VAK 57.043:577.3:611.018.51:616.12-008.331.1

UDC 57.043:577.3:611.018.51:616.12-008.331.1

KpMOI’EMO/\M3 d)eTa/\beIX SPUTPOLUTOB UYE€AOBEKa B I'MI'IepTOHM‘-IECKOVI
CpeA€e DAEKTPOAUTA

AT, KYAEWOBA
MHcTutyT npobaem kpmnobuorornm m kpmomeamumntsl HAH YkpanHbi, r. Xapbkos

Cryohemolysis of Human Fetal Erythrocytes in Hypertonic
Medium of Electrolyte

L.G. KuLesHOvVA
Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

MeTo10M CHIEKTPOGOTOMETPHHU H3yUEH KPHOTeMOJIN3 (heTaabHbIX SPUTPOLIUTOB YEJIOBEKA B 3aBUCUMOCTH OT MPOAODKUTEIBHOCTH
9KCHO3ULUH KJIETOK IIPU KOMHATHO# Temreparype B runepToHndeckux pactBopax NaCl. YeTaHOBICHO, YTO 3TH KJIETKH CTAHOBATCS
YyBCTBUTEIFHBIMU K OXJaxkAcHUIO B cpenax NaCl, ocmonsipHOCTS KOTOpBIX TpeBbimaet 840 MOcm/1 (0,45 M).

Knrouesvie cnosa: ciekrpodoromerpus, heTanbHbIe SPUTPOLUTHI, MIEKTPOIUT, THIEPTOHUS, KPHOTEMOJIH3.

MertomoMm crieKTpooToMeTpii BUBYEHO KPioreMolli3 (heTaIbHUX epUTPOLUTIB JIFOAWHH B 3aJICKHOCTI BiI TPUBAIOCTI €KCIIO3HIIIT
KIIITHH NpH KIMHATHIH Temriepatypi B rineproHiyaux po3dnHax NaCl. YcraHOBIIEHO, IO 1l KIITHHH CTAIOTh Yy TJIMBUMH 10 OXOJIOKEHHS
B cepenoBumax NaCl, ocMoisipHicTs skux nepesuinye 840 MmOcm/i (0,45 M).

Knrouoei cnosa: cuexrpodoTtomerpis, GeTanbHi epUTPOLUTH, SIEKTPOIIIT, FIIEPTOHI, KPiOTreMOoITi3.

The cryohemolysis of human fetal erythrocytes depending on the duration of cell exposure under room temperature in NaCl
hypertonic solutions was studied using spectrophotometry method. These cells were found to become cooling-sensitive in NaCl

media, where an osmolarity exceeded 840 mOsm/1 (0.45 M).

Key-words: spectrophotometry, fetal erythrocytes, electrolyte, hypertension, cryohemolysis.

YcranoBneno [3], uto Ha | craguu rumep-
TOHUYECKOTO KPHOTEMOJIH3a (heTaTbHBIE SPUTPOLIUTHI
YeJIoBeKa MPOSBIAIOT AMUTeNbHYy0 (60 MUH) MOBBI-
IeHHYO (10 2,3 M) THIIepTOHNYECKYI0 YCTOWYHBOCTD
B anekTponuTHOM cpene NaCl.

ens manHO# pabOTHI — H3yYEHHE 0COOCHHOCTEM
Il craguu runepTOHUIECKOro Kpuoremosu3a Gheraib-
HBIX SPUTPOLIUTOB YEJIOBEKA, 3 UMEHHO UCCIIEI0BaHHE
BIIUSHUSA IPOJOJKUTEIBHOCTH SKCIIO3ULIUH KIIETOK B
runepronnyeckux pacrsopax NaCl npu KoMHATHOM
TeMIepaType Ha MUX YyBCTBUTEJIBHOCTH K IOCIE-
OYIOIIEMY OXJIaXACHHUIO.

