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Influence of Freeze-Thawing with DMSO on Integrity and Osmotic
Fragility of Erythrocyte from Different Mammalian Species

B paborte uccnenoBaiu ypoBeHb COXPaHHOCTH SPUTPOLIUTOB ObIKa, JIOIIAAN, KPOJIMKA B PA3IMYHBIX THIIOTOHUYECKHX Cpesiax Mocie
MHKyOUpOBaHUs 1 KpHOKoHcepBrpoBanus ¢ 10%-Mm qumetmicynbpokcugoMm (JJMCO). [Toka3aHo, 4TO HHTAKTHBIE SPUTPOLIUTHI BCEX
BHUJIOB HCCJIEIyEeMbIX )KUBOTHBIX IIPOSBIIAIOT CXOIHYI0 OCMOTHYECKYIO YCTOHUNBOCTD, a JIMCO B yka3aHHON KOHLIEHTPALIUHU IPAKTHYECKU
HE BIIMSIET Ha 3TOT TapaMeTp U COXPAaHHOCTH KIeTOK KpoBu. Vcnomnb3oBanue 10%-ro JIMCO B npoliecce 3aMopakxuBaHUsI-0TOrpeBa
0e3 OTMBIBaHUS OT KPHOIIPOTEKTOPA ITO3BOJISET COXPAHUTB OoJibIe 80% SpUTPOLIUTOB UCCIIEYEMBIX )KUBOTHBIX, OJHAKO €I0 OTMBIBAHHE
CHIDKAeT 9TOT [10Ka3aTenb.

Knrouessie cnosa: >putpolThl MIIEKOIUTAIOLINX, FEMOJIN3, AMMETUICYIIL()OKCH, KPHOKOHCEPBUPOBAHUE, OCMOTHYECKAsI XPYITKOCTb.

VY poborti ociiKyBaI piBeHb TeMOJIi3y epUTPOLUTIB OHMKa, KOHs, KPOJIsl B PI3HHUX TIIOTOHIYHUX CEPeOBHUINAX Micis iHKyOaii
i kpiokoHcepByBaHHA 3 10%-M aumetnncynspokcugom (IAMCO). ITokazaHo, 1110 iHTAKTHI EPUTPOLIUTH BCiX BHIIB J0CIIIKYBaHUX
TBapUH MPOSBIISIOTH MOJAI0HY 0CMOTHYHY CTiliKicTh, a IMCO B 3a3Ha4eHiil KOHLIIEHTpALil IPaKTHYHO HE BIIMBAE HA Liei mapamerp i
30epexeHicTh KIiTHH KpoBi. Bukopucrtanus 10%-ro IMCO B mpoueci 3aMOpoXyBaHHS-BiirpiBaHHs 0e3 BiAMHBaHHS Bif
KpionpoTekTopa 103BoJisie 30epertu 10 80% 3pUTPOLUTIB AOCTiIKYBAaHUX TBAPHH, IPOTE MIPH BiIMUBAHHI BiZl KPiOIPOTEKTOpa L
HOKa3HHUK 3HIKYETHCS.

Kniouogi cnosa: eputpouuTy ccaBLiB, TeMOIi3, AMMETHICYIb()OKCHI, KPIOKOHCEPBYBaHHS, OCMOTHYHA CTIHKICTb.

In the research there was studied the hemolysis level of bovine, equine, and rabbit erythrocytes in different hypotonic media after
incubation and freeze-thawing with 10% dimethyl sulfoxide (DMSO) solution. It was shown, that intact erythrocytes of all the
examined animals demonstrated the similar osmotic stability in hypotonic conditions, and DMSO in the stated concentration does not
significantly affect this parameter and red blood cell integrity. The use of 10% DMSO during freeze-thawing without washing-out the

cryoprotectant allows to preserve up to 80% erythrocytes, however, the process of cryoprotectant removal reduces this index.
Key words: mammal erythrocytes, hemolysis, dimethyl sulfoxide, cryopreservation, osmotic fragility.

