazanHOoe BpeMs MpeObIBaHUS MEITKHUX
rpe13yHOB B Teuenne 120 ¢ npu temnepatype —120°C
BBI3BIBAJIO y HUX (UOPWILISIPHBIC MOACPTHBAHMUS
MBIIII] ¥ CHHIOITHYIO OKPACKY YIIHON PaKOBHUHBIL, YTO
CBHJIETEJIILCTBOBAJIO O CHJIBHOM TEPEOXIaXKICHUU
OpraHu3Ma, IOATOMY TaKask POJIOJKUTEIIBEHOCTD BO3-
JNEHCTBUS B JaMbHEHIINX SKCIIEPUMEHTaX HE HCCe-
JI0BaJacCh.

Ucxons u3 BUOOBBIX pa3ivyuid B YCTOWYMBOCTHU
YKUBOTHBIX KO MHOTHM HEOJIAarONPUATHBIM (PaKTOpaM,
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Now, the recommended duration of therapeutic
exposure with the temperature of —120°C in humans
is 60—180 seconds [3, 6, 12] and in rats it is 90—120 se-
conds [3]. No studies on the ACE effect have been
performed in mice so far.

The research aim was to study the effect of duration
of whole-body extreme air-cryo-exposure (—120°C)
on osmotic fragility, hemolysis level and the occurrence
of mouse erythrocyte shapes estimated by sphericity
index. The need of these studies consisted in the se-
lection of the optimal for these animals time of staying
in cryochamber (—120°C) to perform further investi-
gations.

Materials and methods

The research was performed in autumn-winter
period in 3-month-old CBA mice (n = 34), weighing
18-20 g. The animals were housed in the animal faci-
lity with natural light/dark cycle (at temperature of
22...24°C) and a standard diet.

The experiments were carried out in accordance
with the General Principles of Experiments in Animals,
approved by the 6™ National Congress in Bioethics
(Kyiv, 2016) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Air-cryo-exposure of mice was performed in
cryochamber for extreme cooling of the experimental
animals developed at the Department of Cryophysio-
logy of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine [4, 13]. For the independence of the experi-
mental conditions just one animal was placed into the
cryochamber. Assuming that the average duration of
a single recommended procedure for humans and rats
at an exposure temperature of —120°C makes 120 se-
conds [3, 6, 12], in preliminary studies the mice we-
re placed into the experimental well of cryochamber
for 120 seconds. The mentioned time of staying for
small rodents during 120 seconds at a tempera-
ture of —120°C caused a fibrillar twitching of their
muscles and bluish coloring of ears, indicating a
strong overcooling of the body, due to these facts
we have not used this duration of exposure in further
experiments.

Based on the differences between species as for
the resistance of animals to many adverse factors
including cold [14], we have decided to reduce the
duration of the ACE session for mice from 120 down
to 90, 60 and 40 seconds.

The animals were divided into the following groups:
the 1% one was the control without ACE (intact mi-
ce); the 2™ group had ACE for 40 seconds; in the
3 one the ACE lasted 60 seconds; and in the 4™ the
ACE duration was 90 seconds; there were the sub-
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B TOM 4HCJE U K Xoioay [13], MBI pemmian CHU3UTD
MIPOIOJDKATENHHOCTE ceanca AKB mbrmmeit ¢ 120 mo
90, 60 u 40 c.

JKuBoTHBIE ObUTH pa3/eieHbl Ha CIEAYIOIIUE IPyYII-
nbl: 1 — koHTpOsbHAs 6e3 AKB (MHTaKTHBIE MBIIIN);
2 — AKB B Teuenue 40 c; 3 — AKB B teuenue 60 c;
4 — AKB B Teuenue 90 c, a Takke noarpynmst: 2A —
yepe3 yac nocine AKB B Teuenue 40 c; 3A — uepes
gac nocie AKB B teuenne 60 c; 4A — depes gac
nociie AKB B Teuenue 90 c.

VY KMBOTHBIX BCEX I'PYIIIT U3MEPSUTH PEKTAIBHYFO
TEMIIEPATYPY, ONPEAEIISIN KOTHIECTBO SPUTPOIIUTOB
B niepudepuueckoit kposu (I1K), a taxke nzydanu
JMHAMHUKY TpaHcopmaruu Gpopmbl spurporuToB [1K.
JKMBOTHBIX BHIBOJHIIN U3 3KCIIEPUMEHTA ITyTEM JIeKa-
MHUTALHH.

UccnenoBanus AMHAMHUKH TpaHC(HOPMALIUU SPUT-
POLIUTOB MPOBOAMIN METOIOM MAJIOYyTJIOBOTO paccesi-
Hus cBeTa Ha npubope «Kpuokon» (YkpanHna), pa3pa-
6orannom B MIIKuK HAH VYkpauns! [6]. U3yuann
3aBHUCUMOCTh HHTEHCUBHOCTH PAcCesTHUs CBETa CyC-
TI€H3UEH SPUTPOIIUTOB MO YIIIOM 9° 110 HaNIPaBJICHUIO
K TaJafolIeMy Jy4dy OT KOJMYEecTBa KIETOK B ITOU
CycrieH3uH. B n3MepuTenpHyo sUeiiKy, CoepKaIryro
3,0 mu1 pactBopa NaCl pasnoit konnentpanuu (ot 0,15
10 0,05 Moib/11), BHOCHIIM 3 MKJI 3pHTPOMACCHI, T10-
JYYeHHOH Iociie OTCTauBaHUSI KPOBU U aclupaluf
1a3Mel. Bee nccnepoBanus mpoBOIWIIM IPU TEMITE-
patype 37°C. Onpenensuin KOJINYECTBO COXPAHHBIX
sputpountos (%o). Pacnipenenenue 3puTpoLTOB 1O HH-
nekcy cpepuunoctu (MC) ycraHaBIMBaiu 1o 3aBUCH-
MOCTH OCMOTHYECKOH XPYTKOCTH, UCTIONb3YsI (PU3NKO-
MaTeMaTH4YeCKyI0 MOJIEIb THIIOTOHUYECKOTO TeMOIIN3a
SPUTPOLUTOB B PACTBOPE HEITPOHHUKAOIIIETO BEIIIECTBA
[6, 19, 20]. 3ragenns M C npsmo nponopIrioHa bHBI T10-
BEPXHOCTHO-00beMHOMY cooTHOMLICHHUIO (S/V) 1 Xapak-
Tepu3yrT Gopmy kietok. IIpeobnanatoniue Gopmbl
SPUTPOLIUTOB COOTBETCTBOBAIHN CIIETYIOIINM HHTEP-
Banam MC: chepounts — 1-1,3; cromatouuts — 1,3—
1,7; HopManbHbIE AUCKOIUTHI — 1,7-2,1; yIIomeHHbIE
JIMCKOITUTHI — 2,1-3.

