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Osmotic Resistance of Rat’s Erythrocytes After Local Cold Injury

Pedrepat: Y pobGoTi gocnigxyBanu BRMAMB NoOKanbHOI XONOAOBOI TpaBMM LUYPIB HA OCMOTWMYHY PE3UCTEHTHICTb EpUTPOLUTIB
Yy PaHHIn i Ni3Hin peakTuBHI nepiogn. KpioBnnvBe 3aiicHioBanu LUNASAXOM NPUTUCHEHHS annikatopa A0 LWKipW Ha natepanbHii NOBEpXHi
cterHa wypa npotsrom 30, 60 i 120 c. MMicns uboro nposoaunu 3abip KpoBi 3 aopTh TBapuWH Yepe3 1 i 4 rogunHu i Yepes 24 i 48 roguH
(paHHin i Ni3HiN peakTMBHMI Nepiogun BIANOBIAHO). B AKOCTI TECTY HAa OCMOTUYHY PE3UCTEHTHICTb epUTPOLUTIB BUKOPUCTOBYBaNu Aito
Ha KMITUHW FINOTOHIYHMX PO34MHIB. [Moka3aHo, WO OCMOTMYHA PE3UCTEHTHICTb EepUTPOUUTIB Y paHHbOMY peakTMBHOMY mnepioAi
36inblyeTbC (MOPIBHAHO 3 KOHTPOMbHUMM KMiTMHaMKM). Y Mi3HbOMY peakTUBHOMY MNepiofi MOKa3HUKUM OCMOTUYHOI PE3NCTEHTHOCTI
epuTpouMTiB Yepe3 24 roanHN HabNMKaTLCA A0 KOHTPONbHUX 3HaYeEHb i Yepe3 48 roauH gocsraloTs Hopmu. OCMOTUYHA PE3UCTEHT-
HICTb epuTpounTiB B 060X peakTMBHUX nepiodax nicrnsi nokanbHOI X0noaoBoi TpaBMU He 3anexuTb Bif TpuBanocTi kpioannikauii (30,
60, 120 c). OTpumaHi pe3ynsraTti po3rnsagaTbCa 3 NO3ULIN aganTUBHUX peakLil, WO MalTb anoctasHy npupoay.

KntovoBi cnosa: nokanbHa xonofosa TpaBma, epuTpOLMTUA, OCMOTUYHA PE3NCTEHTHICTb, MNOTOHIYHWI LLIOK, PEaKTUBHWIA Nepioa.

Abstract: The effect of local cold injury in rats on the osmotic resistance of erythrocytes in the early and late reactive terms
was investigated. Cryoinfluence was performed by pressing the applicator to the skin on the lateral surface of the rat thigh for 30,
60 and 120 s. Afterwards, the blood was collected from the aorta of animals after 1 and 4 hours and after 24 and 48 hours (early and
late reactive periods, respectively). The effect of hypotonic solutions on cells was used as a test for osmotic resistance of erythrocytes.
It is shown that the osmotic resistance of erythrocytes in the early reactive term increases (compared with control cells). In the late
reactive term, the indices of osmotic resistance of erythrocytes after 24 hours approached the control values and after 48 hours
they reached the norm. Osmotic resistance of erythrocytes in both reactive terms after local cold injury does not depend on the du-
ration of cryoinfluence (30, 60, 120 s). The findings are considered from the standpoint of adaptive reactions that have an allostatic

nature.

Key words: local cold injury, erythrocytes, osmotic resistance, hypotonic shock, reactive term.

Ha manwmii yac 1151 JiKyBaHHS [TaTOJOTIIHUX TIPO-
LIECIB, [0 PO3BUBAIOTHCS HA IIKiPi, BUKOPUCTOBYIOTh
XIpypriyHuil miIOXin, sSKUd Tojsrae y pydHyBaHHI
010JIOT1YHMX TKaHWH 3a JOMOMOTOI HH3BKUX TEM-
neparyp. BB HH3BKUX TeMIiepaTyp CyNpOBOJ-
JKYETHCS 3aMOPOXKYBaHHSM HE TUIBKH IIKIpH, alie
1 MOIIe po3TalIOBaHUX TKaHWH. TpUBANICTH Kpio-
BIUTUBY 1 KIHIIEBAa TeMIIeparypa 3aMOpPOKEHUX TKa-
HUH MAaroTh BHpIMIaIbHE 3HAYCHHS IS PE3YIbTaTiB
nikyBaHHsA [7, 9].

JloxaneHa xomonoBa TpaBMma (JIXT) e moryxHUM
CTpecoBUM (HaKTOPOM, IO 3aIyCKAE MPOIECH aJo-
CTazy Ha piBHI OpPraHi3My. AJIOCTa3 pO3TIAAAETHCS
SIK TWHAMIYHUH TpoIiec, 3a JTOMOMOTOI0 SKOTO Opra-
Hi3M BIJIMIOBiJIa€ HA CTPECOBI BILIMBHU 1 MiATPUMYE
romeocta3 [3]. OmHiero 3 O3HaK ajocrasy € Ha-
JaKTHBaLisl peryastopHux cucteM [19]. [lo 6io-
JOTIYHUX CHCTEM, SKi 3a0e3MedyloTh aJarnTallito
OpraHi3aMy, B TIEpIIy 4epry, HaJlekaTh TiloTa-
naMorinogizapHo-HaHUPKOBa BICh, BereTaTHBHA
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Currently, for the treatment of pathological
processes developing on skin, exploits a surgical
approach, which consists in the destruction of bio-
logical tissues by low temperatures. Exposure to low
temperatures is accompanied by freezing not only
of the skin but also of deeper tissues. The duration
of cryopreservation and final temperature of frozen
tissues are crucial for treatment outcomes [1, 3].

Local cold injury (LCI) is a powerful stressor that
triggers allostasis at the organism level. Allostasis
is considered as a dynamic process by which the
body responds to a stress and maintains homeostasis
[12]. One of the signs of allostasis is overactivation
of regulatory systems [16]. The biological systems
that ensure the organism adaptation, in the first
place, include the hypothalamic-pituitary-adrenal
axis, autonomic nervous, metabolic and immune
systems. The main mediators of these systems (neuro-
transmitters of the sympathetic and parasym-
pathetic nervous systems, cytokines, metabolic
1
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HEpPBOBa CHCTEMa, METa0oliyHAa Ta IMyHHa CHC-
Temu. [onoBHI Mexmiaropu 1uX cucteM (HeHpo-
TpaHCMITEPH CHUMOATUYHOI 1 TapacUMIaTHYHOI
HEpPBOBOI CHCTEMH, ITUTOKIHH, METaboIIiyHI TOp-
MOHH, HEHPOMOIYISATOPH MO3KY, TOPMOHH HaJHUP-
KOBHX 3aJI03) B3a€EMOJIIOTh OJUH 3 OIHHUM 1
CIIPUSIOTh ajanTallii OpraHi3My g0 eKCTpeMaib-
HUX YMOB B HallkopoTri Tepmiad [3, 18].

TocTpa maTosioris BHACTIAOK JIOKATHHOTO Kpio-
edeKTy BIUIMBa€ Ha YCi JIAaHKM peryislii: Bix
3arajbHUX KEPIBHUX CUCTEM JO KIITHH. 30Kpema,
B po6oti ['A. Omniitauk [5] mix 4Yac MOCIHiKEHHS
nepebiry JIXT mrypiB Oyao BHSBICHO EXiHOIUTH,
CTOMATOIIUTH, IIM30IUTH 1 3apPEECTPOBAHO YIOBIIIb-
HEHHS PYXJMBOCTI KJITHH, IO, HA AYMKY aBTOPiB,
MOXKE€ CBIAYATH TIPO TOPYIICHHS eHepro3ades-
TICYCHHS] OpraHi3My, sKe IIOB’S3aHe 3 HECTavYCIo
ATD.