Matepnaabl 1 metoAbI

Uccnenosanu eTanpHYI0 3pUTPOMACCY, KOTOPYIO
TMOJTyYaJTd ITyTEM OTMBIBKH IIETbHOMN eTaTbHON KPOBH
YeJoBeKa OT IJIa3Mbl, Pa3pyMIEHHBIX KJIETOK U
koHcepBanTa “Imorunup” 0,15 M pactBopom NaCl
o0MIeTpUHATHIM cTIOCOO0M [6] 1 MOHOTO yAaneHus
Hagocalaka. ['eMaToKpuT yIIOTHEHHOU (eranbHOM
3pUTPOMACCH KOHTPOJHUPOBAIU CTaHAApPTHBIM
meTosioM [2]. Ero ucxonHas BeIWYMHA COCTaBIIsAIA
99,0%. anpHeime uccie0BaHNs POBOAMIIN IPU
OJAMHAKOBOM T€MAaTOKpPHUTE, UTO JOCTUTANIOCh
pasBelleHHEM YIIOTHEHHOH (eTabHOM 3pUTPOMACCHI
B cooTHomeHuu 1:10. MccnenoBanu ciuexyomui
KOHIICHTPAIMOHHBIN psia BOXHBIX pacTBopoB NaCl:

At the stage I of hypertonic cryohemolysis the
human fetal erythrocytes were revealed to manifest a
long-term (60 min) increased (up to 2.3M) hypertonic
resistance in NaCl electrolyte medium [3].

The aim of this work was to study the stage II
peculiarities of hypertonic cryohemolysis in human fetal
erythrocytes, namely to investigate the effect of cell
exposure duration in NaCl hypertonic solutions under
room temperature on their sensitivity to following
cooling.

Materials and methods

There was investigated the fetal erythromass,
obtained by washing-out the whole human fetal blood
out of plasm, destroyed cells and “Glugicyr”
preservative with 0.15 M NaCl solution using a routine
technique [6] and a complete supernatant removal.
Hematocrit of a compacted fetal erythromass was
controlled using the standard method [2]. Its initial value
made 99.0%. Following investigations were carried-
out with an equal hematocrit, that was achieved by
diluting a compacted fetal erythromass in the 1:10 ratio.
The following concentration series of NaCl aqueous
solutions were investigated: 0.45 M (840 mOsm/1),
0.85 M (1550 mOsm/l), 1.2 M (2300 mOsm/l) and
1.4 M (2600 mOsm/1). Osmotic pressure of solutions
was determined with OMKA-C-01 microosmometer.
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0,45M (840 mOcm/1), 0,85 M (1550 MOcwm/), 1,2 M
(2300 MOcwm/m) u 1,4 M (2600 mOcm/1). Ocmo-
THYECKOE AaBJICHUE PAacTBOPOB OMpPEAENANH Ha
MukpoocMmomerpe OMKA-II-01.

