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Amphiphilic Compounds as Antihemolytic Agents:
Problems and Prospects

Pedrepat: Y poboti gocnigkeHo BNvMB NOBEPXHEBO aKTUBHUX PEYOBUH, SIKi HanexaTtb [0 Pi3HMX KnaciB amdidinbHUX crnonyk
(kaTioHHun TpudtopnepasuH (TPI1), aHioHHUn Aeumncynbdar Hatpito (C10) Ta HeioHHun geumn-f,D-rniokonipaHo3ng (OIT1)), Ha
piBEHb MOLLKOMKEHHS epUTPOLMTIB MOAUHM Nig Yac Aii nocTrinepToHivyHoro woky (M) Ta BuganeHHs rniuepuHy i3 KNiTnH, 3aMopoxe-
HUX fo —196°C. Yci amdidinbHi Cnonykn B HU3bKUX KOHLEHTPALisX (32 SIKMX aHTUreMoniTMYHa aKTUBHICTb AOPiBHIOE NpmbnuaHo 45%
B ymoBax [N kniTvH) nNposBnsoTb OAHaKOBY e(EKTUBHICTb NPV BUAANEHHI MiLepyrHy 3 pO3MOPOXEHMX KNiTWH. BcTaHoBneHo,
Wwo ceped aMmiinbHUX CNonyk B €(EKTUBHUX KOHLEHTpaUisX MaKcuMarnbHy aHTUreMOMiTUYHY aKTMBHICTb (AlMakc) nposiBnsaTb
O (74%) nig vyac BuaaneHHs rniuepuHy i3 poamopoxeHnx knituH ta C10 (74%) B ymosax NI eputpouuTie, y TOM Yac K NOKa3HM-
km Almakc aktmBHocTi TOIM cymipHi B 060x BuLLeBKa3aHux Bunagkax. OcobnueicTio nposiBy edektnsHocti C10 3a ymoB gerniuepu-
Hi3auii KpiIOKOHCEPBOBaHNX €PUTPOLUTIB € Maike ogHakoBa aHTUrEMOMITUYHA aKTUBHICTb NMPU BUKOPWUCTaHHI B 060X KOHLEHTpaLisix.
MeTogom npoTokoBOI LMTOdNyopumMepii NokasaHo, WO KifbKiCTb aHHEKCUH-MIYEeHUX KNITUH AK Yy §i3ionoriYyHOMY pO34uHi, Tak B yMOBax
M sanexuTtsb Big KoHueHTpauii C10.

Knro4yoBi crnoBa: 3aMOpoXyBaHHS, KpiONpOTEKTOP, EpPUTPOLMTMI, MOCTTINEPTOHIYHWIA LIOK, MilepyH, AerniuepuHisadis, amdidinbHi
CMONYKK.

Abstract: In this research the effect of surface-active substances belonging to different classes of amphiphilic compounds
(cationic trifluoperazine (TFP), anionic sodium decyl sulfate (C10) and nonionic decyl-B3,D-glucopyranoside (DGP)) on the level
of damage of human erythrocytes during posthypertonic shock (PHS) and glycerol removal from cells frozen to —196°C was study.
All amphiphilic compounds in low concentrations (at which the antihemolytic activity is approximately 45% under the conditions
of PHS cells) show the same efficiency when removing glycerol from thawed cells. It was established that among amphiphilic
compounds in effective concentrations the maximum antihemolytic (AHmax) activity was shown by DGP (74%) during the removal
of glycerol from thawed cells and C10 (74%) under conditions of PHS of erythrocytes, while the AHmax activity indicators of TFP
were comparable in both cases. A feature of the effectiveness of C10 under the conditions of deglycerolization of cryopreserved
erythrocytes is almost the same AH when used in both concentrations. The method of flow cytometry showed that the amount
of annexin-labeled cells depended on the concentration of C10 both in physiological solution and under PHS conditions.

Key words: freezing, cryoprotective agent, erythrocytes, posthypertonic shock, glycerol, deglycerolization,
compounds.

amphiphilic

Hapasi equauM migxomoM ajisi JOBrOCTPOKOBOTO
30epiraHHs KOMIIOHEHTIB KPOBi € KpiOKOHCEPBYBaH-
Hi [9, 19, 29]. 3a ymoB 30epiranHs Ipy HAAHU3BKUX
TEMIIEpaTypax KIITHHU HE IMOIIKOKYIOTHCS, TOMY
IO YIIOBUTBHIOETHCS 1X MeTaboIIi3M, i, IK HACTIJIOK,
MeTabosiTH He BrpadaroThes [9, 11]. OCKIIbKHA KITITH-
HU TIepeOyBalOTh Y CTAOUIPHOMY CTaHi, TO X MOXKHA
30epiraT BIPOAOBK 0ararbox PpOKiB. BigkpuTTs
DIIEPUHY SK KPIOMPOTEKTOpa CTaja0 OCHOBOIO IS
3aMOpOXKYBaHHS KIIITHH, IO MOXE 3a0€3MEUUTH 3a-
MacH JJOHOPCHKOI KPOBI Yepe3 301IbIICHHS MIOIUTY Ha
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Currently, cryopreservation is the only approach
for long-term storage of blood components [3,
17, 28]. During storage at ultra-low temperatures,
cells are not damaged, because their metabolism
slows down, and, as a result, there is no loss of
metabolites [3, 6]. Since the cells are in a stable
state, they can be stored for many years. The
discovery of glycerol as a cryoprotective agent
(CPA) laid the basis for freezing the cells, that can
provide supplies of donor blood due to its increased
demand in extreme situations. In addition, the use
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Hel B eKcTpeMallbHUX cuTyauisx. KpiMm Toro, 3acto-
CYBaHHS DJILEPUHY IJS1 KPIOKOHCEPBYBAaHHS KOM-
MMOHEHTIB KPOBI JIO3BOJSIE MiITPUMYBAaTH 3aracu
AyTOJIOTIYHUX KJIITHH Ta MTOHOPCHKUX EPUTPOIIUTIB
3 pinkicanMu GeHotumnamu [4, 11, 19, 28].