3a yMOB XOJIOJIOBOi TpPaBMH CIIOCTEPIrarOThCS
3MiHH MOpP(OJIOTIYHUX XapaKTePUCTHK CPUTPO-
nuTiB [S5], 1m0 CBITYUTH PO 3MIHY OCMOTHYHOI
PE3UCTEHTHOCTI [WX KITHH. JIn9 BHU3HAYCHHS
OCMOTHYHOI PE3UCTEHTOCTI EPUTPOIMTIB IIHUPOKO
BUKOPHCTOBYIOTh TiOTOHIYHI po3umuu [21, 23, 25].
[lepeHecenHsi epuUTPOLUTIB [0 TINOTOHIYHUX cepe-
JIOBHII] CYNPOBOKYETbCS HAAXOMKEHHSIM  BOJAU
B KIITHHHU, B PE3yJbTaTi 4Oro 30UIbIIYEThCS IXHIH
00’eM 1 3a TEpEeBHINEHHS 3HAYCHb KPUTHYHOTO
TFeMOJIITHYHOI0 00’€My, BOHHM pyHHYIOThCS [14].
OcMOTHYHA PE3UCTEHTHICTD, KA XapaKTePU3yEThCS
3MATHICTIO CPUTPOILMTIB TpHUMarH Bomy 0e3 Te-
MOJTi3y, 3aJIeKUTh, 30KpeMa, BIiJ CIiBBIIHOIICHHS
IUIOIIII MMOBEPXHi /10 00’ eMy KIiTHHU [14].

Oninka OCMOTHYHOI PE3UCTECHTHOCTI EpUTPO-
IUTIB — KJIACHYHUI TECT, SKHH 3aCTOCOBYETHCS
mig yac JiarHOCTHKH EpUTPOLUTONaTii  (30Kpe-
Ma, CIaJKOBOTO C(QEpOoIMTO3y, KOJIU B PE3yNIbTarTi
MaToJIOTii OUTKIB IUTOCKEIET-MEMOPAaHHOTO KOM-
IUIEKCY EPUTPOIUTH CTalOTh MEHII CTIHKUMHU 70
nii rimoroHiyHMX po3umHiB [10]). OcMoTHYHA pe-
3UCTCHTHICTh CPUTPOIUTIB € BAKIWBHM KITiHIU-
HUM 1HCTPYMEHTOM [Jisi BHUBUEHHS TAaKHX YHCJICH-
HUX 3aXBOPIOBaHb, SK IYKpoBUH miaber [22], mpe-
exmamricis [12] Ta mamsapis [17], a Takok Tixg
gac JOCHIDKeHHS mporecy ctapiaas [11, 20]
Tomo. BUWBYEHHS OCMOTHYHOI pPE3UCTEHTHOCTI
epurporuTiB B ymoBax JIXT pgo3onuth BuUs-
BHUTH PEAKIlI0 KIITHH, BiAMOBIJAILHUX, B TEPIILY
4epry, 3a ra3000MiH, Ha 3MiHH B OpraHi3Mi BHac-
JMAOK KPUTHYHUX 1 TIOCTTPaBMAaTHYHUX CTa-
HiB.

Mera poOOTH — BUBYCHHS BIUIUBY JIOKAIBHOL
XOJIOIOBOI TPaBMH y IIypiB Ha OCMOTHYHY PpE3H-
CTEHTHICTh CPHUTPOIUTIB TIPOTATOM PAHHBOTO Ta
MMi3HLOTO PEAKTUBHUX MIEPIOIIB.
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hormones, brain neuromodulators, adrenal hor-
mones) interact with each other and help the body
in adaptation to extreme conditions in the shortest
possible time [12, 18].

Acute pathology resulted from the local cryoeffect
influences all parts of regulation, from general control
systems to cells. In particular, in the work of G.A.
Oliynyk [18] when studying the LCI proceeding in
rats there were detected echinocytes, stomatocytes,
schizocytes and a slowdown in cell motility was
found, which, as the authors believe may indicate
a disorder in energy supply due to ATP deficiency.

During cold injury, the alterations in the mor-
phological characteristics of erythrocytes are obser-
ved [18], indicating a change in the osmotic resistance
of these cells. To determine the osmotic resistan-
ce of erythrocytes, the effect of hypotonic solutions
on them is widely used [21, 23, 25]. The transfer
of erythrocytes to hypotonic media is accompanied
by the water inflow into the cells, as a result of
which their volume increases and when the values
of the critical hemolytic volume are exceeded, they
are destroyed [9]. Osmotic resistance, which is
characterized by the ability of erythrocytes to get
water without hemolysis, depends, in particular, on
the ratio of surface area to cell volume [9].

Assessment of osmotic resistance of erythro-
cytes is a classic test used in the diagnosis of erythro-
cytopathy (including hereditary spherocytosis, when
erythrocytes become less resistant to hypotonic
solutions as a result of cytoskeletal membrane protein
pathology) [4]. Erythrocyte osmotic resistance is an
important clinical tool when investigating the nume-
rous diseases such as diabetes [22], preeclampsia
[5] and malaria [14], as well as in aging research [6,
20], etc. The study of osmotic resistance of erythro-
cytes in LCI will reveal the response of cells pri-
marily responsible for gas exchange, to changes in
the body during critical and post-traumatic states.

The research aim was to study the effect of local
cold injury in rats on the osmotic resistance of
erythrocytes in the early and late reactive terms.

Materials and methods

The study was performed in 6-month-old outbred
male rats. The experiments were approved by the
Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine and agreed with
the main provisions of the Law of Ukraine ‘On
Protection of Animals Against Cruelty’ (Ne 3447-1V
of February 21, 2006) and the European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes
(Strasbourg, 1986).
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Marepiajau Ta MeTOIHM

JlocmipkeHHST BUKOHYBalM Ha 6-MiCSYHUX O€3-
MOPOAHUX IMypax-caMipsix. ExcriepumeHTH [03BO-
JIeHI KoMmiTeToM 3 OiloeTwku IHCTHTYTY mpoOIeM
KkpioOiomorii 1 kpiomenuuuan HAH VYkpaiam Ta y3-
TOPKEHI 3 OCHOBHUMHU TTOJIOKCHHSIMH 3aKoHY YKpai-
Hu «lIpo 3axmcT TBapWH BiA JKOPCTOKOTO IMOBO-
xxeras (Ne 3447-1V Big 21.02.2006 p.) Ta «EBpo-
MEHChKOT KOHBEHIIIT PO 3aXKMCT XpeOETHUX TBapHH,
SKI BUKOPHCTOBYIOTHCS 115l €KCIIEPUMEHTAIBHUX Ta
THIMX HayKoBUX ITitei» (CtpacOypr, 1986).

Teapunu Oynu posmineni Ha 4 rpynu (n = 10 y
KOKHIH), 3 SIKUX 3 eKCHepUMEHTaIbHI (TPOBOAMIH
JIXT) i xonrponbHa (06e3 JIXT) rpymu. Posmomin
TBApUH 3a EKCIEPUMEHTAJIbHUMHU TpylaMH 3aje-
’KaB BiJ TPHUBAJIOCTI KPIOBIUIMBY, SKHH 3HIHCHIO-
BaJIi IPUTHCHEHHSIM aIlIikaTopa JI0 IIKipH Ha JiaTe-
panbpHil moBepxHi crerHa mypa mpotsarom 30, 60 i
120 c.

Ilicns KpioBIUIMBY 3AiliCHIOBaM 3a0ip KpOBI 3
aoptu TBapuH 4depe3 1 1 4 romuH (paHHIA pEeaKTHB-
HUH mepion), a Takox uepe3 24 1 48 roguH (Mi3HIH
pEaKTUBHUM mepion). Y SKOCTI aHTUKOATY/SIHTY BHU-
kopuctoByBanu renaput (500 ox/mi). Jlns anectesii
TBapHH 3acTOCOBYBalM npenapar «Tenazom» (Zoetis
Inc, CIIA) B mo3i 50 MI/Kr BHYTPIIIHBOM’SI30BO.
VY pobGori BukopucroByBanu BurotoBieHnii y CKTh
ITIKiK HAH VYkpaiau KpioiHCTPYMEHT HaJUBHOTO
THIY 3 IUIOCKUM MIiZHHM aIlIiKaTOpoM IiaMeTpoM
8,0 MM, SKHf aKTUBHO OXOJIOIKYETHCS PIIKHM a30-
TOM.