B skcnepumente 1 M ymimoTHeHHOH (heTanbHOM
SPUTPOMACCHI CMEIIUBAIH C 9 MJI THIIEPTOHUYIECKIX
pactBopoB NaCl uccrnenyembix koHiieHTpanui. [Toce
5,- 10,- 15-MuHyTHON U30TEPMUUYECKOIN IKCITO3HUITHH
00pa3Ipl MOMEeIai B KaMepy IPOrpaMMHOTO 3aMO-
paxuBarens YOII-6 u oxjaxkganu OT TeMIepaTypsl
24°C nmo -1,5°C co ckopocteio 3°C/muH. BreiGop
JaHHOH TeMiepaTypbl OblT OOYCIIOBIEH TEM, UYTO
coracHo (a30BOH AuarpaMMe IUIABICHUS TBOWHON
cucrembl NaCl-Boza mpu cofepKaHUHM B PacTBOpE
0,45 M NaCl u, cnenoBaTenbHO, TIpu 00JIee BEICOKHX
KOHLEHTPAIMAX JIEKTPOJIUTa B HE HE MPOHCXOIUT
(hazoBerit mepexon “Bona-nexn’” [5]. Ilpu nocTmxeHnn
KOHEYHOW TeMIepaTyphbl OXJaXXJIeHHs oO0pa3isl
ororpeBaiau co ckopocthio 3°C/MuH. ITockonbKy B
IpoIiecce IUKJIA OXJIAXKIeHUA-0TorpeBa 3P PeKTHBHOE
BpeMS AKCIO3UIHUHU (DEeTaTbHBIX IPUTPOIUTOB B
THUIIEPTOHUYECKON Cpeie YBEININBAIOCH, B KOHTPOJIE
KJIETKH 3KCIIOHHPOBAIH B HCCIIEAYEMBIX pacTBOpax
Py KOMHaTHOW TeMIiepaType ¢ y4eTOM BpEeMEHH,
COOTBETCTBYIOLIETO ATUTEIBHOCTH UKIIA (B CpeTHEM
17 mun). [locne oTorpesa sKcepUMEHTAIbHBIE U
KOHTPOJbHBIE 00pa3ibl HEHTpUPYTrHpoBatu 15 MyuH npu
3000 06/muH, oTbupanu cymnepHaTaHT U (OTO-
METpHupoBaH €ro B obsactu 410 HM Ha CHEKTPO-
dboromerpe CD-26, moMemas B KaHAJI CPaBHEHUS
CHEKTPOo(OTOMETPA COOTBETCTBYIOIINE PACTBOPHI, HE
conmepxariue kietok. KoHIeHTpannumo cBoOOTHOTO
reMoriIo0MHa B CyNEpHAaTaHTaxX OMpeAeNssiN o
IPagyUpOBOYHBIM KPUBBIM M BBIPasKaJIN B MI'% WIH B
npoueHrax no orHomeHu Kk 100%-My remomnusy.
Kpurtepuem creneHu BHIpaK€HHOCTH YYBCTBH-
TEJILHOCTH (PeTaIbHBIX SPUTPOLIMTOB K OXJIAXKIECHHIO
ciryxui koaddunuent K, onpenensemsiii no popmyre:

K= r, >

rae I’ — ypOBeHb CBOOOJHOrO reMornoOnHa B
CYNEpHATAHTE IOCIE OXJIaXKAECHUA-0TOrpeBa; I —
YPOBEHBb CBOOOIHOTO reMOITIOONHA B CylIepHAaTaHTaxX
COOTBETCTBYIOIINX KOHTPONBHBIX 00pasios; I’ —
YPOBEHb CBOOOAHOTO TeMOITIOOMHA B CyllepHAaTaHTe
KpPHOKOHCEPBUPOBAHHON KPOBH B3pOCIOI0 JOHOpa
MOCJIe OTMBIBKH €€ OT IIIUIEPUHA, JOITYyCKaeMBIN IIPH
TpaHcdy3uu, paBHbiid 200 Mr% [6]. Takum oGpazom,
K=1 xapakTtepn3oBan KpUTHYECKHH YPOBEHb YCTOM-
YUBOCTH (PETATBHBIX IPUTPOLUTOB K OXJIAKICHUIO.
Craructiueckyro 00pabOoTKy pe3yIbTaToB MPOBOIMIN
TPaAWLIMOHHBIM METOAOM, OTNPENENsisl CTaHAapTHOE
OTKJIOHEHHE.
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In the experiment 1 ml of compacted fetal
erythromass was mixed with 9 ml of NaCl hypertonic
solution of the studied concentrations. After 5-, 10-,
15 min’s isothermal exposure the samples were placed
into the UOP-6 programmable freezer chamber and
cooled from 24°C down to -1.5°C with 3°C/min rate.
The choice of this temperature was stipulated by the
fact, that according to phase diagram of NaCl-water
binary system melting under 0.45 M NaCl content in a
solution and, consequently, under higher electrolyte
concentrations, no “water-ice” phase transition
occurred in it [5]. When reaching a final cooling
temperature the samples were thawed with 3°C/min
rate. As during a “cooling-thawing” cycle process an
efficient time of fetal erythrocyte exposure in
hypertonic medium increased, in the control the cells
were exposed in the studied solutions under room
temperature taking into account the time, corresponding
to the cycle duration (it made 17 min in average). After
thawing the experimental and control samples were
centrifuged for 15 min at 3000 rpm, the supernatant
was taken and photometrically estimated within the
range of 410 nm with a SP-26 spectrophotometer by
placing the corresponding cell-free solutions into a
comparison channel of spectrophotometer. Free
hemoglobin concentration in a supernatant was
examined by graduated curves and shown in mg% or
in percentage in respect to 100% hemolysis. As the
criterion for manifestation degree of fetal erythrocyte
sensitivity to cooling served the coefficient K,
determined by the formula:

