VIAK 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

IMnepToHMyeckass yCTOWYMBOCTb (peTaAbHbIX 3PUTPOLMTOB 4YeAoBeka

B 3AEKTPOAUTHOM Cpeae

AT KYAEWOBA
MHCTUTYT npobaem kpmobmororum n kpuomeanumHsl HAH YkpauHbl, 1. Xapbkos

Hypertonic Resistance of Human Fetal Erythrocytes

in Electrolyte Medium

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

MertozmoM crieKTpo(OTOMETPHUN N3ydalld KHHETHKY HaKOIUICHHSI CBOOOHOTO TeMOITIOONHA B CyTIepHATaHTaX II0CIIE SKCTIO3HIIUH
(heTaNbHBIX HPUTPOLIUTOB YeJIOBEKa B runepToHImdecKkux pactBopax NaCl. IToka3aHo, YTo MOBBIICHHAS 10 CPABHEHHIO C SPUTPOLIUTAMH
B3pOCIHBIX JOHOPOB UIUTEIbHAS yCTORYNBOCTH (60 MHH) (heTambHBIX IPUTPOLUTOB K TUIIEPOCMOTHIECKOMY BO3zeiicTBHIO 10 2,3 M
MOXeT OBITh 00yCIIOBIIEHA HATMYHEM B (DeTaIBHOM KPOBU 3HAYUTEIIFHOTO KOJIMYECTBA MOJIOABIX SPUTPOILIUTAPHBIX (GOpM.

Kniouegwie cnosa: ciekTpohoToMeTpus, PeTanbHbIe IPUTPOLUTHI, IITEKTPOIHUT, THIEPTOHNUS, TEMOJIH3.

MertomoM crieKTpo(hOTOMETpil BUBYAITN KIHSTUKY HAKOITIYCHHS BUTBHOTO TeMOINIO0IHY B CyTIepHATAHTAX ITiCIIS €KCIO3MIIT (heTaIbHAX
SPUTPOLUTIB JIFONUHH B TinepToHiyHUX po3unHax NaCl. [lokazaHo, 0 MiABHIICHA B IIOPiBHAHHI 3 ePUTPOLUTAMH JOPOCIHX JOHOPIB
TpuBaia cTidkicTs (60 XB) (eTaTpHIX EPUTPOLMTIB 0 TINEPOCMOTHYHOT i1 10 2,3 M Moske OyTH 3yMOBIJICHA HasIBHICTIO B peTaNbHIN

KpOBI1 3HAYHOI KIIBKOCTI MOJIONUX EPUTPOLUTAPHUX POPM.

Knruoei cnosa: cuiekrpodoromerpis, peTanpHi epUTPOLUTH, EIEKTPOJIT, TIIEPTOHIS, TEMOTi3.

Using the method of spectrophotometry there was studied the kinetics of free hemoglobin accumulation in supernatants after
exposure of human fetal erythrocytes in NaCl hypertonic solutions. There was demonstrated that an increased, if compared with the
adult donor’s erythrocytes long-term resistance, (60 min) of fetal erythrocytes to hyperosmotic effect up to 2.3 M could be stipulated
by the presence in fetal blood of a considerable amount of young forms of erythrocyte.

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

I'uneproHUYeCcKUi KPUOTEMOIU3 IPUTPOLUTOB
YeJ0BeKa SBISETCS CIEICTBHEM COYETaHHOTO
BO3JI€HICTBUS Ha KJIETKH OXJIAXIEHHUS M BBICO-
KOKOHIIEHTPUPOBAHHBIX BHEKJIETOYHBIX PACTBOPOB.
OKCHepuMEHTalbHOE MOJAEIUPOBAaHUE AAHHOMU
KpHOOMOJIOTHUECKON CUTyallMy JAeT BO3MOKHOCTD
OIICHUTH POJIb KaXKIOr0 yKa3aHHOTO CTPECCOBOTO
(akTOpa B KpUOMOBPEKICHUH KIIETOK.

l'uneproHnUYeckuil KPHOTeMOIU3 IPUTPOLIUTOB
B3pOCIIBIX IOHOPOB (Jajiee JOHOPCKUX 3PUTPOLIUTOB)
HWCCIEA0BaH JOCTAaTOYHO OOCTOSTENBHO, YTO
[TO3BOJIHIIO CPOPMYIUPOBTH OMOPUINIECKYIO MOJICITb
3TOTO ABJIEHUS, OOBACHSIIOUIYI0O OCHOBHBIE €r0
3aKoHOMepHOCTH [6, 11].

®deTtanbHast KPOBB IO OCHOBHBIM KOJIHMYECTBEHHBIM
XapakTepHBIM MapamMerpaM (TreMaTOKpHUT, CPEeIHUMN
00bEM SPUTPOLUTOB, MIOTHOCTh, BA3KOCTb, COAEP-
KaHUe TeMOIIOOMHA U JIP. ), a TAK)KE arperanroHHbIM
U pEOJOTHUYECKUM CBOWCTBAM 3HAYUTEIBHO OTJIH-
YaeTcs OT KPOBHU B3pOCIBIX IOHOPOB. Tak, KOJIMYECTBO
SPUTPOLMTOB B (heTaJbHON KPOBH B cpestHeM B 1,3 pasza
BBIIIIE, YEM B IIEJILHOM KPOBH B3POCIIOrO YeJI0BeKa, U
cocrasisger 5,0x10%-7,5x10°B 1MmMm?. DTO B CBOIO
ouepenr 00yCIOBIMBAET IOBBIIICHHbBIE 3HAUYCHUS

Hypertonic cryohemolysis of human erythrocytes
is the result of a combined effect on cells of cooling
and highly concentrated extracellular solutions.
Experimental modelling of this cryobiological situation
provides the possibility to estimate the role of each
mentioned stress factor in cell cryodamaging.

Hypertonic cryohemolysis of adult donor’s
erythrocytes (herein after donor’s erythrocytes) was
studied quite thoroughly, that allowed to define a
biophysical model of this phenomenon, explaining its
basic regularities [6, 11].