Craructuueckyto oOpabOTKy MOJYyYEHHBIX pe-
3yJIbTaToB NMpoBoawiIn 1o Metoxy Crprogenra-du-
miepa nocljie IpOBEPKH HOPMAaJIbHOCTU pacrpee-
JICHHUS C UCIOJIb30BaHUEM IPOrpaMMHOro obecre-
yenust «Excel» («Microsoft», CILIA). Pazmiuns mexy
BBIOOPKAMH CUHTAIH CTATUCTUYCCKH 3HAYUMBIMH
ipu p < 0,05.

Pe3yabTarsl U 00cy:KaAeHHE

[TocnencTBus nEHCTBUS X0JI0/1a HA OPTAaHU3M 3a-
BUCST OT AJIUTEIBHOCTH OXJaxaenus [3, 5, 11]. B pe-
3yabpTare AcictBusi AKB Ha skcrepuMEHTaIbHbIX
KUBOTHBIX PEKTaJIbHAS TEMIIEPAaTypa CTATUCTHYECKH
HE3HAYMMO CHUXXaJIaCh BO BCEX OIBITHBIX IpyINax
cpa3y moclie MpOBEACHUS OAHOTO ceaHca 00Iero
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groups as follows: 2A was assessed 1 hr later ACE
performed during 40 seconds; the 3A subgroup was
tested 1 hr after ACE lasted 60 seconds; and in 4A
the indices were measured 1 hr after ACE with dura-
tion of 90 seconds.

In all the groups of animals the rectal temperature
was measured, the number of erythrocytes in peripheral
blood (PB) was counted, and the transformation of
the shapes of PB erythrocytes was studied. The animals
were sacrificed by decapitation.

The dynamics of erythrocyte transformation was
investigated by small-angle light scattering with the
Cryocon device (Ukraine), developed at the Institute
for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine [7].
The light scattering intensity in erythrocyte suspen-
sion depending on the number of cells in the sus-
pension was studied at an angle of 9° to the falling
beam. Measuring well was filled with 3.0 ml NaCl
solution of various concentrations (from 0.15 to
0.05 mol/L) and 3 ul of erythromass obtained after
sedimentation of blood and plasma aspiration were
introduced. All the studies were carried out at a tem-
perature of 37°C. The number of survived erythro-
cytes (%) was counted. Distribution of erythrocytes
by sphericity index (SI) was determined using the
dependence of osmotic fragility and physical-ma-
thematical model of hypotonic hemolysis of red blood
cells in the solution of non-penetrating substance
[7, 19, 20]. The SI values are directly proportional to
the surface-to-volume ratio (S/V), and characterize
the shape of cells. The pre-dominant shapes of red
blood cells corresponded to the following SI intervals:
spherocytes (1-1.3), stomatocytes (1.3—1.7), normal
(1.7-2.1) and flattened (2.1-3) discocytes.

The results were statistically processed by Student-
Fisher test after checking the distribution normality
using the Excel software (Microsoft, USA). Differen-
ces between the samples were considered as statisti-
cally significant at p <0.05.

Results and discussion

The consequences of cold effect on a body depend
on the duration of cooling [3, 6, 12]. As a result of
ACE in experimental animals their rectal tempera-
ture decreased insignificantly in all experimental
groups immediately after a session of general extre-
me cooling at —120°C (Table 1). An hour after the
ACE procedure this index restored in all experimental
groups.

The blood system counts have long been used to
assess the state of an organism. The study of quanti-
tative and qualitative states of erythrocytes during hy-
pothermia is of particular interest, since hypothermia
and hypoxia increase an organism demand for oxy-
gen [6,9, 11].
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Tabnuua 1. BnvsHne npoaormkMTenbHOCTM OOHOrO ceaHca B kpuokamepe (—120°C) Ha pekTanbHyto TeMmneparypy
1 konuyectso aputpoumToB B [NK Mbiwer cpasy nocne npoueaypbl AKB 1 yepes vyac (n =5, M + SE)

Table 1. Effect of duration of one stay in cryochamber (—120°C) on rectal temperature and erythrocyte counts in the PB
of mice immediately after the ACE and following one hour (n = 5, M + SE)

Mpynnbi
Moka3zatenu Groups
Indices
1 2 3 4 2A 3A an
PekTtanbHasA
Te""“‘;’;ac?g’l’a' °C | 37,43 + 0,37 | 36,89 + 0,33 | 37,01 = 0,25 | 36,93 + 0,27 | 37,27 + 0,28 | 37,563 + 0,19 | 37,67 + 0,23
temperature, °C
KonnuecTso
3pUTPOLNTOB,
9
10%mn 7,93 + 0,35 | 6,21 + 0,47* | 6,56 + 0,24* | 6,78 + 0,561* | 8,79 + 0,27* | 8,64 + 0,21* | 8,69 + 0,35*
Number of
erythrocytes,
109/ml

MpumeyaHue: * — U3MEHEHNs CTaTUCTUYECKN 3HAYMMbl MO CPaBHEHUIO C KOHTponem, p < 0,05.

Note: * — statistically significant changes as compared with the control, p < 0.05.

IKCTpeManibHOro oxnaxkaenus npu —120°C (tadm. 1).
UYepes uac nocne npoueaypsl AKB stoT nokaszatens
BOCCTaHABJIMBAJICS Y BCEX 3KCIIEPUMEHTAIIBHBIX TPYIIL.

[ToxazaTenu cucTeMbl KPOBH JaBHO UCTIONB3YIOTCS
JUIl OLEHKH COCTOSIHMSI opraHusma. Msydyenue xomiu-
YECTBEHHOTO U KaY€CTBEHHOTO COCTOSIHHSI 3PUTPOIIH-
TOB TPU TUIIOTEPMHH MPEICTABISET ONpPeeTeHHBIN
WHTEPEC, MOCKOIBKY MPH TUTIOTEPMUH 1 THITOKCHH TTOBbI-
IaeTcs MOTPeOHOCTh OpraHn3Ma B Kuciopone [5, 8, 10].

