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Peripheral Blood Erythrocytes at Various
Types of Hypothermia of Homoiothermal Organism

W3yyanu BnusHUE THIIOTEPMUU TOMOHOTEPMHOIO OpraHU3Ma Ha MOMYJIALHMOHHBIN COCTaB, 0CMOTUYECKYIO XPYIIKOCTh U YPOBEHb
reMOJIN3a 3PUTPOLIUTOB epueprueckoil KpoBH KpbiC. COCTOSHHS THIOTEPMHUH TOCTHTAIH Pa3HBIMH CITOCO0aMU: KpaHHOIIepeOpaibHas
runotepmust (1o pexkranbHoi Temneparypsl (PT) 32,5 + 0,5°C) Ha ¢one 6rokans! entpos tepmoperyisuun (LT) Ha cneuuanbHoi
YCTaHOBKE AJIS NPOIPAMMHOTO OXJIaXKICHUs, MMMEpPCHOHHas (morpyxHas) obmas runorepmus (MOI') (PT = 27,5 £ 0,5°C) B
MozxuduposanHoM Tecte [lopconTa (ruiaBanue B JI€ASHOU BOAE) U 00LIas TMIIOTEPMUST METOIOM «3aKPBITOro cocyna» AHIKyca-
Baxmertbesa-J[xaiis (OI'3C) Ha done 6mokanst LT BenencTeue HapacTatomiei runokcuu-runepkanauu (PT = 16,5 £ 0,5°C). Ananus
HOJIyYSHHBIX PE3yJIbTaTOB [T0Ka3aJl, YTO HE3aBUCHMO OT TyOHHBI M C110c00a JOCTHIKEHHSI TUIIOTEPMUH TOMOHOTEPMHOr0 OpraHn3mMa
HaOJII0al0TCs 00paTHUMBbIE, HO Pa3JINUHbIC 110 BHIPAKCHHOCTH U3MEHEHHMSI: CHHIKAETCS KOJIMYECTBO AMCKOLIMTOB, YBEIMUUBACTCS 1OMIS
U3MEHEHHBIX (GopM (cTOMATOUUTOB M CHEPOLMTOB), a TAKXKE MOBBILIACTCS OCMOTHYECKAs! XPYNKOCTh U YCHUIIMBACTCS TEMOJIN3
sputporuTos. Yepes 24 4 nocie runoTepMuy HabII0AaeTCsl TSHACHINS K HOBBIIICHHUIO KOJIMYECTBA AUCKOLUTOB 38 CUET YIUIOMIEHHBIX
(GbopM, yMEHbIIACTCSI AOJISI U3MEHEHHBIX IPUTPOLIMUTOB (CTOMATOLUTOB U C(HEPOLUTOB), OCMOTHYECKAsI XPYIKOCTh 3PUTPOLIUTOB BO3-
BpalllaeTcss K KOHTPOJIbHOMY YpoBHIO, a ipu OI'3C nake CHMIKAETCsl, MOBBIIACTCS YCTOHUYUBOCTD KIETOK K (haKTOpaM remMoiusa,
ocob6enHo nociue MOT.

Knioueswie cnosa: xpanvonepebpanbHas rUIOTEpMUs, 00Iasi THIIOTEPMUsI, UMMEPCUOHHASI THIIOTEPMHSI, SPUTPOLHUTHI, popma
SPUTPOLIUTOB, OCMOTHYECKAs XPYNKOCTb, FEMOJIHU3.

BuBuanu BIUIMB TinoTepMii TOMOHOTEPMHOIO OpraHi3My Ha MOMYJSILIHHUN CKIall, OCMOTUYHY KPHUXKICTh Ta PiBEHb reMOJIi3y
epuTpoLuTiB nepudepuuHoi KpoBi mypiB. CTaHy rimorepmii focsranu pisHUMHU criocobaMu: KpaHiouepedpanbHa rinotepmis (1o
pexranbsnoi Temueparypu (PT) 32,5 £ 0,5°C) na i Giokanu uentpis repmoperysuii (LIT) Ha crieniasbHil ycTaHOBII 1J1s TPOrPaMHOTO
OXOJIOMKEHHS, iMepciiiHa (3arnbHa) 3aranpha rinotepwmis (I3T7) (PT = 27,5 + 0,5°C) B moaudikoBanomy tecti [lopconra (ruiaBanHs
B KpI>KaHil BOJI) 1 3arajipHa TiHOTepMisi METOIOM «3aKkpuToi cyauHn» Anmkyca-baxmerpea-/[xaiis (31'3C) Ha 11 6mokaau LT
BHACJIJIOK Hapocrarodoi rinokcii-rinepkanyii (PT = 16,5 + 0,5°C). AHani3 oTpUMaHUX pe3ysbTaTiB MOKa3aB, 110 HE3aJIEXKHO Bij
IMOWHH 1 coco0y JOCSATHEHHsI TioTepMii TOMOHOTEPMHOr0 OpraHi3My CIIOCTEpIraloThCs 3BOPOTHI, aje BiIMiHHI 3a BUPA3HICTIO
3MiHHU: 3HHXKYETHCS KUIBKICTh TUCKOLUTIB, 301IBIIYETHCS YacTKa 3MiHEHHX (OPM (CTOMATOLUTIB i CHepOLHTIB), @ TAKOXK MiABUIILYETHCS
OCMOTHYHA KPUXKICTH 1 MOCHIIIOETHCS TeMOJIi3 epuTpoluTiB. Yepe3 24 roanHu Miciisl TiMOTepMil CIIOCTEPIraeThCsi TEHASHLIS 10
HiBUILEHHS KIIBKOCTI AMCKOLMTIB 32 PaXyHOK CIUIOIIEHHX (OPM, 3MEHILYETHCS YAaCTKA 3MIHEHUX PUTPOLHTIB (CTOMATOLHUTIB i
c(epouuTiB), OCMOTHYHA KPUXKICTh EPUTPOLIMTIB HOBEPTAETHCS JI0 KOHTPOJILHOTO piBHS, a pH 31 3C HaBiTh 3HWKYETHCS, ITiIBUILY€THCSI
CTiHKiCTB KIITHH 710 haKTOpiB remoiisy, ocodnuso micist 131

Knrouogi cnosa: xpanionepeOpanbHa rinoTepMisi, 3arajibHa rilotepMis, iMepciiiHa rinotepmis, epUTPOLUTH, GOpMa epUTPOLHTIB,
OCMOTHYHA KPUXKICTb, TEMOJTI3.

The research deals with effect of hypothermia of homoiothermal organism on populations, osmotic fragility and hemolysis rate in
erythrocytes of peripheric blood of rats. The hypothermic state was initiated by different methods: craniocerebral hypothermia
(down to rectal temperature (RT) of 32.5 + 0.5°C) on a background of blockade of thermoregulation centres (TC) using special device
for programmed cooling, whole body immersion hypothermia (WBIH) (RT of 27.5 + 0.5°C) using Porsolt’s modified test (swimming
in ice cold water) and whole body hypothermia by method of closed vessel according Anjus-Bakhmet’ev-Giaja (CVWBH) on a
background of TC blockade resulted from increasing level of hypoxia-hypercapnia (RT of 16.5 + 0.5°C). Analysis of obtained results
showed that independently of depth and the method of initiating hypothermia of homoiothermal organism we observed reversible
changes differing by expression rate: the discocytes number decreased, the share of changed shapes increased (stomatocytes and
spherocytes); as well as the rise in osmotic fragility and hemolysis level of erythrocytes. In 24 hrs post hypothermia we observed the
tendency for rising discocyte content on account of flattened forms, an increase of proportion of changed erythrocyte forms (stomatocytes
and spherocytes), the osmotic fragility of erythrocytes turned back to the control level, and after CVWBH it decreased even more, the
tolerance of cells to hemolysis factors rised, especially after WBIH.

Key words: craniocerebral hypothermia, general hypothermia, immersion hypothermia, erythrocytes, erythrocytes forms, osmotic
fragility, hemolysis.
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[Ipobnema OGromornyeckoro AEHCTBUS OXJIaxie-
HUS Ha OPTaHU3M MIIEKONTUTAIOLINX U YETIOBEKA JTaBHO
ABJISIETCS IPEAMETOM IPUCTATBHOTO BHUMAHHUS UCCIIe-
JIOBaTelIel U K HACTOSIIEMY BPEMEHHU HaKOIUIEH O0JIb-
L0 MAaCCUB IAaHHBIX O €T0 BIUSHUHU Ha (QYHKIMOHAb-
HYI0 aKTUBHOCTb Pa3JIMYHbIX CHCTEM opranusma. Cy-
LIECTBYET KIMHUYECKas THIIOTEPMUS (00111as1, TOKab-
Has, KpanunonepeOpansHas runorepmus (KL u ap.),
OCHOBHOE IT0OKa3aHHE K IPUMEHEHUIO KOTOPOH CBSI3aHO
€ HEOOXOANMOCTBIO CHUKEHHSI FHTEHCUBHOCTH 0OMe-
Ha BEIIECTB BO BCEM OPraHM3ME€ HMIIM B OTAEIBHBIX
OpraHax Py BOZHUKHOBEHHUH YTPO3bI THTIOKCHUH, a TaK-
xKe d ee npenynpexaeHus. Kpome ynpasnsemoit
KJIMHUYECKOHW TUTIOTEPMUH, OPTaHU3M MOKET ITOJIBEP-
raTbCs HEKOHTPOJIMPYEMOH (CyuaiitHO ), a TaKkoKe I'-
[IOTEPMHUH, TPUMEHSAEMOI B KOMITJIEKCE C IPYTHMH (haK-
TOpPaMH, B YaCTHOCTHU ISl JOCTH)KEHHUS COCTOSTHUSA
HCKYCCTBEHHOT0 runoduno3a. Crenenps yHKINOHAIIb-
HBIX M META0OJIMUECKUX HAPYIIEHUH TIPH TUIIOTEPMUH
OpraHu3Ma 3aBUCHT OT CHJIBI XOJOAOBOTO (hakTopa,
JUIMTENTBHOCTH €T0 BO3AEHCTBUS U clIoco0a ee 10CTHU-
KEHUS.