Fetal blood on the main quantitative characteristics
(hematocrit, erythrocyte average volume, density,
viscosity, hemoglobin content etc.), as well as by
aggregative and rheological properties considerably
differs from the adult donor’s blood. Thus, the number
of erythrocytes in fetal blood is in average in 1.3 times
higher, than in the adult’s whole blood, and makes
5.0%10°-7.5%10° in 1 mm?. This, in its turn, stipulates
an increased value of such indices of fetal blood, as
hematocrit (66.20+1.23%), hemoglobin content (21-
25%), density (1.06-1.08 g/ml). The erythrocyte
sedimentation rate is very low (1 mm/hr) in fetal blood
due to a high importance of hematocrit, a comparatively
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TaKMX MOKa3aTeneil (eTaibHOW KPOBH, KaK rema-
ToKpUT (66,20=1,23%), comepkaHue reMorioOnHa
(21-25%), mnorrocts (1,06-1,08 r/™mun). Baromaps
BBICOKOMY 3HAY€HHIO T€MaTOKPUTA, CPABHUTEIBHO
HU3KOMY COIEPXaHUIO II00yIMHOB U cialoii arpe-
ralMOHHOM cIOCOOHOCTH B (PETaNbHOM KPOBU OUEHb
Majla CKOPOCTh OcelaHusi dpUTpounuToB (1 mMm/4)
[2,3,19].

B kimHHYECKOM acrieKTe KPHOKOHCEPBHUPOBaHHEIE
(deranpHBIE YPUTPOIUTHI PACCMATPUBAIOTCS Kak
remorpancdy3unonHas cpeaa [17]. [lostomy ¢ TOuKH
3peHHS KPUOOHOIOTUIECKUX PUIIOKEHHI [ 7] BaXKHO
OLIEHUTb, OTPAXKAIOTCs 1 MOPGHOPYHKIIMOHATBHBIC
0COOCHHOCTH ()eTaNbHON KPOBHU MPEXkKIE BCEro Ha
TUIIEPTOHUYECKOM KPHOTEMOJIH3E KIIETOK.

Lenbro maHHOM pabOTHI SIBUJICSA aHANIH3 HEPBOI
CTaJu¥ TUIIEPTOHUYECKOI0 KPHOTeMOJIH3a, & MIMEHHO
Hccief0oBaHNEe YCTOMYUBOCTH 3PUTPOLUTOB (e-
TaJbHOW KPOBHU 4YENOBEKA K THIEPTOHUUYECKOMY
CTpeccy B 3aBHCHMOCTH OT BPEMEHH €ro JeHCTBHSA
MIPH KOMHATHBIX TeMIIepaTypax.

Matepnanbl 1 metoAbI

@eTanpHyI0 KPOBB MOJIyYaii OT 3J0POBBIX POXKe-
HAI] Ha KoHcepBaHTe “Imrormmup” (puc.l). Marte-
pHaJIOM HCCIIeJOBaHU CITyKnia eTanbHas SpUTPO-
Macca. 1151 ee nomy4yeHus HenbHyo (eTanbHyI0 KPOBb
3-KpaTHO OTMBIBAJW OT ILIa3MBbl, Pa3pylIeHHBIX
kieTok u koHcepsanta 0,15 M pactBopom NaCl 06-
HIENPHUHSTHIM criocoboM [18], a 3aTeM MOIHOCTHIO
yaansian Hagocanok. KoHIeHTpanuioo KIJIETOK B
YIUIOTHEHHOH (eTallbHOM 3pUTpoMacce KOHTPOJIH-
pOoBaJIu, ONIpEAETss FTEMAaTOKPUTHOE YHCIIO CTaHAAPT-
HBIM MeTosioM [10,19]. McxomHbIii reMaTOKpUT coc-
taBis1 99,0%. [lanpHelmme uccienoBanus IPOBO-
JIVUTA TIPH OMHAKOBOM T'€MaTOKPUTE, YTO JOCTUTAIIN
pa3BeIcHUEM YII-JIOTHEHHOH (heTaIbHON SPUTPOMACCHI
HCCIIEyeMBIM PacTBOpPOM B cooTHotreHnu 1:10. HMccre-
JIOBaH CJIEAYIOMIMM KOHLIEHTPAIMOHHBIN Psiji BOAHBIX
pactBopoB NaCl: 0,15 M (286 mOcwm/m), 0,45 M
(840 mOcm/m), 1,2 M (2300 mMOcm/m), 1,4 M
(2600 MOcm/m), 2,3 M (4250 MmOcwm/n), 3,42 M (Gonee
4500 MOcm/im). OcMOTHYECKOE JaBJICHUE PacTBOPOB
OIIPEAEIISIIN 10 KCTPANOINPOBAaHHONW KPUBOH, TOCT-
POEHHOH o TaHHBIM MUKpoocMoMeTpa OMKA-II-01.
CBOOO/I-HBI TeMOITIO0OMH B CyNEpPHATAHTax IMOCIIE
THIIEPTOHMYECKOTO BO3IEHCTBHA HA KJIETKH H3MEPSIIH
cnekrpodoromerpruecku B obmactu 410 HM (mosioca
Cope, cOOTBETCTBYIOMAsI XapaKTEPUCTUIECKOMY
[IOTJIOIIE-HUIO TeMOITIO0MHA) Ha CrieKTpodoToMeTpe
C®-26. KoHlleHTpalMi0 reMOIJIO0MHa BhIpayKaiu B
Mr% WIK B IpolLeHTax o oTHomeHuto Kk 100%-my
remMoinu3y. st mocTpoeHus rpaiyupoBOYHON KPUBOI
YIJIOTHEH-HYIO (PETAIBHYIO SPUTPOMACCY ITOJIHOCTHIO
FEMOJIN3U-POBANIH, OBEPras ee 3-KpaTHOMY LIUKITY
3aMOpaXMBaHUsA-0TOrpeBa. M3 mosyd4eHHOro remo-
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low content of globulins and a weak aggregation
capability [2, 3, 19].

