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Impact of Combined Effect of Penetrating and Non-Penetrating
Medium Components on Post-Hypertonic Lysis Development
in Human Erythrocytes

Pedbepar: [ocnigxysanu NocTrinepTOHIYHWUI Ni3NC epUTPOLMTIB NMIOAMHN NPWU BapitoBaHHI Ckrnady cepedoBullia Ha eTani gerigpa-
Tauii. OcmMonsnbHICTb KOMOIHOBaHMX CepefoBUL, SKi MICTATb PisHi KoHUeHTpauii rmiuepuHy i NaCl, crtaHosuna ~ 2370 mOcwm/n.
[MokasaHo, WO piBeHb MOCTTNEPTOHIYHOrO Mi3NCy epUTPOLMTIB BU3HAYaAETLCA HE 3ararnbHOK OCMONAMBHICTIO cepedoBuLia Aerigpa-
Tauii, a KOHLUEeHTpauieto rniuepuHy B cknagi KoMOiHOBaHMX cepegoBull. BcTaHOBMEHO, WO XxapakTep PO3BUTKY MOCTFiMEPTOHIYHOro
ni3ucy epuTpOLMTIB 3a BUKOPUCTaHHSA MiLEepuHy B ckradi KoMGIHOBaHMX CepefoBWLL, Ha eTani Aderigpartauii He 3anexwTb Bif momne-
PEAHbOrO HACWMYEHHS KMITUH KPionpoTeKTOpoM. NopiBHAMbHE BUBYEHHSA MOCTTINEPTOHIYHOrO LWOKy epuTpoumTiB 3a 37 i 0°C nokasano,
O B OCTaHHbOMY BWMaAKy remoni3 KniTMH PO3BMBAETbCA 3a YMOB BWKOPWUCTAHHS MMiLepuHy B Binbll HM3bKiIM KOHUeHTpauii (10%)
y cknapi kombiHoBaHux cepeposuu, (Mpy 0°C piBeHb MOCTriNEPTOHIYHOrO Mi3ncy epuTpoumTiB Buwe B 2,7 pasa). BctaHoBneHun
edekT Moxe OyTVM MOB'sI3aHMIA 3i 3HAYHOK PI3HMLED B LUBMAKOCTAX TPAHCMOPTY BOAM | KPIONPOTEKTOPY Yepe3 epuTpouuTapHy
MeMbBpaHy Npu HU3bKIN Temneparypi.

KntouoBi crnoBa: NoCTrinepToHIYHUIA LLIOK, NOCTFiNEPTOHIYHMI Ni3nc, KOMOIHOBaHI cepeaoBULLa, MiLepyH, EpUTPOLIUTU.

Abstract: In this research, a post-hypertonic lysis of human erythrocytes has been studied by varying the medium composition
at dehydration stage. The osmolality of combined media, containing different concentrations of glycerol and NaCl was ~ 2370 mOsm/L.
The level of post-hypertonic lysis of erythrocytes was shown as determined not by the total osmolality of dehydration medium, but
glycerol concentration within the combined media. It was found that the nature of post-hypertonic lysis development of erythrocytes if
using glycerol within the combined media at dehydration stage did not depend on preliminary cell saturation with cryoprotectant.
A comparative study of post-hypertonic shock of erythrocytes at 37 and 0°C showed that in the latter case the cell hemolysis deve-
loped if using glycerol in lower concentration (10%) within the combined media (at 0°C the level of erythrocyte post-hypertonic lysis
was 2.7 times higher). The observed effect may be due to a significant difference in the rates of transport for water and cryoprotectant
through erythrocyte membrane at low temperatures.

Key words: post-hypertonic shock, post-hypertonic lysis, combined media, glycerol, erythrocytes.

Ha croromni HU3BKOTEMIIEpAaTYypHE KOHCEPBY- Today, the low-temperature preservation is con-

BaHHs BBAXAIOTh €IUHUM MOXJIMBUM IIIXOIOM,
SKUN 3a0e3redye TpuBayie 30epiraHHs KpoBi Ta i
kommoHeHTiB [13, 16, 22]. 3a ymoB 30epekeH-
HSl epUTPOLMTIB Tipu Temreparypi —196°C xiitu-
HU 30epiraroTh CBOIO IITICHICTh, OJHAK iX pyHHY-
BaHHs BiZIOyBa€ThCS Ha eTamax 3aMOpPOKYBaHHS
1 pO3MOpPOXKYBaHHsS BHACHIAOK il KPiOMOLIKOKY-
BanbHUX YMHHUKIB [10, 13, 16, 22]. 3mina Temrepa-
TYpH Ta BUCOKI KOHIIEHTPALi1 COJEH, 1110 YTBOPIOIOTh-
Csl M Yac BUMOPOXKYBaHHs BiNbHOI BOAM, MAroTh
PYWHIBHUH BIUTMB Ha KJIITHHU Y TPOIECi 3aMOpO-
KyBaHHA. Lleli edexr Oyno BHMBYEHO 3 BUKOPHC-

TaHHSIM MOJETHHUX EKCIIepUMEHTIB [6]. Y mpomeci
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sidered as the only possible approach, providing a
long-term storage for blood and its components [9,
12, 19]. When storing the erythrocytes at —196°C,
their integrity is preserved, but during freezing and
thawing, due to the effect of cryodamaging factors,
their destruction occurs [4, 9, 12, 19]. The temperatu-
re change and high concentrations of salts, formed
within the free water freezing out, have a destroying
effect on cells during freezing. This effect was
studied using the model experiments [22]. During
cell warming, as a result of ice melting, the medium
osmolality is sharply decreased (from hypertonic

values down to isotonic ones) and cell death can
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PO3MOPOKYBaHHS KIIITUH BHACHIJIOK TaHEHHS JIbO-
Iy OCMOJISTBHICTh CEPEOBHINA PI3KO 3HUKYETHCS
(Bl TINEPTOHIYHMUX IO 130TOHIYHUX 3HAYEHB), IIO0
MOXKE TPHU3BOAUTH 10 ix 3arubeni. [lomrkomkeHHs
EPUTPOLIUTIB 32 TAKUX YMOB Ma€ Ha3By IOCTTiIep-
toHiuHOTO MoKy (ITI'IL). Lle sBUIIE MOXKHA peecT-
pyBaTH SK y peambHUX yMmoBax (y Tporeci pos-
MOpOXKYyBaHHS KIIITHH), TaK 1 B MOAEINBHUX EKCIIe-
puMenTax [2, 3, 21]. YV ocTaHHROMY BHITaKy BOHO
peaiizyeTbCsl IIISIXOM  1HKYOalii epuUTpOLUTiB Y
CEPEe/IOBHII Jieriiparailii Ta iX MOAajbIIoro Mepe-
HECCHHSI B CEPEJIOBUINE perijparailii 3a TIFOCOBUX
3Ha4YeHb TemIeparypu [2, 4].

