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Glycerol Impact on Human and Bovine Erythrocytes
Under Hypertonic Shock

Pedbepart: Y poboTi gocnigxeHo BNIMB nepediHkybaLii epuTpoumnTiB MognHn i Guka y posdmHax rmiuepuHy Ha ix YyTnmBicTb A0
rinepToHi4yHoro woky. MokasaHo, wWo npu 36inbleHHI KOHUeHTpaUii rmiuepuHy piBeHb MOLUKOAXEHHS KMiTUH 3HAYHO 3HWMXKYETbCS.
[iana3oHn KOHUEHTpauii KpionpoTekTopy, Npu sikux BigbyBaeTbCcsA pi3ka 3MiHa YyTNMBOCTI KMiTUH, CTAHOBMATL Ans nioguHn 0,1—
0,5 M, ana 6uka 0,5-1 M. IHkybauis eputpounTiB 060x BMAIB cCaBLiB i3 rriLepuHoM npotaroM 10 XB 3HUXYE iX YyTNMBICTb A0
riNepTOHIYHOrO LUOKY. [1Ns epuTpOLMTIB MIOAUHM OAHWI MOKA3HUK 3HWXKYETBCA MOCTYNOBO, ANS epUTPOLMTIB OMKa 3anexHicTb Mae
HEMOHOTOHHWI XapakTep. lNMowKoaXyo4a Ais riNnepTOHIYHOro LWOKY ANA epUTPOUUTIB NIOANHN HapocTae 3 MiABULLEHHSM TeMnepa-
Typw Big 0 go 10°C, gns eputpouuTtiB 6uka — Big 0 go 25°C. MNonepegHs iHkybaLis epuTPOLUTIB MIOAMHM i3 TMILEPUHOM 3HUXKYE iX
rinepToHiYHe MOLUKOAXEHHSA MpWU BCIX JOCNIAXYBaHWX 3HAYEHHAX TemnepaTtypu, KniTuH 6uka — Buwe 5°C. OTpumaHi pesynstatu
cBigyaTb NpPO Pi3HMIN MeXaHi3M 3aXUCTy epuUTPOLMTIB NMIOAMHKN | Buka 3a 4OMOMOTO0 [MiLlepuHy B YMOBaX rinepTOHIYHOro Lwoky. Bu-
coka 36epexeHicTb KniTuH 6uka, MMOBIPHO, 3yMOBIeHa YaCTKOBOK AerigpaTtaLieto B po3yMHax rmilepyrHy, Wo nigBULLYE iX CTINKICTb.

Knro4yoBi cnoBa: epUTpouMTy ccaBLiB, MNEPTOHIYHUIA LLIOK, MPOHMKaKYMI KPiIoNpoTEKTOp, MMiLepuH, TeMneparypa iHkybauii, remonis.

Pedhepar: B pabote nccrnegosaHo BnusHue npeauHkybauuyn aputpoumnToB vernoseka n Gbika B pacTBopax rmuuepuHa Ha ux
YyBCTBUTENBHOCTb K FMNEPTOHMYECKOMY LIOKY. [TokazaHo, Y4TO Npu yBENMYEHUU KOHLEHTPauuu rmvuepurHa ypoBeHb MoBpexae-
HUS KMETOK 3Ha4YMTerNbHO CHuXaeTcs. [nanasoHbl KOHLEHTpauui KpMonpoTekTopa, Npyu KOTOPbIX MPOUCXOAUT pe3koe U3MeHeHne
YyBCTBUTENbHOCTU KNETOK, cocTaBnsoT ans yenoseka 0,1-0,5 M, ansa 6eika ot 0,5-1 M. UHkybauusa sputpountoB oboux BUOOB
MIeKONUTaKLWmMX ¢ rMuUepuHoM B TedeHne 10 MUH CHWXaeT MX YyBCTBUTENMbHOCTb K MMMNEePTOHNYECKOMY LUOKY. [ns aputpounTos
YernoBeKka AaHHbIN MoKasaTeflb CHWXaeTCs MOCTEMEHHO, AN 3pUTPOLUTOB Oblka 3aBMCUMOCTb MMEET HEMOHOTOHHbIV XapakTep.
MoBpexpatollee AelCTBNE TMNEPTOHMYECKOrO LLIOKa ANA 3pUTPOLMTOB YeroBeka HapacTaeT C noBblleHnem Temnepartypbl oT 0
no 10°C, ansa aputpoumnToB 6bika — ot 0 go 25°C. MNpeaBapuTenbHas MHKybaLumsa 3pMTPOLIMTOB YefioBeka C MULEePUHOM CHUKaeT
X TMNepTOHMYECKOe MOBPEeXAeHne Npu BCeX UccreayeMblX 3Ha4eHUsiX Temnepatypbl, kneTok beika — Bbiwe 5°C. lMonyyeHHble
pesynbTaThl CBUAETENLCTBYIOT O PA3NMYHOM MEXaHU3Me 3alMTbl 3PUTPOLMTOB YernoBeka 1 Gbika C MOMOLLbIO FNLEPUHa B YCMO-
BUSAAX TMNEPTOHNYECKOTO LLOKA. Bbicokas cCOXxpaHHOCTb KeTok Oblka, BEpOATHO, 0OycnoBneHa YacTU4HOM Aermapatauner B pacTBo-
pax rmvuepvHa, 4To MoBbILLIAET NX YCTONYMBOCTb.