B mammx sKcmepuMeHTax KOJIHYEeCTBO IPHUTPO-
umToB [1K BO Bcex OMBITHBIX IpyMIIax )XKUBOTHBIX CTa-
TUCTHUYECKHU 3HAYMMO CHUKAJIOCh HETIOCPEICTBEHHO
nocie AKB n yBennmuuBanoch uepes uac 1nociie npose-
JIeHUs1 DKCTPEMaIbHON runotepmui (tadai. 1).

C nenpro uccieq0BaHUA BO3MOXKHBIX NMPUUYMH
3HAYUMBIX U3MEHEHHUI B KOJIMUYECTBE SPUTPOIUTOB
nepudepuyeckoil kpou mbier nocie AKB Obiia
MPOBEJIEHA CEPHs IKCIIEPUMEHTOB 0 M3YUYEHHIO MX
OCMOTHYECKOH pe3UCTEeHTHOCTH, TOCKOJIbKY JaHHBIE
WCCIIEIOBAHNS OTPAXKAIOT HE TOJIBKO KayeCTBEHHBIN
cocTaB (PYHKIIMOHUPYIOUINX KJIETOK KPOBH U CTPYK-
TYpPHO-(PYHKIIMOHAIBHOE COCTOSTHUE NX MEMOpaH, HO
Y CBHJICTEIILCTBYIOT 00 M3MEHEHUSIX B JIPYTUX OpraHax
u TKaHsx [7-9].

YpOoBEHb 0CMOTHYECKON XPYIIKOCTH 3PUTPOLIUTOB
MPUHSATO CYUTATH BETMUMHOMN, YUCIICHHO PaBHON KOH-
ueHtpanuu NaCl, mpu KOTOpoi MPOUCXOIUT I'EMOIH3
50% knetok. [lomyueHHbIE SKCTIEpUMEHTANIBHBIE KPH-
BbIC OCMOTHYECKON XPYNKOCTH SPUTPOLUTOB MBILIH
(puc. 1-3, A) 1 rpadMKH IIOTHOCTH pacHpeeIeHUs
kietok o MC (puc. 1-3, B) moka3sIBaioT, 4To mocie
AKB ocMotnueckas XpynkoCTh IPUTPOIIUTOB CHH-
JKaeTcsl, HO B pa3Hoil crenienn. Tak, 50%-i remonus
SPUTPOLIUTOB MBIIIH B KOHTPOJIBHOW TPYTIIE HACTYIIAeT
npu 0,486% NaCl. Ilocine HaxoXAeHUS MBIIIN B
kpuokamepe B Teuenue 40 ¢ 50%-i remonaus cycrneH-
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In our experiments, the number of erythrocytes in
PB inall experimental groups of animals was significantly
decreased immediately after the ACE and increased
one hour later an extreme hypothermia (Table 1).

To investigate the possible causes of strong changes
in the number of peripheral blood erythrocytes in mice
we have carried out the studies of their osmotic resis-
tance after the ACE, because these studies could reflect
not only the qualitative composition of functioning
blood cells and the structural-functional state of their
membranes, but also to reveal the changes in other
organs and tissues [8—10].

The level of erythrocyte osmotic fragility is assu-
med as numerical value of NaCl concentration in a
solution where 50% hemolysis occurs. The obtained
experimental curves of mouse erythrocyte osmotic
fragility (Figs. 1-3A) and the diagrams of density dis-
tribution of murine erythrocytes by the SI (Figs. 1—-
3B) showed that following the ACE the osmotic fra-
gility of mouse erythrocytes was reduced, but the ex-
tent varied among the groups. In particular, 50% hemo-
lysis of mouse erythrocytes in the control group was
observed in 0.486% NaCl solution. After staying of a
mouse in the cryochamber for 40 seconds the 50%
hemolysis of erythrocyte suspension occurred in
0.526% NaCl solution (Fig. 1A), after 60 seconds of
exposure the threshold was found at 0.543% con-
centration (Fig. 2A), and in case of 80 seconds duration
this was at 0.508% NaCl (Fig. 3A).

Normally, the majority of erythrocytes are repre-
sented by discocytes. A discocyte is highly defor-
mable and flexible, that allows it to move in both large
vessels and small capillaries. The ability to change
shape may decrease as a consequence of various ext-
reme exposures such as an abrupt alteration in am-
bient temperature [8, 9, 11, 15].
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Puc. 1. OcmoTnyeckast xpynkoctb (A) U NNOTHOCTb pacnpeaeneHns 3apuTpoLuToB No MHAekcy cdepuyHoctu (B).
MpebbiBaHne mbiwn B kpnokamepe (—120°C) B TeveHne 40 c: —o— — KOHTPOIb; --@-- — MOCMe KproKamepsbl.

Fig. 1. Osmotic fragility (A) and density of erythrocyte distribution by sphericity index (B). The mouse was in cryochamber
(=120°C) for 40 seconds: —o— — control; --e-- — after cryochamber.

3UM 3puTpounToB mpoucxomut npu 0,526% NaCl
(puc. 1, A), gepes 60 ¢ — mpu 0,543% (puc. 2, A) u
yepe3 80 ¢ — mpu 0,508% NaCl (puc. 3, A).

B HOpMe ocHOBHas Macca IpUTPOIUTOB TpPEJC-
TaBJIeHa TUCKOIUTaMU. J[MCKOIMT 001aaeT BEICOKOH
CTETeHbIO Je(POPMUPYEMOCTH H IJTACTUIHOCTH, YTO
MTO3BOJISIET €My MTPOABHUTATHCS B KPYMHBIX COCyaxX U
MeNKuX Kanuuisgpax. CrocoOHOCTh K M3MEHEHHIO
(hOpMBI MOKET CHI)KATHCS TP BO3JEHCTBUH dKCTpe-
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As Table 2 shows, staying in the cryochamber
for 40 seconds led to an appearance of prehemolytic
shapes of erythrocytes (spherocytes), the number
of those increased twice if compared to the control
(Table 2).