B nacTosmee Bpems nzBecTHbI 3(h(hEKTHBHBIE Me-
TOJIbI KPUOKOHCEPBUPOBAHHUSI 3PUTPOIIUTOB YEIOBEKA
[2, 3]. OgHako mys KPUOKOHCEPBUPOBAHUS IPUTPO-
LIMTOB JOMAIITHUX )KUBOTHBIX TAKUX METOJIOB pa3pado-
TaHO HeJOoCTaTo4YHO. B paboTtax [6, 7] oTMedeHo, 4yTo
AMCO 3amuiaer 3puTpoOUUTH MIECKOIUTAIOLUX B
MIPOIECCe 3aMOPAKUBAHUS-OTOTPEBA. DPHUTPOITUTHI
Pa3HBIX MIICKOITUTAIONINX UMEIOT CBOU 0COOEHHOCTH
[8, 12], moaTOMY Ba)XHO OBLIIO MPOBECTH CPABHUTEIb-
HOE HCCIIEIOBAaHUE YCTOWYMBOCTH SPUTPOIIMTOB ObIKa,
JIOIIA/IN, KPOJIMKA K (haKTOpaM HU3KOTEMIIEPATyPHOTO
BO3JICUCTBUS.

U3BecTHO, 4TO CTPYKTYpHO-(PYHKIIMOHATHHBIE U3-
MEHEHUsI MeMOpaH UIPar0T BAKHYIO POJb B TIOBPEXK-
JCHUM KJIETOK IT0J JICHCTBHEM OTPHUIATEIbHBIX TEM-
niepatyp [1, 14]. Kpnoszammutaoe coenuaenne JJMCO
OKa3bIBACT CYIIESCTBEHHOE BIMSIHIE HA CTPYKTYPHBIE
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Nowadays there are a number of effective methods
for human erythrocyte cryopreservation [2, 3]. How-
ever, in the case of domestic animal erythrocytes there
are only few methods. Recently [6, 7] it was shown
that DMSO protects mammalian erythrocytes during
freeze-thawing. Erythrocytes of different mammals
have the specific properties [8, 12], so it was impor-
tant to perform a comparative investigation on resis-
tance of bovine, equine and rabbit erythrocytes to low-
temperature effect factors.

Structural-functional changes in membranes are
known to play an important role in cell damage resulted
from influence of negative temperatures [1, 14].
Cryoprotective substance DMSO significantly affects
the structural and functional properties of biological
membranes [2, 4], likely influencing the erythrocyte
sensitivity to osmotic effects [9, 15]. This paper repre-
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1 (YHKIIMOHATIFHBIE CBOMCTBA OMOIOTHYECKUX MEM-
OpaH [2, 4], 9TO MOXET BIUATH HA IYBCTBUTEIHHOCTD
SPUTPOLIUTOB K OCMOTUYECKUM BO3JIeHCTBUSAM [9, 15].
N3yyanu 0CMOTHUYECKYIO XPYIKOCTbh, SIBJISIOIIYIOCS
OJTHUM U3 KPUTEPHUEB OIIEHKH COXPAHHOCTH MEMOpaH
SPUTPOLIUTOB TIOCTIE ACUCTBUS SKCTPEMATBHBIX (hak-
TopoB [7, 13], KoTOpas MOXKEeT TOMOYb OOBSICHUTH HE-
raTHUBHOE BIIMSHUE 3aMOPAKUBAHUSA-OTOTPEBA.

ens paboter — uccnenoBanue Bausaus [JMCO,
a TaKXxe IpoIiecca 3aMOpakKUBaHUA-0TOTPEBA HA COX-
PaHHOCTb U OCMOTHYECKYIO UyBCTBUTENBHOCTD 3PUT-
POLIUTOB MIIEKOIUTAOLIHX.