00 contr
K= H ’
cryo
where H_  is the level of free hemoglobin in a
supernatant after cooling-thawing; H_ is the level
of free hemoglobin in supernatants of corresponding
control samples; H__ is the level of free hemoglobin
in supernatant of adult donor’s cryopreserved blood
after its washing-out of glycerol, admissible under
transfusion, equal to 200 mg% [6]. Thus, K=1
characterised a critical level of fetal erythrocyte
resistance to cooling. Statistical processing of the
results was done by means of traditional method with
a standard deviation determining.

Results and discussion

The Fig.1 shows the histograms of cryohemolysis
development of human fetal erythrocytes depending
on time of cell preincubation in NaCl hypertonic
solutions. The Table 1 demonstrates the coefficients
of fetal erythrocyte sensitivity to cooling. Independently
on the exposure time of fetal erythrocytes in 0.45M of
NacCl solution they remain insensitive to following
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Pe3yAbTatbl M 00Cy)xaeHue

Ha pucyHke mpeacTaBieHBl THCTOTPAMMEI
pa3BUTHUSL KpUOreMoJn3a (eTanbHBIX SPUTPOLUTOB
YeJ0BEeKa B 3aBUCHUMOCTH OT BPEMEHHU IPEIbIH-
KyOauuu KJIETOK B THINEPTOHHYECKHX PacTBOpax
NaCl. B Ta6n. 1 npuBeneHs! KO3 PHUIUEHTH! 1yBCTBU-
TEJIILHOCTH (PETANBHBIX S3PUTPOLIUTOB K OXJIaKACHUIO.
HezaBucumo oT BpeMeHHU 5Kcno3uluu (eTanbHBIX
sputporutoB B 0,45 M pactope NaCl onu ocrarorcst
HE YYBCTBUTEIBHBIMH K ITOCIICAYIOIIEMY OXJIAXKICHHFO
(pucyHok, a). C1aboBbIpaXeHHas 1yBCTBUTEIBHOCTD
(K<0,5) deranpHBIX SpUTPOIMUTOB K OXJIAXKICHHUIO
HAYUHAET MPOSBISATHCS TPU S-MUHYTHOW IMpEJbIH-
kyOarmu kietok B 0,85 M pacteope NaCl (pucyHok, 0).
Hanee kpuoremoiun3 (heTanbHBIX 3PUTPOLUTOB
3aKOHOMEpPHO BO3pacTaeT NPHU YBEJIHWUYECHUH Kak
TUNEPTOHUYHOCTH CPEAbl, TAK U BPEMEHHU IPEIbIH-
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cooling (Figure, a). A slightly manifested sensitivity
(K<0.5) of fetal erythrocytes to cooling begins to be
manifested at a 5-min’ cell preincubation in 0.85 M
NaCl solution (Figure, b). Further cryohemolysis of
fetal erythrocytes regularly augments both with an
increase in medium hypertonicity and cell preincubation
time in it (Figure c, d). The Table 1 data testify to the
fact, that an increased sensitivity to cooling (K=1) is
gained by fetal erythrocytes within the medium
hypertonicity range of 0.85-1.2 M NaCl.