EpurpounTté oTpuMyBany HUITXOM TPHPA30BOTO
neHTpudyryBansas 1inpHOI kpoBi mpu 1000g mpo-
miroM 3 xB B 10-xkparHoMy 00’eMi dizionoriu-
Horo po3uuny (0,15 mons/1 NaCl, 5 mmons/n doc-
¢arnoro Oydepa, pH 7,4). JlelikonutapHy IUIiBKY
1 cymepHaTaHT BUAAJSIIN LUISIXOM aciipartii.

Ocmornuny pesuctentHicts (OP) epurpouuris
BU3HAYAIM 3a CTIHKICTIO KJIITHH OO TINOTOHIYHHX
po3umHiB NaCl. ['iMOTOHIYHUI JT3UC EPHUTPOITUTIB
3MIMCHIOBAIM IIIJITXOM TIEPEHECEHHS KITHHHOI CY-
creHsii B rinmotoxiuHi cepenosuiia (40—100 Mmmob/
NaCl) ma 5 xB 3a temmeparypu 37°C 3 HacTymn-
HuM nieHTpudyryBanasm mpu 1000g mpotsrom 3 xB.
PiBeHr remMoinizy EpUTPONMTIB BU3HAYAINA CIIEKT-
podoTomMeTpuYHO Ha NOBKMHI XxBWmi 543 HM. 3a
100% Opamu morMHAHHS MpoOW, O SAKOi Joma-
Banmu gerepreHT TpuToH X-100 y KoHUeHTpamii
0,1%. VYci BukopucraHi B poOOOTI cepenoBUINA
roryBaiu Ha S5 wMMonbs/n  QocdarHomy Oydepi,
pH 7,4.

Kyt Haxwmy KpuBOI OCMOTHYHOI KPHXKOCTI B
TUISHITL  PI3KOTO 30UTBIICHHS TEMOi3y pOo3paxo-
ByBaJIHM 3a METOIUKOIO, IPENCTaBICHOI0 B poOOTI
T. Walski ta criBagr. [25].
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Animals were divided into 4 groups (n = 10 in
each), of which 3 experimental (with LCI perfor-
med) and control (without LCI) groups. The dist-
ribution of animals in the experimental groups depen-
ded on the duration of cryopreservation, which was
carried out by pressing the applicator to the skin on
the lateral surface of rat’s thigh for 30, 60 and 120s.

After cryoeffect the blood was collected from
the aorta of animals after 1 and 4 hours (early
reactive term), as well as after 24 and 48 hours
(late reactive term). Heparin (500 IU/ml) was used
as an anticoagulant. Telazol (Zoetis Inc, USA)
was administered to anesthetized animals at a dose
of 50 mg/kg intramuscularly. The cryo-instrument
of the liquid bulk type with a flat copper applica-
tor of 8.0 mm diameter, which is actively cooled
by liquid nitrogen, manufactured at the Special
Construction and Designing Unit of the IPCC NAS
of Ukraine, was used in this research.

Erythrocytes were obtained by centrifuging the
whole blood thrice at 1,000g for 3 min in 10-fold
volume of saline (0.15 mol/L NaCl, 5 mmol/L
phosphate buffer, pH 7.4). The leukocyte film and
supernatant were removed by aspiration.

Osmotic resistance (OR) of erythrocytes was
examined by the one of cells to hypotonic NaCl
solutions. Hypotonic lysis of erythrocytes was
performed by transferring the cell suspension to
hypotonic media (40—100 mmol/L NaCl) for 5 min
at 37°C, followed by centrifugation at 1,000g for
3 min. The level of hemolysis of erythrocytes
was determined spectrophotometrically at a wave-
length of 543 nm. The absorption of the sample
was assumed as 100%, to which detergent Triton
X-100 was added at a concentration of 0.1%. All
media used in the work were prepared with 5 mmol/L
phosphate buffer, pH 7.4.

The slope of the osmotic fragility curve in the
area of a sharp increase of hemolysis was calculated
according to the method presented by T. Walski et al.
[25].

The obtained experimental results were statis-
tically processed with the Statistica 10.0 software
(StatSoft Inc., USA) using the non-parametric
Kruskal-Wallis test. The differences were considered
significant at p < 0.05.

Results and discussion

Rats were exposed to LCI for 30 s, after that the
blood was taken at different time intervals (in the
early and late reactive terms), erythrocytes were
obtained and their OR was determined under
hypotonic shock.

Fig. 1 shows that the dependence of hypotonic
hemolysis of the control erythrocytes on the salt
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Craructnyny oOpoOKy OTpUMaHUX €KCIIepHMEH-
TaJbHUX PE3YJbTaTiB MPOBOAWIM 33 JOTOMOIOIO
nporpamu «Statistica 10.0» (StatSoft Inc., CIIA) 3
BUKOPHCTaHHSAM HellapaMeTpuIHOro kputepito Kpa-
ckena-Bommica. BigMiHHOCTI BBaXKaiau 3HAUYIITHMH
pu p < 0,05.

Pe3yabTaTi Ta 06roBOpeHHs

IypiB migmaBamu mii JIXT npotsrom 30 c, mic-
JIs1 4OTO 3MIHCHIOBAJM 3a0ip KPOBi uepes pi3Hi 4acoBi
iHTepBanu (B paHHbOMY Ta Mi3HBOMY PEaKTHBHUX
nepiofax), ONEpXKyBald EPUTPOLMTH 1 BU3HAYAIH
ix OP 3a yMOB TiIOTOHIYHOTO HIOKY.

3 puc. 1 BUAHO, MO 3aJIEKHICTH TIMOTOHIYHOTO
TeMOJTi3y KOHTPOJIBHUX CPUTPOIIMTIB BiJl KOHIICHTPA-
i coli B cepeloBHINI Ma€ CUTMOiNabHUN BHIIIAI,
IO Y3TOMKYETBCA 3 pe3yabraraMi, OTPHUMaHUMHU
panimre [8, 25]. B inrepBami konuentpariid NaCl
80—-100 MMOJIB/JT TEMOJIi3 KOHTPOJIbHUX KIITHH OYyB
npakTuyHO BiacyTHiH (1m0 10%). [louarox po3BUT-
Ky TIIOTOHIYHOTO TEMOJIi3y MHUX KIITHH CIOCTEpi-
raBcs B cepelioBHIax i3 konneHTpaieo NaCl Hikdae
3a 80 MMoOnb/1 1 30UIBLIyBaBCS MOKM 3HHMXKYBaJIU-
Csl 3HAUEHHS MOJBUTHHOCTI TIMOTOHIYHUX PO3YHUHIB.
BinbImicte  epUTpOUMTIB MiCHS TOJABaHHS — COJI
B jiama3oHi koHIeHTpariii 50-80 Mmone/n mor-
kojpkyBanacs, a 100% 3arubenb epUTPOLMTIB CIO-
cTepirajgacs B CepeIoBHIILI, 10 MicTHI0 40 MMOJIB/I
NaCl.

Ilin gac mepeHeCEeHHS B TINMOTOHIYHI PO3UYHHH
SPUTPOITUTIB 3 KpoBi mMypiB, migmanmx mii JIXT,
XapakTep KOHIICHTPAIIHHOI 3ajeXHOCTI OyB CXO-
KU 3 KOHTPOJBHOIO TPYIIOI0, aje MaB JesKi 0co0-
muBocTi. KoHueHTpamiiiHi 3a1eXHOCTI TeMolizy
CPUTPOLIUTIB y paHHIA PEaKTUBHUMA Mepiox micius
JIXT (puc. 1) 3minryBaBcsi B OiK MEHIIMX 3Hau€Hb
konuentpauid NaCl mopiBHAHO 3 KOHTpOJEM, MpH
IILOMY TaHICHC KyTa HaxXWIy IHX 3aJIeKHOCTEH
HE BiIpi3HSBCA BiJl KOHTPOJIBHOTO 3HAYEHHS (tg o =
1,657). Y pasi 3a00py KpoOBi uepe3 TOAWHY MiCis
JIXT 3Hauymii BiAMIHHOCTI PIiBHA TilTOTOHIYHOTO
TEeMOJII3y EPUTPOIUTIB CIIOCTEpIirajgucs Maibke B
YChOMY KOHIICHTPAIIIMHOMY Jiamma30Hi COJi TOpiB-
HSHO 3 KOHTpOJIEM, a depe3 4 TOAWHW — TUIBKH
B cepeloBuIlNax, MmO Mictate 60-80 MMoiIb/I
NaCl.