KnioueBble croBa: 3pUTPOLMTLI MIIEKOMUTAIOLLMX, TMNEPTOHNYECKWIA LLOK, MPOHMKAIOLLMIA KPUONPOTEKTOP, MMULIEPUH, TeMnepaTypa
VHKybauum, remonuma.

Abstract: In this study we have studied the impact of preliminary incubation of human and bovine erythrocytes in glycerol
solutions on their sensitivity to hypertonic shock. The cell damage was shown to significantly reduce with increasing the
glycerol concentration. The ranges of cryoprotectant concentrations, when a sharp change in cell sensitivity occurred, were from
0.1 to 0.5 and 0.5 to 1 M for human and bovine erythrocytes, respectively. The incubation of both mammalian species erythrocytes
with glycerol for 10 min reduced their sensitivity to hypertonic shock. For human erythrocytes, this index decreased gradually,
and for bovine ones the dependence was not monotone. A damaging effect of hypertonic shock increased with temperature
rise from O up to 10°C for human erythrocytes and from 0 up to 25°C for bovine cells. Preliminary incubation of human erythro-
cytes with glycerol decreased their hypertonic damage at all the studied temperatures and for bovine cells it occurred at tempe-
rature above 5°C. Our findings testify to a different protective mechanism for human and bovine erythrocytes using glycerol
under hypertonic shock conditions. A high survival of bovine cells is probably due to partial dehydration in glycerol solutions,
which increases their resistance.

Key words: mammalian erythrocytes, hypertonic shock, penetrating cryoprotectant, glycerol, incubation temperature, hemolysis.

AKTyaJIbHUMH 3aBJaHHSIMHU CydacHOl KpioOiojo-
ril € BJIOCKOHAJICHHS ICHYFOYMX, a TaKOX PO3poOKa
HOBHX OiNbII e(eKTHBHUX METOAIB KOHCEPBYBAHHS
0i000’exTiB. Ha maHWii Wac CTBOpPEHO psij IMPOTO-
KOJIiB JOBrOCTPOKOBOTO 30epiraHHs epUTPOIUTIB JIFO-
JIMHY 332 HA3BKUX TEMIIepaTyp, TOIi SIK IS €pUTPO-
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The topical task in modern cryobiology is to
improve the existing techniques for biological object
cryopreservation, and designing the novel, more
efficient ones. To date, some protocols for human
erythrocyte long-term storage under low tempera-
tures have been established, while as for animal cells,
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LUUTIB TBapUH BOHM 3HAXOIATHCSA Ha CTamil po3pod-
KM 1 BUMararoTh yIOCKOHAJICHHS 3 OISy Ha Te, 110
KIIITUHY PI3HUX BUJIIB CCABI[iB 3HAYHO BiJIPI3HSAIOTH-
Csl 38 XapaKTEPUCTHKAMHU LIUTOCKEJIET-MEMOPaHHOTO
xomrmiekcy [5, 8, 11]. JloBrocrpokoBe 30epiraHHs
SPUTPOITUTIB TBAPUH TO3BOJIUTH CTBOPHUTHU CIICIIialTi-
30BaHi OaHKH KpoBi. KpiokoHCEepBOBaHA KPOB TBAPUH
HeoOXigHa /Ut TpaHc(ys3iil Ipu omepaTuBHUX BTPY-
YaHHSX, TOCTPUX KPOBOBTparax, JIKyBaHHI aHEMid-
HHX CTaHIB Ta AeTokcukamii [12—-14].

CTBOpEHHST METO/IB HU3BKOTEMIICPATYpHOTO 30e-
piraHHsl epUTPOLMTIB MOTpeOye BU3HAYCHHS YMOB
MiATOTOBKK KIITHH 10 3aMOPOXKYBaHHS Ta Mig0o-
py cKiamy Kpio3axucHux cepenosuil. [lis MiHiMi-
3amii (piHAaHCOBMX BUTPAT i 4acy Ha po3poOKy Mpo-
TOKOJIIB KPIOKOHCEPBYBaHHS BHKOPHCTOBYIOTH MO-
JIEJbHUN MIOXIJM, SIKUH JT03BOJISE€ AOCIIINTH BIUIMB
OKpeMHuX (HaKTOPiB KPIiOMOMIKOMKEHb Ha 01000 €KT.
Y poboTi MU AOCTIIHKYBalu TIiMEPTOHIYHUHN IIIOK
3 METOI0 MOJICITIOBAaHHSI BIUIMBY Ha KIIITHHU BHUCOKO-
KOHIICHTPOBAaHHUX COJBOBHX PO3YHMHIB SIK OJHOTO 3
OCHOBHHUX (DaKTOPIB KPIOMOIIKOHKEeHH [1].

VY mpoueci HU3BKOTEMIIEPAaTYPHOTO 30epiraHHs
CPUTPOLIUTIB JIIONUHHU B SIKOCTI KPiOMPOTEKTOPY BUKO-
PHCTOBYIOTh DJIILEPHH, SIKMH JIETKO MPOHHUKAE B €pH-
TPOLIMTH 1 3aXMIIAE IX MiJ 4ac 3aMOPOXKYBaHHS, Mepe-
IIKOPKA04YX (POPMYBAHHIO KPHUCTAIB Jiboxy [7, 9].