B noxnep)xaHuy OCTOSHCTBA BHYTPEHHEN CpEeibl
OpraHu3Ma 3HaYNTeIbHAs POJIb IPUHAIIEKUT SPUTPO-
uuTaM — Hanbosiee MHOTOYHCICHHBIM (POPMEHHBIM
3JIEMEHTaM KPOBH, KOTOPBIE B HOPME UMEIOT JBOSKO-
BOTHYTYIO ()opMy (AMCKOLIUTHI), 9TO OOecreunBacT
VM BBICOKYIO CTETIEHb Je(pOPMUPYEMOCTH U IMACTU-
HOCTb. DPUTPOLMTHI — BEICOKOCTIELIUATN3UPOBAHHBIE
TPaHCIIOPTHBIE KJIETKH, QyHKIMOHAIbHASI AaKTHBHOCTb
KOTOPBIX BO MHOTOM ormpenenseT 3pGeKTUBHOCTD
MpoTeKaHus (HU3HONIOTHIECKUX mporeccoB. OHM TaK-
K€ yYacTBYIOT B HMMYHHBIX PEaKIMsX, IpolLeccax
CBEPTHIBAHUSA KPOBH, B ISIOHUPOBAaHUH, TPAHCIIOPTH-
pOBaHMM ¥ MeTabOoJIM3Me TOPMOHOB U HEeHpoMeaua-
TOPOB, PETYISAINH KUCIOTHO-IIEIOYHOTO PABHOBECHS
U BOJHO-3JICKTPOJIUTHOTO 0OMEHa, B CBSI3bIBAHUU U
[epeHOCe AMUHOKHUCIIOT, TeNaprHa, JIUIHIOB, BUPYCOB,
TOKCHHOB, JICKAPCTBEHHBIX BemecTB U Ap. [13, 17, 25].
[omynauys spuTPpOUUTOB HEOAHOPOAHA IO BO3PACTY,
¢dopme, pazmepaMm U OMOXUMHUYECKUM IapameTpam,
KJIETKH MOTYT IIOJIBEPraTbCsi pa3HbIM OOpaTUMBIM H
HEOOpaTUMBIM TPaHCHOPMALIUSIM.

Uzmenenne GoOpMBI SPUTPOIIMTOB SBISIETCS PaH-
HUM Hecienu(pUIecKuM TUarHoCTHYECKUM HHUKATO-
poM [9] m MoXeT OBITh pe3ynbTaTOM CTapeHUs,
HapyUIeHUs] BHYTPUKIETOYHOTO OOMEeHa MJIM BO3HH-
KaTh BCJIEACTBUE DHI0- U DK30I€HHBIX BO3JIEUCTBUN
[17].

Lenb paboTh — U3yYUTH BIAMSHUE Pa3IMYHBIX Ba-
puanToB runotepmun — KL 1 o6mie#t runorepmun —
Ha COOTHOIIeHHE (HOPM, OCMOTHYECKYIO XPYIKOCTh U
TEMOJIU3 DPUTPOLUTOB KPOBH KPBIC.

Matepnaabl 1 metoAbI
Pabora BeIONTHEHA HAa 7—8-MECSYHBIX caMIlax
OCJIBIX KPBIC C COOJIONCHHEM BCEX OMOITHUECKUX
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The biological effects resulted from cooling in mam-
malian and human organism has long been a subject
of attention of researchers and a large amount of data
have already been accumulated on its effect on the
functional activity of the various body systems. The
human applies the clinical hypothermia (general, local,
craniocerebral hypothermia (CCH), efc.), and main in-
dication of its using is associated with the need to re-
duce the intensity of metabolism in the whole body or
particular organs in the cases if hypoxia is highly pro-
bable, or to prevent the latter. In addition to controlled
clinical hypothermia an organism could undergo the
uncontrolled (accidental) one, as well as the hypother-
mia, applied in combination with other factors, in par-
ticular in the case of artificial hypobiosis induction. The
degree of functional and metabolic abnormalities under
the hypothermia of an organism depends on the strength
of cold factor, duration of its impact and the way of its
initiation.

Maintenance of constant internal environment of
an organism is provided substantially by erythrocytes,
being the most abundant elements of blood, which
normally are of biconcave shape (discocytes), that
facilitates their high deformability and elasticity. Red
blood cells are highly specialized transport cells, which
functional activity significantly affects the efficiency
of physiological processes. They are also involved in
immune reactions, blood clotting, transport and meta-
bolism of hormones and neurotransmitters, regulation
of acid-base balance and water-electrolytes exchange,
in the binding and transport of amino acids, heparin,
lipids, viruses, toxins, drugs, etc. [13, 17, 25]. Erythrocy-
te population is heterogeneous by age, shape, size and
biochemical parameters, the cells could undergo diffe-
rent reversible and irreversible transformations.

Changes in the shape of red blood cells is an early
non-specific diagnostic indicator [9] and may result
from aging, or intracellular metabolism disorders as
well as occur due to endogenous or exogenous influen-
ces [17].

The aim of this research was to examine the effect
of different types of hypothermia, i. e. CCH and whole
body hypothermia, on the proportions of the shapes,
osmotic fragility and hemolysis of red blood cells in
rats.

Materials and methods

The experiments were performed in 7-8 months
old white breedless male rats complying all the bio-
ethical standards for experiments in animals. Cranio-
cerebral hypothermia was done during 60 + 10 minutes
till reaching the rectal temperature (RT) 0f 32,5+ 0,5°C
using a special device created in the IPC&C of the
National Academy of Sciences of Ukraine, on the back-
ground of drug blockade of thermoregulatory centers
(TCs) (mixture of sodium thiopental and sodium hydro-
xybutyrate at 30 and 100 mg per kg of body weight,
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HOPM IpH paboTe ¢ IKCIIePUMEHTAITbHBIMA )KUBOTHBI-
mu. KII" B reuenne 60+10 MuH 10 peKTATBHON TEM-
nepatypsl (PT) 32,5+0,5 °C npoBoauiu npy HOMOLIH
crenuaabHOM ycTaHOBKH, co3nanHoi B UTIKuK HAH
VYkpauHbl, Ha HOHE HAPKOTHYECKON OJIOKaIbI IEHTPOB
tepmoperyisiinn (LIT) (cMech THoneHTana HaTpus U
okcuOyTtupara Harpus u3 pacuera 30 u 100 mr/kr
MaccChl COOTBETCTBEHHO). IMMepCcHOHHYIO (IIOTpy K-
Hy0) obmryro runorepmuto (MOI) (PT=27,5+0,5 °C)
OCYIIECTBISUTH B MO (DUIIMPOBAHHOM TECTE «BBIHY K-
neHHoe TraBanuey B ensaoi Bojae (0°C) [33], amu-
TEJIbHOCTH TIaBaHuA S MuH. J{pyroi Bua o01iel rurmo-
TEPMHUU OpPTaHU3Ma JTOCTUTAIICS METOJOM «3aKpHI-
Toro cocyna» baxmerpseBa-Anmkyca-Ixaiis (OI'3C)
(runotepmus Ha (oHE HapacTalOIEed TMIOKCHH-
TUIEPKaIHUH, T. €. THIIOKCUYECKO-THIIEPKATHUYECKas
omokana [IT) B Teuenune 180 + 30 mun (PT = 16,5
0,5°C) [15]. Kontpons PT npor3Boannu 3meKTpOHHBIM
TEPMOMETPOM.