OTpumaHi B Ti3HBOMY pEaKTHBHOMY THepiofi
micnst JIXT mani mpencraBneno Ha puc. 2. BumHo,
mo yepe3 24 TOOWHU piBEHb TEMONI3y EPHUTPO-
LUUTIB HE BIJPI3HABCS BiJl KOHTPOJBHUX 3HAYCHb
y cepenoBuiax, mo Mictate 40—60 mmons/n NaCl.
[Ipu 1boMy 3HAYYII BIAMIHHOCTI OYJIO BHSBIICHO
mix gac BukopuctanHsa NaCl y xonmentpamisx 70—
80 MMOJB/1T TOPIBHAHO 3 KOHTposieM. [Ipo 1e cBia-
YUTHh 3HAYCHHS TAaHTeHCA KyTa HAXWIy ITi€l 3aiex-
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Puc. 1. PiBeHb TiNOTOHIYHOro remMonisy eputpouuTiB
KpoBi LWypiB, 3abpaHoi y paHHbOMY peakTUBHOMY
nepioAi micns kpioannikauii Bnpogoex 30 ¢: KOHTpOIb
(), 3a6ip kpoBi yepes 1 (o) Ta 4 (A) roguHu; *# — Big-
MiHHOCTi MOKa3HWKIB KMiTUH, OTpuMaHux 4yepes 1 Ta
4 roaMHK BiANOBIAHO, 3HAYYLLi NOPIBHAHO 3 KOHTPONEM
(p < 0,05).

Fig. 1. Level of hypotonic hemolysis of erythrocytes
of rat's blood collected in the early reactive term after
cryoapplication for 30 s: control (e), blood collection after
1 (o) and 4 (A) hours; *# — significant differences in cell
parameters obtained after 1 and 4 hours, respectively,
compared with the control (p < 0.05).

concentration in the medium has a sigmoidal
appearance, that is consistent with the results
obtained earlier [2, 25]. Within the range of NaCl
concentrations of 80—100 mmol/L. hemolysis of the
control cells was practically absent (up to 10%).
The onset of hypotonic hemolysis of these cells was
observed in the media with NaCl concentrations
below 80 mmol/L and increased while decreasing
the molarity of hypotonic solutions. The bulk of
erythrocytes after the addition of salt within the
concentration range of 50—80 mmol/L was dama-
ged, and 100% their death was observed in a medium
containing 40 mmol/L NacCl.

During the transfer to hypotonic solutions of
erythrocytes from the blood of rats exposed to LCI,
the nature of the concentration dependence was
similar to the control group, but had some features.
Concentration dependences of erythrocyte hemolysis
in the early reactive term after LCI (Fig. 1) was
shifted towards lower values of NaCl concentra-
tions compared to the control, while the tangent
of the inclination angle for these dependences did
not differ from the control value (tg a = 1.657).
In the case of blood sampling one hour after LCI,
significant differences in the level of hypotonic
hemolysis of erythrocytes were observed in almost
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HocTi (tg a = 1,969), sxe mepeBHIIy€e KOHTPOJIbHY
BennuuHy (tg o = 1,657). Cruin 3a3HayuTH, MO HE
BHUSBIICHO 3HAUYNUX BIJMIHHOCTEH MiX piBHEM
TIOTOHIYHOTO TEMOJI3Y EpUTPOIMTIB (BHILICHHS
SIKUX 3mifcHIoBay depe3 48 romgwd micas JIXT) i
MMOKa3HUKAaMH KOHTPOJIBHUX KIITHH y BCHOMY KOH-
neHrpariinomy gianazoni NaCl (puc. 2).

3 BHIIEBUKIAJCHOTO MOXKHAa 3pPOOWTH BHUCHO-
BOK, 1110 B paHHROMY pEaKTHUBHOMY Tiepiozi (depe3 1
i 4 romuam) micna JIXT cmoctepiraerbesi migBH-
menHs OP epurpouuris mypis. Y Ttoii xe yac OP
CpUTPOLUTIB Yy MIi3HHOMY pPEaKTHBHOMY Iepioi
abo 3auimae BY3bKHH KOHLEHTpaUilHWHA Jiana3oH
(24 rogunn), abo He 3MiHIOETHCS (48 romuH).

Peakmist GiomoriyHoi cucTeMU Ha [0 CTPECO-
BOTO YMHHWKA 3HAYHOIO MIPOIO 3aJIEKHUTH Bifl CHIIH
1 TpUBaJIOCTI ¥oro BIUHBY [5]. ToMy HacTyITHUH eTan
po6oTH OB’ s13aHmiA 3 omiHKo0 OP epuTponuTiB I
gac BapifOBaHHS TPUBAJIIOCTI KPIOBIUIMBY Ha Opra-
Hi3M IIypiB. JIJIS IOTO TPHUBAIICTH KPIOBIUIMBY
301IbInMIH B 2—4 pasu (60 1 120 ¢). OtpumaHi exciie-
PUMEHTaJIBHI JaHi mpeAcTaBieHo B Tadm. 11 2.

VY 1adn. 1 moma”Ho 3HAYEHHS TIIOTOHIYHOIO Ie-
Momi3y epurpouutiB micis JIXT (tpuBamicts kpio-
BBy 60 1 120 ¢) B paHHil peakTUBHUI Tepio.
BumnHo, mo npu 3a00pi KpoBi y OIypiB 4epe3 rofiu-
ny micnsa JIXT crmoctepiraerbesi 3Hauylle 3HUKEH-
HA PIBHS TIMTOTOHIYHOTO TEMOII3y CPHUTPOIHTIB Y
IIMPOKOMY Jiama3oHi koHmeHtpamiin NaCl (50—
80 mmonb/n). Yepes 4 romuuu micis JIXT BiasHa-
4aJ0Ch HE3HAYHE 3BYKCHHS KOHIICHTPAIIMHOI 30HU
TIOTOHIYHOI CTIMKOCTI KITHH. Y IHOMY BHITAIIKY
niana3zon cranoBuB 60—80 mmois/nm NaCl.

Pesynbratn  mocnimkenns OP  epurponuriB y
Mi3HPOMY PEAKTHBHOMY IMepiofi (TpuBATiCTh Kpio-
BBy 60 i 120 c) naBemeHo B Tabia. 2. BuaHo,
mo yepe3 24 TOAMHHU CIOCTepirajgocs pisKe 3BY-
KCHHs piana3oHa koHmeHTpanid NaCl, y skxomy
CPUTPOLIUTH TPOSBISIOTh CTIMKICTh. 3HAYYINI BiJ-
MIHHOCTI TIOPiBHSHO 3 KOHTPOJIEM pEECTpyBa-
JIUCS TUTBKHM B CEPEIOBHIII, 1110 MICTUTH 70 MMOJIB/JI
NaCl. V wmakcuMaiabHO TII3HBOMY PEAKTHBHOMY
mepioni (depe3 48 romawH) BETUYHHH TINOTOHIYHO-
ro remomizy eputponutiB micis JIXT 3ictaBHi 3
Bi/ITOBITHUMH KOHTPOJNBHHMH 3HAYCHHAMH. VIMo-
BIpHO, HIBEIIOBaHHS BiAMIHHOCTEH MiX 3Ha4eH-
HSMH TIOKA3HUKIB TiIOTOHIYHOTO TEMONi3y epuT-
POLMTIB y KOHTPONBHIM 1 eKCIepUMEHTaIbHUX
rpynax y Mi3HbOMY pPEaKTUBHOMY Iepioli BimoO-
paka€ 3MCHIICHHS AaKTHBHOCTI  PETYIATOPHHX
cucreM. [lin 4ac mMOBEepHEHHS METAaOOJIYHUX IIPO-
IIECiB 10 HOPMAajJLHOTO [iala3oHy aKTHBHOCTI
3MCEHIITyBajacs moTrpeda OopraHiB i TKAHWH Y KHCHI
1 TJTIOKO31, TOCTaBICHHS SKUX 3a0e3edyBalid epuT-
pouuTH.