Ha nmanwmit yac 3 MeTOIO TpUBANOTrO 30epiraHHS
EPUTPOLIUTIB IIMPOKO BUKOPUCTOBYIOTH X HHU3BKO-
TeMIepaTypHe KOHCEPBYBAaHHS TIIiJI 3aXUCTOM IJIi-
uepuny [13, 22]. OcHOBHE TMOMIKOKEHHS KIIITHH
BiOyBaeThCcS Ha eTari BHUAANCHHS KPIOMPOTEK-
TOPY, TOMY BIOCKOHAJICHHsS TaHOTO METOMYy CIIps-
MOBaHO Ha IMIiIBUIICHHS MMOKA3HWUKIB CTaHYy KIITHH
Ha eTari foro BumaneHus [18, 19].

Pesynbraru 3acrocyBannst mogeni [T moka3a-
7, 10 piBeHb mnoctrineproniynoro nizucy (ITIJT)
CPUTPOLIUTIB JIFOAMHU 3aJICKUTh BijJl KOHIICHTpa-
il MPOHUKAIBHOTO (IJIIIEPUH) 1 HEMPOHUKAIBHO-
ro (NaCl) kommoHeHTiB [2, 5], TOMy BaKJTUBO OyII0
BH3HAYUTH iX BHECOK B KOMOIHOBAaHHX CEpEIOBH-
[ax y pO3BUTOK MOCTTIMIEPTOHIYHOTO MOITKO/KEHHS
EPUTPOITUTIB JTFOIUHHU.

Meta poOOTH — TOCHTIIKEHHS IMOCTTIePTOHIY-
HOTO JI3WCY CPUTPONMTIB JIOAWHHU TIPU Bapiro-
BaHHI KoHIeHTpamii com (NaCl) ta xpiompoTek-
Topy (IILEPUH) 3a YMOB HE3MIHHOI OCMOJISUTBHOCTI
cepenoBuiia Jeriapararii npu 37 i 0°C.

Marepiajau Ta MeTOIH

Y po6OTI BUKOPUCTOBYBAJIM €PUTPOLIUTH, SIKI OT-
pUMyBaJld 3 JIOHOPCBHKOI KpoBi yonoBikiB A (II)*
rpymny, HagaHoi XapKiBCBKUM OOJacHUM LIEHTPOM
cyx0u kpoBi. KpoB uentpudyrysamu, BinOupa-
JU T1a3My, TICIs epuTpoMacy IBidi BiIMWUBAIHM Ha
nentpudysi (mpu 1000g) y 10-kpatHOMY 00’ €Mi i-
3ionorignoro pozunHy (0,9% NaCl), mpuroroBano-
My Ha pocharaomy Oydepi, pH 7,4. JleikorurapHy
IUTIBKY 1 CYIIEpPHATaHT BUIAJISJIM aciipaiiero. Epu-
TPOLIUTH 30epiraju y BUDIAAI IMIJIBHOIO OcCaay He
oineie 4 ronuH 3a temneparypu 0°C. Yci cepeno-
BHIIa rotyBaiu Ha pocharHomy Oydepi (5 MMoIIB/T,
pH 7,4). BuxigHy CycmeH3il0 €pUTPOLHTIB OTPH-
MyBaJM MUISIXOM [OAABaHHS OCaly EpUTPOLHUTIB
0 (i3i0NOTIYHOTO PO3YMHY B  CITIBBiJHOIICHHI
I:1.

[TocTrinmeproHiyHUil MIOK EPUTPOIMTIB 3IiHC-
HIOBaM HACTymHUM dYuHOM. CyCIIeH3il0 epHuTpo-
mutiB (200 mMx1) mepenocuad B 1,0 MuT rimepToHid-
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occur. The erythrocyte damage under such condi-
tions is called as post-hypertonic shock (PHS).
This phenomenon may be found both under real
conditions (during cell freeze-thawing) and in mo-
del experiments [18, 20, 21]. In the latter case, it
is implemented via erythrocyte incubation in dehy-
dration medium and their subsequent transfer into
rehydration one at positive temperature values [6,
20].

To date, the erythrocytes’ low-temperature preser-
vation with glycerol protection is commonly used
for their long-term storage [9, 19]. The main cell
damage occurs during cryoprotectant removal, so
the mastering of this method is now focused to
increase the indices of cell state during its removal
[14, 15].

The results of application of PHS model sho-
wed the level of post-hypertonic lysis (PHL) of human
erythrocytes to depend on concentrations of penet-
rating (glycerol) and non-penetrating (NaCl) com-
ponents [7, 20], therefore of importance was to deter-
mine their contribution within the combined media
in development of post-hypertonic damage to human
erythrocytes.

The research was aimed to study a post-hyper-
tonic lysis of human erythrocytes by varying the
concentrations of salt (NaCl) and cryoprotectant
(glycerol) under constant osmolality of dehydration
medium at 37 and 0°C.

Materials and methods

The erythrocytes, procured from donated men
blood of A (II)* group, provided by the Kharkiv
Regional Blood Service Center, were used here.
Blood was centrifuged, then the plasma was col-
lected, and erythromass was washed twice by centri-
fugation (at 1000g) in 10-fold volume of saline
(0.9% NaCl prepared with phosphate buffer, pH
7.4). Leukocyte film and supernatant were remo-
ved by aspiration. Erythrocytes were stored as a
dense precipitate for no more than 4 hrs at 0°C.
All the media were prepared with phosphate buffer
(5 mmol/L, pH 7.4). The initial erythrocyte suspen-
sion was obtained by erythrocyte sediment supple-
ment to saline in 1:1 ratio.

Post-hypertonic shock of erythrocytes was per-
formed as follows: the erythrocyte suspension (200 pl)
was transferred into 1.0 ml hypertonic solution,
containing 7% (1.2 mol/L) NaCl, then incubated
for 20 min (dehydration stage). Afterwards, 50 pl
of suspension were taken from this sample and
transferred into 1.0 ml of saline (rehydration
stage) for 5 min. The final hematocrit made 0.4%,
the temperature regimen of experiment was 37 or
0°C.




HOTrO po3umHy, mo Mictuth 7% (1,2 mons/n) NaCl,
iHKyOyBanmu mpotsirom 20 XB (eram nerigpararii).
[lorim 3 miei mpobu Bimbupamu 50 MKI cycnensii
Ta mepeHocuu Ha 5 xB y 1,0 mMi pizionorivHOTO po3-
ynHy (etam perigparanii). KiHneBwil rematokput
cranoBuB 0,4%, TemreparypHUil peXHM EKCIepH-
MeHty — 37 a6o 0°C.

Jna Busuenns [Tl eputpormmriB i3 BUKOpHC-
TaHHAM DIILEpUHY iX npotsroMm 20 XB iHKYOyBaiu
B CEPEJOBHINAX, IO MICTATh PIi3HI KOHIICHTpaIlil
orinepuny (2-15%) ta 0,9% NaCl, micins goro me-
peHocunu B (izionoriuHuil po3unH Ha 5 XB (Te-
marokput 0,4%). TemneparypHuii pexxuM CTaHOBHB
37°C.