In a clinical aspect the cryopreserved fetal
erythrocytes are considered as a hemotransfusion
medium [17]. Therefore from the point of view of
cryobiological applications [7] it is important to estimate
whether the morphofunctional peculiarities of fetal
blood primarily affect the cell hypertonic cryo-
hemolysisl.

The aim of this work was to analyse the first stage
of hypertonic cryohemolysis, namely, the study of the
resistance of human fetal blood erythrocytes to
hypertonic stress depending on time of its effect under
room temperatures.

Materials and methods

Fetal blood was procured from healthy women in
birth with “Glugicyr” preservative (Fig. 1). Fetal
erythromass served as the material for study. For its
procurement the whole fetal blood was thrice
washed-out from plasm, destroyed cells and
preservative with 0.15 M NaCl solution using the
routine method [18], afterwards the supernatant was
completely removed. Cell concentration in a condensed
fetal erythromass was controlled, by determining a
hematocrit number using the standard method [10, 19].
Initial hematocrit made 99.0%. Further investigations
were carried-out at a similar hematocrit, that was
achieved by diluting a condensed fetal erythromass
with the studied solution in 1:10 ratio. The following
series of NaCl aqueous solution was investigated:
0.15M (286 mOsm/1), 0.45 M (840 mOsm/1), 1.2 M
(2300 mOsm/l), 1.4 M (2600 mOsm/1), 2.3 M
(4250 mOsm/l), 3.42 M (more 4500 mOsm/l).
Osmotic pressure of solutions was determined by the
extrapolated curve, built according to the data of
OMKA-C-01 microosmometer. Free hemoglobin in
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Puc. 1. Cycnien3us cBeXeBbIACICHHON (eTaIbHON KPOBH
YeJI0BeKa B TI0JIC 3pEHHsI CBETOBOTO MUKpockona (X200).
Fig. 1. Suspension of freshly isolated human fetal blood in

the visual field of light microscope (%200).
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JIM3aTa COOTBETCTBYIOIINM Pa3BEIEHNEM TOTOBUIN
PaCTBOPHI C M3BECTHOM KOHIIEHTPAIUEH TeMorio0nHa
B HUX (Mr'%). [Ipy 3TOM y4UHUTBIBaJIH, YTO FEMATOKPUT
LEeNBHOH (eTanbHON KpoBH cocTaBisieT 66,20+1,23%,
a cozeprkanue oobmiero remornoduna — 21,0-25,0 1%.
Taxum 06pa3oM, B yIJIOTHEHHOH (eTanbHOM SpUTPO-
Macce ¢ remMatokputoM 99,0% conepskutcs oxomno 32
% reMoriioOuHa.

B skcnepuMeHTe YIIIOTHEHHYIO (QeTanbHYIO
3PUTPOMACCY CMEIINBAIHA B 00bEMHOM COOTHOIIIEHUH
1:10 (1M apuTpomaccsl + 9 M1 pearenra) ¢ THIepTo-
uundyeckumu pacreopamu NaCl. ITocne 5, 10, 15,30 u
60 muH sKcnio3utun pu Temneparype 20°C oOpasibl
neHTpudyrupopanum B TedeHHE 15 MHH Tpu
3000 o6/MuH. HamocaqouHy0 )KUAKOCTh CHUMAIU U
¢boToMeTpupoOBay, MoMeNIas B KaHall CPaBHEHHUSA
CHEKTPO(OTOMETpa COOTBETCTBYIOLINE PACTBOPEI
peareHToB, HE cojep)Kaliue KiIeTok. B koHTpoine
(eTanpHBIE SPUTPOLUTE HHKYOHPOBAM B TEUCHHUE
TOTO € BpeMEHH B (DU3MOJIOTHUECKOM PacTBOpE
NaCl.

IIpu craructudeckoir o6paboTke pe3ynbTAaTOB
WCIIONIb30BAIH TPAAUIIMOHHBIA METOM ONpPEIEIeHUS
CTaHIapPTHOTO OTKJIOHEHHS.

KpuBple KHHETHKH HAKOTIJIEHHS CBOOOIHOTO
reMorioOnHa B CyIllepHaTaHTaX B 3aBHCHUMOCTH OT
TUIIEPTOHUYHOCTH CPEABl U BPEMEHH JKCIO3ULIUH
KJIETOK B Hell OBbLIM MOJYy4YEHBI alnpoKCHUMalHei
9KCIEPUMEHTAIBHBIX JaHHBIX METOAOM HAUMEHBIINX
KBaJpaToB 0 CTaHJAPTHOM MpOorpaMMe ¢ aBTOMAaTH-
YEeCKHUM BBIOOpOM cTeneHu nonuHoma [8]. Kpurepruem
CTETICHH BBIPR)KEHHOCTH T'MIIEPTOHUYECKOrO cTpecca
(deTanbHBIX SPUTPOLUUTOB ObLT BHIOpAaH ypPOBEHD
CBOOOJHOTO TeMOTIIOOWHA B HaJ0CaaKe KPHUOKOH-
CEpPBUPOBAHHOW JTOHOPCKOH KPOBH YEJIOBEKa IMOCIE
OTMBIBKY OT IJIMIIEPYHA, JOIMyCKaeMbId MPHU TpaHC-
¢y3un, a umenno 200 mr% [18]. DputporurapHas
B3BECHh C TAKUM KOJIMYECTBOM CBOOOIHOTO Te€MO-
MoOWHA HE BBI3BIBAET y PEUHINEHTa HETaTUBHBIX
peakuuii ¥ OCIOKHEHUH.