Jis  MBHAKOTO 3aMOPOXKYBAaHHS EPUTPOIUTIB
JIOMHA BUKOPUCTOBYIOTH KPIOKOHCEPBAHTH Ha OC-
HOBI TJIIIEPUHY, B CKJIaMdi SIKAX Horo o0’eMHa dacT-
ka ctaHoBuTh 30 1 40%. 3aMopokeHy epuTpomacy
30epiratotb y pigkomy azoti (—196°C) mpotsarom
10 pokis. IloBigbHE 3aMOPOKYBaHHS E€PHUTPOLHUTIB
JIOHOPCHKOI KpOBI Ta iXHE momaibiie 30epiraHHs
3OIMCHIOIOTECSI B MOPO3MJIBHUX MOBITPSIHUX Kame-
pax, sKi 3a0e3nmeuyoTh MOMIPHO HU3bKI TEMIIEpaTy-
pu (Big —40 no —80°C). Ilpu 30epiranHi epuTpomMacu
3a —80°C BHKOPHUCTOBYIOTh 57%-i1 pO3YMH TIi-
nepuHy, a 3a moMmipHoi Temmeparypu —40°C —
DJTIepuH y KiHIEBiH KoHIeHTparii npubdmansHo 40%
[1].

I'minepuH — NPOHUKHUN KPIOTPOTEKTOP, TOMY
MiCIs  PO3MOPOKYBAaHHS CPHUTPOIUTIB HEOOXiTHE
Horo BumaneHHs 3 KITWUH. JlermiuepuHizamis epu-
TPOLUTIB CYMPOBOMXKYETHCS BUAAJICHHSIM TOIIKO/-
KCHHX KIIITHH, BUTPHOTO T€MOTIIO0iHY, Kalio Ta/abo
Oinka [30], ToMy cTaH cycrneH3il epuTpOLHUTIB Niepesn
TpaHc(y3i€lo OULTbII SKICHUH, HDK MicHs Trinortep-
MIYHOTO 30epiraHHs, MPOTITOM SKOTO BTPAYa€ThCS
2,3-nudocorminepar, ATD Tta iH., 110, 30KpeMma,
CYIPOBOIKYETHCSI 3HIKEHHIM (YHKITIOHATLHOI aK-
THBHOCTI €PHUTPOITUTIB Ta 3MIHOIO IXHBOI 3MaTHOCTI
no aedopmarnii ta arperamii [10, 13, 27]. s Bu-
TAJICHHS TIIIIEPUHY 3 PO3MOPOXKEHUX EPUTPOIUTIB
PO3pO0JICHI Ta 3aCTOCOBYIOTHCS ACKiIbKa METOMIMK,
ajie BOHU MOTPeOYIOTh MOJANBIIOTO BAOCKOHAICHHS
[7,20-22].

[lokazano, mo karioHHa amdidinpHa cHoayka
(xmopnipomazun, XIIP) 3gartHa 3HIKYBaTH TeMoi3
CpUTPOLUTIB TPH BHIAICHHI IILEPHHY 3 PO3MOPO-
XKEHUX KIITHH [26]. BpaxoByroun neit (akt, ZOIiIb-
HO Oyio 3’sicyBatd e(heKTUBHICTh aM(ipiIbHUX CIIO-
JyK, SIKi BITHOCATBCS IO PI3HUX KIIACIB IMIOBEPXHEBO
aKTUBHHX PEYOBHH [8], Ha eTarm BHIAJICHHS TIIIIePH-
HY 3 KPIOKOHCEPBOBAaHUX CPUTPOITUTIB.

MeTta po6OTH — MOPIBHUILHUHN aHai3 e()eKTHUB-
HOCTI KaTIOHHOTO TpU(TOpIepasuHy, aHIOHHOTO Je-
mwicynegary Harpito i HeioHHOro aeumn-PB,D-rro-
KOIipaHO3My Ha eTami JeTTilephHi3amii epuTpOLH-
TiB JIFOMWHU, TIOMIEPEIHBO 3aMOpOKeHNX 10 —196°C
i 3axucToM minepuny (15%).

Marepiaiau Ta MeTOIH

Jna mocmimkeHHS BUKOPHCTOBYBAIH E€PUTPOIIH-
TH, OTPHMaHi 31 CBiko0310panoi kpoi rpynu A (II)*
goJoBikiB. KpoB Oyima Hagana XapKiBCBKUM oOJac-
HAM IIEHTPOM CIy>KOM KpoBi. EpuTporurta romu-
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of glycerol for cryopreservation of blood com-
ponents makes it possible to maintain the stocks of
autologous cells and donor erythrocytes with rare
phenotypes [6, 17, 21, 27].

For quick freezing of human erythrocytes,
the cryopreservatives based on glycerol are
applied, in which its volume fraction is 30 and
40%. Frozen erythromass is stored in liquid
nitrogen (—196°C) for 10 years. Erythrocytes of donor
blood are slowly frozen and further storage in freezing
air chambers, providing moderately low temperatures
(from —40 to —80°C). Also a 57% glycerol solution
is used to store the erythromass at —80°C, and
at a moderate temperature of —40°C, glycerol in
a final concentration of approximately 40% is ap-
plied [9].

Glycerol is a permeable CPA, so after erythro-
cytes’ warming it is necessary to remove it from
the cells. Deglycerolization of erythrocytes is
accompanied by the removal of damaged cells, free
hemoglobin, potassium and/or protein [29], so the
state of the erythrocyte suspension before trans-
fusion is of higher quality than after hypothermic
storage, during which 2,3-diphosphoglycerate, ATP,
efc. are lost that, in particular, is accompanied by
a reduced functional activity of erythrocytes and
a change in their ability to deform and aggregate [7,
10, 26]. Several techniques have been developed
and exploited to remove glycerol from thawed
erythrocytes, but they require further improvement
[1, 18-20].

Cationic amphiphilic compound (chlorproma-
zine, CPR) has been shown to reduce hemolysis
of erythrocytes when removing glycerol from the
warmed cells [25]. Considering this fact, it was
expedient to find out the effectiveness of amphiphilic
compounds belonging to different classes of
surfactants [2] at the stage of removing glycerol
from cryopreserved erythrocytes.

The purpose of this research was to compa-
ratively analyze the effectiveness of cationic
trifluoperazine, anionic sodium decyl sulfate, and
nonionic decyl-p,D-glucopyranoside at the stage
of deglycerolization of human erythrocytes pre-
frozen to —196°C under the protection of glycerol
(15%).