Matepnanbl 1 metoAbI

Jlst uccnenoBaHysl UCHOJIB30BANIM PUTPOLIUTHI
TMIOJIOBO3PEIIBIX CAMIIOB OBIKa, KPOJIMKA U JIOMIAAU. DKC-
TIEPUMEHTHI POBOIUITN B COOTBETCTBUU C “O0IumMu
MIPUHIIMIIAMHA SKCIIEPUMEHTOB Ha KUBOTHBIX , 0/100-
pennbivu 111 HanmonansHBIM KOHTpeccoM 1o OHoa3TH-
ke (Kues, 2007 1.) 1 corIacOBaHHBIMU C TIOJIOKEHUSIMA
“EBpomneiickoii KOHBEHIIMM O 3alIUTE TO3BOHOYHBIX
YKUBOTHBIX, UCTIOIB3YEMBIX JUI KCTIEPHUMEHTAIbHBIX
U qpyrux Hay4dHbIx neiei” (CtpacOypr, 1985 ).

OpUTPOLUTHI OTyYalld U3 LETbHOH KPOBH ObIKa,
KpOJIMKA U JIOIIA N, 3aTOTOBJICHHON Ha KOHCEPBAHTE
“I'morumup” B o0beMHOM cooTHomeHun 1:4. Ilocme
yaaJleHHsl T1a3Mbl SPUTPOMACCY TPHKIBI OTMBIBAIIH
myTeM uneHTpudyruposanus npu 1300 o6/MuH B Teue-
HUe 3-X MUHYT B 4-KpaTHOM 00beMe H30TOHHYECKOTO
pactBopa NaCl, coxepxarmero 0,01 M docdharaoro
oydepa, pH 7,4.

J1g 3aMopakMBaHMA HCIIOJIb30BaIN KPHOKOHCED-
BUpYIOIIYIO cpeny, coaepxamymo 20% JIMCO,
150 MM NaCl, 10 MM ¢ocdarroro 6ydepa, pH 7,4
[7]. KpuoxoHcepBaHT 100aBsuIN KaleJIbHO K 3PUTPO-
Macce B COOTHomeHu! 1:1 mpu KOMHaTHOM TeMIiepa-
Type B TedeHne 15 muH. s oxyaxaeHns o0pasisl
MOTPY>KAJIA B KUJAKUH a30T CO CpEeHEH CKOPOCTHIO
3,3 rpagyca/c no Temmepartypsl —196°C, ororpeBanu
Ha BOAsHOI Oane npu Temnepatype 40—42°C. Kpuo-
MIPOTEKTOP YAAISIN MOAITAIMHBIM LEHTPUPYTHPOBa-
HueM. Ha mepBoM 3Tame K CycneH3uu 3pUTPOINTOB
nobasnsiu B paBHOM o0beme 0,6 M NaCl, 10 MM
tdhocdarnoro 6ydepa, pH 7,4. [locne 3Toro s3putpo-
IUTHI ABaX B! MpoMbiBasH pactBopom 0,15 M NaCl
Ha 10 MM docdaraom 6ydepe, pH 7,4.

OCMOTHYECKYIO XPYTIKOCTb ONPEACIISITN ITyTEM I1e-
peHOoCca 3pUTPOLIUTOB B PACTBOPHI PA3IMYHON TOHUY-
noctH (0,2-0,9% NaCl) npu koMHaTHOW Temmeparype
[9]. KonmgecTBO BBIMIEANIETO B CyMEPHATAHT TE€MO-
I00MHA ONIPENeNISIIN CIEKTPOPOTOMETPHUUCCKHU MIPH
JuiiHe BosHbI 543 HM. 3a 100%-ii reMonn3 npuHUMAau
MIOTJIONIEHUE TPOOBI, B KOTOPYIO TOOABISUIH JETEp-
reat TputoH X-100 B konuentpannu 0,1%. Coxpan-
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sents the study of the osmotic fragility, that is one of
criteria for erythrocyte membrane integrity estimation
after the effect of extreme factors [7, 13] and this
could be helpful in explaining negative influence of
freeze-thawing.

The aim of the work was investigation of DMSO
as well as freeze-thawing effects on integrity and
osmotic sensitivity of mammalian erythrocytes.

Materials and methods

For the investigation we used the erythrocytes of
mature bovine, rabbit and equine males. Experiments
were held according to the General principles of expe-
riments on animals approved by the 3" National Cong-
ress for Bioethics (Kiev, 2007) and agreed with the
regulations of European Convention on protection of
vertebrates used for experimental and other scientific
purposes (Strasbourg, 1985).