Pe3yAbTaThl U MX 00CYyXAeHue

AHanu3 KHHETHYECKUX KPUBBIX (pHC. 2) TIOKa3al,
YTO MPHU YBEJIHMYCHUHU TUIIEPTOHUYHOCTH CPEIbl H
BPEMEHHU 3KCIO3UIMU KJIETOK B HEW ypOBEHBb CBO-
00HOTO TeMOTIO0WHA 3aKOHOMEPHO BO3pacTacT.
Onnako B TeueHue 60-MUHYTHOTO BO3ICUCTBUS Ha
KJIETKH runeproHuueckux pactsopoB NaCl ¢ koH-
neHTpanued g0 2,3 M KpuUTHYECKUH YPOBCHbB
CcBOOOIHOrO reMorno0mHa He gocTuraercsa. Tak, B
KOHTpoJie mociie 60 MUH DKCIIO3HUIINHN B HAAOCAIKE
cogepxurcs 13,2+1,8 mMr% remornobuHa. YpoBeHb
cBoboaHoro remoriobuna B 0,45 M pactBope NaCl
coctaBisieT 14,5+2,0 mr%. B 1,2 u 1,4 M pactBopax
NaCl, ocMOTHUYHOCTh KOTOPBIX IMPEBOCXOAUT U30TO-
HHUYECKYI0 COOTBETCTBEHHO B 8§ W 9 pa3, ypoBeHb
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supernatants after hypertonic effect on cells was
spectrophotometrically measured in 410 nm range
(Soret band, corresponding to the characteristic
hemoglobin sorption) with SP-26 spectrophotometer.
Hemoglobin concentration was presented in mg% or
in percents in respect to 100 hemolysis. In order to
build the calibration curve the condensed fetal
erythromass was completely hemolysed, by subjecting
to a threefold freeze-thawing cycle. From the obtained
hemolysate by corresponding dilution there were
prepared the solutions of known hemoglobin con-
centration in them (mg%). At the same time it was
taken into account, that the hematocrit of the whole
fetal blood made 66.20+1.23%, but the content of total
hemoglobin was 21.0-25.0 g%. Thus, in a condensed
fetal erythromass with 99.0% hematocrit there are
about 32 g% of hemoglobin.

In the experiment the condensed fetal erythro-
mass was mixed in the 1:10 volume ratio (1 ml of
erythromass + 9 ml of reagent) with NaCl hypertonic
solutions. After 5, 10, 15, 30 and 60 min of exposure
under 20°C the samples were centrifuged during 15
min at 3000 rotation/min. The supernatant liquid was
removed and photometrically analysed, by placing into
the spectrophotometer channel of comparing the
corresponding reagent solutions without cells. In the
control the fetal erythrocytes were incubated during
the same time in NaCl physiological solution.

When statistically processing the results the routine
method for the standard deviation determining was
used.

The kinetics curves of free hemoglobin accu-
mulation in supernatants depending on the medium
hypertonicity and time of cell exposure in it were
obtained by approximating the experimental data using
the method of least squares according to the standard
program with the automatic choice of polynomial
degree [8]. As the criterion of manifestation degree
for fetal erythrocyte hypertonic stress was selected
the level of free hemoglobin in supernatant of human
cryopreserved donor blood after washing-out from
glycerol, admissible for transfusion, namely 200 mg%
[18]. Erythrocyte suspension with such number of free
hemoglobin does not cause negative reactions and
complications in a recipient.

Results and discussion

The analysis of kinetic curves in Fig. 2 demonstrated,
that when increasing the medium hypertonicity and the
exposure time of cells in it, there was a regular
augmentation of free hemoglobin level. However when
affecting the cells with NaCl hypertonic solutions under
concentration up to 2.3 M for 60 min, the critical level
of free hemoglobin is not achieved. Thus, in the control
after 60 min exposure there are 13.2+£1.8 mg% of
hemoglobin in supernatant. The level of free hemoglobin
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Puc. 2. KuneTrka HaKOIUIEHHST CBOOOIHOTO TEMOTIIOONHA B CYTIEpHATAHTE MPU SKCIO3UINH (EeTATBHBIX 3PUTPOLUTOB
yejioBeKa B runepTonnyeckux pactBopax NaCl: a) O—xontpons 0,15 M; O - 0,45M;6) O-12M; 0-1,4M;8) O-2,3M;
r)O-342M.

Fig. 2. Kinetics of free hemoglobin accumulation in supernatant during exposure of human fetal erythrocytes in NaCl

hypertonic solutions: a) O—control 0,15 M; 0 -0,45M;b) O-1,2M; 0-1,4M; c) O-2,3M;d) O-3,42 M.

cBOOOIHOrO reMorinoduna cocrabnsgeT 53,20+7,20 u
78,50+8,25 Mr%. JIums npu 15 - kpaTHOM IpeBbIIIE-
HUU U300CMOTHYECKOTO JaBieHus B 2,3 M pacTBope
NaCl kpuTnueckuii ypoBeHb CBOOOJHOTO T'eMO-
I00WHA AOCTUTaeTcs Yepe3 7 MHH THIEPTOHNIECKOTO
BO3JICUCTBUSI, @ K KOHILY U30TEPMHUYECKOM SKCTIO3UITUI
YPOBEHBb CBOOOAHOTO TeMOTJIOOMHA COCTABISAET
570£15 mr% wmu 17,8% . B 3,42 M pactBope NaCl
KOJIMIECTBO CBOOOJIHOTO TE€MOTIO0WHA B CyIep-
HaTaHTe MpakThdeckud B 10 pa3 mpeBwImIaeT Kpwu-
TUYECKUI ypOBEHBb YK€ MOCJE 5 MHUH JEHCTBUA Ha
KJIETKH peareHTa u K 15-W MHHyTE peakuuu OTMe-
yaetcad 90%-# remomnus.