[Ticas KpiOKOHCEpBYBaHHS EPUTPOIUTIB OMKa 3
DITIEPUHOM 3a METOIIOM, PO3POOICHUM TSI EPUTPO-
IIATIB JIFOMWHHU, OyJI0 OTPUMAaHO HETaTUBHHUH Pe3yiih-
TaT, IKU MOYKe Oy TH ITOB’ I3aHHM 3 HU3HKOTO TTPOHUK-
HICTIO €pUTPOLIUTIB OWKa JUTSI IIHOTO KPIOTIPOTEKTOPY
[3]. Takum ynHOM, JUISI YCHIIIHOTO KPiOKOHCEPBY-
BaHHS PUTPOIUTIB OMKa HEOOXIHO YIOCKOHAICHHS
ICHYFOUMX METOJIIB.

VY 3B’S3Ky 3 MM y MOJCIBHOMY EKCIIEPUMEHTI
OyJio OUIIbHUM BU3HAYMTH IapaMeTpu MepeniHKy-
Oauii (yac, KOHIEHTpaLisl KPiONPOTEKTOPY, TeMIIepa-
Typa CepeloBHIIa), SKi BILTUBAIOTH Ha 30€PEIKEHICTh
€PUTPOLINTIB JIFOIWHH 1 OHKa.

Meta poOOTH — TOCIiIKEHHS BILUTUBY YMOB Iie-
peninkyOartii epuTpOIUTIB JIONUHN 1 OWKa Y pO34H-
Hax TIIEPUHY Ha YyTIUBICTH KIITHH 0 il Timep-
ToHiuHOrO 10Ky (4,0 M NaCl).

Marepiajau Ta MeToau

Y poGori Oynu BUKOpHUCTaHi epUTPOLUTH OUKa, 3a-
rOTOBJIEHI 3 reMokoHcepBanToM «[morinupy» («bio-
¢dapmay», Ykpaina). EkciepuMeHTH NMPOBOAMIM Bij-
noBinHO a0 3akoHy Ykpainu «lIpo 3axucT TBapuH
Big jxopcTOKOrO TOBOMKeHHs» (Ne 3447-1V Big
21.02.2006 p.) i3 morpumanHsM BuMor Komitery 3
0loeTHKH [HCTUTYTY, Y3TOMKEHHUX i3 TOJOKCHHSIM
«EBpOTEHCHKOI KOHBEHITIT 3 3aXUCTy XpeOETHHUX TBa-
PHUH, SKI BUKOPHUCTOBYIOTbCS B EKCIIEPHUMEHTAIIb-
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they are under development and should be improved
due to a significant difference by characteristics of
cytoskeleton-membrane complex among the cells
of different mammalian species [2, 7, 10]. A long-
term storage of animal erythrocytes will enable
establishing the specialized blood banks. The cryo-
preserved animal blood is necessary for trans-
fusion in surgeries, acute blood loss, therapy of
anemia and detoxication as well [11-13].

In order to create the techniques for erythro-
cyte low-temperature storage it is mnecessary to
determine the appropriate conditions of cell prepa-
ration for freezing and to select the cryoprotective
media composition. To minimize the budgetand
time for elaborating cryopreservation protocols,
one applies a model approach, enabling to inves-
tigate the impact of certain cryopreservation fac-
tors on cells. Here, we have studied a hypertonic
shock to simulate the impact of hypertonic saline
on cells as one of the main factors of cryoda-
mage [1].

Usually, for human erythrocyte low temperature
storage one uses glycerol as a cryoprotectant. It can
easily penetrate into human erythrocytes and protect
them during freezing, preventing thereby the ice
crystal formation [6, §].

The cryopreservation of bovine erythrocytes
with glycerol by the designed technique for human
cells was unsuccessful, that could result from a low
permeability of bovine erythrocytes for this cryo-
protectant [5]. Thus, for successful cryopreserva-
tion of bovine erythrocytes, the existing techniques
should be improved.

Therefore, in this model experiment it was expe-
dient to determine the parameters of preliminary
incubation (time, cryoprotectant concentration, me-
dium temperature), affecting human and bovine ery-
throcyte survival rates.

The research was aimed to study the impact of
preliminary incubation of human and bovine erythro-
cytes in glycerol solutions on cell sensitivity to
hypertonic shock (4.0 M NaCl).

Materials and methods

In this study we used the bovine erythrocytes,
collected to blood preservative Glugicir (Bio-
pharm, Ukraine). The experiments were carried out
in accordance with the Law of Ukraine ‘On the Protec-
tion of Animals Against Cruelty’ (N 3447-IV of
February 21, 2006), in compliance with the require-
ments of the Bioethics Committee of the Institute
for Problems of Cryobiology and Cryomedicine
of the NAS of Ukraine, agreed to the statements of
European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other
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HUX Ta iHIMMX HaykoBUX LULIX» (CrpacOypr, 1986).
EputpounTt Tpudi mignaBanu 3-XBHJIMHHOMY OCal-
xeHHio Ha weHtpudysi «OlIlu-3.02» («dactany,
Kupruzcran) mpu 1000g y 10-kpatHOMY 00’ €Mi
¢izionoriunoro poszuuny (NaCl 0,15 M; docddar-
Huii 6ydep 0,01 M, pH 7.,4). JleikorutapHy IUIiBKY
1 CynepHaTaHT BHIAJISUIN acHipaIi€ero Micis KOKHOTO
uentpudyryBannaa. EpurpounTtu 30epiranm y BUTISII
LIJIBHOTO Ocaay He Ouiblie 4 rOAuH NPH TeMIiepa-
typi 0°C. Yci cepeoBuiia roryBaiu Ha pocharHoMy
oydepi (0,01 M, pH 7,4).