Simultaneously, the number of normal and flat-
tened discocytes significantly reduced, which might
serve as an evidence of an increased osmotic fragility
of erythrocytes in Group 2.

MnoTHOCTL pacnpeneneHns KneTok
Distribution density of cells

1 1,4 1,8 2,2 2,6 3

MHpekc cepryHocTH
Sphericity index

Puc. 2. OcmoTnyeckast Xxpynkoctb (A) U NNOTHOCTb pacnpefeneHns 3apuTpoLuToB No MHAekcy cdepuyHoctu (B).
MpebbiBaHve mbiwn B kpnokamepe (—120°C) B TeueHne 60 ¢: —0— — KOHTPOIb; - -@- — MOCME KproKamepbl.

Fig. 2. Osmotic fragility (A), density of erythrocyte distribution by sphericity index (B). The mouse was in cryochamber
(—120°C) for 60 seconds: —o— — control; --e-- — after cryochamber.
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MaJbHBIX (PAKTOPOB, TAKUX KaK PEe3KOE M3MEHEHHE
TEMITepaTypPHOTO PeKUMa OKpyXKaromiei cpensr [7, 8,
10, 14].

Kak BugHO 13 T20:1. 2, mpeObiBaHHEe B KPHOKaMepe
B TeueHre 40 ¢ MPUBOJIUT K MOSBICHHUIO MPEATEMO-
JUTUYECKUX (POPM SPUTPOLIUTOB (CPEPOLMTOB), KO-
YECTBO KOTOPBIX YBEITUYUBACTCS B 2 pasa 1o CpaBHE-
HUIO ¢ KoHTpolneM (Tabn. 2). OMHOBPEMEHHO C 3TUM
3HAYMMO YMEHBIIAETCS] KOJTHMYECTBO HOPMAJIBHBIX U
YIUTOIEHHBIX JUCKOIIUTOB, YTO MOYKET CITY’KUTH JT0Ka-
3aTe€JILCTBOM IMOBBIIIEHHOM OCMOTHYECKON XPYHKOC-
TH 3pUTPONUTOB B rpyrie 2. Yepes 60 ¢ mpeOrIBaHmS
JKUBOTHBIX B KprOKaMmepe npu temneparype —120°C
MOMYJISIUS IPUTPOIUTOB CTAHOBHUTCS OoOJiee TOMO-
re’Hoi (puc. 2, B; Tabn. 2), KjeTKu MbIIei rpymisl 3
MIPEICTaBICHBI B OCHOBHOM cToMaronuTamu ((86,68 £
4,78)%) (BapuanT oOpatumoi TpachopManuu dpUT-
poumToB). KonruecTBo HOPMaNBHBIX U YIUIOMICHHBIX
JIUCKOIIMTOB, a TaKXke C(EepolunuToB (TEpPMHHAIBHAS
CTaJus Pa3BUTHSI SPUTPOLIUTOB, B KOTOPYIO EPEXOIST
SXHMHOIUTHI, AKAHTOIUTHI 1 CTOMATOLIUTHI ITPU HeoOpa-
THUMOM TTOBPEKACHUH U €CTECTBEHHOM CTapEHHN ) TIPH
atoM cHmKeHO (p < 0,05). XomomoBoe BO3mEHCTBHE
JUTATENEHOCTHIO 90 ¢ cITocOOCTBOBAIO CTATHCTUIECKU
3HAYMMOMY CHIDKEHHIO COAEpXKaHHS CHEpOIUTOB U
YIUIOIIEHHBIX IUCKOIIUTOB, @ yPOBEHb CTOMATOIIUTOB
Y JIUCKOIIMTOB HE OTIIMYAJICS OT KOHTpoJs (puc. 3, B;
tabin. 2). Yepes gac nmocne AKB kommuectBo HOp-
MaJIbHBIX JUCKOLIMUTOB B rpymmnax 2A u 4A 3HauuMo
HE M3MEHSJIOCHh M0 CPaBHEHUIO C JaHHBIMH, TIOJY-
YEHHBIMU HEMOCPEJCTBEHHO IOCIIe KPUOTEpaInu,
Toraa Kak B rpymnne 3A Bospactaio (p < 0,05) xonu-
YECTBO HOPMAJIBHBIX TUCKOIUTOB (TI0O CPABHEHHIO C
rpymmoi 3).

B.B. Jlomaxo u coasrt. [ 13] moka3zanu, 9T0 HE3aBH-
CHMO OT ITYOHHBI (PEKTaTBHYIO TEMIICPATy Py CHIDKAIIH
10 32,5,27,5u 16,5°C) u cioco6a TOCTHKESHIS THIIO-
Tepmun (KpaHuorepedpanbHas, odmas u odmas B
YCIIOBHUSAX THIIOKCHU-TUIICPKAITHUN) Y KPBIC HAOIIO-
JTAJIOCH MTOBBIIIEHNE OCMOTHYECKOW XPYITKOCTH SPHUT-
POILIMTOB U YCHJIMBAJICS UX TeMoun3. B To ke BpeMs
0CTaJIOCh HEBBISICHEHHBIM, KaK BIUSUIIA [UTHTEILHOCTh
YMEPEHHO! THITOTEPMHUU HA OCMOTHYECKYIO CTOMKOCTh
APUTPOIUTOB MEepUpEePHUECKOI KPOBH.

Ha ocHOBaHMM aHaiM3a MOJYYEHHBIX DKCIIEPHU-
MEHTAJIbHBIM IyTEM KPHUBBIX OCMOTHYECKOW XPYII-
KOCTH MBI OIpENIEIIIN YPOBEHb IeMOJIN3a dPUTPO-
LIMTOB B 3aBUCUMOCTH OT BPEMEHHU IPEObIBAHHS MBIIICH
B 9KCIIEPUMEHTAIBHON KPHOKaMepe ¢ TeMIIepaTypon
—120°C (Tabm. 3).