Cpoku uccienoBaHus: cpa3y Mmocie JOCTUXECHHS
COCTOSTHHSI HapK03a, TUHTIOTEPMUU 1 uepe3 24 1 mocie
BozzeiicTBuA. O0beM mepupepuIecKor KpOBU IS
nccienoBanus coctasmi 0,3 mit. KonTponewm ciyxuna
KpPOBB HHTAKTHBIX KPBIC.

dopma IPUTPOIUTOB XapaKTEPU3yeTCs] MOBEPX-
HOCTHO-00BEMHBIM COOTHOIIEHHUEM, KOTOPOE MPSIMO
MIPOIOPLUHOHAIEHO HHIIEKCY chepuaHocTH. MeTonoM
MaJIOYIJIOBOTO PAaCCESIHUSI CBETA B CYCIIEH3UH 3PUTPO-
utoB (30% reMaToKpHUT) ONpenesisuii UX HHAEKC cde-
puuHocTH. IIpeobnanaromme GopMbl SPUTPOLIUTOB
COOTBETCTBOBAJIH CIEAYIOIIUM HHTepBanam: 1-1,3 —
cdeponuTsl, 1,3—1,7 — cromatouutsl, 1,7-2,1 — HOp-
MalibHbIe U 2,1-3 — ymolieHHble TUCKOIUTHL. s
OTIpe/IeNIeH s YPOBHS 0CMOTHYECKO# XpynkocTH (OX)
¥ TEMOJIN3a DPUTPOILIUTOB B U3MEPHUTEIHHBIE STUCHKH,
coneprkamue pactBop NaCl (3 mi1) pa3HOU KOHIICHT-
panuu, BHOCHIN 3 MKJI 9PUTPOMACCHI [5, 26].

Craructudaeckyro 00pabOTKy IMOTy9IeHHBIX PE3Yilhb-
TaToB mpoBoamian MeronoMm CreroneHTa-dDumepa c
HCTIONB30BaHUEM porpaMMHoro obecneuenus Excel
1 HemapameTpuueckoil craructuku Kpyckana-Yon-
nmca.

Pe3yAbTatbl M 00Cy)XAeHHe

[InoTHOCTH pacnpeneneHns 3pUTPOLUTOB 110 HH-
JeKCy CHEPUYHOCTH SBJISICTCS BaXKHOU OOBEKTUBHOM
XapaKTEePUCTUKON KPOBH IPH MaTOJIOTHYECKHUX IPO-
[Ieccax M COCTOSIHMSIX U HCIIOJIb3YETCS JUIS OLEHKU
BIIMSTHUS] HA OPTaHU3M Pa3INYHbIX (PH3HUECKUX (PaKTO-
poB. B HOpMme B KpoBu HabIr0OmaeTcst PU3NOIOTHIEC-
KU TOWKHUITIOIUTO3: KOJTMYECTBO JUCKOIIUTOB (HOPMO-
LIUTOB) MTPABMIILHOM POPMBI, XapaKTEPHOM sl PyHK-
LIHOHAIIBHO COXPAaHHOTO 3PUTPOLHUTA, COCTABISAET
85,05 £ 1,0%, ocTanbHble KIETKUA — aTUIIHYHEBIE, TTepe-
X0z1HBIE POpMBI (CHEepOLIUTEI, TTAHOIUTHI, SXHHOIHTHI,
CTOMATOIIUTHI, CEATIOBUIHEIE U IBYSIMOYHBIE DPUTPO-
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respectively). Whole body immersion hypothermia
(WBIH) (RT of 27.5 £ 0.5°C) was performed in a
modified test of forced swimming in ice cold water
(0°C) [33] which lasted 5 minutes. Another type of
whole body hypothermia was initiated by the method
of closed vessel according Bakhmet’ev-Andjus-Giaja
(CVWBH) (hypothermia on the background of
incresing level of hypoxia-hypercapnia, i. e. hypoxic-
hypercapnic blockade of TC) for 180 + 30 min (RT of
16.5+0.5°C) [15]. Rectal temperature was monitored
by electronic thermometer.

Research terms: after attaining the states of nar-
cosis, hypothermia and 24 hours post exposure. The
volume of the peripheral blood samples was 0.3 ml.
The blood of intact rats served as control.

The shape of red blood cells is characterized by
surface-to-volume ratio, which is proportional to the
sphericity index. Using the method of small-angle light
scattering by red blood cell suspension (30% hemato-
crit) we have determined their sphericity index. The
predominant shapes of red blood cells conformed the
following ranges: 1-1.3 — spherocytes, 1.3—-1.7 —
stomatocytes, 1.7-2.1 normal and 2.1-3 — flattened
discocytes. To determine the level of osmotic fragility
and hemolysis of red blood cells the erithromass of 3
pl volume was introduced into measuring cuvettes with
NaCl solution (3 ml) of various concentrations [5, 26].

Statistical processing of the results was performed
by the Student-Fisher’s test using Excel software as
well as nonparametric Kruskal-Wallis test.

Results and discussion

The density of distribution for erythrocyte sphericity
index is an important objective characteristic of blood
under pathological processes and conditions, and is used
to assess the effects of various physical factors on the
organism. Normally, the blood has the physiological
poikilocytosis: portion of discocytes (normocytes) of
proper shape, characteristic for intact functional eryth-
rocyte, is 85.05 £+ 1.0%, the remaining cells: atypical,
modified forms (spherocytes, planocytes, echinocytes,
stomatocytes, saddle-shaped erythrocytes and other),
amount in average 12.86 £ 0.38% [9, 13]. Violations
of erythropoiesis, changes in electrolyte balance and
concentration of metabolites in blood etc. result in rever-
sible (echinocytes and stomatocytes) and irreversible
(spherocytes, elliptocytes, codocytes) modifications of
cell shape. These forms of red blood cells may also
appear as transient ones during aging [17, 25].

Craniocerebral hypothermia is a method of thera-
peutic hypothermia and is performed together with drug
blockade of TCs. Drugs for total anesthesia affect the
normal thermoregulatory processes by reducing the
basic metabolism, inhibition of vasoconstriction, in-
hibition of shivering thermogenesis and suppression of
hypothalamic regulatory centers.

problems
of cryobiology

Vol. 22, 2012, Ne4



uThl) — B cpeaneM 12,86 +0,38% [9, 13]. Hapymenus
SPUTPOINIOA3a, U3MEHEHHSI 3JEKTPOJIUTHOrO OanaHca
KpPOBH, KOHIICHTPALMU META0OIUTOB U JIp. IPUBOIST
K ITOSIBIICHHUIO 00PaTUMO (3XMHOLIUTHI K CTOMATOLIUTHI)
1 HeoOpaTrMo (CHepOLUTHL, AU TOIUTHI, KOJOIUTHI )
H3MEHEHHBIX ()OPM KIIETOK. DTH OPMBI SPUTPOITUTOB
TaKXKe MOTYT HOSIBJIATHCS KaK MePEX0IHbIE B MPOIIEC-
ce crapenus [17, 25].

KpanuouepebdpanbHas runorepmMusi SBIsSETCS OJ1-
HUM W3 METO/IOB JIeYeOHON TUIIOTEPMHUH U TIPOBOIATCSI
Ha (oHe HaproTuyeckoi O6mokansl LIT. IIpemapatsr
JUTs 001IIel aHEeCTE3MH BIMAIOT Ha MPOLIECCHI HOPMAJIb-
HOH TEpMOPETYIISILIMY ITyTEM CHIKEHHSI YPOBHS OCHOB-
HOro MeTaboyin3Ma, YTHETCHHS Ba30KOHCTPHUKIHUH,
BBIKITIOYEHUS COKPATUTEIBHOIO TEPMOTeHe3a 1 MO/aB-
JICHUS TUTIOTAIAMUYECKHX PEryIUPYIOMIMX LIEHTPOB.

B Hammx skcrepuMeHTax MOTpyKeHUe B HapKO3
CONPOBOXKAAIOCH YBEITHUCHUEM J0JIN C(hepoIuTOB B

In our experiments, the narcotization was ac-
companied with an increased proportion of spherocytes
in the blood of rats, but the number of red blood cells
with normal shape was not significantly changed
(Table 1). Body hypothermia contributed to a signi-
ficant reduction in the number of discocytes: at WBIH
it did by almost 20%, but very abrupt it was at
CVWBH and CCH when cooling took place together
with the TC blockade. We observed also the rise in
number of stomatocytes (for CVWBH it was 1.5 times
and by more than 20% at WBIH) and spherocytes (at
CCH and WBIH). In 24 hrs after initiating the hypo-
thermia the ratio between erythrocyte forms returned
to the control level, except spherocytes, whose part
remained high, especially after the CCH. It should be
noted that after 24 hrs of hypothermia there was the
tendency for increase of discocyte flattened forms
content (Table 1).