Jnsi BU3HAYCHHS BIUIMBY CKJIagy CEpELOBHILA
nerigparanii Ha [1IJ] epurpoumTiB mpoBommmm ix
iHKyOaIito B KOMOIHOBaHHX CepeloBHIIax (erar
Jerigparariii) 1 MOTiM TepeHOCHIIN B (Hi310JOTIuHIH
po3umH (eram perigpararii). Y KOMOIHOBaHHX ce-
penoBumiax BmicT miinepuHy Ta NaCl BapiroBamu
TaKUM YMHOM, 1100 CymMapHa OCMOJISUIBHICTH Oyiia
HE3MIHHOIO 1 BIJINIOBiJIaia OCMOJISIILHOCTI PO34YUHY,
mo mictuth 7% NaCl (2370 mOcwm/in). Cknan Bu-
KOPHCTOBYBaHMX y poOOTi KOMOiHOBaHUX cepero-
BHII 13 32/IaHOI0 OCMOJISIIBHICTIO HAaBeIeHO B TalI. 1.

[licnsa 3aBeprueHHst iHKyOamii KIITHHU LEHTpPU-
(yryBamu nporsirom 3 xB mipu 1000g. Bmict remor-
700iHy, SIKMH BUHILOB y CyIEpHATaHT, BU3HAYAIH
CIIEKTPOPOTOMETPUYHO HA AOBXKWHI XBWI 543 HM.
3a 100% mpuitmany MOTTUHAHHS POOH, /10 SKOi J10-
nmaBamu AeTepreHT TpuToH X-100 y KoHIEHTpamii
0,1%.

Cxema mNpoOBe/EeHHsSI €KCIIEPUMEHTY 3 BUBUCHHS
[I'I epuTpounTiB npeacTaBieHa Ha puc. 1.

OCMOJISUTBHICTh  PO3YMHIB BU3HAYaJIA 3a JIOMO-
mororo ocmomeTpa OMKA 11[-01 («Memiaboprex-
Hika», YKpaiHa).

Hnst craructTudHoi 0OpOOKHM OTpUMAaHHX EKCIie-
PUMEHTAJIPHUX AAHUX BHKOPHCTOBYBAIM IIPOTpaMy
«Statistica 6.0» (StatSoft Inc., CLIIA) i pe3ymbrarn
MPEJICTAaBISIN K MeniaHy (Me) i iHTepKBapTiiIb-
auii iHTepBa (Q1-Q3). CTaTHCTHYHY 3HAYYIIICTH
BIIMIHHOCTEH JTOCIIDKYBAaHUX YHCITOBUX TTOKA3HUKIB
nepeBipsiii 3a Kputepiem Manna-YitHi. Biamin-
HOCTI BBasKajIM 3HauyIumMu npu p < 0,05.

Pe3yabTaTn Ta 06roBOpeHHs

Jnsi BUBYEHHS BIUIMBY MPOHUKAIBHOTO Kpio-
nporekropy mininepuny Ha IIIJI epurponutis mpo-
BOIWIM IX iHKyOamito B (i3i0NOTIYHUX cepelo-
BHIIAX i3 Pi3HOI0 KOHIIEHTPAII€I0 TIIIEPUHY, MOTIM
KIITHHU TIepeHOCHSIN B (pi3ionoriyHnii po3umH 3a
37°C (puc. 2). BugHo, mo piBeHb TeMOoIi3y epHT-
POITUTIB Pi3KO 301IBIIYETHCS P BUKOPUCTAHHI TITi-
LIEpUHY B KOHIICHTpAIliSiX, IO TEepPEeBUIIYIOTH 2%.

To study the erythrocytes’ PHL with glycerol use,
they were incubated in the media containing dif-
ferent concentrations of glycerol (2-15%) and 0.9%
NaCl for 20 min, then transferred into saline for
5 min (hematocrit 0.4%). Temperature regimen was
37°C.

To determine the impact of the dehydration me-
dium composition on erythrocytes’ PHL, they were
incubated in the combined media (dehydration
stage) and then transferred into saline (rehydration
stage). In the combined media, the glycerol and NaCl
content was varied in such a way that the total
osmolality of the solution remained constant and
corresponded to the osmolality of the one, containing
7% NaCl (2370 mOsm/L). The composition of
the combined media with a fixed osmolality we
used here, was shown in the Table 1.

When incubation completed, the cells were cen-
trifuged for 3 min at 1000g. The hemoglobin con-
tent, released into supernatant was determined
spectrophotometrically at 543 nm wavelength. The
absorption of the sample, supplemented with Triton
X-100 detergent at 0.1% concentration, was assu-
med as 100%.

The design of the experiment on erythrocyte PHS
study is shown in Fig. 1.

The osmolality of the solutions was determined
using OMKA 1C-01 osmometer (Medlabortekhnyka,
Ukraine).

Our findings were statistically processed with Sta-
tistica 6.0 software (StatSoft Inc., USA) and results
presented as the median (Me) and interquartile range
(Q1 — Q3). The significance of the differences in
the studied numerical indices was analyzed using
the Mann-Whitney test. The differences were con-
sidered significant at p < 0.05.

Results and discussion

To study the impact of penetrating cryoprotec-
tant glycerol on erythrocyte PHL, the cells were
incubated in the salines with differently concent-
rated glycerol, then transferred into saline at 37°C
(Fig. 2). The level of erythrocyte hemolysis was
seen to be sharply increased with glycerol use in
concentrations higher than 2%. If a 5% cryoprotec-
tant concentration causes the cell damage at the level
of 70%, then its further increase leads to almost
complete lysis.

As established by E.A. Semionova et al. [20],
the PHL level of mammalian erythrocytes under
cell transferring from dehydration media, contai-
ning non-penetrating component (1.0-2.0 mol/L
NaCl) into rehydration one (0.15 mol/L NaCl) was
determined by dehydration medium conditions. For
example, a direct correlation between an increase
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BuxigHa cycneHsia eputpouuTis
Initial erythrocyte suspension

in salt concentration in dehy-
dration medium and the level

e

™~

of cell damage after transfer-
ring into rehydration one was
established. It should be noted

[HkyGauis kniTuH npoTarom 20 xB
y PO34MHax rnilepuHy, NpUroToBaHmnx
Ha (i3ioNoriYHOMY PO3UUHI

20-min cell incubation in glycerol
solutions, prepared with saline

B KOM

|HKy68%i_ﬂ KniTuH npotsrom 20 x8
iHOBaHMX cepefoBuLLax
(cymafHa OCMONSAMBHICTb
2 370 mOcmonk/n)
20-min cell incubation in combined
media (2,370 mOsm/L total
osmolality)

that in dehydration media (not
exceeding 2.5 mol/L NaCl) no
erythrocyte hemolysis occur-
red [22].

Proceeding from the results
presented in Fig. 2 and as re-

portedby E.A. Semionovaetal.
[20], we may conclude that the

riYHOMY PO3YMHiI
5-min cell incubation in saline

IHky6aLis kniTUH NpoTarom 5 xB y disiono-

effect of penetrating and non-
penetrating components (gly-
cerol and NaCl, respective-
ly) may entail the erythrocyte

Puc. 1. InzanH ekcnepumeHTy 3 BuBHeHHs ML eputpouuTis.

Fig. 1. Design of experiment on erythrocyte PHS study.

SIKII0 KpiompOTEKTOp Y KOHIEHTpauii 5% BUKIHMKAE
MOIIIKO/PKEHHST KIIITHH Ha piBHI 70%, TO TOmabIie
il migBUILEHHS MPU3BOAUTH MPAKTUYHO JI0 TIOBHOTO
T3uUCy.