As proceeds from the Table 2, the sensitivity
coefficients of human fetal erythrocytes to hypertonic
effect of 1.2 M NaCl solution (stage 1) are much lower
than 1 at all exposure times. Hypertonic cryohemolysis
of fetal erythrocytes at their preincubation exceeds
the critical level (K>1) even for 5 min in 1.2 M NaCl
solution (Table 1) and is comparable with that of cell
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Puc.1. Kpuoremonn3 (herasbHbIX IPUTPOIMTOR YEIOBEKA B 3aBHCHMOCTH OT BPEMEHHU MPEABIHKYOAI[MH KIETOK B
runeprornueckoit cpene NaCl: [l — koutpoins; [1—oneit. a—0.45M;06—-0.85M;8—1.2M;r— 1.4 M.

Fig.1. Cryohemolysis of human fetal erythrocytes depending on cell preincubation time in NaCl hypertonic medium: [l —
control; [J—experiment.a—0.45M;b—0.85M;c—1.2M;d-1.4 M.
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KyOaluu KJIeTOK B He (PHCYHOK, B, T). JlanHble Taom. 1
CBUJETENBLCTBYIOT O TOM, YTO MOBBIIICHHYIO YYB-
CTBUTENBHOCTh K oxnaxacHuio (K=1) dberanpubie
SPUTPOIUTHI YeIOBEKa MPHOOPETAIOT B MHTEpBAJIe
runeproHnyHocTH cpensl 0,85-1,2 M NaCl.

Kak cnenyer u3 tabmn. 2, ko3 punmueHTs 4yBCTBU-
TEIBbHOCTH (eTaNbHBIX IPUTPOIIUTOB YEIOBEKA K
THIIEPTOHUYECKOMY Bo3xercTBuio 1,2 M pacTtBopa
NaCl (I cragus) HamHOrO MeHbIne 1 mpu Bcex
BpEMEHaX 3KCHNO3ULIMH. | MIIepTOHUYECKUH KpHUo-
reMoJin3 (eTaabHbIX SPUTPOIMTOB MPH UX MPEJBIH-
KyOanuu yxe B Tederne 5 muH B 1,2 M pactBope NaCl
(Tabmn.1) mpeBsimaet kputudeckuii (K>1) u cpaBaum
C YPOBHEM THIIEPTOHUYECKOTO TeMOJIH3a KIIETOK MPH UX
AKcro3uuy B Tedenue 15 muH B 2,3 M pactBope NaCl.
CpaBHHMBaeMbIE JaHHBIE OTMEUEHBI B Ta0I. 1 1 2. Takum
0o0pa3oM, KaKk M 3pUTPOLHUTHI B3POCIBIX AOHOPOB,
(deranpHbIE 3PUTPOLUTHI YeJIOBEKa MPUOOpETaIoT
YYBCTBUTEIBHOCTh K MOCIEAYIOUIEMY OXJIAXKIECHHUIO
Ha 3Tare 3KCHO3WIMNU KJIETOK B TMIMEPTOHUYECKHUX
pacTBopax mpu KOMHATHOH TeMIIepaType.

