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Effect of Cryoprotectants on Hypertonic Cryohemolysis Rate of
Human Erythrocytes with Modified Cytoskeleton-Membrane Complex

VccnenoBanu pa3BUTHE THIIEPTOHMYECKOTO KPUOTEMOJIM3a IPUTPOLUTOB, Moauduiuposanusix iodoacetamide (IAA) u p-
chlormercuribenzoate (p-CMB) B cpenax, comepKamux KpHOMPOTEKTOPHI ([IHLEPHH, 1,2-TPONaHano, TOIMATHICHIIHKOIb-1500).
ITokazaHo, 4TO HE3aBUCHMO OT IPUCYTCTBHS B CPEie MHKYOAIMU KPUO3AIIUTHBIX COSAMHEHNI Mo UKanys OEIKOBOro KOMIIOHEHTA
sputpouutoB IAA u p-CMB npuBOAXT K MOBBIIEHUIO YYBCTBUTEIBHOCTH 3PUTPOLUTOB K THIIEPTOHUYECKOMY KPHUOTEMOJIU3Y, YTO
MOJXKET OBITh 00YCIIOBICHO U3MEHEHNEM KOH(OpMaIiK OSJIKOB, IIPSMO MM ONMOCPEAOBAHHO BOBJICYCHHBIX B MEXaHN3MbI aIalTalliH
KJIETOK K CTPECCOBBIM BO3ACHCTBUSIM.

Kniouesvie cnosa: runepToHNYECKUil KPHOTEMOJIH3, DPUTPOLMTHI, KPHOIIPOTEKTOPbI, MOAU(PHUKATOPBHI CYNbOIUAPHIBHBIX IPYIII
0eJIKOB.

JocnimpKyBanu po3BUTOK TiIIEPTOHIYHOTO KpioreMotizy epuTpounTis, mo Moaudikosani iodoacetamide (IAA) ta p-chlormer-
curibenzoate (p-CMB) y cepenoBuiiax, o MicTsTh KpionpoTekTopH (TiuepuH, 1,2-nponanaion, noiieruwieHrtikons-1500). [TokasaHo,
II0 HE3aJIeKHO Bijl PHCYTHOCTI y CepeoBHIL iHKyOyBaHHS KPiO3aXUCHHUX CIIONYK, Moaudikalis OinkoBoro komnoHenTa IAA Ta
p-CMB 1pu3BoANTh 10 MiABUINEHHS YyTJIMBOCTI KIITHH O TiMEPTOHIYHOrO KPiOreModi3y, 1o Moxe OyTH 00yMOBICHO 3MiHOIO
KoH(opMmarii OiNKiB, IPSMO YU OIOCEPEIKOBAHO 3aIyYCHHX Y MEXaHI3MH1 aJanTaii KIiTHH 10 CTPECOBUX Ail.

Kniouosi cnosa: rinepToHidHuil KpioreMoni3, epUTPOLMTH, KPiONPOTEKTOPH, MOAU(IKaTOPH CYIbOTIAPHIBLHUAX TPy OLIKIB.

There was studied the development of hypertonic cryohemolysis of erythrocytes, modified with iodoacetamide (IAA) and p-
chlormercuribenzoate (p-CMB) in the media containing cryoprotectants (glycerol, 1,2-propane diol, polyethylene glycerol-1500). It
has been shown that independently on the presence in the incubation medium of cryoprotective compounds when modifying the
protein component of erythrocytes with IAA and p-CMB the sensitivity of erythrocytes to hypertonic cryohemolysis increases.
This may be stipulated with the change in conformation of the proteins directly or indirectly involved into adaptation mechanisms of

cells to stress effects.

Key words: hypertonic cryohemolysis, erythrocytes, cryoprotectants, modifiers of protein sulfthydryl groups.