VY nocmimkerni K. A. CeMioHOBO{ 3i cmiBaBT. [2]
BcTaHOBNeHO, 1m0 piBeHb [IIJI epurporuTiB ccas-
IiB 32 YMOB TEPEHECEHHS KIITHH i3 CEpeIOBHII
Jeriapararii, Mo MICTATh HEMPOHUKATHHUH KOMIIO-
aeHT (1,0-2,0 mone/n NaCl), y cepenoButiie periapa-
tarii (0,15 moaw/n NaCl) BU3HAUAETHCS yMOBaMHU
cepenoBuiia aerigparaiiii. Tak, Oyja BCTaHOBJICHA
npsiMa KOPEJISIIisl MK MiJBUIICHHSM KOHIEHTpAIii
COJIi B CepeIOBUIII JAeTiAparailii Ta piBHEM OIIKO/-
JKCHHSI KJITHUH MICIsI MEPEHECeHHS B CEPEeIOBHILE
perigparanii. Ciij 3a3Ha4MTH, IO Y CEPEIOBHILNAX
Jerigparanii (ski He nepeBuIyoTh 2,5 Mmonb/1 NaCl)
TeMOJTi3 epUTPOIIHTIB HE BifOyBaeThCs [6].

Buxonstuu 3 mpenctaBieHnx Ha puc. 2 pe3ysbTaTiB
ta gaaux podorn K. A. CeMmioHOBOi Ta cmiBaBT. [2],
MO)KHa 3pOOWUTH BHUCHOBOK, IO JIisl TTPOHUKAIIEHOTO
(tminepuny) Ta HenponukaigbHOro (NaCl) xommo-
HEHTIB MOXK€ MPU3BOIUTH JI0 TEMOJII3y €pPUTPOLIUTIB
IIPU TIOANBIIOMY TIepeHeceHHI B (i3ioNoriuHi ymo-
BU.

3a yMOB KpiOKOHCEpPBYBaHHS EPUTPOLUTIB i
3aXUCTOM TJILEPUHY HAa eTami pPO3MOPOXKYBaHHS
Ha HUX OJHOYACHO JIFOTh MPOHUKAJIbHI Ta HEMpO-
HUKaJbHI KOMIIOHEHTH. [l 3’siICyBaHHS 3aJIeKHOCTI
[IIJ1 epuTpouMTiB BiJ OCMOJSIIBHOCTI CEPEIOBH-
ma Jerigparariii, 3yMOBJIEHOI MPUCYTHICTIO TIPO-
HUKaJbHUX 1 HEMPOHWKAJIFHUX KOMIIOHEHTIB, Ha
erarmi meriaparariii 3a ymoB III'I epurporuTis Bu-
KOPHCTOBYBaJIM KOMOIHOBaHI CEPEOBHIIA, IO Mic-
TSATh CUIb Ta KPIOMPOTEKTOpP Yy PI3HHUX CIIiBBiTHO-
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hemolysis during further trans-
fer into physiologicals condi-
tions.

Under conditions of eryth-
rocyte cryopreservation with glycerol, during tha-
wing, they are simultaneously affected by pene-
trating and non-penetrating components. To elucidate
the dependence of erythrocyte PHL on the
osmolality of dehydration medium, stipulated by
the presence of penetrating and non-penetrating
components, at dehydration stage under erythrocyte
PHS were used the combined media, containing
salt and cryoprotectant in different ratios, while the
total osmolality of the medium remained unchanged
(Table 1).

100
J
80 -
=% 60 -
N
5%
=
£§ 40 -
20
<
O T T T T T T T T
0 2 5 7 10 11 12 13 14 15

KoHueHTpauis rniuepuHy, Mmonb/n
Glycerol concentration, mol/L

Pwuc. 2. lemonis eputpoumTiB, NnepeHeceHnX y cepenoBuLLe
0,9% NaCl 3 gigionoriyHOro po3yuHy, SKUA MICTUTb FriLe-
PUH Yy pi3HMX KOHLEeHTpauisax (37°C).

Fig. 2. Hemolysis of erythrocytes, transferred into 0.9%
NaCl solution from saline, containing glycerol in various
concentrations (37°C).
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Tabnuusa 1. Cknag kKombiHOBaHMX cepenoBuLy, (CymapHa ocMonsnbHicTb 2370 mOcm/n)
Table 1. Combined media composition (2370 mOsm/L total osmolality)

[miuepuH Xnopuva HaTpito
Glycerol Sodium chloride
Cepeposule KoHueHTpauia OcmonAnbHICTb KoHueHTpauia OcmonAnbHICTb
Medium Concentration Osmolality Concentration Osmolality
o Monb/n mOcm/n % Monb/n mOcm/n
° mol/L mOsm/L ° mol/L mOsm/L
1 - - - 7 1,2 2370
2 2 0,22 236 6,2 1,06 2134
3 5 0,54 656 5 0,86 1714
4 7 0,76 940 4,2 0,71 1430
5 10 1,09 1370 2,9 0,5 1000
6 11 1,19 1510 2,5 0,43 860
7 12 1,30 1670 2,0 0,35 700
8 13 1,41 1810 1,6 0,28 560
9 14 1,52 1945 1,2 0,21 425
10 15 1,63 2070 0,9 0,15 300

IICHHSAX, ajie MMPH [bOMY CyMapHa OCMOJISUIbHICTB
cepenoBuia Oyna He3MiHHOO (Tadm. 1).

3 mpeAIcTaBIeHNX Ha pHC. 3 TaHWUX BUJIHO, IO Pi-
BeHb [1IJ] eputpornutiB y cepemoBui, ke MiCTHTb
7% NaCl (cepenoBuie 1, KOHTPOIH), CTAHOBUTH IIPH-
6mu3Ho 15%, a miineprH y HU3BKUX KOHIIEHTPAIisX
(cepemoBuiiia 2—5) MpakTUYHO HE BIUIMBAE HA PIBEHb
reMoJIi3y epUTpOLMUTIB, ane B KoHueHTparii 11%
(cepenoButiie 6) MPU3BOAUTH JIO PI3KOr0O HOro 3poc-
TaHHS.

Otxe, piBenp [1IJI epuTpounTiB npu BUKOpHC-
TaHHI KOMOIHOBaHHMX CEPEJIOBHIIl HA €Talli Jierijpa-
Talil 3aJeXHUTh BiJ KOHLEHTpaLii KPiOIPOTEKTOPY,
a He BiJX 3arajbHOi OCMOJSUIBHOCTI CepeqoBHIIA
JeTipararii.

[TopiBHsAIBHUH aHANI3 JaHUX, TOJAHUX HA PHC. 2
1 3, ToKa3aB, IO TOIIKOMKYBAJIbHA i TIIIEPUHY
(y cxiani KoOMOIHOBAaHMX CEPEIOBHII]) MPOSBISIETHCS
npu Woro BHCOKHMX KoHUeHTpauisx (11% 1 Buie),
a 3a koHueHtpamii 5-10% (y BIAMOBITHUX KOHIICHT-
pamisx comi y cepenoBHIIax 3—5) BiH NMPaKTUYHO
He BukJmkae goaatkoBoro 1171 eputpouunTiB mopis-
HSTHO 3 KOHTPOJIEM.