Erythrocytes were obtained from bovine, rabbit and
equine whole blood stored with Glugicyr preservative
in 1:4 volume ratio. After removing of plasma the
erythromass was three times washed using centrifuga-
tion at 1,300 rpm for 3 min in 4-fold volume of NaCl
isotonic solution containing 0.01 M of phosphate buffer,
pH 7.4.

The cells were frozen in cryopreservative medium,
containing 20% DMSO, 150 mM NaCl, 10 mM
phosphate buffer, pH 7.4 [7]. Cryopreservative was
added dropwise to erythromass in 1:1 ratio at room
temperature during 15 min. The samples were cooled
by plunging into liquid nitrogen (—196°C) with estimated
average rate of 3.3 degrees/sec, and thawed in water
bath at 40-42°C. Cryoprotectant was removed by step-
wise centrifugation. At the first step the thawed ery-
throcyte suspension was diluted by equal volume of
0.6 M NaCl, 10 mM phosphate buffer, pH 7.4. Then
erythrocytes were twice washed by 0.15 M NacCl solu-
tion in phosphate buffer, pH 7.4.

Osmotic fragility was determined by transfering the
erythrocytes into solutions of graded tonicity (0.2—
0.9% NaCl) at room temperature [9]. Quantity of
hemoglobin released into supernatant was determined
spectrofometrically at 543 nm. As 100% hemolysis
we assumed the absorption of the sample with added
detergent triton X-100 in 0.1% concentration.

Experimental results were presented as arithmetical
mean + SE. The differences between the groups were
considered as statistically significant according Student-
Fisher criteria at p < 0.05.

Results and discussion

The Table represents the integrity of erythrocytes
from various animals after influence of low-tempera-
ture factors.
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HOCTB SPUTPOIIMUTOB ONPEAEIISITH IO KOJMYECTBY HETe-
MOJIM3UPOBAHHBIX KIIETOK.

OKCHepUMEHTAIbHBIE PE3YJIBTATh PEACTABICHBI
B BUJE CpeIHEro apu(METHYECKOTro + CTaHIapTHas
omubOKa cpeHero. CTaTHCTHIECKY0 00paboTKy aH-
HBIX ITPOBOAMIIN C UCTIONB30BaHUEM KpuTepus CTbio-
nenta-Oumepa. Paznnuaus Mexxay rpyniaMu CUuTa Il
CTaTHUCTUYECKHU TOCTOBEPHBIMU TipH p < 0,05

Pe3yAbTatbl M 00Cy)xaeHue

B Tabnuue npeacraBieHa cTENeHb COXPaHHOCTH
Pa3IUYHBIX BUAOB 3PUTPOLUTOB MOCIE BIAUIHUSA
(hakTOpOB HU3KOTEMITEPATYPHOTO KOHCEPBUPOBAHHUSI.

[Tocne nakyoupoBanus sputpouutos ¢ AMCO B
TeueHue 15 MHH COXpaHHOCThH cocTaBisia 10 98%,
OJTHaKO MOCJI€ yOaJIeHUs1 KpUONPOTEKTOpa OHA CHHU-
3mack. [locne 3aMopaxuBaHUA-0TOTPEBA IPUTPOIIH-
ToB B npucyTcTBUU JIMCO 3TOT moKa3areib yMEHb-
1aeTcs, a Mocjie OTMBIBKH Pa3MOPOKEHHBIX dPUTPO-
LUTOB OT KPUOIPOTEKTOPAa YPOBEHb COXPAHHOCTH
yMeHbIIaeTcs 3HaunTenbHo. CrienoBarenbHo, Mpo-
[IeCC OTMBIBKH OKa3bIBAET HEraTWBHOE BIMSHUE Ha
COXPaHHOCTh 3PUTPOLUTOB HE3aBHUCUMO OT BHAA
XKHUBOTHOTO. Bo Bcex skcniepuMeHTax Obliia OTMEUeHa
TEHJICHITUS K OOJIBIICH OCMOTHYECKON yCTOWIUBOCTH
SPUTPOIMTOB KPOJIHKA.