B nacrosimee Bpems Bce Ooiiee MUPOKOE MpUMe-
HEHUE NMpUOOpeTaeT AIUTEIbHOE HHU3KOTEeMIIepa-
TyPHOE XpaHEHHE KJIETOYHBIX CYCIICH3UM, TKaHEH U
Ipyrux ouojornyeckux oobextoB [11, 15]. [Toatomy
BaKHO M3yUYEHHE MPOLECCOB, TPOUCXOAIINX Ha pa3-
JIUYHBIX 3Tanax KPHOKOHCEPBUPOBAHHSI OMOOOBEKTOB.
UzBectHO [1, 11], 9yTO MpH 3aMOpa’kMBaHUM KJIETOK
HU3MEHSIOTCSI OCMOTHYECKHE U TEMIIEpaTypHBIE yCIIO0-
BHs cpeabl. HacTHUHO Takue yCIIOBUS MOXKHO CMOJE-
JIMPOBATh B MIPOLIECCE TUIEPTOHNIECKOTO KPHOTEMO-
JM3a, KOTOPBIH MpPEACTaBiIsieT coOON JIHM3HC KIETOK,
MOJIBEPTHYTHIX WHKYOAIMK B THIIEPTOHUYECKUX Cpe-
Jlax IpH MOJ0XKHUTENIBHBIX TEMIIEpATypax U MOCIETyT0-
memy oxnaxaenuto 10 0°C. ITockoabKy KprOmpoTeK-
TOPBI MOTYT CHHKAaTh YyBCTBUTEIHBHOCTH 3PUTPOIIH-
TOB YEJIOBEKa K THTIEPTOHIYECKOMY KproreMomu3y [3],
MIPEICTaBIUI0O MHTEPEC UCCIE0BaTh X BIUIHNAE HA
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Nowadays long-term low temperature storage of
cell suspensions, tissues and other biological objects
has gained wider application [11, 15], therefore inves-
tigation of the processes occurring at different stages
of the cryopreservation is important. During freezing
of cells the osmotic and temperature environmental
conditions is known to vary [1, 11]. These conditions
could be partly simulated with hypertonic cryohemolysis,
representing the lysis of cells subjected to incubation
in hypertonic media at positive temperatures and fol-
lowing cooling down to 0°C. It has been shown that
under certain conditions the cryoprotectants reduce the
sensitivity of human erythrocytes to hypertonic cryo-
hemolysis [3], therefore there was interesting to study
the effect of cryoprotectants on development of hemo-
lytic injury in erythrocytes with modified cytoskeleton-
membrane complex.
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Pa3BUTHE TeMOJMTHYECKOTO IOBPEXKICHUS SPUTPOIH-
TOB C MOIU(MDHUITMPOBAHHBIM IHUTOCKEIET-MEMOpaH-
HBIM KOMILIEKCOM.

Lenb paboTsl — HCCIeAOBATh BIMSIHAE KPUOIIPO-
TEKTOPOB (TIHIIEPHH, 1,2-TIPOTaHANOII, TOTUATHUIICHIITH-
koJ1b-1500) Ha ypOBEHB THIIEPTOHHYECKOTO KPHOTEMO-
JIM3a SPUTPOLIMTOB YEJIOBEKA C MOJU(PHINPOBAHHBIM
LUTOCKEIeT-MeMOpaHHbIM KoMIuiekcoM (iodoaceta-
mide u p-chloromercuribenzoate) B cpene, comepika-
mei 1,2 monns/a NaCl.

Matepnaabl 1 meToAbI

B skcniepumenTax ObLIH HCTIONIE30BaHbI 3PUTPOIIU-
TBI IOHOPCKOU KpoBH 11 TpyTIIie!, moTydeHHbIe TI0 00111e-
MPUHSITON MeTouKe. Bee sKcriepuMeHTaIbHbIE Cpe/ibl
rotoBuiu Ha 10 mmone/n Tpuc-HCI-0ydepe, pH 7.4.
J171s1 HACBIIIIEHUS] SPUTPOITUTOB TPOHUKAFOIIIMHU KPHO-
MIpOTEeKTOpamMu (TTUIeprH, 1,2-MPOMaHaNoN) KIETKN
MpeBapUTEIbHO UHKYOHPOBAIH B (DH3HOIOTHYECKOM
pacTBope, coziepKaliieM KpuorpoTeKTop 5%, B TEUEHNE
30 mua pu 37°C. O6paboTKy 3pUTPOINUTOB MOAH(DH-
KaTopamMu OeJIKOB MPOBOJIVITH TI0 METOY, OTTMCAHHOMY
panee [9]. Knetku unkyoupoBanu ¢ 15 Mmmouns/1 iodo-
acetamide («Serva», CILIA) B Teuenne 20 MuH, 3aTeM
nob6amsuti p-chloromercuribenzoate («Sigmay, CHIA)
B KOHIICHTpanuu 1 MMOJIb/TT 1 HHKyOupoBanu 1 d.