Bunnkae muTaHHS, YoMy B CKJali KOMOiHOBa-
HUX cepefoBUl] 3—5 TIINEpPWH Yy KOHIEHTparlii 5—
10% ne nomkomkye krituau 3a ymos [II'M nopis-
HSHO 3 BUKOPHCTAHHSM TIIIEPHUHY, SKUH TOTYyBald
Ha (i3iosoriuHOMY po3uMHI. MOXKHA TPHITYCTUTH,
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The data presented in Fig. 3 showed that the level
of erythrocyte PHL in the medium containing 7%
NaCl (medium 1, control) was approximately 15%,
and glycerol at low concentrations (medium 2-5)
did not virtually affect the level of erythrocyte
hemolysis, but in 11% concentration (medium 6)
it resulted in a sharp increase in cell damage.

Thus, the PHL level of erythrocytes when using
the combined media at dehydration stage depends
on cryoprotectant concentration, but not on total
osmolality of dehydration medium.

Comparative analysis of the data presented in
Fig. 2 and 3, showed a damaging effect of glycerol
(within the combined media) as manifested under
its high concentrations (11% and higher), but at
5-10% one (at appropriate salt concentrations in the
media 3-5), it virtually did not cause an additional
PHL of erythrocytes as compared with the control.

The question arises why within the combined
media 3-5 the 5-10% glycerol causes no damage to
cells under PHS as compared with glycerol, prepared
with saline. The presence of salt component within
the combined media at dehydration stage may be as-
sumed to affect the cell saturation with glycerol.

To verify this assumption, the cells were pre-
saturated for 20 min with glycerol at 37°C, and
then subjected to PHS using combined media at de-
hydration stage (Fig. 4). We noted that the nature of
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[0 TPUCYTHICTh HA €Talli Jerizparaiii CoJbOBOTO
KOMITOHEHTa y CKJIaJii KOMOIHOBaHHMX CEPEIOBHII
BILTMBAE HA MPOIIEC HACUYCHHS KIIITUH TIIILIEPHHOM.
Juis mepeBipkH 1[bOTO MIPUITYIIEHHS KIITHHU TI0-
MepeIHhO HACHIyBaJIM NPOTATOM 20 XB TJIIIEpUHOM
3a 37°C, a morim mignasamwm aii [T i3 BukoprcTan-
HAM KOMOIHOBAaHHMX CEPEIOBHUIN Ha €Tami Jeriapa-
tanii (puc. 4). Bugno, mo xapakrep po3sutky I1IJ1
EPUTPOLIMTIB 32 BKAa3aHUX yMOB HE BIAPIZHAETHCS
BiJl TAKOTO IiCJIsl BUKOPUCTAHHS IJIIIEPUHY B CKIIAJIi
KOMOIHOBaHUX CEPEJIOBHII TIIbKA HA eTami JAerij-
parauii (auB. puc. 3).
3anuIIaeThCs BIAKPUTAM HUTAHHS CTOCOBHO TOTO,
4OMY IPU BUKOPUCTaHHI IIILIEPUHY B Jiana3oHi KOH-
nentpanid 5-10% (cepenosumia 3-5) IIIJI epurpo-
LUTIB TPUMAETHCS HA PiBHI KOHTPOII0. MOXIIMBO, 10
e eeKT MoB’s3aHuH 31 3MIHOIO CTaHy €pUTPOIIH-
TapHOI MEMOpaH! B IPUCYTHOCTI COJI Ta TIIIIEPHHY.
st cipstMOBaHO1 3MiHU CTaHy MEMOpPaHH eKCIIe-
pument 3a ymos III'III eputporuTiB i3 BUKOpUCTaH-
HSIM KOMOIHOBaHUX cepeoBuil mpoBoaw npu 0°C
(momniepe/iHE HACUYEHHS DIILIEPUHOM 31HCHIOBAIIN
3a 37°C). 3 nanux B Ta0I. 2 BUJIHO, 110 XapaKTep PoO3-
Butky I1IJI eputpounTi 3a 0°C aHanoriyHuii Tako-
My, mo i 3a 37°C. I'minepun y konuenrtpauii 2—7%
HE BHKIIMKAa€ IOAATKOBOTO IOILIKOKEHHS €pPHUTPO-
uutiB 3a ymoB [II'I (cepemosuma 2—4) nmpu 0°C,
10 XapaKTEPHO 1 JIJIs TeMIieparypHoro pexxumy 37°C.
[Ipu pi3HEX TeMmepaTypHHX pEeKUMax 3a YMOB
[IT'II epuTpOITUTIB CIIOCTEPITAIOTHCS BIAMIHHOCTI
pe3yIbTaTIB IMicIsI BUKOPUCTAHHS TIIEPUHY B KOH-
nentparii 10% (cepemoBurie 5). Y 1Ip0My BHITAIIKY
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Puc. 3. l'emoni3 eputpouuTis, nepeHeceHnx y po3yinH 0,9%
NaCl i3 kombiHOBaHMNX cepenoBuL, SKi MICTATb MMiLEPUH i
NaCl y pisHux koHueHTpauisx (37°C).
Fig. 3. Hemolysis of erythrocytes, transferred into 0.9%

NaCl solution from combined media, containing glycerol
and NaCl in different concentrations (37°C).
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Puc. 4. Bnnve nonepenHboi 00pobKM KNiTUH rhiueprHoOM
Ha piBEHb reMonidy epuTpoLUTIB, NEPEHECEHNX Y PO3YMH
0,9% NaCl, i3 kombiHoBaHux cepegosuy (37°C).

Fig. 4. Impact of cell pre-treatment with glycerol on
hemolysis level of erythrocytes transferred into 0.9% NaCl
solution from combined media (37°C).

erythrocyte PHL development under these condi-
tions did not differ from that after glycerol use within
the combined media at dehydration stage only (see
Fig. 3).

The issue is still open why the erythrocyte PHL
remains at the control level when using glycerol
within the concentration range of 5-10% (medium
3-5). This effect may be associated with a change
in erythrocyte membrane state in salt and glycerol
presence.

For a targeted change in membrane state, the
experiment was carried out under erythrocyte PHS
using the combined media at 0°C (pre-saturation
with glycerol was performed at 37°C). The Table 2
data showed the nature of erythrocyte PHL de-
velopment at 0°C to be similar to that at 37°C. Gly-
cerol at 2-7% concentration caused no additional
damage to erythrocytes under PHS (medium 2-4)
at 0°C, that was typical for temperature regimen
of 37°C.

Under different temperature regimens of erythro-
cyte PHS, the differences in results were observed
after using 10% glycerol (medium 5). In this case, at
low temperature, the level of erythrocyte PHL was
2.7 times higher.

To design the efficient cryopreservation proce-
dures for cells, it is necessary to investigate the
process of their osmotic destruction, resulting from
the effect of cryoinjury factors of erythrocytes.

Osmotic damages to erythrocytes occur when
the cell volume reaches a critical value. The nature
of such changes depends on erythrocyte membrane
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npu HU3BKIA Temmeparypi piBeHb I1IJ] eputpouu-
TiB BUIIIE B 2,7 pasa.