HuddepennupoBanueM 3KCIEPUMEHTAIbHBIX
KPUBBIX (pHcC.2) ObLIM MOTyYeHBI JaHHBIE O CKOPOCTH
HAaKOIUICHHUSI CBOOOJHOTO I'eMOTTIOOMHA — Ba)XKHOM
XapaKkTepUCTHKE AUHAMHKHU Pa3BUTHS THUIEPTO-
HUYECKOTO TeMojn3a QeTaabHbIX dpuTpormToB. Kak
BHUJIHO W3 TPHUBEJCHHBIX B TaONHWIle AaHHBIX, 3Ta
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in 0.45 M NacCl solution makes 14.5+2.0 mg%. In 1.2
and 1.4 M NaCl solutions, whose osmolarity exceeds
the isotonic one in 8 and 9 times correspondingly, the
level of free hemoglobin makes 53.20+7.20 and
78.50+8.25 mg%. Only during a 15-fold exceeding of
isoosmotic pressure in 2.3 M NaCl solution the critical
level of free hemoglobin is achieved in 7 min after
hypertonic effect, and to the end of isothermal exposure
the level of free hemoglobin makes 57015 mg% or
17.8%. In 3.42 M NacCl solution the number of free
hemoglobin in supernatant practically in 10 times
exceeds the critical level even after 5 min effect of
reagent on cells and to the 15™ minute of the reaction
the 90% hemolysis is noted.

When differentiating the experimental curves
(Fig.2) there were obtained the data about the
accumulation rate of free hemoglobin: an important
characteristic of dynamics for hypertonic hemolysis
development in fetal erythrocytes. As the Table data
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CKOPOCTh yMEHbIIaeTcs BO BpemMeHH. OHa Mak-
CHMaJIbHA B TEpPBbIe 5 MHUH THIEPTOHHYECKOTO
BO3JICHICTBUS U 3aBUCUT OT OCMOTHUYHOCTH pEareHTa.
Hanuuue OvicTpoil m MenneHHoOU (as3bl rumep-
TOHMYECKOTO IeMOJIn3a HEe3aBUCHUMO OT TOTrO,
OCYIIECTBJISIETCS JIM FeMoJiu3 OBICTpO (BBICOKAA
TUIIEPTOHUS) MM MEIJICHHO (yMEpEeHHasi TUIIEPTOHUS),
CBHUJIETENILCTBYET O TOM, YTO CYCIECH3HS (eTaabHbBIX
JPUTPOIMTOB MPEACTABISICT COOOW TeTePOreHHYIO
CUCTEMY, B KOTOPOH YCTOWYMBOCTH KJIETOK K
TUIEPTOHNYECKOMY BO3JIEHCTBHIO pa3IMYHA.

Panee namu [13,15] MeTogoM cBETOBOI MHKpPO-
CKOITMH IIOKa3aHO, YTO B HEM30TOHNYECKHUX PacTBOPax
NaCl, HecMOTps Ha 3HAYUTEIHHOE 00C3BOKUBAHUE U
BBIPaXEHHYIO 1e(OpMaLnIo JOHOPCKUX SPUTPOLIUTOB,
OHHM TIPOSIBJIAIOT CYIIECTBEHHYIO TMIIEPTOHHUYECKYIO
ycroituuBocth: 50%-i1 remonu3 ormeuaercs B 3,42 M
pactBope NaCl k 3-it munyte peakiuu. [logcunteiBas
YHUCJIO 3PUTPOLUTOB MOCIE TUNEPTOHUUYECKOTO
BO37€elicTBHs B KaMmepe [opsesa, [onoBanos M.B. [4],
Tak)Xe TMOoKa3ajl, YTO JAOHOPCKHUE IPUTPOIHTHI
MPaKTHYECKHU HE pa3pymiaroTcs B TeueHne 60 MUH B
pactBopax, coxaepxkammux NaCl mo 7,5% (1,28 M).
Brime 3TOoro ypoBHSA KOJIMYECTBO pa3pyHIEHHBIX
KJIETOK YBEIMYUBAETCS U MIPH IKCIIO3UIINH B TEUCHHE
60 muH B 15%-M pactBope NaCl (2,56 M) ux uucio
cocraBnsier 22,0%. [lo ganneim [24], npu ocmo-
TUYHOCTH BHeKseToyHOoro pactsopa NaCl, paBHoro
4000 mOcm/a (2,16 M), npu U30TepMHUUYECKOI
9KCHO3UIMU JOHOPCKUX PUTPOLIUTOB B TEUEHHE TOTO
K€ BpEMEHH reMonu3 Bospacraet 10 25%. B 4,0 M
pactBope NaCl 13uc KIEeTOK pa3BUBAETCS B TEUCHHUE
2-x MuHYT U gocturaet 90% [14].

OueHuBas ypoBEHb I'€MOJH3a AOHOPCKHX H
(heTambHBIX SPUTPOLUTOB YEIOBEKAa B OJMHAKOBBIX
9KCIIEPUMEHTAIBHBIX yCIOBHUAX (IIPH BHEKIETOYHOU
ocmotruHOCTH 4250 MOCM/T U H30TEPMUYECKON
AKCIO3UIMHU B TeueHne 60 MHH), MOXXHO KOHCTa-
THPOBATh, 4YTO (peTaJbHbIE IPUTPOIUTHI YEIOBEKA
MPOSABIAIOT TEHACHIMIO K 0ojiee BBHICOKOW YCTOM-
YUBOCTHU K runeprornu (26,56% [24], 21,52% [4] —
FeMOJIN3 IOHOPCKUX 3pUTpoLuToB U 17,8 % - remonus
(eTaabHBIX S3PUTPOLIUTOB).