l'uneproHnyYeckuil KPUOTEMONN3 OCYIIECTRISIH
cienyoumuM o0pa3oM: KJIETKH MHKyOUpOBalH B
pactBope 1,2 mons/n NaCl npu Temnepatype 37°C B
teueHue 1-60 MuH, 3aTeM 3xcrioHupoBany mpu 0°C B
cpene Toi ke TonnyHocTH 10 mun. Cpena, B KOTOpoi
WHKYOUPOBaJIM KJIETKH B IPOLIECCE TUIIEPTOHMYECKOTO
KpHOTEMOJTH3a, COJIepKalia OUH U3 KPHOIIPOTEKTOPOB
(5% tmmiepuna, 5% 1,2-npomanauona u 20% momu3TH-
aexrmukons- 1500 (I13I-1500)). MukyOupoBanue Sput-
POLIMTOB B THIIEPTOHUYECKOH Cpeie PH TeMIleparype
37°C cumtanu 1-M 3TanoM, a SKCIIOHUPOBAHNE KIIETOK
ipu 0°C — 2-M ATaroM TUIepTOHNYECKOTO KPHOTEMO-
nu3a. [locne mpoBeaeHNs TMHIIEPTOHUYECKOTO KPHOTe-
MOJIM32a KJIETKH OCaKIald LEHTPU(PYrupoBaHHEM B
teuenue 3 muH npu 1500g. ComepxaHue BEIIICIIIIETO
B CYNIEPHATAHT I'€MOIVIOONHA PErUCTPUPOBAIIH CIIEKT-
podortomeTpuuecku Ha CD 4A ¢ MPOTOYHON KIOBETOM
pu AJauHe BoJHBI 543 HM. Brixon remornoduHa w3
KJICTKH PacCUUTHIBAIM B IPOLEHTaX OTHOCHUTENIBHO
100%-10 Temonm3a SpUTPOIUTOB B MPUCYTCTBUHU
0,1%-ro pactBopa TputoHa X-100.

PesynbraTel craTucTHuecku obpadarsiBaiu C
ucnosib3oBanueM Merona CreroneHTa-Puiuepa.

Pe3yAbTatbl M 00CyXA€eHUe

lodoacetamide (IAA) u p-chloromercuribenzoate
(p-CMB) sBnsaroTcst OENKOBBIMH pearceHTaMH, KOTO-
phIe B3anMOACHCTBYIOT ¢ SH-TpymnmamMu OeIKoB dpuT-
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The research aim was to study the effect of cryo-
protectants (glycerol, 1,2-propane diol, polyethylene
glycol-1500) on hypertonic cryohemolysis of erythro-
cytes with modified cytoskeleton-membrane complex
(iodoacetamide and parachlormercurium benzoate) in
the media containing 1.2 mol/l NaCl.

Materials and methods

Conventionally obtained erythrocytes of group II
donor blood were used in the experiments. All the used
media were prepared on base of 10 mmol/I tris-HCI-
buffer, pH 7.4. To saturate erythrocytes with penetrat-
ing cryoprotectants (glycerol, 1,2-propane diol) the cells
were incubated in the solution containing 0.15 mol/l
NaCl and 5% solution of corresponding cryoprotectant
for 30 min at 37°C. Erythrocytes were treated with mo-
difiers of sulthydryl groups according to C.W.M. Haest
[9]. The cells were incubated with 15 mmol/l iodo-
acetamide (IAA) for 20 min, afterwards p-chlor-
mercuribenzoate (p-CMB) under 1 mmol/l concentra-
tion was added to the suspension and incubated an-
other 1 hr.

Hypertonic cryohemolysis was initiated in the fol-
lowing way: the cells were incubated in 1.2 mol/l NaCl
at the temperature of 37°C for 1-60 min and then at
the temperature of 0°C for 10 min. The medium where
the cells were incubated during hypertonic cryohemo-
lysis contained one of the cryoprotectants (5% glyc-
erol, 5% 1,2-propane diol and 20% polyethylene gly-
col-1500 (PEG-1500)). The incubation of the cells in
hypertonic medium was the 1% stage and exposure of
the erythrocytes at 0°C was the 2™ stage of hyper-
tonic cryohemolysis. Afterwards the cells were sedi-
mented with centrifugation for 3 min at 1500 g. The
content of hemoglobin in supernatant was found spec-
trophotometrically using SF-4A device and flow cu-
vette at 543 nm. Hemoglobin release out of cell was
calculated in percentage vs. 100% hemolysis of eryth-
rocytes in presence of 0.1% triton X-100 solution.