KPOBH KpbIC, HO KOJIMYECTBO HOPMAaJIbHBIX
(hOpM SPUTPOLIUTOB AOCTOBEPHO HE MEHS-
noch (tabm. 1). I'mmorepmus opranmsma
CH0cOOCTBOBANIAa 3HAYUTEITLHOMY YMEHBIIIE-
HHIO KOJU9ecTBa quckonuToB: pu MOI —
noutd Ha 20%, HO 0COOCHHO PE3KO TpH
OI'3C u KT, xorga oxaxkaeHue Ipoucxo-

Tabauua 1. BnusiHue pa3nuyHbIX BUJIOB TMIIOTEPMUU HA
COOTHOIIICHNE MTPe0dIalatomuX (opM 3pUTPOLIUTOB B
nepudepruecKoil KpOBU KpPbIC
Table 1. Effect of various types of hypothermia on the ratio of
predominant forms of erythrocytes in rat peripheral blood

o Ha (oue 6mokaner L[T. Habmromgancs
Wupekc cpepuyHOCTH
TaK)Xe POCT YHCJIa CTOMATOIUTOB (MpH Sphericity index
OI'3C nmoutw B 1,5 paza, npu MOI' — Goxee s a1g ey 13
gem Ha 20%) u cdepouuton (mpu KUI u Yerosus ' o - '
SKCHepI/II\/IeHTd
OI'3C). Uepes 24 4 nociie TOCTHKEHUS TH- Conditions AMCKOLHTEL
di t
HOTEPMHUH COOTHOIIEHUE (JOPM SPHTPOLIUTOB cepouuTer | cromaromuTEL 1seoeytes
spherocytes stomatocytes
BO3BpAIlAJIOCH K KOHTPOJIBHOMY YPOBHIO, HOPMarbBte | ymaoerTise
normal attenes
KpoMe cPepoITuTOB, A0S KOTOPBIX OCTaBa-
J1ach HOBLIHICHHOI;'I, 0COOEHHO I10CIIe KHF. Kégﬁtpr‘;’l‘b 1,24 = 0,89 40,82 = 3,78 52,79 % 3,07 514 = 2,04
CrnemyeT OTMETUTBD, YTO CIIyCTs 24 4 mocie
TUTIOTEPMUN HaOII0daeTCsl TSHICHIUS K g;rf;‘;‘s’fs 5,07 = 2,27 40,9= 6,63 48,03 = 9,17 6,0 = 2,05
YBEIIMYCHHUIO JIOJIH YIUIOMIEHHBIX (hOPM JFIC-
KoIMTOB (Tabm. 1). el 322 =01 | 6606=175 | 2820+ 14 | 244 =025
Takum 00pa3oM, THIIOTEPMHUS TOMOMO-
Yepes 24 4
TEPMHOI'0 OpraHMU3Ma COIIPOBOKIACTCS CY-
P p p & Y i 835+ 621" | 3916 %681 | 4565=558 | 684 =405
IIECTBEHHBIM CHMKEHHUEM JI0JIN JTUCKOIIUTOB CTCS:HPOS
¥ POCTOM KOJIIMYECTBA M3MECHEHHBIX (DOpM
SPUTPOLUTOB (CTOMATO- U C(HEPOLIUTOR). R 290 =135 | 5740 = 4,14° | 3447 =301° | 527 * 1,27
B xpoBU 3pUTPOITUTEI B HOPME HAXOST-
Uepes 24
cs B M30TOHUYECKOM pPacTBOpe U Oosee o ST
o t 357 = 1,19 | 31,83 =066 | 56,60 =137 | 800 = 1,18"
JAPYTuX KJI€TOK 4yBCTBUTCIIbHBI K OCMOTH- WTEIEIOS
geckoMy IoKy. Kakoe-1160 OTKIIOHEHHE FX
(hOpMBI OT AMCKOITUTA BCIEACTBUE CHIDKE- c(\)fgv?’gH 7,48 =552 | 70,22 = 13,06" | 19,56 = 10,11° | 2,72 = 0,99
HUS DITACTHYHOCTH U AeOPMHUPYEMOCTH, a
Yepes 24 u
TaK)Ke YBEIUUEHHUS pa3MepPOB KIIETKH CIIO-
y P P mocae OFSC 1 397 = 1,63 | 372431 487 £278 | 803 %508
COOCTBYET reMOoIIu3y SpUTPONUTOB. B HOpMe s pos
reMOoJIN3 HauMeHee YCTONYUBBIX APUTPO-

LUTOB in vitro HaunHaeTcs npu 0,44%-i
xormenTpanuu NaCl (0,46-0,42%), momHbIi
remonn3 — nipu 0,32%-i (0,34-0,30%).
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IIpumeyanue: * — n3MEHEHHs CTATHCTHYECKU 3HAUYMMBI IO CPABHEHUIO C
KoHTpoeM, p < 0,05.

Note: * — the changes are statistically significant if compared with the

control, p < 0.05.
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Bo3spacT u ¢popma I3pUTPOIUTOB OMPEIEISIIOT UX
OCMOTHYECKYI0 XPYNKOCTh, KOTOpas 3aBUCUT OT
CTPYKTYPHO-(QYHKIIMOHATIBHBIX CBOWCTB MEMOpaHbI 1
CITy’KUT OTHUM U3 KPUTEPHEB OLIEHKH €€ COXPAHHOCTH.
YPOBEHb OCMOTHUYECKOH XPYIIKOCTH SPUTPOLIUTOB IPH-
HATO CYUTaTh BEIIMYMHOM, YUCIEHHO pPaBHOM KOH-
nentpanuu NaCl, xorga npoucxoaut remonu3 50%
KJIETOK.

[IpumensiemMblii HApKO3 HE OKA3bIBAJ BBIPAXKEHHOTO
BIIMSTHASA HA OCMOTHYECKYO XPYIIKOCTb 3PUTPOIIUTOB!
MIPH TOCTKEHUH THTIOTEPMHH OHA YBEITMYHBAJIAch (C
0,46 o 0,5% NaCl), spuTpOIUTEI CTAHOBHIIUCH O0JICE
xpynkumu (puc. 1-3), ocodbernno npu OI'3C (0,53%
NaCl); ycunuBaiicss TeMOJU3, HO HAYajo €ro CIBH-
ranoch k koHenTpauuu NaCl 0,6% npu KL 1 0,7%
[IPY IMMEPCUOHHOM runotepMui (Tabd. 2). Uepes 24 u
nocne KT u MOI' ypoBeHb 0CMOTHYECKON XPYIIKOCTH
BO3Bpalaics K KOHTponbHOMY, a nocine OI'3C on
Ja)kKe YMEHBIIAJCS; T€MOJIN3 3PUTPOLIUTOB OCTaBaJ-
cs Ha ipexkHeM yposHe nocine KL, Ho npu 06oux Ba-
praHTax oO0IIed TMIOTEePMHUU 3aMETHO CHHUXKAJCS
(puc. 1-3, Tabmn. 2).

Takum 006pa3om, TUIIOTEPMHUS TOMOHOTEPMHOTO
OpraHu3Ma crocoOCTBYET MOBBIIIEHHIO OCMOTHYEC-
KOM XPYITKOCTH ¥ yCHIICHUIO T€MOJI3a SPUTPOIIUTOB.
Uepe3s 24 9 ypoBEHb OCMOTHYECKOM XPYITKOCTH 3PHUT-
POLIMTOB BO3BpalIaeTCsl K UCXOIAHOMY M JlaXKe CHH-
’kaercsi, ocooenno nocie OI'3C, onu craHoBATCs 00-
Jiee YCTOWYMBBIMHU K T€MOJIN3Y, 0COOCHHO ITPH 000MX

o
[e]
1

o
o)}

Part of non-hemolysed cells
o
ES
1

[onsa coxpaHHbIX KNeTok

0,2 0,4 0,6 0,8

KoHueHTpauusa NaCl, %
NaCl concentration, %

Puc. 1. OcMoTHueckas XpynkoCTh SpPUTPOIIUTOB KPBIC ITOCIIE
KIII™: O —kontpois; 0 — Hapkos; A—KII; < —24 a nocrne
KLTI-

Fig. 1. Osmotic fragility ofrat erythrocytes after CCH: O —
control; 00— narcosis; 2A — CCH; < — 24 hrs post CCH.
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Thus, hypothermia of homoiothermal organism is
accompanied by a significant decrease in the portion
of diskocytes and the rise in the number of modified
forms of erythrocytes (stomato- and spherocytes).

In the blood, red blood cells are normally in isotonic
environment and are more sensitive to osmotic shock
comparing to other cells. Any deviation in their shape
from discocyte due to decreased elasticity and/or defor-
mability, as well as due to increased cell size results in
hemolysis. Normally, the hemolysis of the least stable
erythrocytes starts in vitro at 0.44% concentration of
NaCl (0.46-0.42%), complete hemolysis occurs at
0.32% (0.34-0.30%). The age and shape of red blood
cells determine their osmotic fragility, which depends
on the structure and function of the membrane and is
one of the criteria for assessing its integrity. Level of
osmotic fragility of erythrocytes is conditionally taken
as a value numerically equal to the concentration of
NacCl, at which the 50% hemolysis occurs.

The applied narcosis had no pronounced effect on
the osmotic fragility of red blood cells: after initiating
hypothermia it increased (from 0.46 to 0.5% NacCl),
red blood cells become more fragile (Figure 1-3),
especially at the CVWBH (0.53% NacCl ); the hemo-
lysis strengthened, but its beginning shifted to the NaCl
concentration of 0.6% at CCH and 0.7% for immersion
hypothermia (Table 2). 24 hours after the CCH and
WBIH the osmotic fragility level returned to the control,
and after CVWBH it even decreased more, the
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©
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°
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2| A
o
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8204 -
%“6
g

o 0,2 -

0,2 0,4 0,6 0,8
KoHueHTpauma NaCl, %
NaCl concentration, %
Puc. 2. OcMoTuyeckas XpymkoCTh IPUTPOITUTOB KPBIC ITOCIIE
UOT: O —xonrpons; A —-HUOT; <& —24 g nocne UOT.