28

100 g

80

60

40

l'emonis, %
Hemolysis,%

20

O T T T T T
40 50 60 70 80 90

KoHueHTpauisg NaCl, mmonb/n
Concentration of NaCl, mmol/L

Puc. 2. PiBeHb riNOTOHIYHOIrO remMonisy epuTpouuTiB
KpoBi WypiB, 3abpaHoi B MNi3HbOMY peakTUBHOMY
nepiodi nicna kpioannikauii Bnpogoex 30 c: KOHTpOnb
(e), 3abip kpoBi Yepes 24 (o) Ta 48 (0) roauH; * — BiA-
MiHHOCTI NOKa3HMWKIB KMiTUH, OTpMMaHnX yepes 24 ro-
OVHU, 3Ha4vyLWi NopiBHAHO 3 KOHTponeM (p < 0,05).

Fig. 2. Level of hypotonic hemolysis of erythrocytes
of rat’s blood collected in the late reactive term after
cryoapplication for 30 s: control (e), blood collection after
24 (o) and 48 (0) hours; * — significant differences in cell
parameters obtained after 24 hours, compared with the
control (p < 0.05).

the entire range of salt concentrations compared
to control, and after 4 hours this was only in media
containing 60—80 mmol/L NaCl.

The data obtained in the late reactive term after
LCI are presented in Fig. 2. It demonstrates that
after 24 hours the level of hemolysis of erythro-
cytes did not differ from the control values in the
media containing 40—60 mmol/L NaCl. At the same
time, strong differences were found when using
NaCl at concentrations of 70-80 mmol/L compared
to the control. This is evidenced by the value of
the tangent of the inclination angle of this depen-
dence (tg a = 1.969), which exceeds the control
value (tg a = 1.657). It should be noted that no
significant differences were found between the level
of hypotonic hemolysis of erythrocytes (which
were isolated 48 hours after LCI) and the indices
for the control cells in the entire range of NaCl
concentrations (Fig. 2).

From the above we can conclude that in the early
reactive term (1 and 4 hours) after LCI there is an
increase in the OR of rats’ erythrocytes. At the same
time, the OR of erythrocytes in the late reactive pe-
riod either affects a narrow concentration range
(24 hours) or does not change (48 hours).

The response of biological system to the action
of a stress factor largely depends on the strength
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Tabnuusa 1. PiBeHb rinOTOHIYHOrO remorisy epuTpoLMTIB KPOBI LLYpiB, 3abpaHoi B paHHbOMY peakTMBHOMY nepiogi
(4epes 1 i 4 roamHn) nicns kpioannikauii Bnpogosx 60 Ta 120 ¢
Table 1. Level of hypotonic hemolysis of erythrocytes of rat blood collected in the early reactive term
(1 and 4 hours) after cryoapplication for 60 and 120 s

lemonis, %
Hemolysis, %
KoHueHTpauia NaCl, mmonb/n 1 rognHa 4 rognHu
Concentration of NaCl, mmol/L 1 hrs 4 hrs
KoHTponb
Control
60 c 120 ¢ 60 c 120 ¢
60 s 120 s 60 s 120 s
40 98,9 + 0,7 96,4 + 1,3 97,0 + 1,2 98,3 + 2,3 98,3 + 2,3
50 92,8 + 1,5 85,8 + 3,6* 87,1 £ 3,4* 93,7 + 4,2* 91,3 + 4,6*
60 76,3 + 2,3 59,4 + 4,9* 58,1 + 1,9* 62,3 + 3,2* 62,6 + 5,2*
70 39,2 + 2,0 19,7 £ 1,3* 17,0 £ 2,1* 19,1 £ 2,2* 17,9 £ 2,2*
80 9,56 + 2,3 4,5 + 1,0* 3,4 +056* 3,1 +£1,3*% 2,4 +0,7*
100 1,6 + 0,5 0,56 +0,5 34 +0,5 0,1 +£0,3 0,3 +0,6

MpumiTka: * — 3Ha4yLLi BigMiHHOCTI NOPIBHSAHO 3 KOHTponem, p < 0,05.
Note: *— differences are significant if compared with the control, p < 0.05.

Crnig 3BepHYTH YyBary, HIO0 PEakIlisi epuTpo-
LUTIB eKCIepUMEHTAIbHUX TBAapHH Ha 3HIKEH-
HA KOHIIGHTpAIlil COJi B CEPEIOBHINI HE 3aJICKUTH
Bil TPUBAJIOCTI KPIOBILIMBY. Tak, IOPIBHAILHUI
aHaji3 BEJIWYHMH TINOTOHIYHOTO TEMOJI3Y EPHUTPO-
IUTIB KPOBI y TIypiB, sKi migmaBamucs mii JIXT
npotsiroM 30, 60 1 120 ¢, He BUSBUB 3HAYYIINX BiJl-
MinHoctel. Ockinbku OP epurponmriB mypiB He
3ajie’kana BiJ TPUBAJIOCTI KPIOBIUIMBY (B Jiama3oHi
Big 30 mo 120 c), To MO)KHA IPUITYCTUTH, IO CKIa-
Ha OioJjoriyHa cucTema, SIK-OT OpraHi3M TBapHHH,
MaKCUMAaJIbHO pearye HaBiTh I Yac KOPOTKO-
gacHoro (30 ¢) BIUIMBY HU3BKHX TEMIIEpaTyp Ha
HIKIPY 1 [IHOIIE pO3TAIIOBaHI TKAHUHH.,

Ha po3BuToKk TepMmiHOBOi amamTariii opranizmy
T JI€I0 CTPECOBOTO YMHHHKA BILIMBAIOTH JCKiJIb-
Ka B3a€EMOIIOB’S3aHUX MEXaHI3MiB. 3alyCcK IHX
MEXaHI3MIB 3MIMCHIOETHCS B PE3YNIbTaTi aKTHBAIIil
HEpPBOBOi 1 EHIOKPWHHOI CHCTEM 1, SK HACIIJIOK,
3HAYHOTO 30UIBIIEHHS B KPOBI CTPECOBHX TIOp-
MOHIB, IO aKTHBYIOTh (DYHKILiIO, a TakoX Karabo-
JIYHI TIPOIECH TOPMOHIB 1 HelpomeniaTopis (aape-
HaJiH, HOpaApEHATiH, TJIIOKAaroH, IJIIOKO- 1 MiHe-
PAJIOKOPTUKOINM, THUPEOiaHI TopMoHHM TOIIO) [18].
Lli peyoBMHHM MOXKYTh BIUIMBAaTH Ha CPUTPOIUTH SIK
0e3MmocepeIHb0, TaK 1 OMOCEPEAKOBAHO IIITXOM
3aMyCcKy KacKaJIHUX peaKIliii B opraHi3mi.

3a momomororo tecty Ha OP epUTponmTIB MOX-
Ha BU3HAUUTH TETEPOTEHHICTb EPUTPOIMTAPHOI
monmysisarii. Bigomo, 1m0 MiHIMambHy PE3UCTEHT-

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 1,2022

and duration of its impact [18]. Therefore, the next
step was to evaluate the erythrocyte OR when va-
rying the duration of cryoifluence in rats. To do this,
the duration of cryopreservation was prolonged
by 2—4 times (60 and 120 s). The obtained experi-
mental data are presented in Tables 1 and 2.

Table 1 shows the values of hypotonic hemolysis
of erythrocytes after LCI (cryoinfluence duration
of 60 and 120 s) in the early reactive term. It is
apparent that a significant decrease in the level
of hypotonic hemolysis of erythrocytes in a wide
range of NaCl concentrations (50—-80 mmol/L) is obser-
ved during blood sampling in rats one hour after LCI.
In 4 hours after LCI, there was a slight narrowing
of the concentration zone of hypotonic cell stability.
In this case, the range was 60—80 mmol/L NaCl.