Materials and methods

For the study, erythrocytes obtained from
freshly collected blood of group A (II)" men were
used. The blood was provided by the Kharkiv
Regional Blood Service Center. Human erythro-
cytes were precipitated by serial centrifugation
at 3,000 rpm (centrifuge OPn-3U4.2 ‘Dastan’,
Kyrgyzstan) twice and once at 1,500 rpm for 3
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HU OCa[DKyBalll WIISIXOM CEpiiHOTO LEeHTpUudyry-
BanHs npu 3000 06/xB (ueHtpudyra OITH-3Y4.2
«[acran», Kuprucran) nsopa3zoBo 1 0JHOpa3o-
Bo npu 1500 06/xB ympomork 3 xB y 10-kparHoMy
00’emi (izionoriunoro posunny (0,15 moss/n NaCl,
5 mMmonw/n pocdatauii 0ydep, pH 7,4). us kpio-
KOHCEPBYBAaHHS  €pPHUTPOLUTIB  BHKOPHUCTOBYBAIU
KpiOKOHCEPBAaHT, po3paxoBanuii Ha 00’em 1000 M,
Takoro ckiamy: 300 M mminepuny; 40 T MaHITYy; 7 T
Harpito xnopuny; 0,3 r Hatpito docdary aBO3ami-
meHoro. KpiokoHcepBaHT J0AaBaiy KpameiabHO 10
epUTpOLUTIB y criBBiAHOmeHHI 1:1 (3a Macoro) mpu
MOCTIHHOMY TepeMillyBaHHI 3a Temmeparypu 20—
22°C ymponosx He Oinbime 10 xB. s ekBinmiOpamii
CpUTPOLUTIB 3 KPIOKOHCEPBAaHTOM CYCIEH3iI0 3a-
nmumanu Ha 5—-10 XB 3a TOCTIMHOTO TEepeMiITyBaH-
Ha. Kinmesa KoHIIEHTpaIlisd TIIEPUHY CTaHOBHIIA
15%. 3pa3ku cycreHsii epuTpOIHTIB 3aMOPOXKYBAITH
B TMOJICTHJICHOBUX ammyinax o0’emoM 2,0 My Imis-
XOM 3aHypeHHs y pimkuit azor (—196°C), pos3mo-
poxyBamun — y BomsHiM BaHHI (40—42°C) mpu
MOCTIHHOMY TIOTOWIYBaHHI MPOAOBX 2—3 XB [0
3HUKHEHHA TBepHoi ¢as3u. [Ins BupajdeHHS Kpio-
MPOTEKTOpa 3aCTOCOBYBAIM COJBOBI PO3YMHH, SKi
JI0O/IaBaly 10 CPUTPOLUTIB y chiBBigHOmEHHI 1:1.
[Ticns perensHOTO MEpeMillyBaHHSI CYCHEH31I0 LIeH-
TpudyryBamn. Ha mepmomy erami aermiuepuHiza-
uii (cepenopmiie 1) 3acrocoByBanu po3uuH NaCl
y KoHreHTpaiiii 0,6 Mo/, Ha APYroMy 1 TPETbOMY
eramax — 0,15 momns/n NaCl (cepenoBuina 2 i 3 Bin-
moBigHO) [1].

IToctrineproniuamii mok (III'II) epuTpouwuTis
3MIMCHIOBAIM TUISIXOM 130TEPMIYHOTO iX IepeHe-
CeHHS 3 TINEePTOHIYHOTO pO3YMHY (CEpEIIOBHIIE
nerigpararii; 1,65 mons/n NaCl, 5 mmons/n ¢oc-
¢darnuit O6ydep, pH 7.4) B i30oToHIUHME (cepemo-
Buie periaparanii; 0,15 mone/n NaCl, 5 mmons/n
¢docdarauii 6ydep, pH 7,4) 3a temmneparypu 0°C.
Yac iHkyOyBaHHSI €pUTPOLUTIB y CEpPEJOBUIIAX Je-
rigparartii cranoBuB 20 XB, perigpararii — 5 xB [25].

Bwmict reMomnnobiHy y cymnepHAaTaHTI BHU3HAYAIH
CHEeKTPOHOTOMETPUYHIM METOIOM TIPU  JIOBXKHHI
XBWJI 543 HM 1 BUpa)kalld y BiJICOTKaX IT0 BiTHOIIICH-
Hio 10 100%-ro remomizy eputpouuTiB. 3a 100%
MpuiiMany TOTIMHAHHS B Tpo0ax, B SKI J01aBa-
mmn petepreHT TputoH X-100 y xonuenrtpaii 0,1%.
I'eMaToKpuT y HOCHIIKYBaHMX 3pa3kax CTaHOBHB
0,4%.

VY poboti gochimkyBanu am}idiabHI CHOTYKH,
SIKi HaJIeXaTh J0 Pi3HUX KIACIB MOBEPXHEBO AKTHB-
HUX PCYOBHH: KaTIOHHUX, AaHIOHHUX Ta HECIOHHUX.
B sikocti xaTioHHOT amM(iiIbHOI CHOTYKA BUKOPH-
cropyBanu Ttpudropnepazua (TDII), anioHHO —
nermwicynbdar mHarpito (C10) Ta HEIOHHOT — JETHII-
B,D-rmroxomipanosun (JAT'TI).
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min in a 10-fold volume of physiological solu-
tion (0.15 mol/L NaCl, 5 mmol/L phosphate buffer,
pH 7.4). For cryopreservation of erythrocytes,
a cryopreservative designed for a volume of 1,000 ml
was used, with the following composition: 300 ml
of glycerol; 40 g of mannitol; 7 g of sodium chloride;
0.3 g of disubstituted sodium phosphate. The cryo-
preservtive was added dropwise to erythrocytes
in a ratio of 1:1 (m/m) with constant stirring
at 20-22°C for not longer than 10 min. For equi-
libration of erythrocytes with cryopreservative,
the suspension was left for 5-10 min with constant
stirring. The final concentration of glycerol was
15%. Samples of erythrocyte suspension were fro-
zen in 2.0 ml polyethylene ampoules by immersion
in liquid nitrogen (-196°C), warmed in a water
bath (40-42°C) with constant shaking for 2-3
min until the solid phase disappeared. To remove
the CPA we used salines, which were added
to erythrocytes in a 1:1 ratio. After thorough
mixing, the suspension was centrifuged. At the
first stage of deglycerolization (medium 1), a NaCl
solution was used at a concentration of 0.6 mol/L,
at the second and third stages — 0.15 mol/L NaCl
(media 2 and 3, respectively) [9].