Wzyuas 0coOeHHOCTH THIIEPTOHUYECKOTO KpHOTe-
MOJI3a SPUTPOIIUTOB B3POCIBIX TOHOPOB, Morris G.J.
¢ coaBT. [9] moka3anu, 4TO M30TEPMHUUYECKas IKC-
[TO3UIUSA KJIETOK B TeueHue 5 MuH nipu 20°C B rumep-
ToHn4eckux pactBopax NaCl ¢ ocMOJISIpHOCTBIO 110
1350 MOcm/n (0,74 M) MHIYyLHMPYET FEMOJIU3 MEHEe
2%. Tax>ke yCTaHOBHIIH, YTO BBIPA)KEHHAS YyBCTBH-
TEJILHOCTH JJOHOPCKHUX SPUTPOLUTOB K MTOCIECAYIOLIEMY
OXJIAXKICHUIO BO3HUKAET MPU UX IKCIO3HUIUU B
pactBopax NaCl, 0cMOISIpPHOCTB KOTOPBIX MPEBHIIIACT
1200-1400 MmOcm/11 (0,65-0,80 M) [8]. [Tpu 3TOM remo-
JIM3 SPUTPOLIMTOB B PE3YNBTATE OXJIAXKACHHS HAUMHACT-
Cs1 TOJIBKO IOCIIE MAJACHUSI TEMIepaTyphl CyCIEH3UH
Huwke 12°C[11], T.e. B o0macTu cTpyKTypHO-(ha30BBIX
npeBpameHnii B MemOpane kietok (8-13°C) [7]. bonee
BBICOKAsI CKOPOCTb OXJIQXKCHUS CYCIIEH3UH IPHUBOIUT
k Oonbriemy remonu3y [ 11] u cMemeHuo nopora 4yB-
CTBUTENBHOCTH JAOHOPCKHUX 3PUTPOIMTOB K OXJIaxkK-
nenuro 10 950 MOcm/n (0,50 M) cpenbl IpeabIHKY-
O6auuu. [IpenBapuTenbHas 3KCIO3MLUSA TOHOPCKUX
spurpountoB B pactBopax NaCl ¢ ocMonsspHOCTEIO
Humwke 750 mOcwm/n (0,36 M) He ceHCUOMIU3UPYET
KJIETKH K TOCJIEAYIOIEMY OXJIaxaeHuto kak 10 0°C,
Tak u 10 -10°C [9].

[Tonmy4eHHbIe pe3ysbTaThl CBUACTEILCTBYIOT O TOM,
9TO IS (PETANBHBIX 3PUTPOIUTOB HIDKHUN MOPOT
YYBCTBUTEIBFHOCTH K MOCIEAYIONEMY OXJIAXIEHHUIO
Haxonutcs Beime 840 MmOcwm/1 (0,45 M), T.e. mpeBoc-
XOIUT ITOPOT UyBCTBUTEIBHOCTH SPUTPOLIUTOB B3pOC-
JIBIX TOHOPOB. BriosiHe BeposATHO, UTO KaK MOBBILICH-
Hasl TUIIEPTOHUYECKAs yCTOWYMBOCTh, TaK M MO-
BBIIICHHAS! [0 CPAaBHEHUIO C JTOHOPCKUMH 3PUTPO-
LUTAaMHU THIIEPTOHUYECKAs KPUOYCTOWYUBOCTH (e-
TaNbHBIX 3PUTPOLUTOB 00YCIOBICHA MOBBHIICHHBIM
coJiepKaHueM B (eTaabHOI KPOBU MOJIOABIX SPUTPO-
nuTapHbIX Gopm [3].
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Taoauna 1. KoadhpuimeHTs! 9yBCTBUTEIBHOCTH
(heTaIbHBIX SPUTPOLIUTOB YEJIOBEKA K OXJIAXKICHHUIO
(I cTaaust TUIIEPTOHUYECKOTO KPUOTEMOJIN3a)

Table 1. Sensitivity coefficients of human fetal
erythrocytes to cooling (stage II of hypertonic

cryohemolysis)
Bpems mpeAbIHKyOaIuy, MUH
Kounentpanust NaCl, M Preincubation time, min
NaCl concentration, M
5 10 15
0,45 0,00 0,00 0,00
0,85 0,22 0,28 0,32
1,2 1,67* 2,48 4,31
1,4 3,25 4,85 545

IIpumeyanue. * — CpaBHUBACMbIC JaHHBIC.
Note: * — the data under comparing.

hypertonic hemolysis during their exposure for 15 min
in 2.3M NaCl solution. The data under comparing are
mentioned in the tables 1 and 2. Thus, as well as adult
donors’ erythrocytes, the human fetal ones acquire the
sensitivity to following cooling at the stage of cell
exposure in hypertonic solutions under room tempe-
rature.