The results were statistically processed on Student-
Fisher's method.

Results and discussion

Iodoacetamide (IAA) u p-chloromercuribenzoate
(p-CMB) are the protein reagents interacting with SH-
groups of band 3 protein [7]. [odoacetamide is sulthydryl
acetylating reagent blocking both membrane and cyto-
plasma SH-group pool [7], but not interacting with p-
CMB-specific SH-group on band 3 protein chymo-
tryptic fragment (17 kDa), located in lipid bilayer of
membrane [14]. p-chlormercuribenzoate being hydro-
phobic and charged molecule, affects the erythrocyte
membrane and destroys protein structural interactions,
causes dissociation and solubilization of cytoskeleton
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pouutos [7]. Tak, [AA — cynbhruapuisHbIi aneTnim-
PYIOLIMIA peareHT, OJIOKUPYIOLINA Kak MEMOpaHHBIH,
TaK ¥ quToIuiasMarudeckuii myn SH-rpynmn [7], Ho He
B3aumozeicTBytomui ¢ p-CMB-cienmduueckoit SH-
rpynmnoi Ha 17 x/la XuMOTpUNTHYECKOM (pparMeHTe
0erka moJ0Chl 3, KOTOPBIH JTOKATH3YETCs B JIUIMHTHOM
oucnoe MmemOpansl [ 14]. p-CMB, siBisisick ruipodo0-
HOU M 3apsKEHHOU MOJIEKYJIOM, NpH JEHCTBUU Ha
MeMOpaHy 3pUTPOIUTOB HAPYIIAET B HEW CTPYKTYp-
HbIE B3aMMOJEWCTBUSA OETKOB, BBI3BIBAET ANCCOIHA-
LU0 U COFOOMIIM3aIIo OeKoB nuTockenera [12, 13].
Bbe3 mpenobpaboTtku kinerok [AA p-CMB He oka3bi-
Baet BiusiHuA Ha p-CMB-ciemuduueckue SH-rpynmst
U CBs3BIBaeTCs ¢ Apyrumu SH-rpynnamu, B TOM 4ncie
¢ SH-rpynmamu 6enka monocst 3 [7, 10, 16]. Coue-
tanHoe neictue IAA u p-CMB npuBoaut x moau-
(dbuxaruu 6enkoB nojoc 4.1, 4.3, 4.9, 2.1 (ankupuna,
CBSI3BIBAIOIIETO CIIEKTPUH ¢ OekoM mojocsl 3) [2].
KombunanpoBanHasi 06paboTKa IpUTPOIUTOB HYEJIO-
Beka ¢ momotibio IAA 1 p-CMB npuBoguT Takxe K
M3MEHEHHIO KOH(OpMAIUK IIUTOILIa3MaTHYECKOTO
JIoMeHa OeJKa MoJIoCH 3, BCIIEACTBHE KOTOPOTO HAPY-
[I1aeTcsl B3aMMOJICHCTBHE 3TOr0O Oeflka ¢ aHKUPHHOM
U ciekTpuHoM [2]. U3BecTHO Takxke, uto p-CMB un-
ruOMpyeT TPaHCIOPT BOJIBI Uepe3 MEMOpaHy SpHTPO-
uurta [6, 16].

Ha puc. 1 npeacrasiens nanHble 00 ypoBHE TH-
MIEPTOHNYECKOTO KPUOTEMOJIN3a SPUTPOLIUTOB B CPELIE,
conepxxamein 1,2 mone/nm NaCl. YcranomieHo, 4To
YPOBEHBb TeMOJIN3a CHIDKAETCS C YBEITMYEHHUEM IIPO-
JOJDKUTETFHOCTH NHKYOAINH KJIETOK Ha 1-M 3Tare ru-
[IePTOHNYECKOTO Kpruoremoinu3a (puc. 1, HezakpaiieH-
HBIE CTOJOIBI), YTO COTNIACYeTCs ¢ JaHHBIMH, TTOJTY-
YeHHBIMU paHee [ 3, 4, 8]. [Ipensapurensrnas Mmoaudu-
Kanus 3puTporuToB yenoseka [AA u p-CMB npuso-
IIUT K CABHUTY YPOBHS F€MOJIN3a B CTOPOHY 0oJjiee BbI-
COKHMX 3HAYEHHMH M HE U3MEHSAET XapakTep 3aBHUCHU-
MOCTH TMIIEPTOHUYECKOT0 KPHOT€MOIN3a OT MPOOI-
KUTEILHOCTH MHKYyOaruu Ha 1-Mm arane (puc. 1).