MO’KHO TPEANOI0KUTH, YTO CTENIEHb U3MEHEHUS
OCMOTHYECKOU PE3UCTEHTHOCTHU 3PUTPOIIMTOB 3aBUCUT
OT JUIMTEIBHOCTH I'UIoTepMun. Hamu nmokasano, 4to
JUHAMUKA TpaHC(HOPMAIUU SPUTPOIUTOB HE HAXO-
JIWIIach B TPSMOM 3aBUCUMOCTH OT MPOIOIKUTEb-
HOCTH HU3KOTEMITepaTypHOTo Bo3zeicTBus. Tak, 3Ha-
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Puc. 3. OcmoTnyeckasa xpynkocTb (A) U NNOTHOCTb pac-
npeaeneHys apuTpoLMTOB Mo uHAekcy cpepmnyHocTm (B).
MpebbiBaHre Mbllwn B kpuokamepe (—120°C) B TeveHue
90 C: —o— — KOHTPOIb; --@ - — NOCMe KpUokamepbl.

Fig. 3. Osmotic fragility (A), density of erythrocyte distri-
bution by sphericity index (B). The mouse was in cryo-
chamber (—120°C) for 90 seconds: —o— — control; --e- —
after cryochamber.

After 60 seconds of the animals’ staying in the
cryochamber at—120°C the erythrocyte population was
more homogeneous (Fig. 2, B; Table 2), the cells of
Group 3 mice were mainly stomatocytes ((86.68 +
4.78)%) (possible reversible transformation of erythro-
cytes). The number of normal and flattened discocytes
as well as spherocytes (terminal stage of develop-
ment of red blood cells, i. e. of echinocytes, acanthocy-
tes and stomatocytes in case of irreversible damage
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Tabnuua 2. BnvsHne npogosmKUTENbHOCTU OQHOMO ceaHca
B kprokamepe (—120°C) Ha cooTHoLeHne hopM IPUTPOLIUTOB MbILLIN
no MHAEKCY chepuyHOCTU cpady nocne npoueaypbl AKB
nyepesvac (n=5, M+ SE)
Table 2. Effect of duration of one stay in cryochamber (—120°C) on
the ratio of murine erythrocyte shapes estimated by sphericity index

immediately after the ACE procedure and following
one hour (n =5, M + SE)

appearance and natural aging) here-
with was reduced (p < 0.05). During
90 seconds the ACE contributed to a
statistically significant reduction of
spherocytes and flattened discocytes
amount, the level of stomatocytes and
discocytes did not differ from the cont-

dopmMbl 3PUTPOLIUTOB rol (Flg 3B, Table 2) One hour later
Erythrocyte shapes the ACE the amounts of normal disco-
E;p,mr,;';' HopmanbHbie | Ynnowenrsie cytes in subgroups 2A and 4A were
CchepoumnTbl CromaToumnTbl ONCKOUMTbI ONCKOUMTbI : : : i
Spherocytes Stomatocytes Normal Flattened not Slgnlﬁcanﬂy Changed n .compa.rl
discocytes discocytes son with the data obtained immedia-
tely after cryo-exposure, whereas in
1 501 + 1,44 | 4557 + 10,50 | 38,32 + 7,18 | 11,10 + 5,64 .

subgroup 3A the number of normal dis-
2 106 + 7,61* | 61,31 + 5,35* | 25,38 + 5,23* | 3,28 + 0,49* cocytes increased (p < 0.05, compared

with group 3).
3 2,67 + 2,88* 86,68 + 4,78* 8,16 + 6,65* 2,50 + 1,17* V.V. Lomako etal. [14] have shown
that regardless of the depth (rectal

4 2,81 +3,73* | 63,62+ 15,72 | 29,80 + 16,17 | 3,77 + 1,40*
temperature was lowered down to 32.5,
o

2A 511+ 295 | 63,39 + 9,64* | 2535 + 6,24* | 6,15+ 2,44 2.7.5'and 16.5°C) and'the way of ac-
hieving the hypothermia (craniocereb-
3A 542 + 531 | 71,74 = 10,67* | 19,99 + 4,86* | 2,84 + 1,96* ral, general and total under hypoxia-
hypercapnia) in rats an increase of
4A 8,43 + 4,90 | 61,56 + 3,45 24,63+ 2,23* | 5,39 + 1,62 erythrocyte osmotic fragility was obser-
MpumeyaHune: * — U3MEHEHNA CTATUCTUYECKM 3HAYMMbI MO CPABHEHUIO ved and their hemolysis Strengthened.

C KoHTponeM, p < 0,05.

Note: * — statistically significant changes as compared with the control,

p < 0.05.

YUMBIN T€MOJIN3 SPUTPOLIUTOB B IPYIIE 2 HAYMHAJICA
yxke npu 0,6% NaCl u nponomxan Bo3pactaTb MpH
CHIYKEHUH OCMOJIIPHOCTH cpezbl (Tali1. 3), 4To MOTIIO
OBITH CBSI3aHO CO CTATHUCTUYECKH 3HAYUMBIM yBEIH-
YEHUEM coJiep KaHust c(DepOIMTOB B MOIYJISIIIUT dPHT-
pPOIIMTOB HEMOCPEACTBEHHO IOCIE OJTHOTO CeaHca
AKB (cwm. tabm. 2). B rpynme 3 npu CHHKEHUN KOH-
nentparuu NaCl mo 0,5% nadmronami reMonu3 00Jb-
et gyactu kietok (81,75 £ 8,27), Toraa kak B rpyrie 4
3HAUUMBIX U3MEHEHNH YPOBHS I'€éMOJIH3a IPUTPOLIUTOB
10 CPABHEHMIO C KOHTPOJIEM HE PErUCTPUPOBAIIOCH.
Hcexoas U3 MonydyeHHBIX HaMH PE3yJBTAaTOB IO
BIIMSIHUIO TIPOJIOJKUTENIBHOCTH OCTPOro OOLIEero oX-
JIQXKJIEHUsI OpTaHU3Ma Ha CTENeHb reMOJIn3a KIETOK
MOXXHO KOHCTaTUpoBaTh, 4T0 Ooisee anmurenabHoe (60
1 90 ¢) npe6pIBaHKe MbITIeH ipu Temmepatype —120°C
OKa3bIBaeT MEHbIIIee BO3/ICHCTBIE HAa KPACHBIE KIIET-
KH, YeM KpPaTKOBPEMEHHOE OXJIaK/IEHUE KHUBOTHBIX
B TeueHue 40 c (tabn. 3). DTo yTBEpKACHUE COTIa-
cyercst ¢ nanHbiMu J. Selfe u coaBt. [21], KoTOpBIC
MOKa3alii, 4To JUIsi CIOPTCMEHOB-PErOUCTOB MPOJI0JI-
KUTEIBHOCTH 0JTHOTO ceaHca AKB (2 muH) siBisiercst
HamboJjee ONTUMAIBHOH U BOCHIPHUHHUMAETCS Opra-
HU3MOM JIy4lIlle, 4eM | nim 3 MUH OCTpOM THIIOTEPMUN
npu remneparype —135°C. CxonHble pe3ysnbTarhl Obl-
nu nonydyeHsl M.A.M. Anb-Pabuu u coast. [2].
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At the same time there was remained
unclear how the duration of mild hypo-
thermia affected an osmotic resistance
of peripheral blood erythrocytes.