Posthypertonic shock (PHS) of erythrocytes
was initiated by isothermal transferring them
from a hypertonic solution (dehydration medium;
1.65 mol/L NaCl, 5 mmol/L phosphate buffer,
pH 7.4) to an isotonic solution (rehydration me-
dium; 0.15 mol/L NaCl, 5 mmol/L phosphate buffer,
pH 7.4) at a temperature of 0°C. The incubation
time of erythrocytes in dehydration media was
20 min, the rehydration one made 5 min [24].

Hemoglobin content in the supernatant was
spectrophotometrically determined at a 543 nm
wavelength and expressed as a percentage in rela-
tion to 100% hemolysis of erythrocytes. 100%
was assumed as absorption in samples to which
Triton X-100 detergent was added at a concentra-
tion of 0.1%. The hematocrit in the studied samples
was 0.4%.

Amphiphilic compounds that belong to different
classes of surfactants: cationic, anionic, and nonionic
were studied in the work. Trifluoperazine (TFP)
was used as a cationic amphiphilic compound,
sodium decyl sulfate (C10) as an anionic compound,
and decyl-p,D-glucopyranoside (DGP) as a non-
ionic compound.

To evaluate and compare the effectiveness of
the studied amphiphilic compounds under the
conditions of erythrocyte PHS, the following con-
cepts were used: antihemolytic (AH) activity, maxi-
mum antihemolytic (AH_ ) activity, plateau and
effective concentrations [5]. The AH of amphiphilic
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Jlis OIiHKY 1 MOPiBHSIHHSA €(EKTUBHOCTI il J0-
criimpkyBanux am@idineaux crnoiayk 3a ymos [T
CPUTPOIUTIB KOPUCTYBAIMCS TIOHSATTSMU. aHTHU-
remomitiaHa (Al') aKTHBHICTH, MAKCUMaJIbHA aHTHUTC-
momitiana (AT ) akTHBHICTB, mIato i e(peKTHB-
Hi KOHIIGHTpaIlii [5]. AHTUTEMONITHYHY aKTHBHICTH
(AT') ambidhinpHUX CIOIYK BH3HAYaIM SIK BiIICOTOK
3HIDKCHHS TeMOJI3y KIITHH Y MPUCYTHOCTI PEUOBUH
IO BiHOIICHHIO 10 TeMOJIi3y B MPo0i, 110 HE MICTHTh
amdidin, i po3paxoByBasH 3a HOPMYIIOI0:

AT :k—a

x100% ,

ne k — BeTUYMHa TeMOJi3y epUTPOLMTIB NpH Bil-
CYyTHOCTI amMQi(iTpHUX PEYOBUH; @ — BEIMYUHA
TeMOJII3y EpPUTPOLHTIB Y MPUCYTHOCTI amMbiiTbHIX
PEUYOBHH.

ITin vac pospaxysanns 3HadeHHs Al akTuBs-
HOCTI B HaBejAeHid (opMyini MOKa3HHK « BiAMoO-
Biflac MiHIMaJIbHIN BETUYHMHI TEMOII3y EPUTPOIIUTIB
y OpucyTHOCTI aM(BihiIbHUX PEUOBHH.

[lnato BW3HauanM SK [iama3oH KOHIEHTpPaLii
aMpipITPHUX CIONYK, B MeEXaxX SKOrO CIOCTepi-
raeTbcsl MiHIMANbHUNA pIBEHb TEMOI3y EpUTPO-
LUTIB, a €(EKTUBHY KOHIIEHTPALiI0 — SK KOHLIEHTpa-
IiF0 PEYOBHHH, IO BiJIMOBIIa€ CEPEAMHI TLIATO.

MeTomoM IpOTOKOBOT MTUTOMITYOPOMETPIi OIiHFO-
BaJld TIOPYIIECHHS acUMETpil MeMOpaH epUTPOIHTIB
3a gomomororo Habopy «Annexin V FITC Apoptosis
Detection Kit» (Becton Dickinson, CIIIA) [25].
ExcriepuMeHT MPOBOAWIN Y ABOX BapiaHTax. Y mep-
IIIOMY BapiaHTi EPUTPOIUTH JIONWHU 1HKYOYBalk
20 xB 3a temmepatypu 0°C y dizioigoridHoMy po3-
ypHi, skuii mictuB 180 a6o 400 mxmons/n C10.
KonTponem Oynu xmiTuHH, sKi iHKyOyBanu y ¢izio-
JoriuHOMY po3uuHi 3a BigcyTHocTi C10. ¥V apyromy
BapiaHTi epuUTpPOIUTH JroAuHK TignaBamu aii 1T
(3a Temmeparypu 0°C), mpu upomy amdidimbHa
crioyka Oyfla TPUCYTHS Yy CEpelOBHILI perizpara-
mii mepes BHECEHHSIM B HBOTO KIiTHH. KoHTpomem
Ooymu epurpormtu micas mii I 3a BimcyTHOCTI
aMidiTpHOT CITOTYKH.

CratrucTiyHy OOpOOKY OTpHUMaHHX EKCIEepH-
MEHTAJbHAX PE3YNbTATIB TPOBOIWIN 32 JOTOMO-
roto mporpamu «Statistica 6.0» (StatSoft Inc., CIIIA).
ExcriepuMenTanbHi JaHi MpeAcTaBleHl Yy BUIIISAL
Mmenianu (Me). CTaTUCTHYHY 3HAUYyLIiCTh BiAMiH-
HOCTEH JOCHIJ)KyBaHMX UYWCIIOBHX TOKA3HUKIB IIe-
peBipsun 3 BUKOpUcTaHHAM T-Kputepito BinkokcoHa.
BigMinHOCTI BBaxkanu 3Hauymmmu pu p < 0,05.