Fig. 2. Osmotic fragilig of rat erythrocytes after WBIH: O—
control; A — WBIH; < — 24 hrs post WBIH.
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BapHaHTax obuieil runorepmun (puc. 1-3, Tadm. 2),
BO3MOXHO, 33 CUET YBEJIMUYEHHUS JTOJIN YIUIOIEHHBIX
JUCKOIUTOB (cM. Taba. 1), ABiAomuxcs Hanboee
CTOIKOM K (hakTOpaM remonusza popMe SPUTPOLHTA.
CrnenxyeT OTMETUTH, YTO IMMEPCHOHHAS THIIOTEPMHS
OKa3bIBaET MEHEE BHIPA)KEHHOE BO3JECHCTBUE HA IPUT-
POLIMTHI KPOBH KpbICc. BeposTHO, mpuMeHsaeMas HaMu
HapKOTHYECKas M Pa3BHBAIOMIASCSA THIIOKCHYECKO-
runepkamnandeckas o6mokaga LT urpaer cBoro name-
KO HE TIO3WTHBHYIO pOJb U 24 4 — HEJOCTATOYHBIN
CPOK /1711 BOCCTaHOBJICHUS N3YYaeMBbIX MOKa3aTeNneH.
MOXHO TIPEANONI0KUTE, YTO 3TO 00YCJIOBIEHO aK-
tuBanueil Ha ¢one Onokaasl LT mpoueccos He-
COKpaTUTEIHHOIO TEPMOTE€HE3a, B KOTOPBIX, MO 3aKITHO-
yenuto H.I". [lerpakosuua [18], 3puTponuts! urpator
OTIpPEAEIEHHYIO POJb U ABISIOTCS OJHUM U3 UCTOY-
HUKOB TEpMOTeHE3a, O1arogapst 0COOCHHOCTSIM CTpOe-
HUS, COJIEP’KaHUIO OOJBIIOT0 KOJTMYECTBA JINMTHUAOB B
MeMOpaHe U Jkeme3a (MeTajia IepeMeHHON BaJeHT-
Hoctn). Kpome Toro, M.L. Mallet mokazan [32], uto
npu cawxenuu PT na kaxaeie 8°C mponykuus CO,
magaet Ha 50%; npu camwkennu PT Ha kaxmeri 1°C
pH aprepuanbroil kpoBu noseimaercs Ha 0,015 En,
MeTabosnyuecKas noTpeOHocTh TKaned mosra B O,
CHIXaeTcd Ha 7%, TeMaTOKPUT YBEJIWYMBAETCS Ha
2%. VI3MeHeHne KOHIIEHTPallui BOJOPOJHBIX HOHOB
Ha | MDkB/n mpuBoaut kK n3menenuto pH Ha 0,01.
CpaBHHMBaeMbIC XK€ HAMU BapHaHTBl OXJIaKACHUS
MMEIOT NMPUHIHUIHATbHBIE OTIHYHS M0 XapakTepy
BO3/ICHICTBHS Ha 30HY pa3MELICHHs XOJOJOBBIX pe-
LIENITOPOB, JNINTENBHOCTH ceaHca (5, 60+ 10 u 180 =
30 mun), crenenn camkenus PT (32,5+0,5,27,5+0,5
u 16,5 £ 0,5°C) u couerannio Apyrux (HakTopos (c
onmokanoit LT u 6e3 Hee, HAPKO3, TUTIOKCHUS-THITEP-
KaIlHUs, IMMEPCHSI).

W3BecTHO, 4TO rTMIIOKCHS aKTUBUPYET SIPUTPOIIOI3.
Knetku neputyOynsapHoro anmnapara no4ek Ipu CHU-
YKEHUU COZIEP’KaHMs KHCIIOpO/1a B KPOBU CHHTE3UPYIOT
PUTPONOATHH. [Ipu 3TOM 3pUTPOLUT YpE3BBIYANHO
YCTOWYMB K HEJTOCTATKY KHUCIIOPO/Ia, €70 YHEPreTHIec-
KU MeTaboIM3M BOCCTAaHABIIMBAETCS 3a CUET IITUKO-
JIU3a ¥ TICHTO3HOTO Iy TH OKMCIIEHUS TIFOK036I. OTHOMH
13 Haubosee N3y4eHHBIX CUTHAIBHBIX MOJIEKYJ, aKTH-
BHUPYIOIINXCS B YCIOBHSX THIIOKCHH, SIBIISIETCS ajie-
HO3MH, TP TOM OH B OCHOBHOM TPOSIBJISIET IIATOIIPO-
TEKTOPHOE JIEHCTBUE; B OTBET HAa €r0 CUTHAJI B KJIET-
Kax pa3BHBAIOTCA IIPUCIIOCOOUTEIbHBIC peakiyu [31].
HenaBHue uccnenoBaHus mokasaid, 4TO UMEHHO
MOBBIIICHNE (PYHKIHUOHATBHON aKTUBHOCTH aJIeHO3H-
Ha, OTI0CPEI0OBAHHOE THITOKCHEH, UTPAET BAYKHYIO POJIb
B HOPMaJIbHON (PU3HUOIOTUH SPUTPOLIUTOB [36].

N3menenne ¢GopMbl 3pUTPOLIUTOB MOKET OBITH
JHEePreTUYeCKH 3aBUCHMBIM IporieccoM. B cBoto oue-
pensb, apdext ATO, kak u aJeHO3UHA, OTIOCPEAOBaH
Ca?" [30], HO UMeeT BBIPAKEHHYIO TEMITEPATYPHYIO
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Fig. 3. Osmotic fragility of rat erythrocytes after CVWBH:
O —control; A —CVWBH; < —24 hrs post CVWBH.

hemolysis remained stable after the CCH, but after
both versions of the whole body hypothermia it reduced
significantly (Fig. 1-3, Tab. 2).

Thus, hypothermia of homoiothermal organism
promotes the increase in osmotic fragility and hemo-
lysis of red blood cells. After 24 hours, the osmotic
fragility of red blood cells returns back to the control
level and even lower, especially after CVWBH, the
cells become more resistant to hemolysis (especially
after both variants of whole body hypothermia) (Fig.
1-3, Table 2). It occurs probably due to increase in
flattened discocytes content (see Table 1), which are
the most resistant to hemolysis among the erythrocyte
forms. It should be noted that the immersion hypother-
mia has the less pronounced effect on red blood cells
of rats. Probably the used by us drug blockade and the
occuring hypoxic-hypercapnic blockade of TCs acted
far from positive, and 24 hours was not an adequate
period to restore the studied parameters. One can
assume that this was due to the activation of non-
shibering thermogenesis on a background of TCs blo-
ckade, where, in the opinion of N.G. Petrakovich [18],
red blood cells are one of the sources of thermogenesis,
due to their special structure, the large content of lipids
in the membrane as well as the iron (a variable valence
metal). In addition, M.L. Mallet has shown [32] that
the reduction in RT for each 8 degrees led to 50% fall
in CO, production; and fall in RT by each 1 degree
resulted in increase of arterial blood pH by 0,015 Units,
reduction of the me-tabolic demand of the brain tissue
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Ta6amnua 2. BiusiHye pa3iinyHbIX BUIOB TUIIOTEPMHH HA YPOBEHb 'eMOJIN3a PUTPOLMTOB B IEpU(EPUUECKOi KPOBHU KPBIC
Table 2. Effect of various types of hypothermia on the hemolysis rate of erythrocytes of rat peripheral blood

YpoBeHb reMoan3a,%
Hemolysis rate, %
Konnenrpanus
NaCl,%
NaaCI/ Yepes 24 4 Yepes 24 4 Yepes 24 4
concentration, % KonTpoas Hapxko3s KL nocae KL nuor nocae MOT orac nocae OI'3C
' Control Narcosis CCH 24 hrs post WBIH 24 hrs post CVWBH 24 hrs post
CCH WBIH CVWBH
09 0 0 0 0=0 0 0 0 0
0,8 1,13 = 1,13 2,13 = 2,13 0 4,02 = 4,02 0 0 0,5 % 0,5 0
0,7 1,13 = 1,13 3,35 = 2,55 0 512 = 5,12 227 = 1,51 1,08 = 1,08 0,5 %= 0,5 0
0,6 2,73 = 1,43 8,75 + 4,40 8,70 = 0,40 8,78 + 4,83 527 = 1,49 6,99 % 2,53 8,70 = 7,70 0,63 = 0,63
0,5 22,0 = 3,80 26,15 = 11,45 | 55,10 = 3,33" | 43,88 =+ 1565" | 47,50 = 2,73 1507 *= 2,66* | 6515+ 13,25 | 31,82 = 20,51
0,4 89,1 += 2,50 85,20 = 5,55 91,67 =+ 4,04 91,56 =+ 2,45 94,17 + 0,64 87,48 + 2,68 94,95 = 1,15 59,68 =+ 38,11
0,3 96,95 = 2,05 97,00 = 0,60 97,71 = 1,68 96,99 = 0,62 95,10 = 1,27 95,18 = 0,05 96,85 = 0,05 959+ 4,10

IMpumevanue: * — U3MEHEHHUSI CTATHCTHIECKU 3HATUMBI [0 CPABHEHHIO ¢ KOHTpoIeM, p < 0,05.
Note: * — the changes are statistically significant if compared with the control, p < 0.05.