[onepeanto iHKYOaI1li10 epUTPOLIUTIB CCABLIB MPO-
BOIWJIM B PO34MHAX, siki MicTaTh 0,2-2,0 M miine-
puny, Bupomosk 1-10 xB mpu Temmeparypi 22°C.
Epurpounti ccaBIiB MigAaBaliid TiNEPTOHIYHOMY
LIOKY HEPEHECEHHIM CYCIEeH311 KIIITHH Y PO3UHH, 1110
mictuth 4,0 M NaCl, i3oTepmivHO (KiHIIEBUH TeMa-
Tokput 0,4%). CepenoBuiie 3 TITIIEPHHOM TOTYBaIN
Ha dizionoriuaomy posuuni (0,15 M NaCl; 0,01 M
tocoarauit 6ydep, pH 7,4). PiBens remomizy epu-
TPOIMTIB  BHUMIPIOBAIU  CHEKTPO(HOTOMETPUIHUM
METOZIOM TIpH JIOBXKHHI XBUJI1 543 HM 1 po3paxoByBa-
JIM y BiJICOTKax 1o BinHoueHHto 10 100% remomisy.

KokeH excriepuMeHT MpOBOAMIM HE MeHlIe 6 pa-
31B Ha JABOX MapajielbHUX mpodax. s Bcix 3paskis
O0OUHCITIOBAJIM CcepenHe apu(MeTHyHEe 3HauYeHHS 1
3HAUEHHS CEPEHBOKBAPATHYHOT MOMUIKH (M + m).

Pe3ysbTaTn T2 00roBOpeHHs

Ha puc. 1 moka3zaHO 3aJIeKHOCTI PiBHS Tirep-
TOHIYHOTO TEMOJI3y CPHUTPOIUTIB JIIOAWHH 1 OMKa
Bl KOHIICHTpAIl TIIIEPUHY B CEPEIOBUIII IOIIe-
penHboi  1HKyOamii mpu KiMHATHIH TeMIeparypi.
Yac BUTPUMKH EPUTPOILHMTIB i3 KPiOMPOTEKTOPOM
(5 xB) obupanu 3 AaHUX TOMEpPENHIX eKCIepHMeH-
TiB 1 BBaYKaJIM JOCTATHIM IS TPOSIBY HOTO 3aXMCHOT [ii
rinepuny. BeranosieHo, mo npu 30i1bIIeHHI KOH-
uentpanii mmnepuny Big 0,1 mo 0,5 M crymiHb
MTOIIKO/PKEHHS KIIITHH JIFOIWHU 3HAYHO 3HMKYETHCA.
[lomanpmie 301TBIICHAS KOHIIGHTpAIii KpPiOMpPOTEK-
TOpY TIPaKTUYHO HE BINIMBAJIO Ha PiBEHBb TillepPTO-
HIYHOTO TEeMOJi3y. AHAJOTIYHI TOCITIDKEHHS epH-
TPOLMTIB OMKa BHUABMJIM IHIIMK XapakTep KOHICH-
TpaIifHol 3aJeKHOCTi: 30UTBIICHHS KOHIICHTpAI]
IinepuHy B cepenoBuull mnepeminkyOarii (Bix 0,1
no 0,5 M) BUKIMKANO HE3HAYHE 3HYDKCHHS PIBHS
FMEePTOHIYHOTO TEeMOJII3y; TOHAANbLIe 30UTbIICHHS
KoHUIeHTpauii kpionporektopy (Bix 0,5 mo 1,0 M) —
pi3Ke 3HW)KEHHS PiBHS TOIIKOIKEHHS €PUTPOLMTIB,
a y nmianasosi Bixg 1,0 mo 1,5 M piBeHb rinepToHid-
HOTO YIIIKO/P)KEHHS HEe 3MiHIOBaBCH.

Crix 3a3Ha4nTH, MO TIPH JOCATHEHHI MiHIMallb-
HOTO PiBHS TINEPTOHIYHOTO IMOITKOMKEHHS 3aXHCHA
IS TIIepUHY 10 BiTHOIIICHHIO 0 €PUTPOIINTIB OMKa
OLITBII BUpaKCHA.
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Puc. 1. 3anexHicTb piBHS rinepTOHIYHOro remonisy epuTpo-
uuTiB NioanHK (@) i buka (O) Big KOHUEHTpaU,iT rmilepuHy B
cepenoBuLLi NnepeaiHkybaLlii.

Fig. 1. Dependency of hypertonic hemolysis level in human
(®) and bovine (O) erythrocytes on glycerol concentration
in medium prior to incubation.