B crnenytomieit cepuu 3KCIEpUMEHTOB BBOJAUIIN
MIPOHMUKAIOIINE KPHOTIPOTEKTOPHI (1,2-mmponananon u
IJIMLEPUH) B CpeAy, B KOTOPOH KJIETKU MOABEPIaju
TUNIEPTOHUYIECKOMY KpHoreMoym3y (puc. 2). BunHo,
YTO KPHOIPOTEKTOPHI HE U3MEHSIOT XapaKTep BPeMEH-
HOM 3aBUCUMOCTH TMIIEPTOHUYECKOT0 KPUOTreMOoun3a,
MpeacTaBieHHON Ha puc. 1 u 2 (He3akpalleHHbIE
ctonbusl). CnexyeT OTMETHTh, YTO HEMPOIOIKH-
TenbHas WHKyOanus (1 MUH) KJIETOK B IIPUCYTCTBUU
KpHUOIIPOTEKTOpa Ha 1-M 3Tare rMnepTOHUYECKOro
KpHOT€MOJIN3a IPUBOJUT K O0Jiee BELICOKOMY YPOBHIO
noBpexkieHus. Kak BuiHO U3 puc. 2, A, MoauQuKanuys
aputporutoB IAA 1 p-CMB He puBOIUT K H3MEHE-
HUIO YPOBHS T'MIIEPTOHNYECKOTO KPHOTEMOJIN3a B IIPHU-
CyTCTBHUH 1,2-TIpoTniaHAnoIIa TP HEMTPOAOKATEIILHOM
nHKyOaruu kireTok (1-10 muH) Ha 1-M sTane. OmgHako
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Puc. 1. YpoBeHb rHIIEPTOHIYECKOTO KPHOTEMOJTH3a SPUTPO-
IIUTOB YEJIOBEKAa B 3aBHCUMOCTH OT MPOIOIDKUTEILHOCTH
uHKyOaruu B pactBope 1,2 moas/n NaCl mpu 37°C: O—
HEMOJM(PHUINPOBAHHBIE SPUTPOLUTHI; K — 3pUTPOLNTHI,
moaudumposanusie IAA u p-CMB.

Fig. 1. Rate of hypertonic cryohemolysis for human eryth-
rocytes in dependence of term of incubation in 1.2 mol/l
NaCl solution at 37°C: 1 — non-modified erythrocytes; 2 —
IAA and p-CMB modified erythrocytes.

proteins [12, 13]. Without IAA treatment p-CMB does
not affect p-CMB-specific SH-groups, and binds with
other SH-groups, including SH-groups of band 3 protein
[7, 10, 16]. A combined treatment of human
erythrocytes with IAA and p-CMB leads also to the
change in conformation of cytoplasm domain of band
3 protein resulting in an impaired interaction of this
protein with ankyrin and spectrin [2]. p-CMB is also
known as inhibiting the water transport through the
erythrocyte membrane [0, 16].

Fig. 1 demonstrates the data on the level of hyper-
tonic cryohemolsyis of erythrocytes in the medium,
containing 1.2 mol/l NaCl. It has been established that
when prolonging the incubation in hypertonic medium
at the 1% stage of hypertonic cryohemolysis the rate of
hemolysis reduces (Fig. 1, white columns) that corres-
ponded to the data obtained previously [3, 4, 8]. Pre-
modification of human erythrocytes with IAA and p-
CMB led to the shift of cryohemolysis rate towards
higher values and did not change the character of the
depen-dence of hypertonic cryohemolysis on the dura-
tion of the incubation at the 1*'stage (Fig. 1).

Next series of experiments involved the supplement-
ing of the medium for hypertonic cryohemolysis with
penetrating cryoprotectants (1,2-propane diol and glyc-
erol) (Fig. 2). It is seen that the presence of cryoprotec-
tants did not change the temporal character of the
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Puc. 2. YpoBeHb rHNIEPTOHHMYECKOTO KPHOTEMOITH3a PUTPOLIMTOB YEJIOBEKA B 3aBHCUMOCTH OT MIPOAOKHTEIEHOCTH HHKY -
Oanuu B pactBope, coneprkarieM 1,2 moiss/n NaCl mpu 37°C: A —1,2-nponananon (- 5% 1,2-nponanauona; O —5% 1,2-
nponanauoia + IAA u p-CMB); B — tmunepun (O — 5 % runepuna; O — 5% runepuna + IAA u p-CMB).