Pe3ysnbTaTn Ta 00rOBOpeHHS

Ilicns po3MOpoXyBaHHS PIBEHb TEMONI3y €pH-
TPOLIUTIB HE TepeBUIIyBaB 5%. 3HAYEHHS TEMOIi-
3y EPUTPOIUTIB I Yac MPOIEAYPH TIOCTAITHOTO
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compounds was determined as a percentage of
the decrease in hemolysis of cells in the presence
of substances in relation to hemolysis in a sample
that did not contain an amphiphile, and was calcu-
lated according to the formula:

k—a

AH = x100%,

where k is the value of hemolysis of erythrocytes
with no amphiphilic substances; and — a the value
of hemolysis of erythrocytes with amphiphilic
substances.

When calculating the value of AH__ activity
in the given formula, the index a corresponded to
the minimum value of hemolysis of erythrocytes
in the presence of amphiphilic substances.

The plateau was defined as the concentration
range of amphiphilic compounds within which the
minimum level of erythrocyte hemolysis was obser-
ved, and the effective concentration was defined
as the concentration of the substance corresponding
to the middle of the plateau.

The asymmetry of erythrocyte membranes
was assessed by means of flow cytometry using
the ‘Annexin V FITC Apoptosis Detection Kit’
(Becton Dickinson, USA) [24]. The experiment
was performed in two versions. In the first one,
human erythrocytes were incubated for 20 min at
a temperature of 0°C in a physiological solution
containing 180 or 400 umol/L C10. The control
was cells, incubated in physiological solution
in the absence of C10. In the second variation,
human erythrocytes were exposed to PHS (at
a temperature of 0°C), while the amphiphilic
compound was present in the rehydration medium
before introducing cells into it. The control
was erythrocytes after the effect of PHS in the
absence of an amphiphilic compound.

The obtained experimental results were sta-
tistically processed using the ‘Statistica 6.0’
software (StatSoft Inc., USA). Experimental data
were presented as median (Me). The significance
of the differences of the studied numerical indices
was verified with the Wilcoxon T-test. Differences
were considered significant at p < 0.05.

Results and discussion

After warming, the level of erythrocyte hemo-
lysis did not exceed 5%. The value of hemolysis
of erythrocytes during the procedure of stepwise
removal of glycerol from cells using saline
media is shown in Fig. 1. It can be seen that when
media 1 (0.6 mol/L NaCl) and 3 (0.15 mol/L NaCl)
were used, the level of erythrocyte hemolysis
did not exceed ~7%. At the second stage of removing
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Puc. 1. PiBeHb remoni3y po3aMOpOXeHUX epUTPOoLUTIB
B npoueci BuganeHHa rniuepuHy (15%) metogom
CcepifiHOro LUeHTpudyryBaHHs 3a [OMOMOrMOK COMbO-
BUX PO34MHIB 3a TemnepaTypu 20-22°C. m — megiaHa,
[l — iHTepkBapTunbHui iHTepean (Q1-Q3), I— Mak-
cumarnbHe Ta MiHiManbHe 3HaYeHHs.

Fig. 1. Level of hemolysis of thawed erythrocytes
when removing glycerol (15%) by serial centrifugation
using salines at 20-22°C. m — is the median, 0 —
interquartile range (Q1-Q3), I — maximum and mini-
mum values.

BUAAJICHHS TIILEPUHY 3 KIITHH 13 BHKOPHUCTAHHIM
COJNBOBHUX CEPEAOBUIL HaBeleHO Ha puc. 1. BumHo,
mo y pasi 3actocyBanHs cepenosuil 1 (0,6 Monb/n
NaCl) i 3 (0,15 mone/n NaCl) piBeHb TIeMOi3y
epuTpouuTiB He mepeBunryBaB ~7%. Ha nppyro-
My eTami BHIAJICHHS DIIEPUHY 3 KIITHH (cepemo-
BHIIIC 2) CIIOCTEPIraeThCsl OUIBIN 3HAYHE IOLIKO-
JKEHHS CPUTPOITUTIB.

Tlokazano, mo karionuuii XIIP 3pgaTreH 3HH-
KyBaTl TeMOJIi3 EPUTPOLUTIB 32 YMOB MOJEIBHO-
ro excnepumenty III'II [25] Tta npu BumaneHHi
DInepuHy 3 po3MopoxkeHHx KiituH [26]. Ilocrt-
TiEePTOHIYHUN LIOK MOJAENIOE BIUIUB HA EPHTPO-
muTH (hakTopa, IO JIi€ B MPOLECi PO3MOPOKYBaHHS
EpUTPOLUTIB, TOOTO KOJH 3HIKYETHCS OCMOJSIIb-
HICTh CEpEIOBHINA N0 I30TOHIYHHUX 3HA4YeHb [12,
16, 17, 23]. Jng Bu3HaueHHA €(DEKTHBHOCTI IHITUX
ampidpimpanx cmomyk 3a ymoB [T epwurpo-
[IUTIB BUKOpUCTOBYyBanu KarioHHWH T®OII, anioH-
uuit C10 1 weionnuit JAT'TI [S5, 6]. AMmdidinehi pe-
YOBUHM JI0J]aBall B CEPENOBHINE perimpararii Ie-
pen BHECeHHAM B HbOro KiituH. Ilpu BapitoBaHHI
KOHUeHTpauii amdidpiniB Oyau OTpuUMaHi 3aJexk-
HocTi moctrineproniunoro remoiizy (III'T) kmitun
Ui KOKHOT crionyku [5, 6]. TumoBy 3aniexHicTh
I[II'T eputpoumtiB Bix KoHUEHTpauii amQidiab-
Hoi crmonyku (Ha npukiagi TOII) naBemeno Ha
puc. 2. BumHo, 1Mo TeMomiTHYHA 3aJCKHICTh Xa-
pPaKTepU3yEThCS HASBHICTIO TPHOX JUISHOK: 31 301J1b-
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glycerol from cells (medium 2), more significant
damage to erythrocytes was observed.