Jnst po3poOku eeKTHUBHUX MPOULEAYpP KPiOKOH-
CepBYBaHHS KIITHH HEOOXiTHO BHUBYEHHS MPOIECY
iX OCMOTHYHOTO pyHHYBaHHS, BHAcHimoOK mii (ak-
TOPiB KPiOITOIIKOKEHb CPUTPOITUTIB.

OCMOTHYHE TIOIMIKOMKCHHS EpPUTPOINTIB Bij-
OyBa€TbCSI B TOMY BHITAJIKy, KOTHU O00’€M KIITHH
J0CSATae KPUTUYHOTO 3HAYCHHs. XapakTep TaKhuX
3MiH 3aJ€KHUTh BiJ] TPOHUKHOCTI €PUTPOIMTAPHOL
MeMOpaHu [Jisi PEYOBHH: BOAM Ta MPOHHUKAIBHUX
KpiomnporekropiB. Tomy it po3poOKH eEeKTHBHUX
MIPOTOKOJIIB  KPIOKOHCEPBYBAHHSI KOHKPETHHUX BH-
JIB KIIITUH HEOOXiJHI JNaHi MO0 MPOHUKHOCTI KITi-
TUHHOI MeMOpaH{ AJsl BOIM Ta PO3UMHEHUX PEHO-
BHH.

Binomo, 1110 MpOHUKHICTH €pUTPOIIUTAPHOT MEMO-
paH! IS BOAM 3QJICKUTH HE TUTHKW Bill 1HIUBITY-
ATBPHUX 0COOMMBOCTEH AOHOpPA, METOMIB OTPUMAHHS
EpPUTPOLIUTIB, ajie 1 Big TepMiHy 30epiraHHs KIITHH
repen mpoleayporo 3amopokyBanus [7, 8]. Tpawc-
MOPT BOJW Yepe3 EPUTPOIIUTAPHY MEMOpaHy € CKIal-
HUM TIIPOILECOM 1 MOXe BifOyBaTHCs JEKUIbKOMa
ouIsIXamu: uepes Jinigauil 6imap, UT-B, axBamopi-
Hu 1 1 3 [17]. Iadopmanis BiJHOCHO YaCTKOBOTO
BHECKY KOXKHOTO 3 BHIIECONHCAHMX WIISAXiB € J0-
CUTh CYIEPEWINBOIO, MPOTE OLIBIIICTh IOCIiTHU-
KiB BB@XXaloTbh, O Onu3bko 90% TpaHcropry Boau
3MIACHIOEThCS 4epe3 akBamopiH 1, a Oima 10% —
iHmIME msxamu [20].

VY mporieci mepeHeceHHsI TITIICPUHY Yepe3 epuT-
porTapHy MeMOpany Oepe ydacTh akBamnopin 3 [17],
SIKMI Ha PiBHI 2% € MPOHHUKAJIBHAM 1 JJISi MOJIEKYJI
BOJIY, aji¢ B IL[IJIOMY MOYKHA BB)KaTH, 1110 OLIbINICTh
MOTOKIB BOAW Ta TIiLEpUHY He Oyne B3aEMOJIATH,
OCKIJIbK BOHM TEPETUHAIOTH MEMOpaHy MepeBakHO
PI3HUMH LITSIXaMH.

Bona nponukae yepe3 MeMOpaHy LIBHIIIE 3a BCl
BifloMi KpiomporekTtopu. [IpHunHOI BUHHKHEHHS
IIOTOKIB BOJM BCEPEANHY Ta 3 KJIITUHHU € TPAJiEHT OC-
MOTHYHOTO THCKY Ha MeMOpaHi, KU, Y CBOIO Uepry,
BHU3HAUYA€ThCSI CYMAapHOIO KOHIIEHTPALIE0 PO34u-
HEHUX PEYOBMH y TMO3aKIITHHHOMY CEpEeIOBHIII
Ta B KIITHHI. BpiBHOBa)XEHHS ITUX KOHIICHTpAIiit
MPU3BOIUTH 10 IPUITMHEHHS TIOTOKIB.

OCMOTHYHY pPEaKIlil0o epUTPOLMUTIB MOXKHA PO3-
JOUIMTH Ha JiBa €TalM: MEPEHECeHHs BOAW Ta IpPO-
HUKaJILHOTO KpiomporekTopy. Lle oOymoBneHo Bin-
MIHHOCTSIMH IPOHHKHOCTI €pUTPOLUTAPHOI MeMO-
pann s 1ux pedoBuH. Crovarky, BHACTIIOK
LIUPKYIALIi BOIM, BPIBHOBaXKYIOTHCS KOHIIEHTpAITii
PO3UMHEHUX PEYOBWH 30BHI Ta BCEPEIUHI KIIITHHH,
a TOTIM [UIIXOM AuQy3ii BUPIBHIOIOTHCA I103a-
1 BHYTPIIIHBOKJITHHHI KOHIEHTpAIll TJilepH-

HY.

Tabnuusa 2. Bnnue TemnepaTtypu Ha reMoni3 epuTpoLmTIB,
nepeHeceHnx y posumH 0,9% NaCl i3 kombiHOBaHMX
cepenoBuL Micnsa nonepeaHboi 06podKKM KNiTUH
rniuepuHom (Me, Q1-Q3, n =7)

Table 2. Effect of temperature on hemolysis
of erythrocytes, transferred into 0.9% NaCl solution
from combined media after preliminary cell treatment
with glycerol (Me, Q1-Q3, n =7)

Femonis, %
Hemolysis, %
Cepeposulle TemnepaTypHuii pexum ML, °C
Medium Temperature regimen of PHS,°C
37 0
1 19 (18-21) 14 (10-20)
2 13 (12-14) 12 (8-15)
3 3 (2-4) 3 (1-5)
4 3 (1-3) 4 (2-7)
5 19 (11-29) 63* (63-80)
6 88 (85-94) 95* (94-97)
7 93 (92-95) 97 (96-98)

MpumiTka: * — BiAMIHHOCTI 3HaYyLLli NOPIBHAHO 3 NMOKAa3HU-
kamu npu 37°C (p < 0,05).

Note: *— differences are significant if compared with 37°C,
p <0.05.

permeability to substances: water and penetrating
cryoprotectants. Therefore, the development of effi-
cient cryopreservation protocols for specific cell
types requires the data on cell membrane permeabi-
lity to water and solutes.

The erythrocyte membrane permeability to water
is known to be dependent not only on individual
characteristics of donor, techniques for erythrocyte
procurement, but on storage term of cells prior to
freezing as well [1, 2]. The water transport through
erythrocyte membrane is a complex process and
it may occur in several ways: through lipid bi-
layer, UT-B, aquaporins 1 and 3 [13]. The informa-
tion on a partial contribution of each of the above
pathways is quite a contradictory, but most resear-
chers believe that about 90% of water transport is
realized via aquaporin 1, and about 10% by other
pathways [16].