Ha cnenyromem stane paboTel Obl1a HcciIeaoBa-
Ha OCMOTHYECKas XPYNKOCTh, IO KOTOPOU BO3MOXHO
CYIHUTh O MEXaHOZJIACTHYECKHUX CBOMCTBaX MeMOpaH
sputrporutoB. Ha puc. 1 BuaHO, 4TO 11ocie HHKYOHpo-
BaHuA ¢ JIMCO B 3puTponuTax UCCIETyEMBIX BUAOB
YKUBOTHBIX BCJIEACTBHE OCMOTHYECKOTO BO3/IEHCTBUSA
MIPOMCXOAT HEKOTOPhIE N3MEHEHUS B UX MEMOpaHax.
[Tocne kpuokoHCcepBupoBanus oy 3anurton JJMCO
y 3PUTPOLMTOB JIOMWAAN U ObIKa HaOMOnaeTCs yBe-
JINYEHNE OCMOTHYECKOW XPYIKOCTH, YTO BHJIHO U3
CABUTA KPUBOHW JIM3HMCA 3PUTPOLMTOB B THMOTOHU-
YECKHUX PacTBOPAx B CTOPOHY yBEIWYCHHS KOHIEHT-
pauu NaCl. Uanekc ocMOTH-
YECKOU XPYNKOCTH 3PUTPOLU-
TOB KpPOJIMKA IOCJIE BCEX 3Ta-
IIOB KPMOKOHCEPBUPOBAHHUS

After incubation of erythrocytes with DMSO dur-
ing 15 min the integrity was up to 98%, however, after
removing of cryoprotectant it decreased. After freeze-
thawing of erythrocytes in DMSO presence this index
decreased and after removing of cryoprotectant from
the thawed erythrocytes the integrity level of the cells
decreased significantly. Consequently, the washing-out
process negatively affects an erythrocyte integrity in
spite of animal species. In all the experiments a ten-
dency for high osmotic resistance of rabbit erythrocytes
was noted.

At the next stage of experiment an osmotic fragility
was examined, enabling the disscussion of mechano-
elastic properties of erythrocyte membranes. Fig. 1
shows that after incubation with DMSO in erythro-
cytes of the investigated animal species some chan-
ges in their membranes take place due to osmotic
effect. After freeze-thawing under DMSO protection
an increase of osmotic fragility of equine and bovine
erythrocytes is observed, which is confirmed by curve
shift of erythrocyte lysis in hypotonic solutions along
the rise in NaCl concentration. Index of rabbit eryth-
rocyte osmotic fragility after all cryopreservation stages
is similar to the indices of the control group, probably
testifying to their high osmotic resistance.

Fig. 2 showed the index of osmotic fragility deter-
mined as NaCl concentration at which 50% hemolysis
occurred.

It was established that incubation with DMSO
almost did not affect the erythrocyte osmotic fragility
coefficient for the investigated animals, but after freze-
thawing in presence of DMSO the index of osmotic
fragility somewhat increases. It is possible, that after
freeze-thawing of erythrocyte in presence of 10%
DMSO the membrane microviscosity decreases [7],
that leads to an increase in membrane permeability
and to a rise of osmotic fragility index [5]. The least
index of osmotic fragility is typical for rabbit erythro-

CoxpaHHOCTB 3PUTPOLIUTOB MOCIIE HHKYOHPOBaHHA U KpHOKOHCepBHpoBaHus ¢ J[MCO
Erythrocytes integrity after incubation and cryopreservation with DMSO