Cationic CPR has been shown to be capable
of reducing hemolysis of erythrocytes under the
conditions of a model experiment of PHS [24]
and when removing glycerol from thawed cells
[25]. Posthypertonic shock simulates the effect
on erythrocytes of a factor that acts in the process
of thawing erythrocytes, that is, when the osmola-
lity of the medium decreases to isotonic values
[8, 13, 14, 22]. To determine the effectiveness of
other amphiphilic compounds under the conditions
of erythrocyte PHS, cationic TFP, anionic C10,
and nonionic DGP were used [4, 5]. Amphiphilic
substances were added to the rehydration medium
before introducing cells into it. By varying the
concentration of amphiphiles, dependences of
posthypertonic hemolysis (PHH) of cells were
obtained for each compound [4, 5]. A typical
dependence of erythrocyte PHH on the concentration
of an amphiphilic compound (using TFP as an
example) is shown in Fig. 2. It can be seen that
the hemolytic dependence is characterized by the
presence of three areas: with an increase in the
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TpudTopnepasnH, MKMONb/n
Trifluoperazine, pmol/L

Puc. 2. 3anexHoCTi piBHA NOCTrinepTOHIYHOro re-
MONi3y epuTpouuTIB NIOAWHM  Big  KOHUeHTpauii
TpudptopnepasnHy B cepeposuLli perigpatauii (0°C);
m — MefiaHa, [] — iHTepkBapTunbHWi iHTepBan (Q1—
Q3), | — MakcumanbHe Ta MiHiManbHe 3Ha4YeHHs.
*  —" BiAMIHHOCTI 3HauylWi MOPIBHAHO 3 pe3ynb-
TataMu 3a BiacyTHocTi amdidineHux cnonyk, p < 0,05.
Fig. 2. Dependencies of posthypertonic hemolysis

level of human erythrocytes on concentration of
trifluoperazine in rehydration medium (0°C). m -
median, [1 - interquartile range (Q1-Q3), I -

*

maximum and minimum values. — differences are
significant compared to the results with no absence
of amphiphilic compounds, p < 0.05.
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Tabnuusa 1. 3Ha4yeHHs1 aHTUreMONITUYHOT aKTUBHOCTI | KOHLIEHTpaUin amdicdineHUx cnonyk 3a ymos ML eputpouuTie
noauHu 3a Temnepatypu 0°C, n =7

Title 1. Values of antihemolytic activity and concentrations of amphiphilic compounds under the conditions of PHS
of human erythrocytes at 0°C, n=7

MakcumanbHa aHTure-
AmdicinbHa cnonyka Posmip nnato, Mkmonb/n | KoHueHTpauia, MKMonb/n | AHTUremMoniTuiHa akTUBHICTb, % MOMITUYHA aKTUBHICTb, %
Amphiphilic compound Plateau size, umol/L Concentration, ymol/L Antihemolytic activity, % Maximum antihemolytic
activity, %
48
180 (45-56) B
Cc10 200-600
74
400 B (66-78)
44
Ton 50 (39-47) -
TEP 100-200 o
150 B (45-77)
41
200 (38-46) -
arn
DGP 400-1600 o
600 N (61-70)

Mpumitka: 3Ha4YeHHs aHTUremMoniTMYHOI aKTMBHOCTI NpeAcTaBneHi y BumMagdi mMegiaHn (Me), iHTepkBapTUNBHOMO

iHTepsany (Q1-Q3).

Note: Antihemolytic activity values are presented as median (Me), interquartile range (Q1-Q3).

meHHsIM koHneHTpamii TOII crmocTepiraeTses moc-
TyIOBE 3HIDKEHHS pPIBHA TOMIKOMKEHHS KIITHH,
IiCIIA YOTO 3aJI€XKHICTh BUXOAUTH Ha IIJIATO 1 3a 0Jalb-
IIOT0 MIABUIICHHS KOHICHTpallil amQidiay piBeHb
[II'T eputpoumTis 3pocTae. OTxe, y HU3bKHX KOHIICH-
tpauisx TOII 3axumiae epuTPOLUTH B MOIIKOAKEH-
Hs13a ymoB [1I'11l, a y BUCOKMX — YMHUTD JTITHUHY Ai10
Ha xiitiHd. [loniOny moaBiiHicTh ail am@idinbHUX
peuoBuH omucaHo H.A. €pmoBoro Ta cmiBaBT. [2],
K.A. Riske Ta ciBabT. [24].

3 TeMOJITUYHHUX 3aJCKHOCTCH, OTPUMaHUX IJIs
TOII, AI'TT i C10, Oynmu BuU3HAYEHI pO3MIpH ILIaA-
TO (BIANOBIJAIOTH Jialla30Hy KOHICHTpaIi amdi-
(binpHOI CHOIYKH, B SIKOMY CIIOCTEPITAEThCS MiHi-
ManpHuK piBeHb [II'T kmiTHH) Ta po3paxoBaHi
senmuuan AlC - aktuBHOCTI. Tlepeniueni Buie xa-
PaKTEPUCTHKH €(PEeKTUBHOCTI aM]iiTbHUX CIOIYK
3a ymoB III'Il epurponuriB HaBegeHo B Tabm. 1.
AMQiQinpHI CIONYKH TpEACTaBiCHI B JBOX KOH-
LEHTpaliiX — BHCOKHX 1 HU3bKUX. Bucoki (edek-
TUBHI) KoHUeHTpauii amdidiniB Oyau BH3HAuUEHI
3 BIJMOBIJIHUX IUIATO, TOMI SK BUOIp HU3BKUX KOH-
neHTpaiid amdidiai 3yMoBieHui ixHporo Al ak-
TUBHICTIO Ha piBHI 45% (Tadm. 1).

Ockinpku TOII, C10 1 AI'TI mposBisan BH-
coky AI aktuBHicTe 3a ymoB III'lIl epuTponuTiB
(Tabn. 1), y momaiapImmx eKCIIEpUMEHTaX 3 JOCTiM-
JKEHHS JIEeTIIIEepUHI3aIii PO3MOPOKEHUX EPUTPO-
LUTIB 3aCTOCOBYBAJIH MEPEIiYCHI CIIOTYKH B KOHIICH-
Tpauisix, HaBeJeHux B Tao. 1.
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concentration of TFP, a gradual decrease in the
level of cell damage is observed, after which
the dependence reaches a plateau, and with a
further increase in the amphiphile concentration,
the level of erythrocyte PHH increases. Therefore,
at low concentrations, TFP protects erythrocytes
from damage under PHS conditions, and at high
concentrations, it exerts a lytic effect on cells.
A similar dual action of amphiphilic substances
is described by N.A. Yershova et al. [30], K.A. Riske
etal. [23].