Scientific Purposes (Strasburg, 1986). The erythro-
cytes were precipitated for 3 min with centri-
fuge ‘OPN-3.02° (Dastan, Kyrgyzstan) at 1000g in
a 10-fold volume of physiological saline (NaCl
0.15 M, phosphate buffered saline 0.01 M, pH 7.4).
The buffy coat layer and supernatant were removed
by aspiration after each centrifugation. Erythrocytes
were stored as a dense precipitate not longer than
4 hrs at 0°C. All the media were prepared with
phosphate buffered saline (0.01 M, pH 7.4).

The mammalian erythrocytes were preliminary
incubated in the 0.2-2.0 M glycerol-contained
solutions within 1-10 min at 22°C. Mammalian
erythrocytes were isothermally subjected to hyper-
tonic shock by transferring cell suspension into the
solution, containing 4.0 M NaCl (final hematocrit
0.4%). Glycerol solutions were prepared with phy-
siological saline (0.15 M NaCl, 0.01 M phosphate
buffered saline, pH 7.4). The level of erythrocyte
hemolysis was measured spectrophotometrically at
543 pm wavelength and assumed as a percentage to
100% hemolysis.

Each experiment was performed at least 6 times
in two parallel samples. For all the samples, the
arithmetic mean and the mean squared error (M + m)
were calculated.

Results and discussion

The Fig. 1 shows the dependency of hypertonic
hemolysis level of human and bovine erythrocytes
on glycerol concentration in preliminary incubation
medium at room temperature. The time of ery-
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Puc. 2. Bnnve 4acy nepepiHkybauii 3 rmiueprHom Ha pi-
BEHb riNEepPTOHIYHOrO reMonidy epuTpoUMUTIB NOAMHN (@) i
6uka (O).

Fig. 2. Time impact of preliminary incubation with glycerol
on level of hypertonic hemolysis in human (®) and bovine
(O) erythrocytes.

Juis 3’sicyBaHHS BILTUBY 4Yacy MOMEPEIHbOI 1HKY-
Oarrii 3 DIIIEpUHOM Ha PiBEHb TIMEPTOHIYHOTO ITO-
IIKO/KEHHS €pUTPOIUTIB IX BUTPUTMYBAIH Bia 1 10
10 xB 3a Ttemreparypu 22°C. bynu obpaHi KOHIICH-
Tpamii KpIiOMpPOTEKTOpY, 3a SIKUX DPIBEHb MOIIKOA-
JKSHHSI TICIsl S-XBHIMHHOT 1HKYOAIi1 3HUKY€EThCS Ha
50%: nns epurponutiB moaunu — 0,3 M, eputpo-
uutiB O6uka — 0,75 M. BuaHo, 110 Juisi €pUTPOLIUTIB
JFOJIMHU JJAHWH MOKa3HUK MOCTYIOBO 3HMXKYETHCS 31
30inbLICHHSAM Yacy iHKyOauii (puc. 2). s epurpo-
IUTIB OWKa 3aJIeKHICTP MAa€ HEMOHOTOHHHUU Xapak-
TEp: CHOYATKy BiOyBaeThCS pi3Ke 3HMKEHHS PiBHS
reModizy (1o 5%), noTiM HeBeJIMKe HOoro 3pocTaHHs
1 IIBUIKUI BUXI1JI HA IJIATO.

3a manuMmu puc. 1 1 2 MokHA 3pOOUTH BUCHOBOK,
10 OIHAKOBUU pIBEHL 30CPEKEHHS CPUTPOIHTIB
MOXKe OyTH TOCSATHYTHH SIK BHACIIIOK 3MiHU KOHIICH-
Tpalii KpioMpOTEKTOPY, TaK i Yacy iX nepemiHKyoarii
B PO3YMHI [JIIICPUHY.

[Ipencrarisio iHTEpeC MOCIITUTH, SIK 3MIHFOETh-
Csl pIBEHb TIOIIKOJDKCHHS EPHUTPOLUTIB JIFOAMHU 1
Ouka micis iHKyOamii 3 KpiolpOTEKTOPOM IpH Pi3-
Hill Temmneparypi. Ha migcraBi OTpUMaHUX JaHUX
(puc. 1 i 2) Oyno oOpaHO Yac TOMEPETHBOI 1HKY-
Oamii (2 1 5 XB) Ta KOHIEHTpAIiI0 TIIIEPUHY IS
eputporuTiB moauau (0,3 M) 6uka (0,75 M). Bcera-
HOBJICHO, IO TOMIKOMKYIOUa Jisl TINEPTOHITHOTO
IIOKY HApOCTa€ 3 MiJBUICHHSM TEMIIEPATYPHU: JUIS
eputporuTiB monuau — g0 10°C, 6uka — mo 25°C
(puc. 3). IonepenHst iHKyOalist 3 TIIEPUHOM 3HU-
KY€ piBEHb TIMEPTOHIYHOTO MOIIKOPKEHHS €PHTPO-
LUTIB JIFOJAMHU TPU BCIX JOCIIPKYBAHUX 3HAYCHHSIX
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throcyte exposure with cryoprotectant (5 min) was
selected from previously reported data and consi-
dered to be sufficient for glycerol protective effect
manifestation. It was established that with an in-
crease in glycerol concentration from 0.1 up to
0.5 M, the degree of human cell damage was
significantly reduced. A further increase in cryopro-
tectant concentration caused virtually no effect on
the level of hypertonic hemolysis. Similar studies
of bovine erythrocytes revealed a different type
of concentration dependence, i. e. an increase in
glycerol concentration in preliminary incubation me-
dium (from 0.1 to 0.5 M) caused a slight decrease
in the level of hypertonic hemolysis; further in-
crease in cryoprotectant concentration (from 0.5 up
to 1.0 M) caused a sharp decrease in the level of
erythrocyte damage, and within the range from 1.0
to 1.5 M the level of hypertonic damage remained
unchanged.