Glycerol transport through erythrocyte mem-
brane is realized by aquaporin 3 [13], which also
conducts 2% of water, but, generally, it is believed
that most water and glycerol flows will not inte-
ract because they cross membrane in different ways.
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BusiBnenwuii y po6orti edext possurky 11171 epurt-
POLMTIB TicCHsi BHUKOPHCTAHHS DIILEPUHY B KOH-
ueHTpanii 5% i Bumie (IUB. puc. 2) TOB’s3aHUN 3i
3HaYHUM BXOJOM BOJIW B KJITWHU Ha €Tami perii-
parariii (yepe3 rpa/iieHT OCMOTHYHOTO TUCKY Ha MEMO-
pani, 0OyMOBIICHHH BHYTPIIITHBOKIITHHHAM BMiCTOM
DIIEPUHY) 1, SIK HACTIIOK, JOCSITHEHHIM KPUTHIHO-
T'O TEMOJIITHYHOTO 00’ €MY €pUTPOIIHTIB.

Bukopucranns Ha erami Jerijparanii Kpiorpo-
TEKTOpY B CKJIaJi KOMOIHOBaHMX CepepoBHI 35,
siki MicTATh (5—10% tminepuny i 5-2,9% NaCl) (aus.
puc. 3), NpaKTHYHO HE BUKIUKAE TMOCTTINEPTOHIY-
HOTO TONIKOJKCHHSI €PUTPOIMTIB HA BIiAMIHY BiJ
rriuepuny (5-10%), mpuroroBanoMy Ha i3ioio-
riYHOMY po3uuHi (auB. puc. 2). MOXKIUBO, 3HEBO-
HEHHS KJIITHH 33 YMOB BHKOPMCTAHHS BHILEBKa3a-
HUX KOMOIHOBaHHX CEpPEIOBHUII CYIPOBOIKYETHCS
MEHIITUM BXOZOM y HHUX IJIIIEPUHY, TOMY 3MiHa 00’€-
My epuTponuTiB (y pe3ynbTaTi BXOQy BOIW Ha €Ta-
i perigpararii) He H0CiIrae KPUTUYHUX 3HAYEHb 1
HE CYyNpPOBOIIKYEThCS iX pyiHyBaHHsM. Kpim Toro,
3HMKEHHS BMICTY TIIIEPUHY Y 3HEBOAHEHUX KIITH-
Hax C.X. MexunoB ta crmiBaBT. [1] moB’s3yroTh i3
BIUIMBOM BHYTPIIIHBOKJIITHHHOI KOHIIEHTpamii Oif-
Ka (MepeBaXHO MPEACTABICHOTO IeMOINIO0iHOM) Ha
MPOHMKHICTh EPUTPOLUTAPHOT MEeMOpaHu sl TIIi-
LEPUHY.

[Ticns momepenHb0i 0OPOOKH KIIITHH TWIIIEPUHOM
(5-10%) y pa3i BUKOpHCTaHHS KOMOIHOBaHHX cepe-
moBum 3-5, ki mictare TrinepuH (5-10%) 1 NaCl
(5-2,9%) pisens I1I'JI kmiTrH HE 301TBITYE€THCS (TUB.
puc. 4). Leii edekrt, iMOBIpHO, 3yMOBJICHHI BUXOJIOM
DIIEepHHY 3 KIITHH YCIHiJ 32 BOAOIO Ha erami Jie-
rigparatii, B pe3yibTari CyMapHU BMICT BHYTpiIl-
HBOKJIITHHHUX KOMIIOHEHTIB TPaKTHYHO CYMipHUIi
3 TakuM Oe3 momepenHboi 0OpoOku kiiThH. Came
ToMy B 000X BapianTtax excriepumenty 3 III'ILI Bin-
CYTHI CTaTHCTHYHO 3Hauylli BixMiHHOCTI piBHs 1171
€PUTPOIUTIB.

[opiBasmepHe BuB4yeHHs [IIJl epurpoumtiB 3a
temneparyp 37 i 0°C (Tabn. 2) mokazajo, o B OcC-
TaHHbOMY BHIIAJKY IOLIKO/UKEHHSI PO3BHBAETHCA 32
YMOB BHUKOPHCTaHHS DIIEPUHY B OUTBII HHU3BKIN
konuenrpanii — 10% (cepenosumie 5). Bigomo, 1o
MPOHMKHICTh IJIa3MaTHYHOT MEMOpaHH KJIITHH TIpH
HU3BKIH Temmeparypi 3HUKYEThCS SIK JUIs BOAM, TaK
1 7151 DIiLEpUHY, TPUUOMY IJIsl OCTAaHHBOTO O1IBIIOI0
Miporo [9, 14, 15].

Bucokwuii piens IIIJI eputpouutiB (0°C) 3a
YMOB BUKOPHCTaHHSI KOMOIHOBAHOTO CEpEAOBHILA 5
(10% rninepuny i 2,9% NaCl), limoBipHO, 3yMOBJIE-
HUI 3HAUHOIO PI3HUIEIO B MIBUJKOCTAX TPAHCHOPTY
BOJH 1 KPIOTIPOTEKTOPY Yepe3 epUTPOIIUTAPHY MEMO-
pany. Ha ertami perigpararii i KJIiTHHA (TIOPiBHSIHO
3 37°C) 3a3HAIOTH OLIBIT 3HAYHHUX 3MiH 1 TOCATAIOTH
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The water penetrates through a membrane more
rapidly than all the known cryoprotectants. The
processes of water entering the cell and leaving it
are caused by the osmotic pressure gradient on the
membrane, which, in turn, is determined by the
total concentration of the solutes in extracellular
medium and in a cell. When these concentrations
are equilibrated, the flows are stopped.

An osmotic response of erythrocytes may be
divided into two stages: transport of water and
penetrating cryoprotectant. This is stipulated by dif-
ferences in erythrocyte membrane permeability to
these substances. First, due to water circulation,
the concentrations of solutes outside and inside the
cell are balanced, and then the extra- and intracel-
lular glycerol concentrations are equalized by dif-
fusion.

The effect of erythrocyte PHL development af-
ter glycerol use of 5% concentration and higher
(see Fig. 2) is associated with a significant entry of
water into the cells at rehydration stage (through the
osmotic pressure gradient on a membrane due to
the intracellular glycerol content) and as a conse-
quence, the achievement of critical hemolytic vo-
lume of erythrocytes.

The use of cryoprotective agent within the com-
bined media 3-5, containing (5-10% glycerol and 5—
2.9% NaCl) (see Fig. 3) at dehydration stage scarcely
causes a post-hypertonic damage to erythrocytes
in contrast to glycerol (5-10%) prepared with sa-
line (see Fig. 2). The dehydration of cells when
using the above combined media is possibly accom-
panied by a less entry of glycerol into them, there-
fore the change in erythrocytes’ volume (as a result
of water entry at rehydration stage) does not reach
the critical values and is not accompanied by their
destruction. In addition, C.Kh. Mezhidov et al.
[17] associated the reduction of glycerol content
in dehydrated cells with the impact of intracellular
protein concentration (mostly presented by hemo-
globin) on the erythrocyte membrane permeability
for glycerol.

