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Comparative Study of Preliminarily Dehydrated Human and Bovine
Erythrocyte Sensitivity to Hypertonic Stress

[IpenBapurenbHas nHKyOanus SputpouToB yenoBeka B 0,4 M u Osika B 1,0 M NaCl npuBoaut k pOpMUPOBAHHUIO YCTOHYHUBOTO
cocrosiHus KeTok K Aefictauio 4,0 M NaCl. [Toka3aHo, 4T0 MaKCHMAIbHOE CKAaTHE SPUTPOLIUTOB HA STaTle IPEeABAPUTEILHON HHKYOAIu
B Cpe/iaX yMEPEHHOH TUIIEPTOHUU KOPPENUpPyeT ¢ MUHUMAIBHBIM YPOBHEM IeMOIN3a IIPH NIEPEHECCHNH KIICTOK B CPEAY, COAEPIKALIYIO
4,0 M NaCl. IIpn 37°C ypoBeHb MUHUMAIGHOTO THIIEPTOHNYECKOTO TEMOJIN3a M 3HAUYCHHE MIHUMAIEHOTO FeMaTOKPUTa S)PUTPOLIUTOB
ObIKa HIDKE, YeM aHAJIOTHYHBIC BEJIMUHMHBI, TTOIyIeHHbIE IJIs SPUTPOIUTOB YenoBeka. CHIKEHHE TeMIepaTypsl skcrepumenta 1o 0°C
1o cpaBHEHHIO ¢ 37°C NPUBOANT K YMEHBIICHHIO YPOBHS IeMOJIN3a U 00beMa S)PUTPOIIMTOB YEIOBEKA.

Kniwouegvie cnosa: >puTpOnNTH YeNOBeKa M ObIKa, THIIEPOCMOTHYECKHH CTpecc, MpeABapUTEIbHOE 00€3BOKUBAHNE KIIETOK,
TeMaTOKpPHT.

[Momepenus inkyOarris epurporuris roguan y 0,4 M i 6uka 'y 1,0 M NaCl npuBoauts 10 GopMyBaHHS CTIHKOTO CTaHy KIITHH JI0
nmonanbmoi aii 4,0 M NaCl. [Toka3aHo, 0 MakCUMallbHE CTUCHEHHS €PUTPOLIUTIB Ha €Talli IOMEpeIHbO1 1HKyOalii y cepeoBHumiax
MTOMIPHOT TIMEPTOHIT KOPEO€e 3 MiHIMAIFHIM PiIBHEM I'eMOJIi3y IIPH ITEPEHECEHHI KIIITHH y cepeoBuIe, sike mictutb 4,0 M NaCl. [Tpu
37°C piBeHb MiHIMAJIBHOTO TIEPTOHIYHOTO FEMOJII3Y i 3HAUCHHS MiHIMAJIbHOTO TEMaTOKPUTY CPUTPOLUTIB OMKa HIKYE, HiXK aHAIIOTTYHI
BEJIMYUHM, OJICPXKaHI ISl SPUTPOLMTIB JIIOAWHU. 3HIKECHHS TeMIepaTypu ekcriepumenty g0 0°C B mopiBHsaHHI 3 37°C NpuBOAUTH 10
3MEHIICHHS PiBHS TeMOJTi3y 1 00’ €My epUTPOLUTIB JTFOIUHH.

Knrouosi cnoea: epuTpOLMTH JIONUHH i OHKa, TINEPOCMOTHYHHHN CTPEC, ONEPEIHE 3BOAHCHHS KIIITHH, TEMaTOKPHT.

Preliminary incubation of human and bovine erythrocytes in 0.4 and 1.0 M NaCl, correspondingly, results in the formation of a
resistant cell state to the following 4.0 M NaCl effect. Maximum erythrocyte shrinking at the stage of preliminary incubation in
moderately hypertonic media was shown as correlating with the minimum hemolysis level under cell transfer into 4.0 M NaCl-
containing medium. At 37°C the level of minimum hypertonic hemolysis and minimum hematocrit value for bovine erythrocytes is
lower that the similar ones, obtained for human erythrocytes. The reduction of experimental temperature down to 0°C results in

hemolysis level and human erythrocyte volume decrease compared to 37°C.
Key-words: human and bovine erythrocytes, hyperosmotic stress, preliminary cell dehydration, hematocrit.

[Ipu HHU3KOTEMIIEpAaTypHOM KOHCEPBUPOBAHUHU
KJIETOYHBIX CYCIEH3WH Ha KJIETKHU JAEHCTBYIOT TaKue
HeOnaronpusTHbIE (GaKTOPHI, KAK BEICOKME KOHIICHT-
paiuu coyiel, CABUT TeMIepaTypsl, u3MeHeHue pH u
ap. [2]. IlonaratoT, 4TO THIEPTOHUYECKUI CTPECC SAB-
JSieTCs OAHKUM U3 OCHOBHBIX (PaKTOPOB KPHOIIOBPEK-
nenus [3]. [ToaTtoMy nepeHeceHne SIpUTPOLIUTOB B BbI-
COKOKOHLIEHTPHUPOBAHHBIE COJIEBBIE PACTBOPHI NPHU
MOJOKUTENBHBIX TEMIIEPAaTypax HCHONB3YIOT IS
MOJISIMPOBAHNS CUTYaIlNH, BOSHUKAIOIIEH B Ipo1iecce
3aMOpakKUBaHUsI, U TIOUCKA CIIOCOOOB MpeI0TBpallle-
HUS TOBPEKICHUS KIETOK.