CXOZCH C IIOKa3aTcJIiIMHU KOHT-
o YcaoBus aKCIIeprMeHTa
POJIBHOM I'PYIIIBI, YTO, BO3MOX- Experimental conditions
HO, CBUJACTCIBCTBYCT 06 ux OPUTPOLUTHI Wukybuposanue c AMCO, % 3amopakusaHue-ororpesc AMCO, %
6()]1],]_]_{@]7[ OCMOTHYECKOU yc- Erythrocytes Incubation with DMSO, % Freeze-thawing with DMSO, %
TOHI{I/IBOCTH' 0e3 OTMBIBKH IIOCA€ OTMBIBKU 0e3 OTMBIBKH IIOCAe OTMBIBKH
Ha puc 2 mokasal WHIEKC KPHUONIPOTEKTOPa | KPHUONPOTEKTOpPa | KPHUOIPOTEKTOpa | KPHONPOTEKTOpa
: . non-washed washed non-washed washed
OCMOTHYCCKOU XPYIKOCTH,
OHpeZ[CJIeHHBIfI KaK KOHIICHT- BBoﬁI?e 99,5 £ 0,2 96,0 = 0,7 856 = 1,8 54,5 = 2,5
panus NaCl, npu xoTopoit
o OAMKA
npoucxoauT 50%-i reMonm3. KRpabbit 99,4 =03 96,5 = 0,6 86,5 = 1,4 56,3 2,3
YcTaHOBIEHO, YTO HHKYOa- N
Onraam
st ¢ JIMCO nipakTHYECKH He Equine 6,3 = 2.3 950 = 0,5 840 =17 531 =28
4
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BIIHsIET Ha KO3(PUIIUEHT 0CMOTHYECKOH XPYITKOCTH
SPUTPOLUTOB UCCIEAYEMBIX KXUBOTHBIX, HO TIOCIIE
KPHUOKOHCEPBUPOBAaHUA B €r0 MPUCYTCTBUH MHIEKC
OCMOTHYECKOM XPYITKOCTH HECKOJIBKO YBEITMUUBAETCS.
BeposiTHO, Tociie KpHOKOHCEPBHPOBAHNS SPUTPOIIUTOB
¢ 10%-m IMCO MUKPOBS3KOCTh MEMOpaH CHU-
kaetcs [7], 94TO NPUBOIUT K YBEIMYECHHIO MPOHHU-
LAeMOCTH MEMOpaH U MOBBIIIEHUIO HHIEKCA OCMOTH-
YyecKoil xpynkocTH [5]. HanMeHbmuii HHAEKC 0CMOTH-
YEeCKOW XPYNKOCTH XapaKTepeH IS dPUTPOILUTOB
KpOJIMKa, YTO, BO3MOKHO, CBA3aHO C MX CTPYKTYPHBIMU
ocobennoctsamu [10, 11, 14], Tak Kak U3BECTHO, YTO B
MeMOpaHax IPUTPOILIUTOB KPOJIS COAEPKHUTCSA OOJIBIIIE
(hochommmnoB, MEHBITIE IMKOIUIIHAIIOB F XOJIECTEPOIa,
4YeM B MeMOpaHax 3pUTPOLUTOB OBIKA M JIOIIAH.
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cytes that is likely associated with their structure
peculiarities [10, 11, 14], since rabbit erythrocyte mem-
branes are known to contain more phospholipids, less
glycolipids and cholesterol, comparing to bovine and
equine erythrocytes.

Conclusions

1. Bovine, rabbit and equine erythrocytes have si-
milar osmotic resistance to hypotonia.

2. Incubation of investigated mammalian erythro-
cytes with 10% DMSO does not significantly affect
their osmotic resistance.

3. Application of 10% DMSO during freezing down
to temperature of liquid nitrogen and warming in
waterbath at 40—42°C without removing the cryo-
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Puc. 1. KpuBble 0cMOTHUECKON XPYTIKOCTH 3PUTPOLIUTOB:
a—0OBbIKa; 0 —KpoJIMKa; B— Jjomaan: ] — HHTaKTHBIE KJICTKH;
B — ieTkd, nHKyOoupoBaHHbIe ¢ JIMCO u OTMBITHIE; A —
KJIETKH, KprHokoHcepBuposanHbie ¢ IMCO u oTMbITHIE; * —
paznuaus JocToBepHBI (p < 0,05) IO OTHOIIEHUO K MHTAKT-
HBIM KJIETKaM.