3aBUCHUMOCTD — TUTTOTEPMHUSI 3HAYUTEITHHO YCUITHBAET
neticteue AT® [37]. YMeHbIIeHHE KOHIICHTPAITNU
AT® BBI3BIBACT MTOBHIIICHUE TYBCTBUTEIIBHOCTH dPH-
TPOIMTOB K TPAaHC(POPMHUPYIOIINM areHTaM: HEITPOHH-
KaloI[1e aHUOHBI, KATHOHHBIE aM(DUDUITBL, ATOYMUHBI
CIIOCOOCTBYIOT CTOMATOLUTAPHOU TpaHC(hOpMaIuu.
[Ipu rumo- u runeprepmud, PU3NIECKUX HArpy3Kax
YpOBEHb alIbOyMHHA MOBHIIIAETCs. BeposTHo, mpu ru-
MTOTEPMUH, BCIEJCTBUE YCUIEHUS (YHKIIMOHATHHON
akTuBHOCTU AT® [37], 4yBCTBUTEIBHOCTH 3PUTPOLU-
TOB K TPaHC(OPMHUPYIOUIUM areHTaM MOXKET CHH-
JKaTbCs .

CrocoOHOCTh IPUTPOITUTOB B3aUMOACHCTBOBATH
C BEIIIECTBAMU CHIBOPOTKH KPOBH, TPAHCIIOPTUPOBATH
UX, BBI3bIBasl PEryisTOpHbIe 3)PEKThI, 3aBUCHT OT
coCTOSTHUS (POCHOIUIHUIHBIX KOMIIOHEHTOB MEMOPaHBI,
€€ MOBEPXHOCTHBIX M HHTETPajbHBIX 0eNKOB. B cBOIO
ouepeib, 3TO COCTOSIHUE ONPEAEIAETCS HHTEHCUBHOC-
TBHIO SHEPTO00ECTICUNBAIOIINX PEAKIIHA 1 COOTHOIIIE-
HHUEM aKTUBHOCTH MIPO- U AHTUOKCUAAHTHBIX IIPOLIEC-
coB [19]. B ornnune oT HOpManbHBIX (PU3NOIOTHYEC-
KHX YCIIOBUH, KOTJ]a METabOINYeCKUE ITPOLIECCHI CTa-
OMIM3UPOBAHBI TOMEOCTATHIECKUMH MEXaHU3MaMH,
[IPH Pa3IUYHBIX CTPECCaX U MATOJIOTHYECKUX COCTOSI-
HUSX QYHKIIMOHATHHAS AKTUBHOCTD DPUTPOITUTOB yCH-
nuBaeTcs. B 4acTHOCTH, MpH OCTPOM XOJIOJAOBOM
cTpecce 3T0 00yCIOBIECHO MHAYKIIUEH pe3KOro TopMo-
HaJBHOTO CABHUTA, TPUBOSAIIETO K TOBBIIIIECHUIO B ChI-
BOPOTKE KPOBU KOHIIEHTPALIUU TPUIIIULIEPUIOB, XOJIEC-
TepuHa u Ap. B To jxe BpeMs npu OXJIaXACHUU MOTYT
CYILLIECTBEHHO IMOBBIIIATHCS KOJUYECTBO CBSI3aHHBIX
C SPUTPOLMTAPHON MeMOpaHO OMOAKTHBHBIX Be-
IIECTB, MCHSThCS CBOMCTBA caMOii MeMOpaHbl. Takue
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in O, by 7%, and rise in hematocrit by 2%. Change in
the concentration of hydrogen ions by 1 mEq per litre
resulted in a change of pH by 0.01. The compared by
us cooling regimens possess the fundamental differen-
ces by the impact on the cold receptor zones, the dura-
tion of session (5; 60 £ 10 and 180 + 30 min), the level
of RT reduction (32.5+0.5;27.5+0, 5and 16.5 +
0,5°C) and by combination of other factors (with or
without the TC blockade, narcosis, hypoxia-hypercap-
nia, immersion).

It is known that hypoxia activates erythropoiesis.
Cells of kidneys peritubular apparatus synthesize eryth-
ropoietin if the oxygen content in blood reduces. More-
over the erythrocyte is extremely resistant to the lack
of oxygen, its energy metabolism is restored due to
glycolysis and the pentose phosphate pathway of
glucose oxidation. One of the most studied signaling
molecules activated under hypoxic conditions is ade-
nosine, moreover it manifests mainly cytoprotective
action: in response to its presence an adaptive response
is developed in cells [31]. Recent studies have shown
that namely the increased functional activity of ade-
nosine triggered by hypoxia contribute significantly to
normal physiology of red blood cells [36].

Changes in the shape of red blood cells may be an
energy-dependent process. In its turn, the effect of
ATP, as well as of adenosine, is mediated by Ca?* [30],
but has a pronounced temperature dependence: hypo-
thermia significantly enhances the effect of ATP [37].
Reducing the concentration of ATP results in increased
sensitivity of red blood cells to transforming agents:
non-penetrating anions, cationic amphiphiles, and albu-
mins contribute to stomatocyte transformation. Under

problems
of cryobiology

Vol. 22,2012, Ne4



MEPEeCTPOHKU CIOCOOCTBYIOT MOBBIILIEHHUIO YyBCTBHU-
TENBHOCTH 3PUTPOLIUTOB K JIEKAPCTBEHHBIM IIpenapa-
TaMm, HOPMAIM3YIOIINM 3HEPTeTHIECKUI 1 aHTHOKCH-
JAHTHBIN CTaTyC KIIETOK, a TAKKE MOANDUIAPYIOIIUM
peuenTtopHblii anmapat MmemOpans! [10]. BeposiTHo,
3THM B ONPEAEICHHON CTETIEHU MOXKET OOBSICHATHCS
OTMEYaeMO€ TPY TUIOTEPMHUH U TOCIIE €€ CEaHCOB
3HAUYUTENFHOE CHIKEHUE (P (PEKTHBHBIX J103 HEKOTO-
PBIX JIEKAPCTBEHHBIX CPENCTB.

[Ipu rumorepMuu HE3aBUCHMO OT €€ ITyOHHBI B
IpUTpoIHTaX HHTEHCHUIUpyroTcs npoueccs [10J1
[22]. IIpu ycunenuu [10JI B munuaHOM OHCTOE MEM-
OpaH SPUTPOLMTOB MOSBIAIOTCS THIPOQPUIbHBIE KITac-
TepHl (BJIEHUE «BOTHOM KOPPO3UM» MeMOpaH) [2], uTo
MIPUBOJIUT K MTOBBIIICHHON THpaTanui MeMOpaHsl. B
yenoBusx KL B MemOpaHe spuTponTa MOHWKAETCS
conepxanue Qochonmunuaos, xonecrtepuHa, ATO,
Mar"usi ¥ MOBBIIIAETCS KOHIIEHTPALUsl KalbIHsl, YTO
ABIISIETCS OTHOU M3 IPUYUH U3MEHEHUS ()OPMBI 3PUT-
POLIMTOB, ITPY YIITyOJICHUH THIIOTEPMHH B IIUPKYIUPYIO-
e KPOBHU MOSBIISIOTCS SXUHOIUTHI [ 12].

U3zBecTHO, 4TO (pOpMa IPUTPOLIMTOB TAKKE 3aBU-
CHUT OT COCTOSIHHS KX ITUTOCKEIET-MEMOPAHHOTO KOM-
miekca. benok nonocel 3 cocrasnser 1o 10% obmeit
I0Mmagy MeMOpaHbl, YyBCTBUTEICH K M3MEHCHHIO
pH 1 xoHIIEHTpaImy aHHOHOB [37], ero KoH(pOpMAITMOH-
HbI€ U3MEHEHHUSA MOTYT BBI3BIBAaTh 3HAUYHUTEIbHBIC
n3MeHeHus Gopmsl aputponwura [28, 29]. [losBienne
c(hepOLUTOB CBA3BIBAIOT C U3MECHEHUEM COCTOSHHS
CIEKTPHHA BCJIEICTBUE €T0 arperanuy, BbI3BaHHON
kanbrueM [8]. Konebanusi B COOTHOMICHUH HOPMaITb-
HBIX ¥ HI3MEHEHHBIX ()OPM SPUTPOIIUTOB IPHY THIIOTEP-
MHUH MOTYT OBITh CBSI3aHBI C H3MEHEHHUSMH B3aUMO-
JNEeHCTBHUSA LIMUTOCKENETHBIX OENIKOB Mexay co0oi u
JIPYTUMHA KOMIIOHEHTaMHA MEMOpaHBI.

dopma >pUTPOLIUTA UBMEHAETCS MO IEUCTBUEM
npocrarnanauaoB (I11): I E1 yBenuuuBaet mac-
TUYHOCTH 3puTpouuToB, a III" E2 ymMmeHbliaer ee u
ycunuBaeT puruaHocTs [34]. Ilox Bmmstauem 11N E1
yBenuauBaeTcs cuaTe3 TAM®, 4To ciocoOCTBYeT 1o-
BBIIIEHUIO nedopmupyemoctu 3putporutos. KT
3HAYUTENHHO MOAUGUIHPYET OOMEH M BHICBOOOXK-
nenue 11, npuBoAst K IPpEMMYILECTBEHHOMY HaKOILIE-
auto [1I" E [14].