Tak, HachIIIIeHNE SPUTPOIUTOB YeIOBEKA TITFOKO30i1
[5], mo3upoBanHOE n00aBICHHUE KPUOMPOTEKTOPA
[190-1500 npu Temnepatype 0°C [1], a Taxxe npea-
BapHUTeIbHAg MHKYOalUs 3THUX KIETOK B YMEPEHHO
TUNEPTOHUYECKUX PACTBOPAX CIIOCOOCTBYIOT MOBBI-
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Under cell suspension low temperature preservation
such unfavourable factors as high salt concentrations,
temperature shift, pH change etc [2]. affect the cells.
Hypertonic stress is believed to be one of the main
cryodamage factors [3]. Therefore the erythrocyte
transfer into high-concentrated salines under positive
temperatures is used to model the situation occurring
under freezing and to search the ways for cell damage
prevention.

Thus, the human erythrocyte saturation with glucose
[5], a dosed PEO-1500 adding at 0°C [1], as well as
these cells preliminary incubation in moderately
hypertonic solutions contribute to their increased
resistance to hypertonic stress [6].

Hypertonic stress of human erythrocytes is quite
studied [2, 3, 6], therefore of interest was to investigate
its peculiarities for other mammalian erythrocytes,
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LICHUIO UX YCTOWYUBOCTH K THIIEPTOHNYECKOMY LIOKY
[6].

'mnepToHNYEeCKH MIOK 3pPUTPOLIUTOB YEIOBEKA
M3y4eH IOCTaTO4YHO [2, 3, 6], HO3TOMY IIPEACTABIISAIO
HHTEpEC UCCIIENOBATh er0 0COOEHHOCTH AJISl SPUTPO-
LHUTOB JPYTHX MIEKOMUTAIOLUX, KOTOPbIE MOTYT
OTIMYAThCS pazMepamu, N1ePOPMHPYEMOCTBI0 MEM-
OpaHbl, JTOMUHHUPYIOUIUMH BHYTPUKIECTOUHBIMH
KaTHOHAMH M aKTUBHOCTBIO TPAHCIIOPTHBIX IMyTeH [ 7,
10,12, 15].

g uccrnenoBanus ObUTH BEIOpAHBI SPUTPOLIUTHI
OBIKa, KOTOpBIE XapaKTepU3YIOTCS BBICOKHM 3Haue-
HUEM OTHOIICHHMS IUIOIIA (b [IOBEPXHOCTH/00BeM [7].
OputponuTapHsie MEMOpaHbI ObIKa COIEPKAaT MHOTO
CUHrOMHENINHA MPHU MPAKTHYECKU MOJTHOM OTCYT-
crBuu pocharunmnxonnna [11], a B quromnasme 3Tux
KJIETOK KaK JOMUHHUPYIOIIHANA KaTHOH MPHUCYTCTBYIOT
uoHbl HaTpus [10].

Lenb paboThl — UCCIIEAOBATh YyBCTBUTEIBHOCTD
MpeaBapUTEIbHO 00E3BOKEHHBIX SPUTPOLIUTOB YEJI0-
Beka u 0bika K 4,0 M NaCl, oieHuTh H3MEHEHHE reMa-
TOKpHUTA Ha 3Tare, MPeIIeCTBYIOMEM THIIEPTOHH-
YECKOMY CTpeccy KIIETOK.

MaTtepuarbl n meToAbI

OpUTPOIHTHI MTOTYYaId 13 KPOBH YeTIOBeKa 1 ObIKa,
3aroTOBJICHHON Ha TIIOTHLHPOBOM KOHCEPBAHTE.
[locne ynaneHus mia3Mbl 3pUTPOMAcCY JBaKIbl
OTMBIBAJIH IyTeM HeHTpudyruposanus npu 1500 g B
teueHue 3 MuH B 10-xkpaTtHOM 0OBEMe usmosOoru-
yeckoro pactsopa (0,15 M NaCl, 0,01 M docdarusbrii
oydep, pH 7,4) u xpauuiu B BUAE IUIOTHOTO OCA/IKa
He Oonee AByx wacoB mpu temmeparype 0°C. Bce
HCIIOJb3yeMEbIe B pabote cpeanl rotoBmwin Ha 0,01 M
dbocdarnom Oydepe, pH 7,4.

KoHrieHTpanmio pacTBOPOB KOHTPOIUPOBAIIN H3ME-
peHueM ocMmoJisIpHOCTH Ha ocMomeTrpe OMKA 111-
01 (Ykpauna).