Fig. 1. Erythrocyte osmotic fragility curves of: a—bovine:
b —rabbit, ¢ — equine: [J — intact cells; @ — incubated with
DMSO and washed cells; A — frozen-thawed with DMSO
and washed cells; * — differences are significant (p < 0.05)
comparing to intact cells.
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Puc. 2. nnexc 0cMOTHYECKO XPYITKOCTH 3PUTPOIIUTOB: 1 —
ObIKa; 2 — kponwka; 3 — romany; Bl — naTaKTHBIE KiteTku; O —
KJeTkH, nHKyOupoBaHueie ¢ JIMCO u otMmbIThIe; - KiteTky,
KkprokoHcepBupoBaHHbIle ¢ [MCO u oTMBITHIE; * — pa3iu-
gus goctoBepHHI (p < 0,05) Mo OTHOIICHUIO K HATUBHBIM
KJIETKaM.

Fig. 2. Erythrocyte osmotic fragility index of: 1 — bovine;
2 — rabbit; 3 —equine cells; M- intact cells; 00— incubated
with DMSO and washed cells; O — frozen-thawed with
DMSO and washed cells; * — differences are significant
(p <0.05) as for native cells.

BbiBOABI

1. Opurponutsl ObIKa, KPOJIHMKA H JOMIATH 00Ja-
JAI0T CXOIHOM OCMOTHYECKON YCTOMYHUBOCTBIO K TH-
MIOTOHHU.

2. VHKyOupOBaHUE SPUTPOIMTOB HUCCIETYEMBIX
miekonTaronux ¢ 10%-m JIMCO cymecTBeHHO He
BIIMSET HAa UX OCMOTHYECKYIO YCTOWIHUBOCTb.

3. Ucnons3oBanue 10%-ro IMCO B mporecce
3aMOpaXUBaHUS 10 TEMIEPATypPbl KUAKOTO a30Ta U
OTOTpeBa Ha BOASHON OaHe mpu Temmeparype 40—
42°C/c 6€3 OTMBIBKH OT KPHOIIPOTEKTOPA MO3BOJIIET
COXPaHUTh IPUTPOLHUTOB ObIKa — 85,6, Kponuka — 86,5
u jjomaan 1o 84,0%, oTHAKO €ro OTMBIBKA CHIDKAET
3TOT mokaszaresb 10 54,5; 56,3; 53,1% coorBercT-
BEHHO.

4. Bonblllyl0 YCTOMYMBOCTh K TUIIOTOHUU IMOCIE
kpuokoHcepsupoBanus ¢ 10%-m IMCO npossistoT
SPUTPOIUTHI KPOJIUKA TT0 CPABHEHUIO C SPUTPOIIUTAMHU
OBIKa U JIOIIA/H.
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protectant allows to preserve 85.6% of bovine erythro-
cytes, 86.5% of rabbit cells and up to 84.0% of equine
cells, however, removing of DMSO decreases this
index to 54.5; 56.3 and 53.1%, correspondingly.

4. Rabbit erythrocytes unlike bovine and equine
cells, show higher resistance to hypotonia after freeze-
thawing with 10% DMSO.

References

1. Belous A.M., Bondarenko V.A., Babiychuk L.A., Bondarenko
T.P. Single mechanism of cell damage at thermal shock,
freezing and posthypertonic lysis // Kriobiologiya.— 1985.—
N2.—- P. 25-32.

2. Belous A.M., Grischenko V.I. Cryobiology.— Kiev: Naukova
Dumka, 1994.— 432 p.

3. Vorotilin A.M. Cryopreservation of human erythrocytes under
cryoprotectant protection at the base of low-molecular diols:
Abstract of doctor of biological sciences thesis.— Kharkov,
1987.— 32 p.

4. Gordienko E.A., Panina Yu.E. Physical-chemical phenomenon
model of human erythrocyte hypotonic hemolysis // Bio-
physical Bulletin.— 1998.— Issue 2.— P. 54-58.

5. Gulevskiy A.K. Barrier-transport properties of plasma memb-
ranes during cryopreservation process: Author’s abstract
of the thesis ... of doctor of biological sciences.— Kharkov,
1986.— 42 p.

6. Denisova O.N., Zhegunov G.F. Investigation of ATP content
in mammalian erythrocytes after cryopreservation // Problemy
Zooinzhenernoyi ta Veterinarynarnoyi Medytsyny.— Kharkov,
2007.— Issue 14.— P. 42-46

7. Denisova O.N. Erythrocyte cryosensitivity of different
mammalian types: Author’s abstract of thesis ... of candidate
of biological sciences.— Kharkov, 2006.— 20 p.