Of note is the fact, that when the minimum level
of hypertonic damage is achieved, a protective ef-
fect of glycerol as for bovine erythrocytes is more
pronounced.

In order to elucidate the time impact of preli-
minary incubation with glycerol on the level of
hypertonic damage of erythrocytes, they were expo-
sed from 1 to 10 min at 22°C. The cryoprotectant
concentrations, when the level of damage after a
5-min incubation reduced by 50%, were selected,
i. e. 0.3 and 0.75 M for human and bovine erythro-
cytes, respectively. It is seen that for human ery-
throcytes this index is gradually reduced with
incubation time rise (Fig. 2). For bovine erythrocy-
tes the dependency is not monotonic, i. e. first, the
hemolysis level sharply decreased (down to 5%,),
then it slightly increased and reached the pla-
teau.

According to the Fig. 1 and 2 data we may
conclude that it is possible to achieve the same
level of erythrocytes survival rate both by changing
cryoprotectant concentration and time of their
preliminary incubation in glycerol solution.

Of interest was to investigate how the damage
level of human and bovine erythrocytes changed
after incubation with cryoprotectant at different
temperatures. Proceeding from the data obtained
(Fig. 1 and 2), we selected the time of prelimi-
nary incubation (2 and 5 min) and glycerol con-
centration for human and bovine erythrocytes (0.3
and 0.75 M, respectively). A damaging effect of
hypertonic shock was revealed to augment with
temperature increase, i. e. up to 10 and 25°C for hu-
man and bovine erythrocytes, respectively (Fig. 3).
Preliminary incubation with glycerol reduced the
level of hypertonic damage at all the studied

npo6nemu Kpiobionorii i kpiomeanUMHN

problems of cryobiology and cryomedicine
Tom/volume 29, Ne/issue 3, 2019



100

A
80 A
<® 60 1
5
20 A
0 T T T
0 10 20 30 40

Temnepatypa, °C
Temperature, °C

100
B
80 A
c,\°°\;_ 60 A
R
T
20 A
0 = T T T
0 10 20 30 40

Temnepatypa, °C
Temperature, °C

Pwuc. 3. Bnnue Temnepatypu Ha remonia eputpoumTis noguHu (A) i 6uka (B) B 4,0 M NaCl: O — 6e3 rniuepuHy (KOHTpOrb);
O — 2-xBUnvHHa nepegiHkybauis 3 rmiueprHom; A — 5-xBuUnvHHa nepegiHkybauis 3 rmilepvHoMm.

Fig. 3. Temperature impact on human (A) and bovine (B) erythrocyte hemolysis in 4.0 M NaCl: O — no glycerol (control);
O — 2-min preliminary incubation with glycerol; A — 5-min preliminary incubation with glycerol.

temneparypu, ouka — Bumie 5°C. Jlns epurpountis
OmKa MaKCMMallbHA 3aXUCHA Aisl TIIEPUHY CIIOCTePi-
TAEThCS MMICI 2-XBUJIMHOI 1HKyOarii, ISl epuTpo-
IIATIB JIONWHU BOHA HE 3aJICKUTH BiJ Yacy MepeiH-
KyOariii 3 KpiOMPOTEKTOPOM Yy BCHOMY MOCIIIDKY-
BAaHOMY TEMIIEPaTypPHOMY Jiara3oHi.

Eputpounti mronuHu i OuMkKa 3HAYHO BiIpi3HS-
FOThCS 3a MIBUJKICTIO MPOHUKHEHHS Diinepuny. s
CPUTPOLUTIB JIIONUHHA TEPEPO3NOALT KpPiOMPOTEK-
TOpY BiIOyBa€eTbCS MPOTSATOM JAEKIJIBKOX XBHJIMH 1
3axHCHUM e(ekT Oyae BU3HA4YaTHCA HOro BHYTpIil-
HBOKJIITHHHOIO KOHLCHTPALI€I0 HAa JaHUH MOMEHT
yacy (muB. puc. 2). Imimepun Oyme mneperikomxa-
TH BHUXOAY BOAW 3 KIITHHH, a, OT)KE, HAUIAIIKOBIH
Jerigpararii i TOIKOMKCHHI0O MEMOpPaHH 32 YMOB
rineproHiyHOro MoKy [4]. s epuTporuTiB Omka
BHYTPIITHBOKJIITHHHA KOHIEHTPAIlisl KpPiOTMPOTEKTO-
pa MiIBUIIYETHCS TYXKE MOBLIBHO 1 HE 3MIHIOETHCS
B MEXKax JOCIHIPKyBaHOTO HAMH YacOBOTO Jliaraso-
Hy [9]. OTxe, MeXaHi3MH 3aXUCTY KIITHH [UX BUIB
CCaBI[iB PIi3HI, M0 IOSICHIOE HU3BKHI PiBEHb 30€-
PSKEHHS EpUTPOLMTIB OWKa TPpH BHKOPHUCTaHHI
METOIUKH KPIOKOHCEPBYBAaHHS E€PUTPOLUTIB JIIOIU-
HU.