Fig. 2. Rate of hypertonic cryohemolysis for human eryth-rocytes in dependence of term of incubation in 1.2 mol/l NaCl
solution at 37°C: A — 1,2-propane diol (O— 5% 1,2-propane diol; @ — 5% 1,2-propanediol + 1A A and p-CMB); B—glycerol (O—

5% glycerol; O — 5% glycerol + IAA and p-CMB).

yBEJIMYEHHE NTPOJOIKUTENIBHOCTH MHKY Oy MoAn(H-
LUPOBaHHBIX 3PUTPOLIUTOB IPUBOJUT K CTATUCTHYECKH
3HAYMMOMY TOBBIIIICHUIO YPOBHSI TOBPEXKACHHUS KIIETOK
0 CPaBHEHUIO C KOHTPOJLHBIMU. B TOM citydae, kora
cpena nHKyOauu conepxaina mumuepud (puc. 2, B),
YPOBEHB reMOJIn3a MOIU(PHINPOBAHHBIX KIETOK OBLI
BBIIIIE 110 CPABHEHUIO C KOHTPOJIbHBIMHU KJIETKAMH BO
BCEM BPEMEHHOM JHala30He.

CpaBHUTETBbHBIN aHATIM3 JaHHBIX, IPEICTABICHHBIX
Ha puc. 1 1 3 (He3aKpaleHHbIE CTOIOLBI ), TOKa3bIBACT,
YTO MPUCYTCTBHE B CpeJie HEMPOHUKAIOIIET0 KPHOTIPO-
tekropa [191'-1500 mpuBOIUT K CHMKEHHUIO YPOBHA
T€MOJIMTHYECKOTO OBPEKACHHS SPUTPOLIMTOB Ha IIPO-
TSOKCHUHU BCETO BPEMEHH MHKYOaLWH KJIETOK Ha 1-M
atare. [IpenBapuTensHas 00paboTKa SPUTPOITUTOB MO-
TupUKaTOPaMH IIUTOCKEIET-MEMOPAHHOTO KOMILIEK-
ca MPUBOJUT K YBEJIWYCHUIO YPOBHS FHUIIEPTOHHYEC-
KOTO KpHOTE€MOJTH3a B IPUCY TCTBUU HEPOHHUKAIOIIETO
KpHomnpoTekTopa (puc. 3, 3aKpaiieHHble cToi01s1). Ta-
KuM 00pa3oM, HE3aBUCUMO OT BHAA UCIOIB3yEeMOTO
KPHOIIPOTEKTOPa, 00pabOTKa SPUTPOLIUTOB MOAN(PHKA-
TOpaMH LUTOCKEIEeT-MeMOpaHHoro komiekca (IAA
u p-CMB) npuBOANT K yBEIWYEHHUIO TTOBPEXKICHUS
KJICTOK B YCJIOBHSIX THIIEPTOHUYECKOTO KPUOTEMOJIH3a.

MHorue 6HoToTHYeCKhe 0O BEKTHI HOBPEKAAIOTCSI
MIPY OXJIAXKJCHUHU B M300CMOTHUYECKUX yCIOBHUX. J{is
JU3UCA IPUTPOLUTOB MIICKOITUTAIONINX MPU CBHIC
temmepatypsl ot 37 10 0°C HeOOXOAMMBI TUIIEPTOHMU-
YECKHE YCIOBHS, KOTOPbIE SBISIOTCS CEHCHOMIU3U-
pyomuM ¢GpakTopoM K oxmnaxaeHuio. Kpuonporek-

KpnoGMOnOr MM

T. 22,2012, Ne2

cryohemolysis rate in the Figs. 1 and 2 (white columns).
Short-time incubation (during 1 min) of the cells in the
presence of cryoprotectants at the 1% stage of hyper-
tonic cryohemolysis did not lead to the higher rate of
injury. Modification of erythrocytes with [AA and p-
CMB did not increase the rate of hypertonic cryo-
hemolysis after short-term incubation of the cells (1—
10 min) at the 1* stage in the medium, containing 1,2-
propane diol (Fig. 2A). However, the prolongation of
incubation for modified cells results in statistically sig-
nificant rise in the rate of erythrocyte injury if com-
pared with the non-modified cells. In the case if the
incubation medium contained glycerol (Fig. 2B) the
hemolysis rate in modified cells was higher if compared
with non-modified cells through the whole observation
period.