8. Chemnitskiy E.A., Vorobey A.B. Structure and function of eryth-
rocyte membranes.— Minsk: Nauka i Tekhnika, 1981.— 231 p.

9. Ballas S.K. Red cell membrane protein in change caused by
freezing and mechanism of cryoprotection by glycerol //
Transfusion.— 1981.— Vol. 21, N2.— P. 203-210.

10. Betticher D.C., Geiser J. Resistance of mammalian red blood
cells of different size to hypertonic milieu // Comp. Biochem.
Physiol. A. Comp. Physiol.— 1989.— Vol. 93, N2.— P. 429-432.

11. Engen R.L., Clark C.L. High-performance liquid chromato-
graphy determination of erythrocyte membrane phospholipid

problems
of cryobiology

Vol. 21, 2011, Ne1



10.

1.

12.
13.

14.

15.

Ballas S.K. Red cell membrane protein in change caused by
freezing and mechanism of cryoprotection by glycerol //
Transfusion.— 1981.— Vol. 21, N2.— P. 203-210.

Betticher D.C., Geiser J. Resistance of mammalian red blood
cells of different size to hypertonic milieu / Comp. Biochem.
Physiol. A. Comp. Physiol.— 1989.— Vol. 93, N2.— P. 429-432.
Engen R.L., Clark C.L. High-performance liquid chromato-
graphy determination of erythrocyte membrane phospholipid
composition in several animal species // Am. J. Vet. Res.—
1990.— Vol. 51, N1.— P. 577-580.

Kaneko J.J., Harvey J.W., Bruss M. Clinical biochemistry of
domestic animals.— New York: Academic Press, 1989.— 932 p.
Nayma S., Noorzahan B., Shelina B. et al. Oral supplemen-
tation of vitamin E reduces osmotic fragility of RBC in hemolytic
anemic patients with gépd // Pak. J. Physiol.— 2009.— Vol. 5.—
P. 413-418.

Nouri-Sorkhabi M.H., Agar N.S., Sullivan D. R. et al. Phos-
pholipid composition of erythrocyte membranes and plasma
of mammalian blood including Australian marsupials; quan-
titative 31P NMR analysis using detergent // Comp. Biochem.
Physiol. B. Biochem. Mol. Biol.— 1996.— Vol. 113, N2.— P. 221—
227.

Shinitzky M. Membrane fluidity in malignancy. Adversative
and recuperative // Biochim. Biophys. Acta.— 1984.— Vol. 738,
N1.— P. 251-261.

Iocmynuna 04.03.2010
Peyensenm T.I1. Jlunnux

npo6nembl

Kpuobuonorum
T.21,2011, Ne1

57

12.

13.

14.

15.

composition in several animal species // Am. J. Vet. Res.—
1990.— Vol. 51, N1.— P. 577-580.

Kaneko J.J., Harvey J.W., Bruss M. Clinical biochemistry of
domestic animals.— New York: Academic Press, 1989.— 932 p.
Nayma S., Noorzahan B., Shelina B. et al. Oral supplemen-
tation of vitamin E reduces osmotic fragility of RBC in hemolytic
anemic patients with gépd // Pak J. Physiol.— 2009.— Vol. 5.—
P. 413-418.

Nouri-Sorkhabi M.H., Agar N.S., Sullivan D. R. et al. Phos-
pholipid composition of erythrocyte membranes and plasma
of mammalian blood including Australian marsupials; quan-
titative 31P NMR analysis using detergent // Comp. Biochem.
Physiol. B. Biochem. Mol. Biol.— 1996.— Vol. 113, N2.— P. 221—
227.

Shinitzky M. Membrane fluidity in malignancy. Adversative
and recuperative // Biochim. Biophys. Acta.— 1984.— Vol. 738,
N1.— P. 251-261.

Accepted in 04.03.2010

problems
of cryobiology

Vol. 21, 2011, Ne1