Bigomo, mo miinepuH NpPOHUKAaEe B EPUTPOLU-
TH JIIOAMHYU NEPEBa’KHO KaHAJIBHUM IIUISIXOM 3a J0-
riomororo akBariopuny AQP3 [9]. ¥V poborti E. Cam-
pos Ta cmiBaBT. [6] Oy70 BHBYCHO BIUTUB EKCIIpECii
AQP3 Ha TpOHWKHEHHA TIIIEPUHY B E€PUTPOIUTH
JIFOMIMHU 1 OMKa, BU3HAYEHO BEJIUYMHU KOC(]IIIEHTIB
IIPOHUKHOCTI Ta €HEprii aKTUBAIlii I[LOTO IPOIECY.
Hnst eputpouutiB OuMKa OTpHMaHi 3HAYEHHS MPO-
HUKHOCTI DJIILEPUHY Ha TPU TMOPSAKH HIKYI, HIK
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temperatures for human erythrocytes, and at those
higher than 5°C for bovine ones. For bovine ery-
throcytes the maximum protective effect of glycerol
was observed after a 2-min incubation, and as
for human cells, it was unaffected by the time of
preliminary incubation with cryoprotectant within
all the studied temperature range.

Human and bovine erythrocytes differ signifi-
cantly in glycerol penetration rate. For human
erythrocytes, the cryoprotectant redistribution oc-
curs within a few minutes and a protective effect
will be determined by its intracellular concentration
for the moment (see Fig. 2). Glycerol will prevent
the water release out of cell, and an excessive
dehydration and membrane damage under hyper-
tonic shock as well [14]. For bovine erythrocytes,
an intracellular concentration of cryoprotectant in-
creases very slowly and remains unchanged within
the time range we studied [8]. Thus, the mechanisms
of cell protection in these mammalian species are
different, explaining a low level of bovine erythro-
cyte survival rate using the technique, applied for
human cells.

It is known that glycerol penetrates into human
erythrocytes mostly through channels by means of
aquaphorin AQP3 [8]. E. Campos et al. [3] have
studied the impact of AQP3 expression on glycerol
penetration into human and bovine erythrocytes
and determined the values of permeability and
activation energy coefficients of this process. For
bovine erythrocytes the obtained values of glycerol
permeability were three orders lower than for human
ones ((1.37 £0.26 x 10°%) cm/sec), indicating thereby
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s momuan (1,37 +£ 0,26 x 107) cm/c), 1110 BKasye
Ha Pi3Hi IUIIXU HOro MPOHUKHEHHS B EPUTPOLIUTH JIO-
JuHA Ta eputpouut 6uka ((5,82 + 0,37 x 107%) cm/c).
Le#t ¢akT miATBEPIKYETHCSI BUCOKUM 3HAYCHHSIM
eHeprii akTuBaiii s epuTporuTiBe Omka ((8,52 =+
0,81) KKa1/MOJIB) MOPIBHSHO 3 EPUTPOITUTAMH JIFOTH-
aa ((19,13 £ 1,65) xkan/MoIb) i BKa3ye Ha JIITITHAH,
a He OUIKOBWH NIISX MPOHUKHEHHS Tiinepuny. Bin-
cyTHIcTh ekcripecii AQP3 y memOpanax epuTpouTiB
OMKa MOSICHIOE BUSIBJICHY HU3BKY TIIIEPUHOBY MpPO-
HUKHICTb 1 TAKOX MiATBEPDKYE T THIHA IUISX MPO-
HUKHEHHS TIIIEPUHY Y 1i KIITHHY [6].

Hani, mo orpumani B poboTax i3 3aMOpOXKyBaH-
HSl €PUTPOLHTIB OMKa, 3HAUHO PO3PI3HAIOTHCS Yepes3
BUKOPHCTAHHS PI3HUX TEMIIEPATypPHUX 1 IIBHIKICHHUX
pexumiB oxonomkeHHs [2, 3, 10]. [IpuunHOrO Takmx
BiIMIHHOCTEH, MOXKIINBO, € PI3HUH KiTBKICHHUH TTepe-
PO3MOALT KPIOMPOTEKTOPY B MOMEHT 3aMOPOXKYBaH-
Ha. S.P. Leibo mokazas [10], mo BapiroBaHHSIM Yacy
1HKyOartii 3 MIepuHOM MOKHA 3MIHUTH Yy TJIUBICTh
epUTPOLIUTIB OWKa 10 3aMOPOXKYBaHHS-BIIITPIBY.
[lpu npoMy KpuBa, sika BiJOOpa)kae IMOIIKOMIKEH-
HSl KIIITHH (KpHYBa YYTJIMBOCTI KIIITHH), Ma€ MiHIMyM
IpU TEBHOMY 4aci iHKyOamii, Mo Y3rolKyeTbes 3
naHuMu Hamoi poOotu. Tak, Ha puc. 2 BUAHO, IO
KpHUBa TIMEPTOHIYHOTO TOMIKOPKCHHS Ma€ BUpaxKe-
HUH MIHIMYM TIpY TICBHOMY Yaci repeiHKyOarii k-
THH 13 TIIIEPUHOM, PUIOMY BiH 30€piraeThcs B J10-
CUTHh IIMPOKOMY TEMIIepaTypHOMY Jiarma3oHi (IuB.
puc. 3).