The analysis of experimental curves
of osmotic fragility allowed to determine the level of
hemolysis of erythrocytes depending on the duration
of mice staying in experimental cryochamber with the
temperature of —120°C (Table 3).

It can be assumed that the depth of change of ery-
throcyte osmotic resistance depended on hypothermia
duration. We have shown that the dynamics of erythro-
cyte transformation was not directly dependent on
duration of exposure to low temperature. For example,
a significant hemolysis in Group 2 was observed even
in 0.6% NaCl solution and continuously increased with
a decrease in the medium osmolarity (Table 3) that
might be associated with a statistically significant in-
crease in the percentage of spherocytes in the popu-
lation of red blood cells immediately after one session
of ACE (see Table 2). In Group 3, the reduction in
NaCl concentration down to 0.5% led to the hemolysis
of the majority of cells (81.75+ 8.27), whereas in Group
4 we observed no significant changes of erythrocyte
hemolysis level if compared with the control.

Our findings on the issue how the duration of acute
whole-body cooling affects the degree of hemolysis
allowed to state that longer (60 and 90 sec) staying of
mice at —120°C had less impact on their red cells if
compared with a short-term cooling of the animals
during 40 seconds (Table 3). This statement is consis-
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TemnepaTypy Tena KpbIC CHU-
sxanu B Teyenne 30 muu 1o 30°C
(KpaTKOBpEeMEHHasl yMepeHHas

Tabnuua 3. [emMonu3 apuTPOLMTOB MbILLM MOCIE HaXOXOEHNS B KPMOKamepe
(-120°C) B TeyeHune 40,60 1 90 c (n =5, M+ SE)

Table 3. Hemolysis of mouse erythrocytes after animal's stay in cryochamber
(=120°C) for 40, 60 and 90 seconds (n =5, M + SE)

TUIIOTEPMHUSI ), B CIEAYIOIIHNX Ce-

PpHUSIX DKCIIEPUMEHTOB 3Ty TEMIIE- KoHueHTpauma Tpynnbl
NaCl, % Groups
paTtypy NOJAEPKUBAIN B TEUEHNE Concentration
90 1 180 MuH (IPOJIOHTHPOBaH- of NaCl, % 1 2 3 4
Hasi yMepeHHas runotepmus). [1o 0.2 100 100 100 100
MHEHHUIO aBTOPOB yMepeHHas
runorepmus B Teuenue 90 MuH 0,3 94,32 + 3,28 | 97,02 + 0,37 99,23 + 1,23 97,20 + 1,40
IpHUBOAXIIA K MOBBIICHUIO OCMO- 0,4 81,93 + 8,18 96,23 + 0,71 95,42 + 1,67 94,85 + 1,77
TUYECKOU XPYIKOCTH SPUTPOLU-
0,5 36,62 + 13,11 | 61,29 + 6,45% | 81,75 + 8,27* | 53,72 + 12,35
TOB, & €€ MPOJOHTUPOBAHUE 10
180 MHH cTOCOOCTBOBAIIO CHIKE- 0,6 5,73 = 1,75 18,55 + 8,85* 4,79 + 4,01 412 + 4,12
oKazaTes.
HHIO 3TOT'0 I10Ka3 . 0,7 5,37 + 1,31 4,66 + 4,38 1,74 + 1,7% 2,54 + 2,54
OcMmoTHyeckas CTOMKOCTH
KJIETOK — BEJIMYMHA OTHOCUTEIb- 0,8 1,65 + 1,65 0,07 + 0,07 0,33 + 0,33 0,68 + 0,67
HO MOCTOSTHHAS, OTHAKO OHA ITOHU- 0.9 i } } i

JKaeTcs MpPHU CTAapEeHUH KIETKH,
MOBBILICHUH €€ (PyHKIMOHATIbHON
aKTUBHOCTH, B YCJOBHSX IaTo-
JIOTUU WJIN DKCTPEMaIbHBIX BO3-
neiictBusx [8]. B Hamem ciydae
HU3MEHEHNE 0CMOTHYECKOM XPyII-
KOCTH 3PUTPOIUTOB SKCIIEPUMEHTAITBHBIX JKUBOTHBIX
MOTJIO OBITh CBSI3aHO KaK C MOBBIIIEHHEM (QYHKITHO-
HaJbHON aKTUBHOCTHU KJIETOK BCIIEJACTBHE MOBBIIICH-
HOM MOTPeGHOCTH OPTaHN3Ma B KUCIIOPO/IE TIPH TUTIO-
TEPMHH [5], TaKk U C IPYTHUMH CIEICTBUAMH IKCTpe-
MaJbHOI'O XOJIONOBOTO CTpecca.

N3BecTHO [15], yTO ocMoOTHUECKasd XPYIKOCTh
SPUTPOLIUTOB OTPAYKAET B OCHOBHOM COCTOSIHUE ITUTO-
CKeJleTa KJIETOK U 3aBUCHT OT ()OPMBI KIIETKH U COOT-
HOILIECHHMS €€ TUIOIIAAN TOBEPXHOCTH K o0bemy. Ilo-
BBIIIEHUE OCMOTHYECKON XPYNKOCTH 3PUTPOLUTOB
BHJIUMO BBI3BAHO CYIIECTBEHHBIM CHIDKEHHEM JIOJN
JICKOITMTOB M POCTOM KOJIYECTBA M3MEHEHHBIX (hopM
sputpouuToB (cdeporuros). Hainuue cdeporuron
CITY’KHT TTOKa3aTeJIeM CTETIEH! TeMOJTH3a, TIOCKOIBKY
9TH KJIETKH 00pa3yIoTCsl B pe3yJIbTaTe yTpaThl )pUTPO-
LIUTaMHU YaCTH IUIa3MaTHUYeCKOM MeMOpaHbl. B cBsi3u
C OTUM KJIETKH CTAaHOBSITCSI MEHEE OCMOTHYECKH CTON-
KHMMH, YTO NTOATBEPKIAETCS HALLIMMU M CCIIeI0BaHUAMU
1 TaHHBIMM JTUTEpaTypsl [8, 14].