Krnerkn nHKyOMpOBaIM B YyMEPEHHO THUIIEPTOHU-
yeckux pactBopax NaCl (rematokpur 8 %) B TeueHue
2 MUH, TIOCJIE YET0 UX MOABEPrai TUIEPTOHUYECKOMY
CTpecCy MEpPEeHECEHHEM B PacTBOP, COAEPKAILUN
4,0 M NaCl (remarokpur 0,4 %), Ha 5 MUH TIpH TeMIIe-
patype 37 nnm 0°C. KonnuyecTtBo remornoOuHa B
CyIlepHaTaHTE ONPEEIISUIN CIIEKTPOPOTOMETPHYECKU
(A=543 M) 1 BBIpa)KaJTH B IPOLICHTAX 110 OTHOIICHUIO
Kk 100%-My reMoan3y SpUTPOLMUTOB B MPUCYTCTBUU
neteprenrta TputoHa X-100 (0,1%).

Nzmenenns o0beMa 3pUTPOIMTOB B CPEAax MpeBa-
PUTENBHON MHKYOAllMu KOHTPOJUPOBAIN MHKpOTeE-
MaTOKPUTHBIM MeTO/I0M (MukpoueHTpudyra MI'LI-8).

B pabote ncnonb3oBany peakTUBBl OTEYECTBEH-
HOTO IIPOM3BOICTBA KBaTU(UKAIIUY “X.4.” ¥ “4.1.a.”.

HccnenoBanu spuTpoLUTH KPOBU 6 TOHOPOB B 2-X
napajuleNbHBIX pobax. Pe3ynsraTsl aHaau3upoBaIn
¢ momo1bto kpurepus Mann-Whitney u ANOVA.
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which may differ by sizes, membrane deformability,
dominating intracellular cations and transport way
activity [7, 10, 12, 15].

Bovine erythrocytes, characterising by high value
of surface area/volume ratio have been selected for
the research [7]. Bovine erythrocyte membranes
contain a high amount of sphingomyelin at quite a
complete phosphatidylcholine absence [11], but sodium
ions are present in these cells cytoplasm as dominating
cation [10].

Research was targeted to investigate the sensitivity
of preliminarily dehydrated human and bovine
erythrocytes to 4.0 M NaCl and to estimate the
hematocrit change at the stage, preceding cell hyper-
tonic stress.

Materials and methods

Erythrocytes were derived from human and bovine
blood, procured with glygicir preservative. After plasm
removal the erythromass was twice washed out by
centrifugation at 1500 g for 3 min in a 10-fold volume
of physiological solution (0.15 M NaCl, 0.01 M
phosphate buffer, pH 7.4) and stored as a dense
sediment for less than 2 hours at 0°C. All the media
used in the work were prepared with 0.01 M phosphate
buffer, pH 7.4.

Solution concentration was controlled by measuring
osmolarity with OMKA 1C-01 osmometer (Ukraine).

Cells were incubated in moderately hypertonic NaCl
solutions (8% hematocrit) for 2 min then subjected to
hypertonic stress by transferring them into the 4.0 M
NaCl-containing solution (0.4% hematocrit) for 5 min
at 37 or 0°C. Hemoglobin number in supernatant was
spectrophotometrically determined (=543 nm) and
expressed in percentage in respect of 100% erythro-
cyte hemolysis in triton X-100 detergent presence
(0.1%).

Changes in erythrocyte volume in the media of
preliminary incubation were controlled by microhema-
tocrit method (MGC-8 microcentrifuge).

Nationally produced reagents with “chemically
pure” and “pure for analysis” grades were used in the
research.

Blood erythrocytes of 6 donors in 2 parallel samples
have been studied. Results were processed with Mann-
Whitney and ANOVA tests.

Results and discussion

The Fig. 1 shows the dependencies of hypertonic
hemolysis of human and bovine erythrocytes in 4.0 M
NaCl-containing solution on salt concentration in
preliminary incubation medium. Erythrocytes were first
incubated in the media with moderate tonicity either at
37 or 0°C, then transferred into 4.0 M NaCl under
unchanged temperature. At 37°C the cells, transferred
into 4.0 M NaCl from isotonic (0.15 M NaCl) conditions
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Pe3yAbTatbl M 00Cy)xaeHue