The research results of erythrocytes in the
late reactive term (60 and 120 s duration of
cryoinfluence) are presented in Table 2. It shows
that after 24 hours there was a sharp narrowing
of the range of NaCl concentrations in which
erythrocytes reveal a resistance. Significant differen-
ces compared to the control were recorded only
in the medium containing 70 mmol/L NaCl. In the
most late reactive term (48 hours) the values of
hypotonic hemolysis of erythrocytes after LCI
are comparable with the corresponding control
values. It is likely that the leveling of differences
between the values of hypotonic hemolysis of
erythrocytes in the control and experimental groups
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Tabnuusa 2. PiBeHb rinOTOHIYHOroO remorisy epuTpoLMTiB KPOBI LLypiB, 3abpaHoi B Ni3HbOMY peakTUBHOMY Nepioai
(4epes 24 i 48 roguH) nicnsa kpioannikauii Bnpogosx 60 Ta 120 ¢
Table 2. Level of hypotonic hemolysis of erythrocytes of rat blood collected in the late reactive term
(24 and 48 hours) after cryoapplication for 60 and 120 s

lemonis, %
Hemolysis, %
KoHueHTpauia NaCl, mmonb/n 24 rogvHn 48 roavH
Concentration of NaCl, mmol/L 24 hrs 48 hrs
KoHTponb
Control
60 c 120 ¢ 60 c 120 ¢
60 s 120 s 60 s 120 s
40 98,9 + 0,7 98,6 + 1,1 98,4 + 1,0 98,6 + 1,2 98,4 + 1,4
50 92,8 + 1,5 93,1 + 2,0 89,6 + 2,8 95,9 + 1,8 96,2 + 1,9
60 76,3 + 2,3 76,0 + 3,8 71,6 + 6,9 78,56 + 2,8 79,1 + 3,6
70 39,2 + 2,0 29,9 + 1,7* 30,0 + 1,1* 38,8 + 3,8 35,1 + 3,7
80 9,56 + 2,3 6,6 + 0,8 6,5 + 0,7 89 + 1,4 89 + 1,4
100 1,6 + 0,5 1,0 + 0,0 1,0 £ 0,0 1,1+ 0,7 1,1 +0,9

MpumiTka: * — 3Ha4yLLi BigMiIHHOCTI NOPIBHSAHO 3 KOHTponem, p < 0,05.
Note: *— differences are significant if compared with the control, p < 0.05.

HICTh MaroTh CTapi EPUTPOLMTH, & MAKCUMAJIbHY —
morozi [16]. MmoBipHo, mo BusBIeHe B Hamiil po-
00ti minBumenss OP epuTponuTiB 10 TiMOTOHIYHUX
CEpeIOBUILl Yy paHHI peakTUBHUM mepion (uepes
114 romunan) micns JIXT (nuB. Tabn. 1) oOymoBieHe
MOSIBOIO CTIHMKOI (paKiii MOJIOONX €PUTPOLUTIB, IO
HAJIUTIUN 3 AETI0 B KpOBOHOCHE pycio [1]. 3aracan-
HS peakIlii epUTPOIUTIB Yy M3HROMY PECaKTHBHOMY
mepiofli Ha 3MiHYy TOHIYHOCTI CEPEIOBHINA CBITIUTH
mpo Te, Mo 30uTbiIeHHss OP epuTponuTIiB Y paHHBO-
MYy PEaKTUBHOMY TIEPiofIi O1IBIITOI0 MipOTO 3aJICKHUTh
Bil 3MIHH CTaHy iX MeMmOpaH, 30Kpema, Iij i€l
ropmoHiB. Y pobori JI.€E. [lanina [6] mokazaHo,
IO TOPMOHHU CTpecy (aapeHaliH, KOpTH30J, HOpa-
JpeHalliH) y pe3yiabraTi 3B’S3yBaHHSA 3 EpUTPOLU-
TapHUMH MeMOpaHaMH BUKJIMKAIOTh y HUX CTPYK-
TypHi mepexonu. lle mpu3BOAMTH OO YTBOPEHHS B
MeMOpaHi EepUTPOLMTIB WIypiB CKIaAHUX OiJIOK-
JMMITHAX OMEHIB 13 IIIBUIICHOI MIKpPOB’SI3-
KiCTIO.

36impmenns OP epuTponwmTiB 1IypiB y paHHIN
peaktuBamA niepiox (1 1 4 ronuan) micns JIXT (qus.
puc. 1) Moxe OyTH OB’ s13aHe 31 3MiHO MOP(PODYHK-
MIOHATBPHUX XapaKTePUCTHK MeMOpaH KIIITHH IIif
niero ropmoniB. 3okpema, [.B. Kpucosa Ta cmiBaBT.
[2] BuBuanu in vitro OP epuTpOUMTIB TIOOUHH B IIPH-
CYTHOCTI Pi3HUX KOHLEHTpAalil afpeHaliHy i BUSBH-
JIM H0ro moABIMHUWI BIUIMB HAa KJIITHUHUA: B HU3BKUX
KOHIIEHTpalisix ropMoH 3Hmkye OP epurpouutis,
a B BUCOKHMX — IIi/IBUIIIYE.
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in the late reactive term reflects a decreased ac-
tivity of regulatory systems. As metabolic proces-
ses returned to the normal range of activity, the
need of organs and tissues for oxygen and glucose,
which were delivered by erythrocytes, decreased.

It should be noted that the response of erythrocytes
of experimental animals to the salt concentration
reduction in the medium does not depend on the
duration of cryoinfluence. Thus, a comparative
analysis of the values of hypotonic hemolysis of
erythrocytes in the rats exposed to LCI for 30, 60
and 120 s, did not reveal significant differences.
Since the rats’ erythrocyte OR did not depend
on the duration of cryoinfluence (in the range from
30 to 120 s), it can be assumed that a complex
biological system, such as an animal, responds maxi-
mally even during short (30 s) exposure to low
temperatures on the skin and deeper tissues.

The development of the body’s immediate
adaptation to stress is influenced by several interrelated
mechanisms. These mechanisms are triggered by
activation of the nervous and endocrine systems
and, as a consequence, a significant increase in blood
stress-activating hormones, as well as catabolic pro-
cesses of hormones and neurotransmitters (adre-
naline, noradrenaline, glucagon, gluco- and mine-
ralocorticoids, thyroid hormones, etc.) [15]. These
substances can affect erythrocytes both direc-
tly and indirectly by triggering cascading reactions
in the body.
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Ha aganTamiro #i rinepdyHkuito opradiB B ymo-
BaxX PO3BHUTKY aJlOCTa3y CYTTEBO BIUIMBAE 301IIBIIICH-
HS BMICTY B TKaHMHAaX 1 KIITHHAX MICIIEBHX «MOOi-
nizatopiey QyHkmii: Ca*", 1esKux MUTOKIHIB, MENTH-
IiB, HyKJICOTHIIB Ta iH. [18]. AxpeHanin 3maTHuit
ITIICHJTIOBAaTH TPAHCJIOKAINIO AaKBamopuHiB 3 [24]
i1 5 [15], mo Moke OOyMOBIIIOBATHCS ITiJIBHINCH-
HSM BHYTPIIIHBOKIITHHHOI KOHIIEHTpaii ionis Ca?*
[15]. ¥ poGoti V.L. Lew Ta cmiBasrt. [16] Oyno mo-
Ka3aHo, IO IIiJ] YaCc HaBaHTAXXCHHS CEPHUTPOIIUTIB
Ca?" (y xoHueHTparii 50 MKMOJIB/JI) CIIOCTEPIraeTh-
cs miaBueHHs: OP epurponuris, 0 MOB’S3yIOTH
31 3MIHOIO CTaHy IIMTOCKEJICT-MEMOPAHHOTO KOM-
IUIeKCY 3a paxyHok aktuBaiii Ca?'-cHUrHaJLHOTO
TIISAXY.

MexanidHi BJIACTUBOCTI MeMOpaHu (emacTud-
HICTh Ta 1 CTAOUIBHICTh) BHM3HAYAIOTHCS OIIOK-
OUTKOBHMH B3aEMOJISIMH, B SIKUX Oepe y4acTh OLIOK
cmyru 4.1 [4, 21]. Ha choromHi mMpoBOIATHECS TOC-
JKEHHS 3 BUSBICHHS YWHHHKIB, IO PETYIIOIOTh
BHIIC3a3HAUYEHI B3aeMOMIii, 30kpeMa (HoCchOpHITIO-
BaHHA Oinka 4.1 mMeMOpaHHMMH MpPOTEiHKIHA3aMH
[13]. Pe3ymbraTtu 1ux JOCIiKEHb CBiIYaTh PO TE,
mo ¢ocdopunoBanHs Oinka 4.1 Moxe MPU3BOIUTH
70 penakcalii CeKTpUHOBOrO HUTOCcKeneTa 1 dop-
MyBaHHsI OLTbII TNIACTUYHOI MEMOPAHHOT CTPYKTYpH
pasoM i3 MiABHIICHHSAM Ae(pOpMOBAaHOCTI KIITHHH
B mutomy [13].