Ha namy aymky, 3axucHuii epexT mepeaiakyoartii
EpUTPOLIUTIB OWKa 3 TIIEPUHOM MOXKe OyTH TIOB -
3aHUI 3 YaCTKOBOIO JIETIpaTaIli€ro KIIITHH B PO3UUHI
DIIIEpUHY Ta aJCOPOIIEr0 MOJIEKYJI KPIOIPOTEKTOPY
Ha MeMOpaHi epUTPOLUTA, IO MiJIBHUILYE CTIHKICTH
EPUTPOLHUTIB 10 TEPTOHIYHOTO HIOKY .

BucnoBkn

BcraHoBieHO, 1110 MPOHUKAKOYHNA KPIOMPOTEKTOP
DJTIIEpUH Ma€e 3aXUCHUHN ePEeKT B yMOBaX TilepTOHIY-
HOTO TIOKY IO BiIHONIEHHIO /0 €PUTPOINTIB JFOIH-
HU 1 Omka. JJig epuTponuTiB OWKa TIIIIEPHH TIPOSB-
JISIE 3aX¥CHY JIIF0 HABITh 32 YMOB HETPHBAJIOTO BILTHBY
KpIOIIPOTEKTOPY, 110 HE JI03BOJISIE HOMY MPOHUKHY-
TH y KiituHy. OTprMaHi JaHi T03BOJISIOTH 3pOOUTH
BHCHOBOK, III0 MEXaHI3M 3aXUCTy CPUTPOIUTIB 3a
JIOTIOMOTOF0 IJIIIEPUHY BIJPI3HSAETHCS ISl KIITUH
nux ccaBiiB. lle 0oOyMoBIIOE HEOOXINHICTH PO3-
POOKM OKpEMHX METOIB KPIOKOHCEPBYBAaHHS €pu-
TPOLMTIB pi3HUX BHAIB ccaBuiB. Kpim Toro, 3 or-
Ty Ha JaHi MONepeAHiX MOCTiKeHb 1 OTpUMaHi
HAMH PE3yJbTaTH MOXKHA BBAXKATH, IO MOJCIb-
Hi SKCIIEPHMEHTH 3 BUBYCHHSI OCHOBHHUX (DaKTOpPiB
KPIOIOIITKO/DKEHh MOXYTh BHUKOPHUCTOBYBATHCS JUIS
OinbIn  TIMOOKOTO PO3YMIHHS TPOIECIB Yy KITITH-
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different ways of its penetration into human and bo-
vine erythrocytes ((5.82 + 0.37 x 10®) cm/sec). This
fact is confirmed by a high value of activation energy
for bovine erythrocytes ((8.52 £+ 0.81 kcal/mol) as
compared with human ones ((19.13 £ 1.65) kcal/mol)
and indicates a lipid, but not protein pathway of
glycerol penetration. No AQP3 expression in bo-
vine erythrocyte membranes explains the revealed
low glycerol permeability and confirms the lipid
way of glycerol penetration into these cells as well
[3].

The data reported on bovine erythrocyte freezing
significantly differ because various temperature
and cooling regimens were used [4, 5, 9]. These
distinctions probably result from a different quan-
titative redistribution of cryoprotectant at the time
of freezing. S.P. Leibo [9] showed the varying of
incubation time with glycerol as capable to change
the bovine erythrocyte sensitivity to freeze-tha-
wing. Herewith, the curve, showing the cell damage
(cell sensitivity curve) has a minimum at a certain
incubation time, that is consistent with our findings.
Thus, the Fig. 2 demonstrates the hypertonic da-
mage curve to have a pronounced minimum at a
certain time of preliminary cell incubation with
glycerol, moreover it is stored in quite a wide tem-
perature range (see Fig. 3).

We believe that a protective effect of preli-
minary incubation of bovine erythrocytes with
glycerol may be due to a partial cell dehydra-
tion in glycerol solution and adsorption of cryopro-
tectant molecules on erythrocyte membrane, that
increases the erythrocyte resistance to hypertonic
shock.

Conclusions

The penetrating cryoprotectant glycerol was
established to have a protective effect under hy-
pertonic shock as for human and bovine erythro-
cytes. For bovine cells, glycerol has a protective
effect even under a short-term exposure to cryo-
protectant, preventing thereby its penetration into
cell. Our findings enabled concluding that a pro-
tective mechanism for erythrocytes by means of
glycerol was different for these mammalian cells.
This stipulates the need to design the specific
cryopreservation techniques for erythrocytes of
different mammalian species. In addition, procee-
ding from previous data and our findings as well,
the model experiments on studying the main fac-
tors of cryodamages may be considered as appli-
cable for deeper understanding the processes in
cells under the temperature and osmotic factors
impact, and designing the freezing techniques for
biological objects.
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Hax 3a YMOB BIUIMBY T€MIEpaTypHHUX i OCMOTHYHHUX
(akTopiB, a TaKoXK IS PO3POOKH METOMIB 3aMo-
poxyBaHHS 01000’ €KTIB.
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