Ha puc.]l npencraBieHsl 3aBUCUMOCTH THIIEPTO-
HUYECKOTO TeMOJIM3a 3PUTPOLIUTOB YeIOBEKa U ObIKa
B pactBope, conepxkaniem 4,0 M NaCl, oT KoHIEHT-
paluMy coyid B Cpeie NMpeABapUTEIbHON HHKYOanuu.
Cuauvana >pUTPOLUTH MHKYOMpOBalu B cpenax
yMepeHHO# ToHnyHoctH nipu 37 mwnu 0°C, a 3aTem
nepeHocunu B 4,0 M NaCl 6e3 nusmenenus remmnepa-
Typsl. [Ipu 37°C xnetku, nepenecennsie B 4,0 M NaCl
u3 nzoronnyeckux (0,15 M NaCl) ycnoBuii, xapak-
TEPHU3YIOTCS BHICOKOH 4yBCTBUTENBHOCTHIO K THIIEP-
TOHWYECKOMY LIOKY: TEMOJIU3 SPUTPOLIMTOB YEIOBEKA
cocraisieT 85%, kierok Obika — mpumepHo 70%. B
AHAJIOTHYHBIX YCIOBHSIX, HO Tipu 0°C 3Ha4YeHNs TUIep-
TOHHYECKOI0 TeMOJIN3a 3PUTPOLIUTOB YENOBEKA U
ObIka Hike, ueM npu 37°C. CreayeT OTMETUTh, YTO
IUISL SPUTPOLUTOB OBbIKA CHH)KEHUE TEMITEPaTyphl HH-
Kkyoupoanus 10 0°C conpoBokaaeTCsl yMEHbILICHUEM
remonusa B 3,5 pasa, s KJIETOK 4enoBeka — B 1,3
pasa. Takum 00pazom, Ki1eTKU ObIKa, XapaKTepU3yIo-
mMecs MEHbIINMH pa3MepaMH 10 CPaBHEHHIO C
IPUTPOLIMTAMHU YesoBeka [7], Oojee ycTONYMBHI K
TUIEPTOHUYECKOMY CTPECCY, YTO COITIaCyeTcCs C JaH-
HBIMH, TIPE/ICTABJICHHBIMH B [8].

3aBHUCHUMOCTH TUIEPTOHUYECKOTO T'e€MOJIH3a
spuTpoiuToB Yenaoseka B 4,0 M NaCl ot KoHIIeHTpaIiu
COJIM B Cpeie IPeaBapUTEIIbHON HHKYOAINH ITPH JBYX
TEMIIEPATypHBIX PEKHMaX UMEIOT MEPEBEPHYTYIO
Kymosiooopaznyro gopmy (puc.1,a). Ilo mepe yBenu-
YeHHs KOHLEHTPALUMH COJNH B Cpenax HaOIIonaeTcs
CHMXXEHHE YPOBHS THIIEPTOHHYECKOTO T'eMOIU3a
SPUTPOLIMTOB YEJIOBEKA 10 MUHUMAJIbHOTO 3HAYCHHS
C MOCJIEAYIOIUM ero nossimieHueM. llomyueHHbie
3aBHCUMOCTH THIIEPTOHHYECKOTO T€MOJIN3a DPUT-
pouutoB denoBeka B 4,0 M NaCl mpu 37 u 0°C
MIPAKTUYECKH HICHTUYHBI, HO CMEIIEHB! OTHOCUTEIEHO
apyr apyra. [Ipu 3ToM oTMedaeTcs MHHHMalIbHOE
3HAYEHHE TUIIEPTOHNYECKOTO TEMOJII3a DPUTPOILIUTOB
YeJIoBeKa, KOTOpPhIE MPEABAPUTENHFHO HAXOAMIUCH B
cpene, conepxkaieii 0,4 M NaCl. Crienyer oTMETHUTS,
yro npu Temneparype 0°C ynaercs 1OCTUTHYTh MEHb-
LIEr0 TEMOJIUTUYECKOTO MOBPEKICHUS SPUTPOLIUTOB
yesioBeka, yeM 1pu 37°C, 4To XOpoLIo coriacyeTcs ¢
JIaHHBIMH [6].

MuHuMaIbHOE 3HaYeHUE THIIEPTOHNYECKOTO FeMO-
nu3a spurpouutos 6bika B 4,0 M NaCl mpu 37°C
perucTpupyeTcs mocie MpeaBapuTeIbHOTO NHKYOH-
poBaHUA KIETOK B cpene, comepkamei 1,0 M NaCl
(puc.1,0). Takum oOpazom, it JOCTHKEHUS OCMO-
THUYECKH YCTOHYMUBOTO COCTOSIHUS SPUTPOIIUTOB ObIKA
HeoOxoanma kKoHueHTpanus NaCl Ha stane npenBa-
pHUTENBbHON HHKYOAIMK OYTH B 2 pa3a BbILIE, YeM AJIs
KJIETOK 4eJ0BEKa. XapaKTepHOH 0COOEHHOCTHIO
3aBHCUMOCTH THIEPTOHMYECKOTO T'eMOJIM3a IPUTPO-
LIUTOB ObIKa OT KOHLIEHTPALUH COJIM B Cpeie IpeBa-
PUTENHHON HHKYOAINH SIBIISIETCS] OTCYTCTBHE XOPOIIO
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are characterised by a high sensitivity to hypertonic
stress: human erythrocyte hemolysis is 85% and nearly
70% for bovine cells. Under similar conditions but at
0°C the values of hypertonic hemolysis for human and
bovine erythrocyte s are lower, than at 37°C. Of note
is that for bovine and human erythrocytes a decrease
in incubation temperature down to 0°C is accompanied
with hemolysis decrease in 3.5 and 1.3 times,
correspondingly. Thus, the bovine cells, characterising
with less sizes than human erythrocytes [7] are more
resistant to hypertonic stress, that corresponds to the
data presented in the paper [8].