Kak cBuIeTenbCcTBYIOT JUTEpaTypHbIE JaHHEBIE,
(eTasbHBIC 3PUTPOLUTH U SPUTPOLUTHI B3POCIBIX
JIOHOPOB MPOSIBIIAIOT PA3IUYHYIO YCTOWIHBOCTD KaK
K runoronndeckuM pacrsopam NaCl (ocMoTHueckas
PE3UCTEHTHOCTH), TaK U K KUCIIOTHBIM T€MOJINTHKAM
(kuCIOTHAS PE3UCTEHTHOCTH). AMIIIUTY/Ia OCMO-
TUYECKON PE3UCTEHTHOCTH JOHOPCKHUX 3PUTPOIIUTOB
B HOpMe cocTaBiseT 12-20 , petanpapix — 18-28 [19].
Kucnorasie spurporpammsl 1y QeTaabHONR KPOBH
Takke 0oJjiee MIMPOKHE BO BPEMEHHOM JUala3oHe
[16]. Ilonynsuus ¢eranbHBIX dPUTPOLUTOB HE-
OJJHOPOZHA 10 KHUCJIOTHOM PE3UCTEHTHOCTU: UMEETCS
JOCTATOYHO OOJIBIIOE KOJTMYECTBO CPEAHECTOMKHX KIe-
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CKOpOCTh HaKOIIJICHUS CBOOOIHOTO reMOIIoOnHa
(B Mr %/MUH) B CylIepHaTaHTE B 3aBUCUMOCTH OT BPEMEHH
9KCMO3UIMH (t, MUH) (peTabHBIX PUTPOLUTOB YEIOBEKA B
runepToHryeckux pactsopax NaCl

Accumulation rate of free hemoglobin (mg%/min) in
supernatant depending on the exposure time of human
fetal erythrocytes in NaCl hypertonic solutions

KOHII,eHTpaTIHH Bper{ 3KCH()Z?I/ILII/II/I, AMI/IH
NaCl, M Exposure time, min
NaCl concentration,
M 5 10 15 20 25
0,15 0,71 0,47 0,30 0,18 0,10
0,45 0,92 0,55 0,30 0,13 0,04
1,2 1,72 1,06 0,66 0,48 0,45
1,4 3,28 1,92 1,04 0,55 0,37
2,3 23,33 14,03 8,15 5,03 4,01

show, this rate decreases with time. It is maximum
during the first 5 min of hypertonic effect and depends
on osmotic reagent. The presence of rapid and slow
phase of hypertonic hemolysis, independently on the
fact whether hemolysis proceeds quickly (high hyper-
tension) or slowly (moderate hypertension), testifies
to the fact, that the suspension of fetal erythrocytes
represents a heterogeneous system, where a cell
resistance to hypertonic effect is different.
Previously using the method of light microscopy
we demonstrated [13, 15], that in non-isotonic NaCl
solutions, in spite of a considerable dehydration and a
manifested deformation of donor’s erythrocytes, they
manifested a considerable hypertonic resistance: 50%
hemolysis was noted in 3.42 M NaCl solution to the
3™ min of reaction. When counting the erythrocyte
number after hypertonic effect in Goryaev’s chamber,
Golovanov M.V. [4] demonstrated as well, that donor’s
erythrocytes were not practically destroyed during 60
min in the solutions, containing NaCl up to 7.5%
(1.28 M). Higher than this level the number of
destroyed cells increases even at the exposure for 60
min in 15% NaCl solution (2.56 M), their number makes
22.0%. According to the data [24], at the osmotic rate
of NaCl extracellular solution, equal to 4000 mOsm/1
(2.16 M), at the isothermal exposure of donor’s
erythrocytes during the same time the hemolysis
increases up to 25%. In 4.0 M NaCl solution the cell
lysis develops during 2 min and achieves 90% [14].
When estimating the hemolysis level of donor’s
and fetal human erythrocytes under the similar
experimental conditions (at the extracellular
osmolarity of 4250 mOsm/] and isothermal exposure
during 60 min), we can state, that the human fetal
erythrocytes manifest the tendency to higher resistance
to hypertension (26.56% [24], 21.52% [4] for donor
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TOK (48,4+0,52%), KIIE€TOK C IIOBBIIIIEHHON CTOMKOCTHIO
(41,6+0,41%) 1 BeIcOKOCTOMKHX (2,5+0,12%). AHaNO-
TUYHOE pacipeeeHne sl JOHOPCKUX 3PUTPOLIUTOB
clenyollee: cpeAHecTORKUX — 58,3%1,04, ¢ moBbIILIEH-
HOH CTOMKOCTBIO — 22,2+0,47, BBICOKOCTOMKHUX —
0,4+0,01% [2]. Takum 00pa3oM, BBICOKOCTOHKHX KJTe-
TOK B (DeTabHON KpOBU B 6 pa3 Ooiblle, 4eM B J10-
HOPCKOH.

Ananmu3 Mopgosputporpamm (peranpHON KpoBU
CBUJIETEILCTBYET O €€ MOIMMOP(pH3ME U BRIPAKSHHOM
anu3onuro3e. s hetanbHON KPOBH XapaKTEPHO Ha-
JTIUE€ HOPMOIIUTOB, MAKPOIIUTOB, MUKPOIIUTOB,
PETUKYJIOIUTOB, BCTPEUYAIOTCS SIIPOCOAEPIKAIITIC
(hopmel, HOpMOOTacTeI, MakpobacTsl [3, 19]. Pacmpe-
neneHne (heTanbHBIX SPUTPOIIMTOB IO HHICKCY cde-
PUYHOCTH HOCHUT MOJUMOJAIBHBIH XapakTep H
MIpeJCTaBIsIeT COO0W CYMMY pactpeieieHUi HECKOIb-
KHX cyOmomysinmii. FiMeeTcss MakCUMyM JJIsL KIIETOK
¢ uHgekcoMm chepuunoctu 1,370,075, xotoperit
Haubosee OJIM30K K MAKCUMYMY Ha KPHBBIX B3POCIIBIX
noHopoB (1,38-1,58 — HopmoruTser). KonrgecTBo yrmio-
IM[EHHBIX KJIETOK ¢ MHIEKCOM CHEPHUYHOCTU B
nuamnasone 1,6-2,3 cocraBmser mopsiaka 14%, 9o cy-
MIECTBEHHO BHIIIIE, Y€M TSI B3POCIIBIX JIOHOPOB (OKOJIO
8%) [5]. K takum ymuomeHHbIM (hopMaM, Tpexe
BCET0, OTHOCSTCS FOHBIC DPUTPOIUTHI-PETHKYIOIIATHI
WU “MaKpo-IUIAaHOLUTHIL, JUIsl KOTOPBIX OTHOIICHUE
IuaMeTpa K TOJIIWHE COCTaBisieT 4,1, B TO Bpems
Kak JUIsl HOpMOLIMTOB 3TOT IOKa3aTeNb paBeH 3,6 [12].
Bricokasi ocMOTHYECKasl YCTOMYUBOCTh OTMEYAETCs
WMEHHO TMPH YBEIWYCHUH OTHOIICHHUS TUIOIIATU
MeMOpaHBbI 3PUTPOLMTOB K ero o0bemy [10]. Yem mo-
1€ SPUTPOILINT, T.€. YeM OoJiee BEIpaKEHA €r0 MaKpo-
IUTaHusI, TeM OOJbINe 3amac s ero HaOyXaHwus B
TUTIOTOHUYECKON Cpejie M TeM IO3THEee IPOU30UIET
€ro reMoJIn3.