YCTaHOBJIEHO, YTO B 3KCTPEMANIBHBIX YCIOBHSIX, K
KOTOPBIM OTHOCHUTCS W TUIIOTEPMMUSI, CHUXKAETCS aK-
TUBHOCTb AHTUOKCH/IAHTHOM CHCTEMBI, yCHIINBAIOTCS
Y CTaHOBSTCSI HEKOHTPOIMPYEMBIMH IPOIIECCHI ITepe-
KHCHOTO OKHCIICHHS JINTTUAOB, YTO IPUBOANT K MOJIH-
(UKanWy JIMH0B U OEJIKOB I11a3Mbl KPOBU, MEMOpaH
SPUTPOLHTOB ¥, B KOHEYHOM CUETE, K TeMOJIHU3Y TI0C-
nenuux [4, 16, 17].

M.A. Srour u coaBT. [22] moaBepraiu 3pUTPOIUTHI
Kpbic MHKyOauuu ¢ okcupantamu (H,O,, ackop6ar/
Fe?") ¢ uenbio MOBBIIICHHST X OCMOTHYECKOU XPYII-
koctH. [lomydennbie B paboTe JaHHBIE TO3BOIMIN MPei-

p < 0,05.
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ﬂpumeanMe: * — U3MEHEHUs1 CTaTUCTUYECKN 3HAYUMBbI MO CpaBHEHUIO C KOHTpOnem,

Note: * — statistically significant changes as compared with the control, p < 0.05.

tent with the data of J. Selfe er al. [21] who showed
that for rugby players the duration of one ACE session
(2 minutes) was the most optimal, and perceived by
their organism better than 1 or 3 minutes of an acute
hypothermia at a temperature of —135°C.

Similar results were reported by M.A.M. Al-Rabia
et al. [2]. Body temperature of rats was reduced within
30 min down to 30°C (short-term moderate hypo-
thermia), in the following series of experiments this
temperature was maintained for 90 and 180 minutes
(prolonged moderate hypothermia). According to the
study, moderate hypothermia for 90 minutes resulted
in an increase of osmotic fragility of erythrocytes, and
its prolongation up to 180 minutes allowed to reduce
this value.

Cell osmotic resistance is a considerably constant
value, nevertheless it decreases with the aging of cells,
following its functional activation, as well as under
pathology conditions or due to the extreme exposures
[9]. In our case, an altered osmotic fragility of erythro-
cytes of experimental animals could be related both to
a rise in functional activity of the cells resulted from
an increased oxygen demand of an organism during
hypothermia [6], as well as other consequences of
extreme cold stress.

It is known [16] that an osmotic fragility of erythro-
cytes mainly reflects the state of cytoskeleton of cells
as well as cell shape and depends on the surface-to-
volume ratio. Rise in osmotic fragility of red blood cells
is probably caused by significant reduction in the content
of discocytes and elevated number of erythrocytes with
altered shapes (spherocytes). Presence of spherocytes
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TOJIOXKHTH, YTO AKTUBAIIHS MPOIIECCOB OKUCIUTEIHHBIX
MTOBPEKACHUI MEMOPAHBI SPUTPOLIUTOB MOXKET OBITH
OCHOBHOW IPUYMHOM MOBBIIIEHUS] 0CMOTHYECKON
XPYIKOCTH 3PUTPOLUTOB MOCIE TUIIOTEpMUH. M3Me-
HEHHE OCMOTHYECKON XPYIIKOCTH SPUTPOLIUTOB B IMHA-
MHKE FMIIOTEPMHH, [0 MHEHUIO aBTOPOB, IPSIMO 3aBUCHUT
OT COCTOSIHHSI THOJIOBBIX TPYII OEITKOB MEMOpaHBI
SPUTPOLUTOB. B pesynbrare 310l paboThI TaKkkKe ObLIO
YCTaHOBJIEHO, YTO MPOJIOHTUPOBAHHE THIIOTEPMUU
CIOCOOCTBOBAJIO HOPMAJIM3AINN KaK OCMOTHYECKOMH
CTOMKOCTH 3PUTPOIIUTOB, TAK M KOJTMUECTBA THOJIOBBIX
rpym B GeKkax uX MeMOpaHbl. DTO CBUAETENBCTBYET
0 TOM, YTO Y TOMOMOTEPMHBIX OPTraHU3MOB IIPH MPO-
JIOHTHPOBAHNY THIIOTEPMUN MOTYT BKJIIOYATHCS MeXa-
HU3MBI aIallTUBHBIX MEPECTPOEK METabO0IMUYEeCKUX
MPOIIECCOB HA YPOBHE OTAEIbHBIX KIETOK [2, 21].

Comnocrapnsis NOJTyYEHHbIE HAMU JaHHBIE O KOJIU-
YECTBEHHOM M Ka9€CTBEHHOM COCTaBE MOMYJISILIUH IPUT-
pouuToB nocie ogHoro ceanca AKB, mMbl npumm
BBIBOJLY, UTO B 3aBUCUMOCTH OT IIPOJOJKUTEIBLHOCTH
MIPOLIEAYPBI SKCTPEMAITBHOM THIIOTEPMHUN MOXKHO JI0-
OUTHCA HE TOJIBKO OTHOCHUTEIHHON TOMOT€HHOCTH TI0-
nyasmua (CM. Tabid. 2), HO yBEIHUYEHHUS KOJIMYecTBa
sputpouuToB B [IK yxe depes yac mocie ee npose-
nenus (cM. Tadu. 1). BeposTHO, 9TO CTaTHCTHYECKU
3HAYUMOE YBEJIUYEHUE KOIUYECTBA 3puTpounToB B [TK
SKCIepUMEHTalbHbIX MblIed nociae AKB moxer
OBITB CBA3aHO C YIIMMUHALKEH B pe3yjIbTaTe reMon3a
CTapblX U TPaHCPOPMUPOBAHHBIX (HOPM KPACHBIX
KPOBSIHBIX KJIETOK M BBIOPOCOM B KPOBSIHOE PYCIIO
PETUKYJIOLUTOB.