HedopMupyeMocTb 5pUTPOLUTOB PETYIUPYETCS U
SIBTSIETCS BAKHEHUIIIMM (PaKTOPOM, OTIPEAEIIAIONINM Te-
Ky4eCTh KPOBH, BEICOKOUYBCTBUTEIBHBIM K M3MEHE-
HUSM MPaKTUYECKH JII000TO MeTabOoIMUECKOTo Mpo-
1ecca B KJieTke u opranusMe [8]. B ycrnoBusix runox-
CUH OHA CHMYKAETCsl, IPOUCXOAAT U3MEHEHHS CBA3AH-
HBIX C HEW moKa3aTesiell KMCIOpOATPAHCIOPTHOU
(yukimm kposy, nporeccoB 110J] n aHTHOKCHTAHTHOM
CHCTEMBI, YTO TO3BOJISIET PaccMaTpuBarth JehopMu-
PYEMOCTB 3pUTPOLIUTOB KaK MHTErPaJIbHbIN KpUTEpUi
HE TOJBKO TSHKECTH HapYyIIEHUH KUCIOPOAHOTO 0bec-
TIEYEHUs, HO U IPOOKCHIAaHTHO-aHTHOKCHIAHTHOTO COC-
TOSTHUS opraHu3ma [8].
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hypo- and hyperthermia, physical exercises the albumin
level increases. Probably under hypothermia the sen-
sitivity of erythrocytes to transforming agents may de-
crease due to increased functional activity of ATP [37].

The ability of red blood cells interact with substances
of blood serum, to transport them, causing regulatory
effects, depends on the state of membrane phospholipid
components, superficial and integral proteins. In its turn,
this state is determined by the intensity of energy supply
reactions and pro-/antioxidant activity ratio [19]. In
contrast to the normal physiological conditions when
metabolic processes are stabilized by homeostatic me-
chanisms, different stress and pathological conditions
are accompanied by increased functional activity of
red blood cells. In particular, the acute cold stress pro-
vokes the induction of abrupt hormonal shift, which
results in increased concentrations of triglycerides,
cholesterol, efc in serum. At the same time, cooling
can be accompanied with significant increase of amount
of bioactive substances bounded with red blood cell
membrane as well as with changes in the properties
of the membrane itself. These re-arrangements contri-
bute to increase of red blood cells sensitivity to drugs,
that normalize the energetic and antioxidant status of
the cells, as well as modify the membrane receptor
system [ 10]. This probably can fairly explain the noted
during hypothermia and after its course significant re-
duction of effective doses of certain drugs.

Under hypothermia, regardless of its depth, the
intensity of lipid peroxidation in erythrocytes rises [22].
This results in appearance of hydrophilic clusters in
lipid bilayer of red blood cell membrane (the pheno-
menon of membrane’s ‘water corrosion’) [2], which
leads to increased hydration of the membrane. Under
the CCH the content of phospholipids, cholesterol, ATP,
magnesium in erythrocyte membrane decreases and
increases the concentration of calcium, which is one
of the reasons of changes in shape of red blood cells:
echinocytes appear in the circulating blood with the
deepening of hypothermia [12].

The shape of red blood cells is also known to depend
on the state of their cytoskeleton-membrane complex.
Band 3 protein makes up to 10% of the total area of
the membrane and is sensitive to changes in pH and
the concentration of anions [37], its conformational
changes can cause significant changes in the shape of
erythrocyte [28, 29]. The appearance of spherocytes
is associated with changes in the state of spectrin due
to its calcium induced aggregation [8]. Fluctuations in
the ratio of normal and altered forms of red blood cells
under hypothermia may be associated with changed
interactions of cytoskeletal proteins with themselves
and other components of the membrane too.

Erythrocyte shape changes under the action of
prostaglandins (PG): PG E1 increases the flexibility of
red blood cells, and PG E2 decreases the latter and
increases the rigidity [34]. Presence of PG E1 increases
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I[Ipu Bcem MHOr0OOpa3uK NaTOJIOrMUECKUX MpoLec-
COB U COCTOSIHMI U3MEHEHUS YIBTPACTPYKTYPHI SPUT-
POLIMTOB MMEIOT YHUBEPCANbHBIN Xapakrep [9, 21].
[Ipu natonoruu B KJIETKE MPOUCXOAAT ONpeAeTICHHbIE
M3MEHEHHs (MX YUCIIO OrPaHUYeHO ) MOPPODYHKIIHO-
HaJIBHBIX NMPU3HAKOB M OOIIMX MEXaHW3MOB [24],
BEIYIINX K IECTA0MIIN3aLNH U AECTPYKIUU MeMOpaH.
Bcenenctsue 3T0T0 MPOMCXOAAT HApYIIEHUS METa-
0oamM3Ma KIETKH, B YACTHOCTH ACPUIUT MPOIYyKINH
9HEPTUH, HHTEHCU(UKAIMS TPOIECCOB CBOOOAHOPA-
JUKAJIBHOTO OKHUCIIEHUS, CIBUI BHYTPHUKJIETOUYHOTO
KanbpIeBoro Oamanca [11].

Kpowme Toro, mpu naronoruu Bo3pactaeT MoJIUMOp-
(b¥3M MOITYIISILIN 3PUTPOLUTOB (YBEIMYECHHE KOMUYECT-
Ba SPUTPOLIUTOB C UI3MEHEHHOH (opmoii) 23], Habro-
JIat0TCsI BEIPAKEHHOE YMEHBIIICHHE YHCIIa TUCKOLIUTOB
Y yBeJTMYEHUE KOJIMIECTBA TIEPEXOIHBIX, IIPEIreMOITH-
TUYECKHUX, JIET€HEPATUBHBIX U HEOOpaTHUMBIX (opM
KJIETOK, UTO KOPPENUpPYET C THKECThIO 3a00IeBaHus
[16]. ['eTeporeHHbIE MOMYIISAIIAN 3PUTPOLIUTOB (JIUCKO-
IUTHI, SXUHOIMTHl U CTOMATOIUTHI) OOJiee YyBCTBU-
TEeJBHBI K IEHCTBUIO OcMOTHYEeCKOTO (pakTtopa, pH n
runorepmuu [20].

B nammx skcnepumenTtax uepes 24 4 mocie rumno-
TEPMUU TOMOMOTEPMHOT0 OpraHu3Ma (KpbIchl) HaO-
JIFOAAETCS TEHACHIMS K TIOBBILLICHHUIO JOJIN JUCKOIIUTOB
(3a cueT ymiomeHHBIX (opM, ABISIOMUXCS Oonee
CTOWKMMH K (akTopam remonusa). CHUxKaeTcs ypo-
BEHb I3MEHEHHBIX (DOPM 3PUTPOIMTOB (CTOMATOIINTOB
" cEPOILUTOB), MMOBHIIACTCS YCTOMUYNBOCTD KIETOK
K (hakTopam remoinza, ocooeHno mociue MOI, ymens-
[IAeTCs OCMOTHYECKass XPYMKOCTh 3PUTPOIUTOB,
Haubounee Beipaxkeno nocie OI'3C (Tabn. 1-2, puc. 1-
3). DTo MOXET CBUACTENbCTBOBATh O KAUE€CTBCHHOM
yAY4IIEHUH TOMYIISIIHOHHOTO COCTaBa SPUTPOLIUTOB
nepugeprdecKoil KpoBHU Kpbic Oaronaps HaOmonae-
MO HaMH TEHAEHIINH K €€ TOMOT€HHOCTH. Bo3MoxHO,
B OTJAJICHHBIE CPOKH IIOCJIE TUIIOTEPMUH TaKasi TeH-
JeHLUs OyIeT yCUIUBAaThCS.

OTH U3MEHEHUs], 10-BUJUMOMY, UMEIOT aAalTHB-
HYIO HallpaBJICHHOCTb U MOT'YT OTPa)kaTb crieU(puy-
HOCTb OTBETHOM PEaKLUH IPUTPOLIUTOB Ha OXJIaXKie-
HHE TOMOHOTEPMHOTO Opranm3Ma (TurmoTepmuto). Ha-
1€ NPEIONOKEHUE COmIacyeTcs ¢ JaHHBIMU, IOIy-
YEHHBIMU i1 Vifro 1 CBUAETENbCTBYIOUIMMU O TEMIIE-
paTypo3aBUCHMBIX U3MEHEHUAX COCTOSTHUS MEMOpaH
SPUTPOLIUTOB, OTpaXkarolIuxcst Ha X (opme, Hau-
OoJjiee CymiecTBEeHHbIE HAOMIOOAINCh B AHMANa30HE
temmnepartyp 15...8 °C [7]. [loka3aHo, 4TO UMEHHO B
9TOM 00nactu HU3KHX (Bhiie 0°C) TeMneparyp npouc-
XOIISIT caMble MacIUTaOHbIE MEPECTPOHKN MeMOpaH
APUTPOITUTOB [4, 6]. DKBHIHOpAITHS SPUTPOIIUTOB C
kpuonporekropom npu 0°C, B otmame ot 22°C, c1mo-
COOCTBYET COXpaHEHHUIO M CTAOMIM3AIINN X POPMBI
U TIPOCTPAHCTBEHHOH CTPYKTYPHI MEMOPAHHBIX OSITKOB
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the synthesis of cAMP, which raise red blood cell defor-
mability. CCH significantly modifies the exchange and
release of PGs, resulting in predominant accumulation
of PG E [14].