When studying the peculiarities of hypertonic
cryohemolysis of adult donors, Morris G.J. with co-
authors [9] demonstrated that cell isothermal exposure
for 5 min under 20°C in NaCl hypertonic solutions with
osmolarity to 1350 mOsm/1 (0.74 M) induced hemolysis
less than 2%. Manifested sensitivity of donor’s
erythrocytes to following cooling was also found to
appear during their exposure in NaCl solutions, which
osmolarity exceeded 1200-1400 mOsm/1 (0.65-0.80 M)
[8]. At the same time erythrocyte hemolysis as a result
of cooling starts only after suspension temperature
falling-down lower 12°C [11], i.e. within the area of
structural and phase transformations in cell membrane
(8-13°C) [7]. Higher cooling rate of suspension results
in a greater hemolysis [11] and a shift of sensitivity
threshold of donor’s erythrocytes to cooling down 950
mOsm/1 (0.50 M) of preincubation medium. Preli-
minary exposure of donor’s erythrocytes in NaCl
solutions with osmolarity lower than 750 mOsm/I
(0.36 M) does not sensitise cells to following cooling
both down to 0°C and -10°C [9].

The results obtained testify to the fact, that for fetal
erythrocytes the inferior sensitivity threshold to
following cooling is higher than 840 mOsm/1 (0.45 M),
i.e exceeds the sensitivity threshold for adult donor’s
erythrocytes. It is quite probable that both increased
hypertonic resistance and increased hypertonic
cryoresistance of fetal erythrocytes in comparison with
donor’s ones is stipulated by an increased content of
young erythrocyte forms in fetal blood [3].
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IIpu oneHke COCTOSHHSI OBEPX-
HOCTH JIOHOPCKHX 3PUTPOIIUTOB YEJIO-
BeKa B YCIOBUSIX TUIIEPTOHHYECKOTO
BosaerictBug NaCl ObLI0 ITOKa3aHO

Ta6auna 2. KoahuumeHTs! 4yBCTBUTENBHOCTH (heTallbHBIX 3PUTPOLIUTOB
YyeJloBeKa K THIIEPTOHNYECKOMY BO3AeHCTBHIO (I cTaaust rTHIIepTOHMYECKOTO

KPHOTEMOITN3a)

Table 2. Coefficients of human fetal erythrocyte sensitivity to hypertonic
effect (II stage of hypertonic cryohemolysis)

[4], 9TO B €ro pacTBOpax ¢ KOHLEHT-
pamueir 0,85 M (1550 mOcwm/n) u
BBILIE OTMEYaeTcs NECTPYKIHA
BHEIIHUX MPUMEMOPaHHBIX CJIOEB

S3PUTPOLUTOB, COMPOBOKIAIOIIASACA
3JIMMUHAIMENd BO BHEKJIETOYHYIO 0,15

cpelly TIuKonpoTenHoB. IMEHHO B
3TOM KOHUEHTPALIMOHHOM 30HE MPOsIB-

JIACTCA IMOBBINICHHASA YYBCTBUTCIIb-
HOCTH K IMOCJICAYIOUIEMY OXJIaX-

ACHUIO KaK TOHOPCKUX, TaK U (beTaHB-
HBIX 5pUTPOLUTOB. Ilo CKOJIBKY OXJIazK-

IeHHE 10 CyOHYNEBBIX TEMIIEparyp
JIOHOPCKHX 3PUTPOLIMTOB B paCTBOpax

C OCMOJISIPHOCTBIO HIpKe 750 MOcMm/I,
a ¢eranpHpIx HIKe 840 MOcMm/n He

Bpemsi 9KCIO3UIUN, MIUH
Konnentpanus NaCl,M Exposure time,min
NacCl concentration, M
5 10 15 30 60
0,02 0,04 0,05 0,06 0,07
0,45 0,04 0,05 0,06 0,07 0,07
1,2 0,07 0,09 0,12 0,16 0,27
1,4 0,07 0,20 0,21 0,24 0,39
2,3 0,73 1,43 1,60* 1,90 2,85
3,42 10,25 12,39 14,13 14,50 14,88