From the hemolytic dependences obtained
for TFP, DGP and C10, the dimensions of the
plateau were determined (corresponding to the
concentration range of the amphiphilic compound,
in which the minimum level of PHS of cells is ob-
served) and the values of AH__ activity were
calculated. The above-listed characteristics of
the effectiveness of amphiphilic compounds under
the conditions of erythrocyte PHS are presen-
ted in Table 1. Amphiphilic compounds are pre-
sented in two concentrations — high and low. High
(effective) concentrations of amphiphiles were
determined from the corresponding plateaus,
while the choice of low concentrations of amphi-
philes is due to their AH activity at the level
of 45% (Table 1).

Since TFP, C10, and DGP showed high
antihemolytic activity under the PHS conditions of
erythrocyte (Table 1), in subsequent experiments
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Puc. 3. Bnnue amdidinbHMx cnonyk B BUCOKUX (A) Ta HU3bKMX (B) KOHUEHTpauisax Ha piBeHb remonisy eputpo-
LMTiB NpX BUAANIEHHI MMilepuHy i3 pO3MOPOXEHUX KIITUH 3a YMOB BMKOpPUCTaHHA cepegoBuwa 2 (0,15 monb/n

NaCl). Temnepatypa 20-22°C. m — megiaHa, [ — iHTepkBapTunbHui iHTepBan (Q1-Q3),
Ta MiHiManbHe 3Ha4YeHHs. * — BIAMIHHOCTI 3HauvyLWi NOPiBHAHO 3 KOHTponewm, p < 0,05.

I— MakcumarnbHe

Fig. 3. Effect of amphiphilic compounds in high (A) and low (B) concentrations on level of erythrocyte
hemolysis during removal of glycerol from thawed cells when using medium 2 (0.15 mol/l NaCl). The temperature
is 20-22°C. m — median, [ — interquartile range (Q1—Q3),I — maximum and minimum values. * — differences

are significant compared to the control, p < 0.05.

Buxomsuu 3 Toro, 1o Ha eTami JeTiiIepuHi3a-
mii 3HAYHE ITOIIKOKEHHS EPUTPOIHTIB CIIOCTEPi-
raeTbcs y cepenoBuii 2 (auB. puc. 1), amdidins-
Hi CIIOJlyKH BHOCHJIM CaMe B L€ CEPEelOBHILE MEpex
JOZIaBaHHSM B HBOTO KIIITWHH. 3 pHC. 3 BUIHO, IIO
B BUcOkHX KoHIeHTparisx C10 i TOIl 3HmkyoOTh
PiBEHb TE€MOIi3y EpUTPOLMTIB B 2 pa3H, B TOW yac
sk Heionaui JI'TI € Oinpm eeKTUBHUM 1 3HMKYE
pIBEHb TOMIKODKEHHS KmMTHH B 4 pa3u. Bci am-
(didibHI CIOTYKH B HU3BKUX KOHIICHTpPAITISAX IPaK-
THYHO OJTHAKOBO 3HIKYIOTH PIBEHb T'€MOJI3y KIITHH
(puc. 3).

I pyHTYIOUHCH Ha pe3yJIbTarax, HaBEICHUX Ha PHC. 3,
Oynmu po3paxoBaHi BenmumuuHu Al akTuBHOCTI TOII,
C10, AI'TI mpu 3acTocyBaHHI B BUCOKHX 1 HU3BKHX
KOHIEeHTpauisfx (Tabn. 2). BimmiHHOCTEH B edek-
TUBHOCTI aMQiQiTbHUX CHONYK NPU HHU3BKUX KOH-
LEHTpaliix He BHUABICHO. AMQiQiNbHI CHOTyKH
(Y BHCOKHX KOHLEHTpALisX) MO)KHA PO3TallyBaTH
B pslly 3a 30UIbLICHHAM iXHBOi Al aKTMBHOCTI:
C10 < T®IT < AI'TI, To6To HaKOLIBII e(EeKTHB-
HuM € Heionnud JAI'TI. Pisna edexruBHicTh aMi-
(ITPHUX CHONYK, IO BHUSBJICHA 32 YMOB JHEIVIille-
puHI3amii Po3MOPOKEHUX KIITHH, WMOBIpHO, 00Y-
MOBJICHA OCOOJMBOCTAMH (Di3HKO-XIMIYHHMX BIIACTH-
BOCTEH PEUOBWH, SIKI BUKOPHCTOBYBaIH. MOXKIIBO,
IO BIJICYTHICTH 3apAny 1 rigpodinbHO-TiapodhoOHMI
Oananc amdidinbaux monexyn AI'TI mo3BomsroTh
OUIbII YCHIIIHO 3amoOIirTH PO3BUTKY MEMOpaHHUX
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on the study of deglycerolization of thawed
erythrocytes, the listed compounds were used in the
concentrations given in Table. 1.

Based on the fact that at the stage of
deglycerolization significant damage of erythrocytes
is observed in medium 2 (see Fig. 1), amphiphilic
compounds were introduced into this medium
before adding cells to it. Fig. 3 shows that in high
concentrations C10 and TFP reduce the level of
erythrocyte hemolysis by 2 times, while non-
ionic DGP is more effective and reduces the
level of cell damage by 4 times. All amphi-
philic compounds in low concentrations almost
equally reduce the level of hemolysis of cells (Fig. 3).

Based on the results shown in Fig. 3, the
values of AH activity of TFP, C10, and DGP were
calculated when applied in high and low concentra-
tions (Table 2). Differences in the effectiveness
of amphiphilic compounds at low concentrations
were not found. Amphiphilic compounds (in high
concentrations) can be arranged in a series accor-
ding to the increase of their AH__ activity: C10 <
TFP < DGP, i. e. nonionic DGP is the most effec-
tive. The different effectiveness of amphiphilic
compounds revealed under the conditions of deg-
lycerolization of warmed cells is probably due to
the peculiarities of the physicochemical properties
of the substances used. It is possible that the lack
of charge and the hydrophilic-hydrophobic ba-



Tabnuusa 2. 3Ha4yeHHs aHTUreMONITUYHOI aKTUBHOCTI amaichinnbHUX CrofyK nicnsa BuaaneHHs rmilepuHy i3 KpiokoHCepBo-
BaHWX eputpoumTie y cepeposuLi 2 (0,15 mone/n NaCl) 3a temnepatypu 20-22°C, n =7

Title 2. Values of antihemolytic activity of amphiphilic compounds after removal of glycerol from cryopreserved
erythrocytes in medium 2 (0.15 mol/L NaCl) at 20-22°C,n=7

AmdpicbinbHa cnonyka KoHueHTpauifa, mkmonb/n AHTUremMoniTu4Ha akTuBHICTb, %
Amphiphilic compound Concentration, umol/L Antihemolytic activity, %
180 45 (39-49)
C10
400 42 (41-50)
50 33 (31-35)
TomN
TFP
150 52 (42-63)
200 39 (35-46)
arn
DGP
600 74 (50-83)

Mpumitka: 3Ha4YeHHs aHTUremMoniTMYHOI aKTMBHOCTI NpeAcTaBneHi y BumMagdi megiaHn (Me), iHTepkBapTUNBHOTO

iHTepsany (Q1-Q3).