Takum 06pazom, ucciieoBaHNE CTPYKTYPHO-(PYHK-
LUOHAJILHOW OpraHU3aliy 3pUTPOLUTOB MO3BOJISET
OTIPENEINTh WHANBUAYAIBHYIO ¥ BHJIOBYIO pe3uc-
TEHTHOCTh K BO3JI€HCTBHIO 3KCTPEMAIbHO HU3KHUX
TeMIepaTyp U ONTUMAIBHYIO JUI OpraHU3Ma IIPO0JI-
KUTEITHFHOCTH a3pOKpHOBo3aericTBuS. [ Ipn ncnoms3o-
BaHWM a’POKPHOTEPANNU B Ka4eCTBE 03J0POBU-
TETHHON WU JIeYeOHON TPOIETYPHI 1IeTIeCO00pa3HO
[IPOBEJICHNE HCCIEN0BAHUN ISl ONPEIEIICHNs Bpe-
MEHHOT'O PeXHMa MPeObIBaHMUS OpraHu3Ma MpH TeM-
neparype —120°C.

BriBoabI

1. B 3aBUCHMOCTH OT NPOJIOKUTEIBHOCTH OJHO-
ro ceanca obmero AKB (40, 60 u 90 c) (—120°C)
HaOTIONAIOTCSI PA3IUIHBIC TIO CTEIICHU BBIPa’KEHHOC-
TH W3MEHCHHUS B KOJIMUYCCTBEHHOM M Ka4eCTBEHHOM
COCTaBE IPUTPOITUTOB IKCIICPUMEHTATHHBIX KUBOT-
HBIX: CHUKAETCS KaK 0011ee KOJIMIECTBO SPUTPOIIUTOB
IIK, Tak ¥ KOJIM4ECTBO AUCKOIIUTOB, 3HAYUMO yBEJIHU-
YUBAETCS JI0JIs1 00PaTUMO H3MEHEHHBIX (hopM (cToMa-
TOLIMTOB).

2. DkcrpemanbHoe AKB crmocoOcTByeT moBbI-
LICHUIO OCMOTUYECKOU XPYIIKOCTH U YCUIICHUIO FE€MO-
JIN3a 3PUTPOLIUTOB.
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is indicative of the degree of hemolysis, as these cells
are formed after erythrocytes losing the part of plasma
membrane. In this connection, the cells become less
osmotically resistant, as confirmed by our studies and
other published reports [9, 15].

It has been found that under extreme conditions,
including hypothermia, the activity of antioxidant sys-
tem decreases, lipid peroxidation is getting stronger and
uncontrollable, that leads to a modification of lipids
and proteins of blood plasma, membranes, erythrocy-
tes and, ultimately, to hemolysis of the latter [5, 17, 18].

M.A. Srour et al. [22] incubated rat’s erythrocytes
with oxidants (H,O,, ascorbate/Fe*) to increase their
osmotic fragility. The data obtained allowed to suggest
that the activation of oxidative damage in erythrocyte
membrane could be a major cause of an increased
osmotic fragility of erythrocytes after hypothermia.
The authors believed that altered osmotic fragility of
erythrocytes in dynamics of hypothermia was directly
dependent on the state of thiol groups of proteins in
erythrocyte membranes. This study also demonstrated
that the prolongation of hypothermia contributed to a
normalization of both osmotic resistance of erythro-
cytes, and the number of thiol groups in proteins of
their membrane. This indicated that prolonged hypo-
thermia in homeothermic organisms could trigger the
mechanisms of adaptive rearrangements of metabolic
processes at the level of individual cells [2, 21].

Comparing our data on quantitative and qualitative
compositions of erythrocyte population after one ses-
sion of ACE, we have concluded that depending on
duration of the procedure of extreme hypothermia one
could achieve not only relative homogeneity of the
population (see Table 2), but an increase in the number
of erythrocytes in PB an hour later its performance
too (see Table 1). A statistically significant increase in
the erythrocyte count in PB of experimental mice after
ACE was likely due to the elimination as a result of
hemolysis of old and transformed shapes of erythro-
cytes and release of reticulocytes into the blood stream.

Thus, the study of structural-functional organization
of erythrocytes enabled to determine the individual and
species-specific resistance to the effect of extremely
low temperatures and the duration of air-cryo-exposure
being optimal for an organism. Using air-cryo-therapy
as recreational or therapeutic procedures it is advisable
to conduct studies to determine the duration of staying
of an individual at a temperature of —120°C.

Conclusions

1. Depending on the duration of one session of
general ACE (40, 60 and 90 seconds) (—120°C) dif-
ferent manifestation degrees of changes in quan-
titative and qualitative composition of erythrocytes
of experimental animals were observed: both total
number of erythrocytes in PB and the one of disco-
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3. Uepes wyac nocne AKB HopManm3amuu Kojau-
YECTBEHHOTO U MOMYJISIIMOHHOTO COCTaBa S)PUTPOIIUTOB
[1K y MblI11Iel HE TPOUCXOIUT, HE 3aBUCUMO OT ITPOOI-
KUTEIBHOCTH DKCTPEMAIBHOIO OXJTAKICHMSL.

4. KparkoBpeMeHHOe oxJaxaeHue B TeueHue 40 ¢
OKa3bIBa€T MEHbIIIEE BO3EHCTBHE HA KpPAaCHBIE KPO-
BSIHBIC KJIETKH, ueM Oojee mmmurenbHoe (60 u 90 c)
npebbiBanue pu Temieparype —120°C.
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cytes were reduced, the content of cells with rever-
sibly modified shapes (stomatocytes) was significantly
increased.

2. Extreme ACE promoted an increase in osmotic
fragility and strengthening of erythrocyte hemolysis.

3. One hour later the ACE there was no normaliza-
tion of quantitative and population compositions of
PB erythrocytes in mice, regardless of the used dura-
tion of extreme cooling.

4. Short-time cooling during 40 seconds rendered
less impact on erythrocytes than longer (60 and 90 se-
conds) staying at a temperature of —120°C.
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