3aramom, Hacmigku JIXT mkipw mrypiB MokHA
pO3MIAAATH 3TIAHO 3 TEOPIEI0 ajocTa3y, PO3BHT-
KOM 3MiH Ha PI3HHMX PIBHSAX OpraHizarlii XKMBOi Ma-
Tepii I TMATPUMKH TOMEOCTa3y B yMOBax HaB-
KOJIMIIIHFOTO CEpPEAOBHUINA, IO 3MIHIOIOThCA. Bu-
KOPUCTAHHS TIMOTOHIYHOTO IIOKY B SKOCTI TECTY
JUTS. BU3HAYCHHSI CTaHy KIIITHHH JI03BOJIUIIO BUSBUTH
migsuieHHss OP epuTpoInwmriB, MO CBIAYUTH PO
3MiHy MEMOpaHHU €PUTPOLIUTIB B YMOBaX KPiOBIUIUBY
Ha opraHisM mypiB. Lli 3MiHM MOXHa OUiHIO-
BaTH SIK aJalTHBHI peakilii, M0 MalTh aJOCTa3Hy
MIPUPOTY.

Hanani mepcreKTHBHUM € BHBUCHHS MOMITHBOCTI
BHKOpPHCTaHHSI TokazHuka OP epuTpouutiB s
OIIIHKY aJIOCTaTHYIHOI BIMITOBII OpraHi3My Ha TpPaB-
MY, BUKITUKAHY XOJIOJIOM.

BucHoBku

TakuM 4YMHOM, JOKajdbHA XOJIOJJOBA TpaBMa,
BUKJIMKaHA KPIOBIUIMBOM Ha IIKipy CTErHa IIypiB,
MPU3BOIUTH 10 3MiHH OCMOTHYHOI PE3UCTEHTHOCTI
eputpouuTiB. [lokazaHo, 10 OCMOTHYHA PE3UCTEHT-
HICTh CPUTPOIINTIB B PAaHHbOMY pPEAKTUBHOMY IIE-
piomi (aepe3 1 i 4 roguHM MMicIsA KPiOBIUTHBY) 3011b-
IIYETHCSI TOPIBHAHO 3 KOHTPONBFHUMH KIIITHHAMH.
VY mi3HEOMY PEaKTUBHOMY TIEPiOi TOKa3HUKH OCMO-
THYHOI PE3UCTEHTHOCTI €PUTPOIHUTIB uepe3 24 ro-
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Erythrocyte OR can be used to determine the
heterogeneity of their population. It is known
that old erythrocytes have minimal resistance and
young cells have maximum one [13]. The increase
in erythrocyte OR to hypotonic media in the early
reactive term (1 and 4 hours) after LCI (see Table 1)
revealed in our work is likely due to the appearance
of a stable fraction of young erythrocytes entering
the bloodstream from the depot [8]. Attenuation
of the response of erythrocytes in the late
reactive term to changes in the medium toni-
city indicates that the increase in erythrocytes in
the early reactive term depends largely on changes
in the state of their membranes, in particular
under the action of hormones. The research of
L.Ye. Panina [19] showed that stress hormones
(adrenaline, cortisol, norepinephrine) caused struc-
tural transitions in them by binding to erythrocyte
membranes. This results in the formation of comp-
lex protein-lipid domains with increased micro-
viscosity in the rat erythrocyte membrane.

An increase in rat erythrocyte OR in the early
reactive term (1 and 4 hours) after LCI (see
Fig. 1) may be associated with changes in the
morphofunctional characteristics of hormone cell
membranes. In particular, A.V. Krysova et al.
[11] studied ir vitro the human erythrocyte OR in
the presence of different concentrations of ad-
renaline and found its double effect on cells: at low
concentrations the hormone reduced the OR of
erythrocytes, and at high concentrations it increased.

The adaptation and hyperfunction of organs
during allostasis development is significantly
influenced by the increased content of local ‘mo-
bilizers’ of functions in tissues and cells: Ca?",
some cytokines, peptides, nucleotides, etc. [15].
Adrenaline is able to enhance the translocation of
aquaporins 3 [24] and 5 [10], that may be due to
increased intracellular concentration of Ca*" ions
[10]. The report of V.L. Lew et al. [13] demon-
strated that during loading of erythrocytes with
Ca?" (at a concentration of 50 pumol / 1) there was a
rise in the OR of erythrocytes, which was associated
with altered state of the cytoskeletal membrane
complex due to activation of Ca?* signaling pathway.

The mechanical properties of the membrane
(elasticity and its stability) are determined by protein-
protein interactions in which the band 4.1 protein
is involved [17, 21]. To date, the studies are being
performed to identify the factors regulating the
above interactions, in particular, phosphorylation
of protein 4.1 by membrane protein kinases [7].
The results of these investigations suggest that
phosphorylation of protein 4.1 may lead to relaxation
of the spectral cytoskeleton and formation of a more
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JTUHU HaOMXKAOTHCA [0 KOHTPOJIBHUX 3HAYCHb
1 yepe3 48 ToAMH NOCATAlOTh HOpMU. 31 301IbILIECH-
HSIM TepMiHy 3a00py KpOBi Micisl JIOKaJIBHOI XOJO-
JIOBO1 TpaBMH TTyPiB 3BYXKYETHCS KOHIICHTpAIitHUI
Jiana3zoH XJOPHUIY HATPilo, B SKOMY PEECTPYIOTHCS
3HAYYIII BIIMIHHOCTI BEJIMYHWH TIMOTOHIYHOTO Te-
MOJTi3y epuTporuTiB. OCMOTHYHA pPE3UCTECHTHICTH
CPUTPOLIUTIB B 000X peaKTUBHUX IEpiofax He 3alie-
JKUTH BiT TpuBaJIOCTI Kpioarutikamii (30, 60, 120 c).
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plastic membrane structure along with increased
deformability of the cell as a whole [7].

In general, the effects of LCI on rat’s skin can
be considered from the standpoint of the theory of
allostasis, the process of development of changes
at different levels of living matter organization to
maintain homeostasis in changing environments.
The use of hypotonic shock to test a cell state
revealed an increased OR, that indicated a change
in the membrane of erythrocytes under conditions of
cryogenic effects on the body of rats. These changes
can be assessed as adaptive responses of allostatic
nature.

Further promising is the investigation of the
possibility of using the OR of erythrocytes to assess
the body’s allostatic response to cold-caused injury.

Conclusions

Thus, local cold injury caused by cryoinfluence
on the skin of rats’ thighs led to changes in the
osmotic resistance of erythrocytes. It is shown that
the osmotic resistance of erythrocytes in the early
reactive term (1 and 4 hours after cryoinfluence)
increased compared with the control cells. In the
late reactive term, the indices of osmotic resistance
of erythrocytes after 24 hours approached the
control values and after 48 hours reached the norm.
Prolonged time of blood collection after local
cold injury of rats narrows the concentration range
of sodium chloride, by manifesting the strong
differences in the values of hypotonic hemolysis of
erythrocytes. Osmotic resistance of erythrocytes in
both reactive terms does not depend on the duration
of cryoinfluence (30, 60, 120 s).

References

1. Andrews MD. Cryosurgery for common skin conditions. Am Fam
Physician. 2004; 69 (10): 2365-72.

2. Arias M, Quijano JS, Haridas V, et al. Red blood cell
permeabilization by hypotonic treatments, saponin, and
anticancer avicins. Biochim Biophys Acta. 2010; 1798 (6):
1189-96.

3. Baust JG, Gage AA, Bjerklund JTE, Baust JM. Mechanisms
of cryoablation: clinical consequences on malignant tumors.
Cryobiology. 2014; 68 (1): 1-11.

4. Bolton-Maggs PHB, Langer JC, lolascon A, et al. Guidelines for
the diagnosis and management of hereditary spherocytosis —
2011 update. Br J Haematol. 2011; 156: 37—49.