Dependencies of hypertonic hemolysis of human
erythrocytes in 4.0 M NaCl on salt concentration in
the medium of preliminary incubation under two
temperature regimens are reversed and dome-shaped
(Fig. 1, a). With an increase in salt concentration in
the media there is observed a decreased level of human
erythrocyte hypertonic hemolysis down to the mini-
mum value with its following increase. The obtained
curves of hypertonic hemolysis dependency of human
erythrocytes in 4.0 M NaCl at 37 and 0°C are almost
identical, but shifted in respect to each other. At the
same time the minimum value of hypertonic hemolysis
for human erythrocytes, preliminarily exposed in the
0.4 M NaCl-containing medium is noted. Of note is
the fact, that at 0°C we manage to obtain the less
hemolytic damage in human erythrocytes than at 37°C,
that corresponds well with the data [6].

The minimum value of bovine erythrocyte
hypertonic hemolysis in 4.0 M NaCl at 37°C is
registered after preliminary cell incubation in 1.0 M
NaCl-containing medium (Fig. 1, b). Thus, almost twice
higher NaCl concentration, than for human cells, is
necessary for approaching to an osmotically resistant
state of bovine erythrocytes at the stage of preliminary
incubation. A characteristic feature of the dependency
curve for bovine erythrocyte hypertonic hemolysis on
salt concentration in preliminary incubation medium is
the absence of strongly manifested right curve branch.
Further increase in salt concentration in preliminary
incubation medium (>2.4 M NaCl) was inexpedient
due to hemolytic process development in erythrocytes [4].

Temperature decrease in the media down to 0°C
results in a significant form modification of dependency
curve for bovine erythrocyte hypertonic hemolysis on
salt concentration in preliminary incubation medium
(Fig. 1, b), with its increase up to 0.6 M NaCl a slight
but statistically significant augmentation in hypertonic
hemolysis level with its following decrease even to the
control value and curve approaching to the plateau are
observed.

The fact, that at 37 and 0°C the forms of depen-
dency curves for human erythrocyte hypertonic hemo-
lysis on salt concentrations in preliminary incubation
medium are quite similar, but under low temperature
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Fig. 1. Dependency of hypertonic hemolysis of human (a) and bovine (b) erythrocytes in 4.0 M NaCl on NaCl concentra-
tion in preliminary incubation media at 37 and 0°C. * — differences are statistically significant in respect to the control;

P <0.05.

BBIP@KCHHOW IIpaBOM BETBU KpuBOM. JlanmpHeiee
MTOBBIIIIEHNE KOHIIEHTPAITUH COJIM B CPENiax MpeIBapH-
TenpHON nHKYyOamu (> 2,4 M NaCl) 0110 Heneneco-
00pa3HbIM U3-3a Pa3BUTHS TEMOJIUTHYECKOTO MPOLEC-
ca B spuTpormTax [4].

Tot daxr, uro npu 37 u 0°C Gopmel 3aBHCUMOCTEN
TUIIEPTOHUYECKOTO IEMOJIN3a SPUTPOLIUTOB UEIOBEKA
OT KOHLEHTpAIMK COJIU B CpPee MpeaBapUTEIbHON
WHKyOaIMK BeChbMa CXOXKH, HO TIPH HU3KOW TeMIiepa-
Type KpHBasi CMeIleHa B CTOPOHY MEHBIITNX 3HAYCHUN
reMOJIN3a, CBUAETENBCTBYIOT, UTO B KJIETKaX IPOUCXO-
JAT IPOIIECCHI, BBIPa)KEHHOCTH KOTOPBIX ONPEAETSAET-
ca temneparypoil. Jus sputpounuToB OBIKA SPKO
BBIpaKEHHBIE pa3nuuus B (opMax KPHUBBIX 3aBHCH-
MOCTH THIEpTOHHYEeCKOro remonusa npu 37 u 0°C
[IO3BOJISAIOT JOITYCTUTh HAJIMYHE €1IE U TOIOTHUTEb-
HBIX KaY€CTBEHHO MHBIX IPOIIECCOB B KIETKAX, TPOMC-
XOJAIIMX TIPU HU3KOHM TeMmeparype.