[Ipu pazneneHny MOMYISIITIN TOHOPCKUX IPUTPO-
LIMTOB I10 IVIOTHOCTH B IpajiieHTe QUKOJIa C MOCICIY-
OIIEH MHKYOAalel Kax10ro ¢Jos ¢ CyOIMTUICCKUMU
no3amu 30 ocdaTtroB ObLTO TOKAa3aHO, YTO UMEH-
HO MOJIOABIC KJICTKH OKA3aJIMCh CAMBIMH CTOMKHMU
[23]. CtpykTypHO-(YHKIHMOHAIBHOE COCTOSIHUE MEM-
OpaH MOJIOBIX 3PUTPOIUTOB XapaKTEPU3YyETCs JOC-
TaTOYHO BBICOKOH yCTOMYMBOCTHIO. Tak, ypoBEeHb Ma-
noHoBoro auanpiaeruga (MJIA), KoTopblil oTpaxkaer
AKTUBHOCTH IMEPEKUCHOT'O OKUCIICHUS JIMIHUIIOB, B
MeMOpaHax (eTabHBIX IPUTPOIIMTOB COCTABIAET 2,53+
0,21 aM/1063p, 0brmux yrmos — 173,04 31,6 mMxr/10%p,
obmero docdopa — 7,69+0,41 mxr 10%p, nepexucu
Bomopoaa — 11,59+1,81 mM/10%p. Koaddumment
yCTOWYUBOCTH MeMOpaH (oTHomeHune MJIA k cre-
neHu remoinnsa) cocrasiuser 0,86 +0,16 [1].

U3zBecTHO, uTO B (peTaibHON KPOBU B HOPME MO-
JIONBIX KJIETOK PETUKYJIOLMTOB COAEPKUTCS OT 3 A0
7% [20], a B XpoBH B3pOciIoro uenoBeka Tosbko 0,8%
[9], ¢ uem, BeposITHEE BCETO, U CBSI3aHA MOBBILLICHHAS
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erythrocytes hemolysis and 17.8% for fetal erythro-
cyte hemolysis).

As the literature data testify, the fetal erythrocytes
and those of adult donors manifest a different resis-
tance both to hypotonic NaCl solutions (osmotic
resistance) and to acid hemolytics (acid resistance).
The range of osmotic resistance for donor’s eryth-
rocytes in the norm makes 12-20, for fetal ones 18-28
[19]. The acid erythrograms for fetal blood are more
extended within time range as well [16]. The population
of fetal erythrocytes is not uniform by cell resistance:
there is a quite big number of middle-resistant cells
(48.4+0.52%), cells with an increased resistance
(41.6+£0.41%) and highly resistant (2.5+0.12%). The
similar redistribution for donor’s erythrocytes is the
following: 58.3£1.04% of middle-resistant, 22.2+0.47%
with an increased resistance [2]. Thus, the number of
highly resistant cells in fetal blood is 6 times higher,
than in donor blood.

The analysis of fetal blood morphoerythrograms
testifies to its polymorphism and a manifested aniso-
cytosis. The presence of normocytes, macrocytes, reti-
culocytes is characteristic for fetal blood, there are met
the nucleus-containing forms, normoblasts, macroblasts
[3, 19]. The distribution of fetal erythrocytes by the
sphericity index has a polymodal character and repre-
sents the sum of distributions of several populations.
There is the maximum for cells with 1.37+0.075 sphe-
ricity index, which is the closest to the maximum in
curves for adult donors (1.38-1.58 for normocytes).
The number of condensed cells with the sphericity index
within the range of 1.6-2.3 makes about 14%, that is
considerably higher, than for adult donors (about 8%)
[5]. To such condensed forms one refers first of all
the young erythrocytes: reticulocytes or “macroplano-
cytes”, for which the ratio of diameter to thickness
makes 4.1, meanwhile for normocytes this index is
equal to 3.6 [12]. The high osmotic resistance is obser-
ved namely during an increase in the ratio of erythro-
cyte membrane area to its volume [10]. The more
flattened is erythrocyte, i.e. the more manifested is its
macroplania, the bigger is the stock for its swelling in
hypotonic medium and more lately its hemolysis occurs.

When dividing the population of donor’s erythro-
cytes by the density in the ficoll gradient with the
following incubation of each layer with sublytic doses
of lysophosphatides it was demonstrated, that namely
young cells occurred to be the most resistant ones [23].
Structural and functional state of young erythrocyte
membranes is characterised by a quite high resistance.
Thus, the level of malone dialdehyde (MDA), reflecting
the lipid peroxidation activity in fetal erythrocyte
membranes, makes 2.53+0.21 nM per 10° erythrocyte,
173.04£31.6 pg per 10° erythrocyte for total lipids,
7.69+0.41 pg per 10° erythrocyte for total phosphorus,
11.5941.81 mM per 10° erythrocyte for hydrogen
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YCTOMYUBOCTH (ETANBHBIX SPUTPOIUTOB K TUIIEPTO-
HUYECKOMY BO3/IEHCTBHUIO.