The comparison of the data in Figs. 1 and 3 (white
columns) showed that the presence of non-penetrating
cryoprotectant PEO-1500 in the medium led to the low-
ering of the rate of hemolytic injury in the erythocytes
through the whole period of incubation at the 1** stage.
Pre-treatment of erythrocytes with modifiers of cy-
toskeleton-membrane complex led to the increase of
the rate of hypertonic cryohemolysis in the presence
of non-penetrating cryoprotectant (Fig. 3, grey col-
umns). Thus, independently of the used cryoprotectant
the treatment of erythrocytes with cytoskeleton-mem-
brane complex modifiers (IAA and p-CMB) led to the
rise in cell damage rate under the hypertonic cryo-
hemolysis conditions.

129 problems
of cryobiology

Vol. 22, 2012, Ne2



80

70
60 -
50
40 -

Femonus, %
Hemolysis, %

30
20 A
0 . . . .
1 10 20 40 60

MpoJomKkUTENBHOCTL MHKYOaL MK, MUH
Incubation term, min

TOPHI, HE3aBUCUMO OT MEXaHHM3Ma UX JIeHCTBHS,
MO3BOJISIFOT CHU3UTh YPOBEHB TIOBPEIKICHUS SPHTPO-
LUTOB MIPU TUIIEPTOHUYECKOM Kpuoremonuse. Panee
B HaIIMX padoTax OBUIO MOKA3aHO, YTO MPUCYTCTBHUE
B cpeie HENPOHHUKAIUEro Kpuomnporekropa [191-
1500 3aMeTHO CHIKAET 4yBCTBUTENBHOCTD SPUTPOLIU-
TOB YEJIOBEKa K TMIIEPTOHUYECKOMY KPHOTEMOJIH3Y.
B 10 5xe Bpems ncnoap30BaHne TPOHUKAIOIINX KPHO-
MIPOTEKTOPOB (IIPOMAHANOI U TIIHIIEPHH ) IPUBOIUT K
CHIDKCHHIO YYBCTBUTEIBHOCTH KIIETOK K TUTICPTOHH-
YeCKOMY KPHOTEMOJIHM3y Ha HadyallbHOM JTare WH-
KkyOarmu (10 10-it MUHYTBI) ¥ TIOCTIC Iy TOIIIEMY BO3pac-
TaHWIO YYBCTBUTEIHHOCTH K YKa3aHHOMY HPOIIECCY
[3]. B macTosimieir paboTte moka3aHo, YTO 3aIIUTHOE
JeiiCTBUE IPOHUKAIOMINX (IPOIaHHOI, NIULEPUH) 1
HEeMpOoHHKAIIUX KpuonpoTtekrtopos (II2I-1500),
MPOSIBISIONICECS B CHH)KEHUH YyBCTBUTEIHHOCTH
SPUTPOLUTOB K TUIEPTOHUYECKOMY KPHOTEMOJIU3Y,
HUBEJIUPYETCA, €CIIU MOAU(UIUPOBATH HUTOCKENET-
MeMOpaHHBI KoMITIeKe KieTok [AA u p-CMB (puc. 2
u 3). Ogaum u3 aerictBuii p-CMB Ha MemOpany
SIBIIICTCS HHTUOUPOBaHIE TpaHcTopTa BoakI [6]. Kpo-
Me TOTO, H3BECTHO, YTO 3PUTPOIMTHI MIIEKOITUTAIOIINX,
XapakTepu3yrompecs 0onee HU3KUMH CKOPOCTSIMHU
BOJIHOTO TPAHCIIOPTA, MOBPEXKIAIOTCA B OONbIIeH
CTETICHH MIPH H3MEHEHHH OCMOTHYECKUX U TeMIIepa-
TYPHBIX yCII0BHH cpeabl [5]. O0paboTka SpUTPOLIUTOB
MOJU(HUKATOPAMHU LTUTOCKENIET-MEMOPAHHOTO KOMII-
JIeKca MPUBOIUT K 00pa30BaHMIO KOBAJICHTHBIX CIIU-
BOK B MeMOpaHe, 4To JienaeT ee Oonee xecTkoi. M3
BBIILIECKA3aHHOTO MOXKHO MPEINOI0KHUTh, YTO OTMe-
YeHHoe B paboTe cCHmkeHHe 3 (HEeKTUBHOCTH KPHOTIPO-
TEKTOPOB B YCJIOBHAX THIIEPTOHNIECKOTO KPHOTEMO-
JIN3a DPUTPOIUTOB C MOTU(UITIPOBAHHBIM IIUTOCKE-
JIeT-MeMOPaHHBIM KOMITJIEKCOM MOXKET OBITH CBSA3aHO
KaK C M3MEHEHHEM >KECTKOCTH MEMOpaHBI, TaK U C
M3MEHEHHEM CKOPOCTH TPAHCIIOPTa BOBI.
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Puc. 3. YpoBeHb THIIEPTOHUYECKOTO KPUOTEMOIIH3a 3PUTPO-
LIUTOB YeJIOBEKa B 3aBUCUMOCTH OT MPOJOJDKUTEILHOCTH
MHKyOaIumu B pacTBope, copepxarieM 1,2 mois/1 NaCl npn
37°C:0O- 20% I13I'-1500; @—20% I13I'-1500 + IAA u p-
CMB.