The deformability of red blood cells can be triggered
and is the most important factor determining the fluidity
of blood, being highly sensitive to changes in almost
every metabolic process in the cell and the organism
[8]. Under hypoxic conditions, it is reduced, there appe-
ar the changes of related indices of oxygen transport
function of blood, lipid peroxidation and antioxidant
system, which allows to consider the deformability of
red blood cells as an integral criterion both of the seve-
rity of violations in oxygen supply, and of pro/antioxidant
balance of an organism as well [8].

With all the variety of pathological processes and
state the changes in the ultrastructure of red blood
cells are of universal character [9, 21]. Under any pa-
thology there are certain changes (their number is limi-
ted) of morphofunctional characteristics and general
mechanisms in the cell [24], which lead to the disturbing
and destruction of membranes. This results in the cell
metabolic derangements, in particular, lack of energy
production, intensification of free radical oxidation, and
intracellular calcium disbalance [11].

In addition, a pathology is accompanied by increa-
sed polymorphism of erythrocyte population (increased
number of red blood cells with a modified shape) [23],
resulted in significant reduction in the number of disco-
cytes and increasing the number of transitional, pre-
hemolytic, degenerative and irreversible forms of cells,
which correlates with the severity of disease [16].
Heterogeneous populations of red blood cells (discocy-
tes, echinocytes and stomatocytes) are more sensitive
to osmotic factors, pH and hypothermia [20].

Our experiments revealed 24 hours post hypother-
mia of homoiothermal organism (rat) the tendency of
increasing the proportion of discocytes (on account of
flattened forms being more resistant to the factors of
hemolysis). The content of modified forms of erythro-
cytes (stomatocytes and spherocytes) decreased, the
resistance of cells to hemolysis factors increased,
especially after the WBIH, the osmotic fragility of red
blood cells decreased (most pronounced after
CVWBH) (Table 1-2, Fig. 1-3). This may indicate a
qualitative improvement in population composition of
peripheral blood erythrocytes in rats due to observed
trend towards its homogeneity. In the long-term period
after hypothermia this trend will probably intensify.

These changes appear to have adaptive directio-
nality, and may reflect the specificity of the response
ofred blood cells to cooling of homoiothermal organism
(hypothermia). Our supposition conforms with the data
obtained in vitro and testifying the temperature depen-
dent changes in red blood cell membrane state, which
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Ha OJM3KOM K HAaTHBHOMY YPOBHE U MPHU MOCIEAYIO-
IEM 3aMOpakMBaHUH-0TOrpeBe [1].

Y4uurteIBas, YTO 3HAYMTEIBHOE YHCIO MaTOJIOTH-
YECKUX IPOLIECCOB MHUIIMHPYETCS UIN COMPOBOXK-
JAeTCs TIOBPEXACHNEM KIETOYHBIX MEMOpaH M HX
cTpyKTyp [3], H, paccMaTpuBas TpaHCHOPMALIUIO ITUP-
KyJTUPYIOIINX SPUTPOLIUTOB KaK Pe3yIbTaT CTPYKTYp-
HO-MeTa0OoJIMIeCKOi epecTpoKku nx Mmemopa [26],
MOJKHO TPENIONIOKHUTH cienyromiee. OTMedeHHbIE Ha-
MU 0COOEHHOCTH PeaKIIiy 3PUTPOIIUTOB HA CHIDKEHHE
TeMIepaTypbl Tesa (THIIOTEPMHIO OPTaHU3Ma) MOTYT
B 3HAYUTENILHOH CTeneHH OnpeaesiTh 3QHEeKTHBHOCTD
JIe4eOHBIX CEaHCOB TUIIOTEpMUH. [ HIoTepMust, CHIKast
MIPOHUIIAEMOCTH KIETOYHOM MeMmOpansl [1, 21,22, 26,
32], cnocoOCTByeT NMpeJOTBPALICHUIO KACKa1a peak-
LM, KOMITEHCUPYIOIIUX Ae(HLIUT KUCIOPOIa, TOMOTast
CBECTH K MHHIUMYMY HapyIICHUS BHYTPHUKICTOYHON
CpEabl.

BbiBOADI

Taxum 06pa3om, HE3ABUCUMO OT TIIYOUHBI U CIIO-
co0a TOCTHKEHUS THIIOTEPMHUK TOMOHOTEPMHOTO Op-
raMsMa — KpanuouepeOpanbHas runorepmus (PT =
32°C), obmas ummepcuonnas runorepmus (PT =
27°C) u oOmast runorepmMusi Ha GoHE HapacTaHUs
runokcuu-runepkananu (PT = 17°C) — Habmomaercs
o0paTuMoe, HO Pa3IMYHOE MO BBHIPAKEHHOCTH HU3Me-
HEHHE COOTHOLIECHHUS (HOPM 3PUTPOLIUTOB: CHHKACTCS
KOJIMYECTBO JUCKOIIUTOB, YBEITMUUBACTCS JIOJIS U3Me-
HEHHBIX (hOpM (CTOMATOIMTOB U C(HEPOLIUTOR), & TAK-
KE TTOBBIIIACTCS OCMOTHYECKAs XPYNKOCTh U YCHIIU-
BaeTCsI TEMOJIN3 APUTPOIIUTOB.

Uepes 24 4 mociie TMIOTEPMHAN HAOMIOAAETCS TeH-
JEHIUS K YBEIMYCHHIO KOJMYECTBA AMCKOLUTOB 32
CUET YIUIOIIEHHBIX (hOpM, I0JIsI U3MEHEHHBIX (OpM
SPUTPOIUTOB (CTOMATOIUTOB U C(HEPOIMTOB) CHH-
KaeTcsl, OCMOTHYECKas XPYIKOCTh )PUTPOLIUTOB BO3-
BpalaeTcs K KOHTPOJIBHOMY YpPOBHIO, a TIpU 00mIei
TUMOTEPMHHU Ha (OHE TUTIOKCUU-TUIIEPKATTHUN JAaXe
CHI)KAETCs, IOBBIIIAETCS YCTOHYMBOCTD KJIIETOK K
(hakTopaM remMosm3a, 0COOSHHO MOCIIE MIMMEPCHOHHOM
001I1e#i THTIOTepMUH.
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affect their shape, and the most significant ones were
observed within the temperatures of 15...8°C [7]. It
was shown, that namely within this interval of low (but
higher than 0°C) temperatures, the most significant
re-arrangements in erythrocyte membrane occur [4,
6]. Erythrocytes exposure with cryoprotectant at 0°C
unlike 22°C contribute to preservation and stabilization
of their shape and spatial structure of membrane pro-
teins maximally close to the native state after following
freeze-thawing [1].

Keeping in mind the most pathological processes
as initiated and accompanied by disturbances of cell
membranes and structures [3], and considering the
transformation of circulating erythrocytes as a result
of re-arrangement in structure and metabolism of their
membrane [26] the following supposition could be
made. The revealed by us peculiarities in erythrocytes’
reaction to decrease of body temperature (hypothermia
of an organism) could substantially determine the effi-
ciency of hypothermic therapy. Hypothermia decrea-
ses the permeability of cell membrane [1, 21, 22, 26,
32] and thereby enables to prevent the cascade of reac-
tions, compensating the oxygen deficit, and promoting
to minimize the intracellular media violations.

Conclusions

Thus independently on the depth and way of
initiating the hypothermia of homoiothermal organism
(craniocerebral hypothermia, RT of 32°C; whole body
immersion hypothermia, RT of 27°C; and whole body
hypothermia on the background of increasing level of
hypoxia-hypercapnia, RT of 17°C) we observed the
changes in erythrocyte forms proportions that were
reversible but differing by expression level: the content
of discocytes decreased, the part of changed shapes
increased (stomatocytes and spherocytes); as well as
the rise in osmotic fragility and hemolysis level of eryth-
rocytes.

In 24 hrs post hypothermia we observed the tenden-
cy for rising discocyte content on account of flattened
forms, the part of changed erythrocyte forms (stoma-
tocytes and spherocytes) decreased, the osmotic fra-
gility of erythrocytes turned back to the control level,
and after whole body hypothermia together with hypo-
xia-hypercapnia it decreased even more, the tolerance
of cells to hemolysis factors rised, especially after
whole body immersion hypothermia.
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