[Ipu aHanu3e cCoCTOAHNS MOBEPXHOCTH TOHOPCKUX
SPUTPOLUTOB YEIOBEKA B YCIOBHUIX YMEPEHHOMN
TUIIEPTOHUM HAMHU YCTaHOBJIEHO, YTO M3MEHEHHUE
penbeda KneToyHoH MeMOpaHbl TpH 00€3BOKUBAHUH
COTPOBOXKAAETCA YACTUYHOHN NECTPYKIMEH BHEITHUX
npuMeMOpaHHBIX cnoeB. [loBpeskneHne MUKoKamiKea,
CBSI3aHHOTO C JIMTIUJHBIM OUCIOEM KIETOYHOMH
MEeMOpaHbI, B MalbHEHIIIEM MOXET SIBUTHCS OJHOMN
13 BO3MOYKHBIX IPUYHH PA3BUTHA THTIEPTOHUYECKOTO
remonu3a [15]. ComracHo Teopuu MUHHMAaJIBHOTO
obbema [21,22], moBpexAEHNE IPUTPOLUTOB MPHU
TUTIEPTOHNYECKOM IIOKE HACTYMaeT B pe3yibTare
YpEe3MEPHOTro CKAaTHUsl KIIETOK IPU 00€3BOKMBAHUHU H
JOCTHKEHUH UMH HEKOTOPOTO KPUTHUYECKOTO 00beMa.
Jis JOHOPCKUX 3PUTPOLMTOB KPUTHUECKUH 00BEM
cocraBygeT 55% OT UCXOAHOTO, IPHU ITOM TEPSAETCS
0KoJ10 65% BHYTpHKJIETOYHOM BOJbl. BrionHe ectect-
BEHHO, YTO B CBSI3HM C BBIPAKEHHBIM aHU30IIUTO30M
(heTanbHBIX 3PUTPOIUTOB (00BEM KIIETOK KOJIEOIeTCs
ot 80 o 120 mxm? [10,20]) KpUTHYESCKHUI MUHUMAJTb-
HBIi 00beM B MOMYJSIHH KJIETOK JIOCTUTAeTCsS He
OJTHOMOMEHTHO H, CII€JIOBATENbHO, THIIEPTOHNYECKU I
reMonu3 OyneT pa3BuBaThCsA BO BpeMeHH. [lo mepe
MTOBBIIICHHS] YPOBHA BHEKJIETOYHOW THIIEPTOHHH B
MIPOLIECC FEMOJIN3a MOCIEI0BATENIEHO BOBIEKAIOTCSA
cyOmonynsuy, UMEIOIUe UCXOAHO Pa3IUYHYIO
YCTOMUYHBOCTH KJIETOK, B CBSI3M C YEM HU3MEHSAETCA
CKOPOCTb HAKOIICHHUS CBOOOIHOTO FeMOTTIO0NHA.

BbiBOABI

Takum 0OpazoM, MoBkIIIeHHAs uTesbpHast (60 MyH)
YCTOMYUBOCTh ()eTaIbHBIX SPUTPOIMTOB K T'H-
nepocMoTH4eckoMy Bo3aeiicTBuio a0 2,3 M NaCl
(4250 MOcm/i1), BOJTHE BEPOSITHO, MOXKET OBITh
o0ycloBJIeHa HaMYMeM B (eTaJbHONH KpOBU 3Ha-
YUTEJIBHOTO KOJIMYE€CTBA MOJIOJBIX IPUTPOIUTAPHBIX
dbopM. YcTaHOBIEHHAsT 0COOCHHOCTh (eTadbHBIX
SPUTPOLIUTOB 10 CPABHEHHUIO C JOHOPCKHUMHU MOXET
CYIIECTBEHHO OTPAa3UThCS HA UX YCTOMYMBOCTH K
TUTIEPTOHUYECKOMY KPHOTEMOJIM3Y Ha €ro BTOPOH
CTaJINU — OXJIKICHUH.
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peroxide. The coefficient for membrane resistance
(MDA ratio to hemolysis degree) makes 0.86+0.16 [1].

It is known, normally the fetal blood contains from
3 to 7 young cells of reticulocytes [20], but in blood of
adult there are only 0.8% [9], to which, an increased
erythrocyte resistance to hypertonic effect is most
probably related.

When analysing the surface state of human donor’s
erythrocytes under conditions of moderate hyper-
tension we established, that the change in cell
membrane relief during dehydration was accompanied
by a partial destruction of external adjacent membrane
layers. The damage of glycocalyx, related to the lipid
bilayer of cell membrane, can be further one of the
possible causes of the hypertonic hemolysis de-
velopment [15]. According to the theory of minimum
volume [21, 22] the erythrocyte damage during
hypertonic stress occurs as a result of the excessive
compression of cells during dehydration and achieving
by them some critical volume. For donor’s erythrocytes
the critical volume makes 55% from the initial one, at
the same time about 65% of intracellular water are
lost. It is quite natural that relating to the manifested
anisocytosis of fetal erythrocytes (cell volume varies
from 80 to 120 pm? [10, 20]) the critical minimum
volume in cell population is not achieved abruptly, and
consequently, hypertonic hemolysis will develop in time.
With the augmentation of the level of extracellular
hypertension during hemolysis there is a gradual
involvement of subpopulations, which initially have
different cell resistance, due to that there is a change
in the free hemoglobin accumulation rate.

Conclusions

Thus, an increased long-term (60 min) resistance
of fetal erythrocytes to hyperosmotic effect up to
2.3 M NaCl (4250 mOsm/1) can be quite probably
stipulated by the presence in fetal blood of a
considerable number of young erythrocyte forms. The
established peculiarity of fetal erythrocytes in
comparison with the donor’s ones can considerably
affect their resistance to hypertonic cryohemolysis at
its second stage: cooling.
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