Fig. 3. Level of hypertonic cryohemolysis of human erythro-
cytes depending on incubation perioud in solution of 1.2
mol/INaCl at 37°C: - 20% PEG-1500; 0-20% PEG-1500 +
IAA and p-CMB.

Many biological objects are being damaged under
cooling in isoosmotic conditions. Lysis of erythrocytes
after shift of temperature from 37 down to 0°C is pos-
sible only in hypertonic conditions, being the sensibiliza-
ting additives to cooling. A cryoprotectant independ-
ently of mechanism of its action allows to decrease
the rate of erythocytes injury under hypertonic cryohe-
molysis conditions. It was shown earlier in our experi-
ments, that presence of non-penetrating cryoprotectant
PEO-1500 in the media decreased significantly the sen-
sitivity of the erythrocytes to hypertonic cryohemolysis.
At the same time the addition of penetrating cryopro-
tectants (propane diol and glycerol) resulted in the de-
creased sensitivity of human erythrocytes at the very
start of incubation (up to the 10" min) and followed by
the increased sensitivity to the mentioned process [3].
In the present research the protective action of pen-
etrating (propane diol, glycerol) and non-penetrating
(PEO-1500) cryoprotectants revealed as the lowered
sensitivity of erythrocytes to hypertonic cryohemolysis
was neutralized if the cytoskeleton-membrane com-
plex of cells was modified by IAA and p-CMB (Figs.
2 and 3). One of the effects of PCMB onto the mem-
brane is the inhibition of water transport [6]. It is known
also that mammalian erythrocytes characterized by
lower hydraulic conductivity are being damaged in
greater extent under the alterations of osmotic and tem-
perature conditions of medium [5]. Treatment of eryth-
rocytes with modifiers of cytoskeleton-membrane com-
plex leads to the covalent cross-linkage in the mem-
brane, making it more rigid. The above mentioned facts
allow to hypothese the found in the present investiga-
tion decreased efficiency of cryoprotectants in the
conditions of hypertonic cryohemolysis of erythrocytes
with modified cytoskeleton-membrane complex to be
associated either with changed membrane rigidity or
with changed rate of water transport.
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BbiBOABI

Mopaudukaius IUTOCKeIeT-MeMOPaHHOTO KOMIT-
nekca ¢ momonipio [AA u p-CMB camxkaet 3¢ dek-
TUBHOCTH KaK POHUKAIOIIHNX, TAK U HEMPOHUKAOIIIX
KPHOIIPOTEKTOPOB B YCIOBHUSAX T'MIEPTOHHYECKOIO
KpHOTeMOJIN3a SPUTPOLIUTOR YEJIOBEKa.

Asmop evipascicaem 6aazodapuocms C.H.C., K.0.H. Hn-
cmumyma npooaem Kpuoouonocuu u kpuomeouyunvt HAH
Yxpaunvr Pamazanosy B.B. 3a coodelicmsue 6 nianupoga-
HUU IKCNEePUMEHMO08.
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Conclusions
Thus, the modification of erythrocyte protein com-

ponent with IAA and PCMB results in lowered
efficience of both penetrating and non-penetrating
cryoprotectants under hypertonic cryohemolysis of
human erythrocytes.
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