After cell pre-treatment with glycerol (5-10%)
when using the combined media 3-5, containing
glycerol (5—10%) and NaCl (5-2.9%), the cell PHL
level does not increase (see Fig. 4). This effect
is probably due to the glycerol release from cells
following the water at dehydration stage, as a result
the total content of intracellular components is al-
most comparable with that free of cell pre-treatment.
That is why in both versions of the experiment
with PHS no significant differences in the erythrocyte
PHL level were present.

A comparative study of erythrocyte PHL at 37
and 0°C (Table 2) showed the damage in the latter




3HaUeHb KPUTUYHOTO TeMOJIITHYHOrO 00’€My, BHAC-
JIOK YOTO BOHU I IIAIOTHCS JTI3UCY.

B ormmsini J.M. Lahmann Ta cniBaBr. [17] HaBe-
JIEHO YWCJICHHI JIaHi MO0 MPOHUKHOCTI KIIITUHHOI
MeMOpaHU UTs BOAM Ta TIIIEPHUHY, SKi CBiTYaTh PO
11 3aJIeXKHICTH BiJ KOHIICHTpAIli pO3YMHEHOI pedo-
BuHH. A. Carlsen Ta cmiBaBT. [11] BcTaHOBMIH CyT-
T€BE 3HIDKEHHS (OUTBIT HIX B 5 pa3iB) MPOHUKHOCTI
epuTpoLMTapHOT MeMOpaHHU A IVIIepUHy B KOH-
neHrtpamii 1o 4 monw/n. Ilpore pesynbratd, OTpU-
MaHi JUIS KpiOMPOTEKTOPIB Y KOHIEHTpalii MEHIIe
3a 2 MOJIB/J (10 BiAMOBiIAa€ yMOBaM Haioi poboTH),
JnocuTh cynepewnusi [12, 23], ToMy nuTaHHS L1070
MPOHMKHOCTI KJIITHHHOI MeMOpaHd 3a yMOB BH-
KOPHCTaHHS KPIOMPOTEKTOPiB y HHU3bKUX KOHICHT-
parisix morpedye OUTBIT PEeTeTbHOTO BUBUCHHS.

TakuMm 4MHOM, pe3yabTaTd POOOTH BasKIMBI VIS
pO3yMiHHS TIpOIeciB, IO BigOyBarOThCA 32 YMOB
[IT'II epuTpoIMTIB i3 BUKOPUCTAHHIM KOMOiIHOBa-
HUX CEpEeIOBUI, Ha OCHOBI MPOHHUKAIHHOTO (TITi-
[IepUH) 1 HEIPOHUKAIHHOTO (CiJTh) KOMITOHEHTIB.

Pesynbratn mopaipmMX JOCTIHKEHb y IBOMY
HaMpsIMKY MOXYTh OyTH MIATPYHTSIM JUIsSi PO3POOKH
MIPOTOKOJIIB HU3BKOTEMIIEPAaTyPHOTO KOHCEPBYBaHHSI
EPUTPOLIUTIB 3 METOK TOJNIMIICHHS MOKAa3HHUKIB X
CTaHy Ha eTari BUJAJICHHs TPOHUKAJILHOTO KPiompo-
TEKTOPY.

BucHoBkn

1. Bcranosneno, mo piBerb I[1IJI epurporuTis
13 BUKOPHUCTAHHSM Ha eTalli Jeriapararii koMOiHO-
BaHUX CEPEJOBHUII HA OCHOBI TMINEPHUHY 1 XJIOPUAY
HaTpito i3 cyMapHOI ocMoJsuTbHICTIO 2370 MOcwm/1,
3aJIeKUTh BiJI KOHILEHTpAIii KPiOMpOTEKTOpY, TOOTO
piBenb [IIJ] epuTpouUTiB HE BH3HAYAETHCS 3aralib-
HOIO OCMOJISUIBHICTIO CEPEIOBUINA JIeTiiparTaltii.

2. Iloxa3zaHo, mo xapakrep po3Butky IIIJI epur-
POLIMTIB 32 YMOB BUKOPHCTAHHS TIIILEPUHY B CKJIafi
KOMOIHOBaHUX CEpEeJOBHUI Ha eTari Jeriapararii
HE 3aJIeKUTh BiJ MONEPEIHbOr0 HACHYEHHS KIIITHH
KpIOTIPOTEKTOPOM.

3. Ilopisusasae BuBueHHs [IT'II epurporuTin
mpu temrreparypax 37 i 0°C mokazano BiAMIHHOCTI
PIBHS TEeMOITI3y EPUTPOLIUTIB 32 YMOB BUKOPUCTAHHS
koMOiHoBaHOTO cepenopuina (10% riinepuny i 2,9%
NaCl): npu Hu3bKilt Temneparypi pisenb [1IJ1 epu-
TpouuTiB OyB BuIE B 2,7 pasa.

NMiTepatypa
1. MexvgoB CX, MouceeB BA. BrnvsHue KoHUEHTpaLUn BHYyTpU-
KneTo4Horo remorfniobrvHa Ha NPOHULAEMOCTb 3PUTPOLUTOB.
Mpobnembl kpnobuonorum. 1995; (4): 50-1.

case to be in progress when using the lower
concentrated glycerol: 10% (medium 5). It is known
that at low temperature the plasma membrane
permeability of cells decreases for both water and
glycerol, moreover, to a greater extent for the latter
[3, 10, 11].

When using the combined medium 5 (10%
glycerol and 2.9% NaCl), a high level of erythrocyte
PHL (0°C) was probably stipulated by a significant
difference in the water and cryoprotectant transport
rates through erythrocyte membrane. At rehydration
stage, these cells (compared to 37°C) underwent
more significant changes and reached the values of
critical hemolytic volume, resulting in their lysis.

The J.M. Lahmann et al. review [13] provided the
numerous data on the cell membrane permeability
to water and glycerol, testifying to its dependence
on solute concentration. A. Carlsen et al. [5] have
found a significant decrease (more than 5 times) in
the erythrocyte membrane permeability for glycerol
at a concentration below 4 mol/L. However, the
findings obtained for cryoprotective agents at a con-
centration lower than 2 mol/L (that corresponds
to our research conditions) are quite contradictory
[8, 23], therefore the question of cell membrane
permeability when using the low concentrated cryo-
protectants, requires more detailed study.

Thus, our findings are important for understan-
ding the processes, occurring under erythrocyte
PHS if using the combined media, based on penet-
rating (glycerol) and non-penetrating (salt) compo-
nents.

The further findings in this direction may be the
reason to design the protocols for low-temperature
erythrocyte preservation to improve the indices
of their state during penetrating cryoprotectant re-
moval.

Conclusions

1. The erythrocyte PHL level was established
to depend on cryoprotectant concentration, if using
the glycerol- and sodium chloride-based combined
media with 2370 mOsm/L total osmolality at dehyd-
ration stage, i. e. the erythrocyte PHL level was not de-
termined by total osmolality of dehydration medium.

2. The nature of erythrocytes PHL development
when using glycerol within the combined media at
dehydration stage was shown as not depending on
preliminary cell saturation with cryoprotectant.

3. A comparative study of erythrocyte PHS at 37
and 0°C demonstrated the differences in the eryth-
rocyte hemolysis level when using the combined
medium (10% glycerol and 2.9% NaCl), i. e. at low
temperature the erythrocyte PHL level was 2.7 times
higher.
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