5. De Freitas MAR, da Costa AV, Medeiros LA, et al. The role of
the erythrocyte in the outcome of pregnancy with preeclampsia.
PLoS One [Internet]. 2019 Mar 6 [cite 13.07.2021]; 14 (3):
e€0212763. Available from: https://journals.plos.org/plosone/
article?id=10.1371/journal.pone.0212763

6. De Freitas MV, Marquez-Bernardes L F, de Arvelos LR, et
al. Influence of age on the correlations of hematological and
biochemical variables with the stability of erythrocyte membrane

npobnemu Kpiobionorii i KpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 32, Ne/issue 1,2022



of aquaporin 5 water channel via cytosolic Ca?* elevation in rat
parotid glands. Biochem Biophys Res Commun. 1998; 245 (3):
835-40.

16.Lew VL, Daw N, Etzion Z, et al. Effects of age-dependent
membrane transport changes on the homeostasis of senescent
human red blood cells. Blood. 2007; 110 (4): 1334—42.

17.Mascarenhas Netto R de C, Fabbri C, de Freitas MV, et al.
Influence of Plasmodium vivax malaria on the relations between
the osmotic stability of human erythrocyte membrane and
hematological and biochemical variables. Parasitol Res. 2014;
113 (3): 863-74.

18.McEwen BS. Central effects of stress hormones in health and
disease: Understanding the protective and damaging effects of
stress and stress mediators. Eur J Pharmacol. 2008; 583 (2-3):
174-85.

19.McEwen BS, Wingfield JC. What is in a name? Integrating
homeostasis, allostasis and stress. Horm Behav. 2010; 57 (2):
105-11.

20.Penha-Silva N, Firmino CB, de Freitas Reis FG, et al. Influence
of age on the stability of human erythrocyte membranes. Mech
Ageing Dev. 2007; 128 (7-8): 444-9.

21.Pretini V, Koenen MH, Kaestner L, Fens MHAM, et al. Red blood
cells: Chasing interactions. Front Physiol [Internet]. 2019; Jul
31. [cite 21.07.2021]. 10: 945. Published 2019 Available from:
https://www.frontiersin.org/articles/10.3389/fphys.2019.00945/
full

22.Rodrigues R, de Medeiros LA, Cunha LM, et al. Correlations of
the glycemic variability with oxidative stress and erythrocytes
membrane stability in patients with type 1 diabetes under
intensive treatment. Diabetes Res Clin Pract. 2018; 144: 153—
60.

23.Semionova EA, lershova NA, Orlova NV, Shpakova NM.
Hypotonic lysis of mammalian erythrocytes in chlorpromazine
presence. Eastern European Scientific Journal. 2016; (2): 7-17.

24 .Yasui H, Kubota M, Iguchi K, et al. Membrane trafficking of
aquaporin 3 induced by epinephrine. Biochem Biophys Res
Commun. 2008; 373 (4): 613-7.

25.Walski T, Chludzinska L, Komorowska M, Witkiewicz W.
Individual osmotic fragility distribution: a new parameter for
determination of the osmotic properties of human red blood
cells. Biomed Res Int [Internet]. 2014 Jan 2 [cite 21.07.2021].
2014: 162102. Available from: https://www.hindawi.com/
journals/ bmri/2014/162102

npobnemu Kpiobionorii i KpiomeanUHNU
problems of cryobiology and cryomedicine

Tom/volume 32, N/issue 1,2022

in relation to sodium dodecyl sulfate. Hematology. 2014; 19(7):
424-30.

7. Eder PS, Soong CJ, Tao M. Phosphorylation reduces the affinity
of protein 4.1 for spectrin. Biochemistry. 1986; 25 (7): 1764—70.

8. Garmaeva DK, Arzhakova LI, Dmitrieva Tl, et al. [Indicators
of cellular composition at experimental cold effects.] Modern
problems of science and education. 2019; (1): 1-8. Russian.

9. Gordienko EA, Gordienko YuE, Gordienko Ol. The physico-
mathematical theory of human erythrocyte hypotonic hemo-
lysis phenomenon. CryoLetters. 2003; 24 (4): 229-44.

10.I1shikawa Y, Eguchi T, Skowronski MT, Ishida H. Acetylcholine
acts on M3 muscarinic receptors and induces the translocation
of aquaporin 5 water channel via cytosolic Ca?* elevation in rat
parotid glands. Biochem Biophys Res Commun. 1998; 245 (3):
835-40.

11.Krysova AV, Nozdrachev AD, Kunshin AA, Tsirkin VI. [The
effect of alpha- and beta- adrenoblockers on the ability of
adrenaline to change the osmotic resistance of erythrocytes of
nonpregnant women]. Vestnik of Saint Petersburg University.
Series 3. Biology. 2013; (1): 54—-68. Russian.

12.Kuchuk EA. [From stress to resilience.] Zhurnal nevrolohii im.
B.M. Mankovskoho. 2016; 4 (1): 72—6. Russian.

13.Lew VL, Daw N, Etzion Z, et al. Effects of age-dependent
membrane transport changes on the homeostasis of senescent
human red blood cells. Blood. 2007; 110 (4): 1334—-42.

14.Mascarenhas Netto R de C, Fabbri C, de Freitas MV, et al.
Influence of Plasmodium vivax malaria on the relations between
the osmotic stability of human erythrocyte membrane and
hematological and biochemical variables. Parasitol Res. 2014;
113(3): 863-74.

15.McEwen BS. Central effects of stress hormones in health and
disease: Understanding the protective and damaging effects of
stress and stress mediators. Eur J of Pharmacol. 2008; 583 (2-
3):174-85.

16.McEwen BS, Wingdfield JC. What is in a name? Integrating
homeostasis, allostasis and stress. Horm Behav. 2010; 57 (2):
105-11.

17 .Muravyov AV, Tikhomirova IA, Akhapkina AA, et al. [Micro-
mechanical responses of human red blood cells to stimulation of
membrane receptors, ionic channels and enzymes.] Rossiyskiy
zhurnal biomekhaniki. 2016; 20 (1): 23-30. Russian.

18.0liynyk GA. [Pathophysiology of cold shock.] Medytsyna
nevidkladnykh staniv. 2013; (3): 16 — 21. Ukrainian.

19.Panin LE, Mokrushnikov PV, Kunitsyn VG, et al. [Fundamentals
of multilevel mesomechanics of nanostructural transitions in
erythrocyte membranes and their destructions in interaction
with stress hormones.] Fizicheskaya mezomekhanika. 2011; 14
(3 —4): 167-77. Russian.

20.Penha-Silva N, Firmino CB, de Freitas Reis FG, et al. Influence
of age on the stability of human erythrocyte membranes. Mech
Ageing Dev. 2007; 128 (7-8): 444-9.

21.Pretini V, Koenen MH, Kaestner L, et al. Red blood cells:
Chasing interactions. Front Physiol [Internet]. 2019; Jul 31 [cite
21.07.2021]. 10: 945. Published 2019 Available from: https://
www.frontiersin.org/articles/10.3389/fphys.2019.00945/full

22.Rodrigues R, de Medeiros LA, Cunha LM, et al. Correlations of
the glycemic variability with oxidative stress and erythrocytes
membrane stability in patients with type 1 diabetes under intensive
treatment. Diabetes Res Clin Pract. 2018; 144: 153-160.

23.Semionova EA, lershova NA, Orlova NV, Shpakova NM.
Hypotonic lysis of mammalian erythrocytes in chlorpromazine
presence. Eastern European Scientific Journal. 2016; (2): 7-17.

24.Yasui H, Kubota M, Iguchi K, et al. Membrane trafficking of
aquaporin 3 induced by epinephrine. Biochem Biophys Res
Commun. 2008; 373 (4): 613-7.

25.Walski T, Chludzinska L, Komorowska M, Witkiewicz W. Indivi-
dual osmotic fragility distribution: a new parameter for determina-
tion of the osmotic properties of human red blood cells. Biomed
Res Int [Internet]. 2014 Jan 2 [cite 21.07.2021]. 2014: 162102.
Available from: https://www.hindawi.com/journals/ bmri/2014/162102

33

@’%