Yro siBrIsieTCS NPUUUHON (OPMHUPOBAHUST OCMOTH-
YECKH YCTOWYMBOIO COCTOSIHUA KJIETOK Pa3HBIX BUIOB
MJIEKOTTUTAIOMINX U TIOYEMY JUIsl 9TOTO HEOOXOTUMBI
pasnuuHble ycnoBus? Jlomyckas, 4TO pa3nuvus
00yCIIOBJIEHBI M BUIOBBIMH OCOOCHHOCTSIMH COCTaBa
spuTponmTapHbIX MeMOpaH [11, 13, 17], nonaraem, uto
K (DOPMHUPOBAHUIO YCTOMYMBOTO COCTOSHHUS KIIETOK
MMEEeT OTHOIICHHE, B MEPBYI0 OYepeab, CHIKEHUE
COAEpP)KaHUS OCMOTHYECKU aKTHMBHOM BHYTpPHKIIE-
TOYHOW (pakuuu BoAbl. s OLEHKH H3MEHEHHUS
o0beMa KIIETOK ObUIO TPOBENIEHO W3MEPEeHUE remMa-
TOKPHTAa KJIETOYHOH CYyCIIeH3MH B Cpeax, CoaepiKa-
LIMX pa3nuuHble KoHneHTpauy NaCl.

Ha puc. 2 npeacrasnens! pe3yasTraTbl U3MEHEHUS
reMaTOKpUTa SPUTPOLIUTOB OBIKA U UEJIOBEKA B Cpeiax
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the curve is shifted towards lower hemolysis values,
testifies to occurrence of some processes in cells,
having temperature-determined manifestation rate. For
bovine erythrocytes the strongly manifested differences
in the form of dependency curves of hypertonic
cryohemolysis at 37 and 0°C enable assuming the
presence of even more additional different in quality
processes in cells, occurring under low temperature.

What is the reason for osmotically resistant cell
state formation in different mammalian species and
why different conditions are necessary for this? If
assuming the differences as also stipulated by specific
peculiarities of erythrocyte membrane composition [11,
13, 17], adecrease in the content of osmotically active
intracellular water fraction is primarily believed to
concern a resistant cell state formation. Cell suspension
hematocrit in the media, containing differently
concentrated NaCl, was measured for estimating the
cell volume changes.

The Fig. 2 demonstrates the results of hematocrit
changes in bovine and human erythrocytes in the media
with differently concentrated NaCl (curve 1) and the
hemolysis values after these cells transfer into 4.0 M
NaCl (curve 2) at 37°C are compared. The Fig. 2
shows that with an increase in salt concentration in
the medium there is a decrease in bovine erythrocyte
volume with approaching to the minimum values (1.0
M NaCl), afterwards its slight increase is observed. A
decrease in hematocrit level of bovine erythrocytes
with following augmentation in preliminary incubation
media (curve 1) correlates well with a change in
erythrocyte hypertonic hemolysis in 4.0 M NaCl (curve
2). Bovine cells, approaching to the minimum volume
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BEJIMYMHBI TEMOJIHM3a KIETOK ITpH nociieayromeM nepenecernu B 4,0 M NaCl (2) npu temmneparype 37°C. * — paznnuns
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Fig. 2. Change in hematocrit of bovine (a) and human (b) erythrocytes with differently concentrated NaCl (1) and cell
hemolysis value during following transfer into 4.0 M NaCl (2) at 37°C. *— differences are statistically significant in respect
to the hematocrit values, obtained after incubation in 1.0 M NaCl; P <0.05; ** — differences are statistically significant in

respect to hemolysis values in 4.0 M NaCl after preliminary incubation in 1.0 M NaCl; P <0.05.

¢ paznu4uHoil koHIeHTpanueit NaCl (kpusas 1) u ans
CpaBHEHUSI TIPUBEACHBI BEIMYMHBI TeMOJIH3a TOCe
neperecenus 3tux knerok B 4,0 M NaCl (kpuBas 2)
mpu temneparype 37°C. Kak BunHo u3 puc.2, a, mo
Mepe yBEIHYECHHUS KOHLIEHTPAILMH COJIU B Cpesie 00beM
SPUTPOLUTOB OBIKA YMEHBILAETCS U JOCTUTAET MUHU-
ManbHbIX 3HadueHui (1,0 M NaCl), mocne yero
HaOJro1aeTcst HeOobLIoe ero nopbliieHue. CHIDKEHUe
YPOBHSI T€MAaTOKPHUTa SPUTPOLIUTOB ObIKA C IOCIe-
JOYIOUIMM TTOBBILICHUEM B Cpelax MpeABapUTEIbHOM
WHKyOanmu (KprBas 1) XopoIo KOppenupyeT ¢ u3Me-
HEHHEM THIIEPTOHUYECKOTO TeMOJIN3a SPUTPOIIMTOB B
4,0 M NaCl (xkpuBas 2). Knetku ObIka, TOCTUTAIOIINE
MUHUMAJIBHOTO 00beMa B cpefie, coaepxkarieid 1,0 M
NaCl, nposiBISIOT MAaKCHMAITLHYIO YCTOWYHBOCTD TIPU
nepenecennu B 4,0 M NaCl.