BBI3BIBAET T€MOJIN3, @ UX MeMOpaHbI
B 3TO# 00JaCTH MOXHO CUUTATh MH-
takTHBIMH [3,10], yacTuuHOE pazpy-
[IeHNE TIIUKOKAJIMKCa 3PUTPOLIMTOB HA ATAIle TIPEbIH-
KyOalnuu KJIETOK B PacTBOpPax CBEPXKPUTHUECKOU
konneHntpanuu NaCl BHojHe IOMyCTUMO paccmar-
pHUBaTh KaK OJUH U3 MEPBUYHBIX ITyCKOBBIX MEXaHN3-
MOB THIIEPTOHMYECKOTO Kproremonusa. CrnencreueM
MOBPEXICHHUS BHEIIHUX MPUMEMOPAHHBIX CIIOCB
KJIETOK, BEPOSITHEE BCETO, MOTYT OBITh HapylICHHUE
OCNOK-TUIIUIHBIX B3aUMOIECHCTBUI B MeMOpaHe H
JaTepanbHOE MepepacnpeieicHue €€ KOMIOHEHTOB,
YTO OTPaXKaeTCsi Ha 0COOEHHOCTAX CTPYKTYpHO-(a3o-
BBIX MpEBpAIICHUI B MeMOpaHe MpU OXJIKICHUU B
TeMIiepaTypHoM HHTepBaie 8-13°C u mpuBOAMT K
KpHOTEMOITU3Y.

BbiBOADI

Takum oOpazom, (eTaapbHBIE SPUTPOLIUTHI YEIO-
BeKa MPUOOPETaoT YyBCTBUTEIBHOCTH K IOCIHE-
OYIOIIEMy OXJIaXJIEHUIO Ha ATare UX IKCHO3UINH B
runeproHnyeckux pacrsopax NaCl npu KoMHATHOM
TEMIIEPATYPE, YTO COMIACYETCSI C OCHOBHBIMHU 3aKO-
HOMEPHOCTSAMHM TMIEPTOHUUYECKOTO KpPHOTeMOJIN3a
SPUTPOLUTOB B3pOCIBIX 10HOPOB [1]. OgHaxo Gnaro-
Japsi HaIM4uio B (eTaJlbHOW KPOBU 3HAYUTEIHHOTO
KOJIMYECTBA MOJIOABIX 3PUTPOLUTAPHBIX HOPM ITH
KJIETKHA 00JaJaroT MOBBIMIEHHON TUIIEPTOHUYIECKOMN
KpHUOYCTOMYHBOCTBIO.

INutepartypa
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When estimating the surface state of human
donor’s erythrocytes under conditions of NaCl
hypertonic effect it was demonstrated [4], that in its
solutions with 0.85 M concentration (1550 mOsm/1)
and higher there was observed the destruction of
external membrane adjacent erythrocyte layers,
accompanying with the elimination into an extracellular
medium of glycoproteins. An increased sensitivity to
following cooling of both donor and fetal erythrocytes
is manifested namely in this concentration zone. As
cooling down to subzero temperatures of donor’s
erythrocytes in solutions with an osmolarity lower than
750 mOsm/1 and 840 mOsm/1 for fetal ones does not
cause hemolysis and their membranes in this field can
be considered as intact ones [3, 10], a partial de-
struction of erythrocyte glycocalyx at the stage of cell
preincubation in the solution of NaCl extracritical
concentration is acceptable to consider as one of
primary trigger mechanisms of hypertonic cryo-
hemolysis. The most likely result of impairment of
external membrane adjacent cell layers may be the
damage of protein-lipid interactions in a membrane and
lateral redistribution of its components, that affects the
peculiarities of structural phase transformations in a
membrane during cooling within the temperature range
of 8-13°C and results in cryohemolysis.

Conclusions

Thus, human fetal erythrocytes gain the sensitivity
to following cooling at the stage of their exposure in
NaCl hypertonic solutions under room temperatures,
that is correlated with main regularities of hypertonic
cryohemolysis of adult donor’s erythrocytes [1].
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However, due the presence of a great number of young
erythrocyte forms in fetal blood these cells have an
increased hypertonic cryoresistance.
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