Jnst 5puTpourTOB YelioBeKa (puc.2, 0) Takxe
HabIronaeTcs: NoJo0Hass KOPPEJILHsI MEeXILy 00beM-
HOM XapaKTEpUCTUKOHN KJIETOK Ha 3Talle MPENbIHKY-
6aunu (KkpuBas 1) ¥ BX THIIEPTOHNYECKAM T'€MOJIN30M
B 4,0 M NaCl (xpuBas 2). DpUTPOLHUTHI YEIOBEKa
MaKCH-MaJbHO CKMMAIOTCS B Cpele, ColepiKauleil
0,4 M NaCl, u nposiBISIFOT MAKCHMAJIBHYIO yCTOWYH-
BOCTb IIpH NocJieaytoeM nepenecennu B 4,0 M NaCl
13 yKa3aHHOH cpe/ibl IpeIbIHKYOalum.

IIpu 37°C ypoBEHb MUHHUMAJIBHOI'O THIIEPTO-
HUYECKOTO I'eMOJIH3a DPUTPOLUTOB ObIKA HAMHOTO
HUWKE, YeM JIJIsl SPUTPOIMTOB YelloBeka. Kpome Toro,
oJ00HOE COOTHOILLICHUE HAOMIOAAeTCSA U MEXK/Y 3HA-
YEeHUSIMH MHHHUMAJIBHOTO IeMAaTOKPHUTa YKa3aHHBIX
kietok. Ecnu npu 37°C MUHMMAaNbHBIH FéMaTOKPUT
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in the 1.0 M NaCl-containing medium manifest the
maximum resistance during transfer into 4.0 M NaCl.

For human erythrocytes (Fig. 2, b) the similar
correlation between the volume characteristics of cells
at the stage of preliminary incubation (curve 1) and
their hypertonic hemolysis in 4.0 M NaCl (curve 2) is
also noted. Human erythrocytes are maximally shrunk
in the 0.4 M NaCl-containing medium and manifest the
maximum resistance at following transfer into 4.0 M
NaCl.

At 37°C the level of maximum hypertonic hemolysis
for bovine erythrocytes was much lower than for
human ones. In addition, a similar ratio is also observed
between the minimum hematocrit values of the
mentioned cells. If at 37°C the minimum hematocrit
of human erythrocytes is 70%, this is 60% for bovine
ones. Since at 0°C the level of minimum hypertonic
hemolysis of human erythrocytes is much lower than
at 37°C, it was expedient to investigate a change in
cell volume in the media with different NaCl
concentration at 0°C. Temperature decrease in solu-
tions down to 0°C (Fig. 3) results in more manifested
reduction in human erythrocyte volume (down to 50%),
comparable with volume change in bovine cells at 37°C
(down to 60%) with thereby observed quite similar
levels of minimum erythrocyte hemolysis in both
species (10-15%).

Thus, a comparable change in erythrocyte volume
at the stage of preliminary incubation in the media of
moderate hypertony is suggested as resulting in quite
equal hemolysis values of these cells in 4.0 M NaCl.
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APUTPOIUTOB UeToBeKa cocTaBisieT 70%, To 3puTpo-
uuToB Obika — 60%. Tak kak npu 0°C ypoBeHb
MUHUMAaJIbHOTO THIEPTOHUYECKOTO FEMOJIH3a 3PUTPO-
LUTOB YeJOBEKa ropaszao Huxe, yem npu 37°C,
nesnecoodpa3Ho OBIJIO MCCIIEe0BAaTh U3MEHEHHE Kile-
TOYHOTO 00BbEMa B Cpellax C Pa3IMyHOW KOHIIEHTPA-
uueid NaCl nmpu 0°C. CHukeHue TeMmIepaTyphl
pactBopoB 1o 0°C (puc. 3) npuBoauT K OoJee BbIpa-
KEHHOMY YMEHBIICHNIO 00beMa 3PUTPOIUTOB YEII0-
Beka (10 50%), comsmepruMoMy C U3MEHEHHEM 00be-
Ma kietok Ovika mpu 37°C (mo 60%), mpu 3TOM
HaOII0AIOTCS MPAKTUYECKH OJWHAKOBBIE YPOBHU
MHUHUMAaJIBHOTO T€MOJIN3a SPUTPOLIUTOB 000X BUAOB
(10-15%).

Takum 00pa3oM, MOXKHO MOJIaraTh, YTO COM3Me-
pUMOe M3MEHEHHEe 00beMa DPHUTPOIUTOB Ha JTarle
MpeIBapUTENIbHON WHKYOAllUK B Cpeax YMEepPeHHON
TUTIIEPTOHUY OyIIET MPUBOAMUTH K TPUMEPHO OJIMHAKO-
BBIM BEJIMYMHAM T'eMOJIn3a 3TuX KiaeTok B 4,0 M NaCl.

Bogner u coaBT. [9] npoBoauIiK CpaBHUTEIBHOE
M3y4eHHE BHYTPHUKIETOYHOTO COCTaBa 3PUTPOINTOB
Pa3HBIX BUIOB MJICKOIUTAIOIINX, OIECHUBAs BHYTPH-
KJIETOYHOE COJepKaHhe BOJbI, KATHOHOB, UX COOT-
HOILIEHHUE, ¥ OTNPEAEIISIN THAPOYUIHFHOCTD MOJIEKYIT
reMonio0nHa. beio mokasaHo, 4To MO conepiKaHuIo
BHYTPHUKIICTOUHOHN BOJIBI DPUTPOITUTH MIIEKOITHTAIO-
[IUX HE3HAYUTEIHHO OTIIMYAKOTCSA JAPYT OT JpYyra.
ConepxaHue BOJBI B DPUTPOIUTAX YEIOBEKAa HEC-
KOJTBKO BBIIIIE, YEM B KIIETKaX ObIKa, KPOME TOTO, TOJIS
CTPYKTYPHUPOBAHHOH BOJBI BHIIIE B 3PUTPOIUTAX
ObIka [9]. OcraeTcs HESICHBIM, ITIOYeMYy OCMOTHYECKH
YCTOHYHBOE COCTOSIHUE SPUTPOIIUTOB YelloBeKa (op-
mupyercs B 0,4 M NaCl, a kimetok Obika — B 1,0 M
NaCl, mouemy nporiecc 00e3BOKUBAHHS IPUTPOITUTOB
genoBeka mpu 0°C mposiBisieTcs B 60IBIICH CTETICHH,
yeM nipu 37°C. MOXHO AOMYCTUTH, 4TO (HOPMU-
pOBaHHE OCMOTHYECKH YCTOMYMBOTO COCTOSHUS
KJIETOK OIpeesieTcs He TOIBKO COEPKaHUEM BHY-
TPHUKJIETOYHOI BOJBI, HO 1 OCOOCHHOCTSIMH IUTa3Ma-
TUYECKUX MEMOpaH 3PUTPOIUTOB YEIIOBEKa U ObIKa
[11, 17]. bonbias ycTOMYMBOCTE SPUTPOLIUTOB ObIKA
K TUIIEPOCMOTHYECKOMY BO3ICHCTBHIO MOXET OBITh
o0ycnoBieHa OONBIIUM COIEPKAHHEM B UX MEM-
Opanax xonecrepuHa u cunromuenuna [11, 17], B
pe3ynbrare 4yero o0pa3oBaHHE y4acTKOB, B KOTOPBIX
dhopmupyrotcs AedeKThl YTEIKHA BHYTPUKICTOTHOTO
cozlep>kuMoro, Oyzaet 3aTpyaHeHo [14, 16].

BbiBOADI

I[IpenBapurenpHass HHKyOamus SPUTPOIUTOB
yenoseka B 0,4 M NaCl u 6bika B 1,0 M NaCl npuogut
K (h)OPMHPOBAHUIO YCTONYHNBOTO COCTOSIHUS KIETOK K
nocnenywomemy neiicteuto 4,0 M NaCl. Tlokazano,
YTO MAaKCHUMAIIbHOE CKaTHe SPUTPOIUTOB Ha 3Tare
MpeIBapUTENILHON WHKYOAIUK B CpellaX yMEepEeHHOU
TUIIEPTOHUU KOPPETUPYET C MUHUMAaJIbHBIM YPOBHEM
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Fig. 3. Change in hematocrit of human erythrocytes with
differently concentrated NaCl (1) and cell hemolysis value
during following transfer into 4.0 M NaCl (2) at 0°C.

Bogner and co-authors [9] compared an intra-
cellular erythrocyte composition of different mam-
malian species by estimating an intracellular content
of water, cations, their ratios, and determined
hydrophility of hemoglobin molecules. By the content
of intracellular water the mammalian erythrocytes
were shown as slightly different from each other.
Water content in human erythrocytes is slightly higher
than in bovine cells, in addition a part of structured
water is higher in bovine erythrocytes [9]. It remains
unclear why an osmotically resistant state of human
and bovine erythrocytes is formed in 0.4 and 1.0 M
NaCl, correspondingly, why the process of human
erythrocytes dehydration at 0°C is more manifested
than at 37°C. Not only the content of intracellular
water, but peculiarities of plasma membranes of human
and bovine erythrocytes may be assumed as being
responsible for the formation of osmotically resistant
cell state [11, 17]. High resistance of bovine
erythrocytes to hyperosmotic effect may be stipulated
with a high cholesterol and sphingomyelin content in
their membranes [11, 17], resulting in a complicated
formation of the sites, where the defects of intracellular
content leakage are formed [14, 16].

Conclusions

Preliminary incubation of human and bovine
erythrocytes in 0.4 and 1.0 M NaCl, correspondingly,
results in the resistant cell state formation to the
following 4.0 M NaCl effect. Maximum erythrocyte
shrinking at the stage of preliminary incubation in
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reMoJiu3a MpHu MEePeHEeCeHUH KIETOK B Cpeny,
conepxkarryto 4,0 M NaCl.
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moderately hypertonic media was shown to correlate
with the minimum hemolysis level when transferring
cells into the 4.0 M NaCl-containing medium.
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