Note: Antihemolytic activity values are presented as median (Me), interquartile range (Q1-Q3).

nedeKTiB 10 po3Mipy TEMONIITHYHUX TOP TPU BHIIA-
JICHHI TJIIEPUHY 3 PO3MOPOXKEHHUX KITITHH.

B ymoBax amermiuepuHizanii KpiOKOHCEPBOBAaHHX
CPUTPOLUTIB OCOOMHUBICTIO TPOSBY €(PEKTUBHOCTI
agiogHoro C10 € maibke OIHAKOB1 3HA4eHHS HOrO
AT akTHBHOCTI B 000X KOHIICHTpaIisx (Tadm. 2), 3a
nii TITI Borm Bimgpi3HsAtOTHCS (quB. Tadm. 1). Tomy
JOLUIBHUM Oylo AOCHIOUTH CTAaH €PUTPOLMTAPHOL
MemOpanu 3 momaBanHsM C10 B 000X KOHIIEHTpa-
IIisIX METOIOM ITPOTOKOBOI UTO(IIyopruMepii. AHIOH-
Huit C10 nposiBnsie HAROIMBITY eeKTUBHICTD (74%)
mopiBastHO 3 TOIT i AI'TI 3a ymor III'II wmiTuH
(muB. Tabm. 1). Kpim Toro, came mpu 3acTOCYBaHHI
C10 (B 060x koHIEHTpamisx) Ha BimMiHy Big TOII
1 AT'TI xmitunwy, ki 36epernucs micist aii [ITIL (0°C)
Ta JofaBaHHS aMQiQilbHOI CIONYKH, BHSABISUTH
CTIMKICTh /IO TOAANBIIOTO IiIBUICHHS TEMIIEpa-
Typu (Bix 10 mo 37°C) [6].

Cran epurpouuTapHoi MeMOpaHU OLIHIOIOTH
3a 3MiHOIO TpaHcMeMOpaHHOTO po3noainy ¢ocdaru-
muiicepuny (®C), saxuit € mapkepuum (docdo-
JIUIIZOM BHYTPIIIHBOI'O MOHOIIAPY JIIiAHOIO Oi-
mapy [24]. Jns anamizy KITHH 3 TOPYIICHOIO acH-
MeTpiero MemOpann (3a ®PC) METOmOM IPOTOKO-
BOI ITUTO(IIYyOPHUMETPil 3aCTOCOBYIOTh aHHEKCHH V,
KOH I0rOBaHuit 3 PiyopoxpomMoM (ryopecrieiHi30Tio-
uionaroM (FITC), skuii Mae BUCOKY CIODiJHEHICTb
1o ©C.

Pesynbrati mpoBeNEHUX OCIHIAKEHb EPHTPO-
LUUTIB JIIONMHA METOAOM TPOTOKOBOI HHTO(IyO-
pUMETpIi MOKa3aau, M0 BMICT KOHTPOJEHUX CpPUT-
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lance of amphiphilic DGP molecules can more
successfully prevent the development of membrane
defects to the size of hemolytic pores when remo-
ving glycerol from thawed cells.

In the conditions of deglycerolization of cryo-
preserved erythrocytes, a feature of the mani-
festation of the effectiveness of anionic CI10 is
almost the same values of its AH activity in both
concentrations (Table 2), while under the PHS
action they differ (see Table 1). Therefore, it
was advisable to investigate the condition of the
erythrocyte membrane with the addition of C10
in both concentrations by the method of flow
cytometry. Anionic C10 shows the greatest ef-
ficiency (74%) compared to TFP and DGP under
the conditions of PHS of cells (see Table 1). In ad-
dition, precisely when using CI10 (in both
concentrations), in contrast to TFP and DGP,
the cells that survived after the PHS effect (0°C)
and the addition of an amphiphilic compound
showed resistance to a further rise in temperature
(from 10 to 37°C) [4].

The condition of the erythrocyte membrane
is assessed by changes in the transmembrane
distribution of phosphatidylserine (PS), which is
a marker phospholipid of the inner monolayer of
the lipid bilayer [23]. Annexin V, conjugated
with the fluorochrome fluorescein isothiocyanate
(FITC), which has a high affinity for PS, is used
to analyze cells with disturbed membrane asym-
metry (according to PS) by the flow cytometry.
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Puc. 4. Llutorpamun eputpounTtie niogunHu y npucytHocTi C10 y piszionorivHomy po3unHi npu 0°C: A — KOHTpOnb,
B — 180 mkmonb/n C10, C — 400 mkmonb/n C10 (Bicb abcunc — iHTEHCUBHICTbL hnyopecueHuii aHHekciH V FITC

B YMOBHUX OAUHULIAX).

Fig. 4. Cytograms of human erythrocytes with C10 in physiological solution at 0°C: A — control, B — 180 uymol/L C10,
C — 400 pmol/L C10 (abscissa axis is the fluorescence intensity of Annexin V FITC in conventional units).

pouuTiB (3a BiACyTHOCTI ambididy), 1m0 3B’sI3aiIu
anHekcuH V, ctanoBuB 0,34% (puc. 4). VY pa3si 3acto-
cyBaaHs aHioHHOTO C10 (Y (hiziomorivyHOMY PO3UHHI)
KITBKICTh TO3WUTHBHO MIYE€HUX KIITHH 3HAYHOIO
MIpPOI0 3aJICKUTh BiJ KOHILEHTpawii amdibhiapHOT
crionyku: sakmo C10 B HU3BKIA KOHIICHTpAIii
(180 mxmomnb/m) BUKIMKaEe nosBy 4,32% aHHEKCHH-
MIiYeHUX KIIiTHUH, TO Y BHCOKiil (400 MKMONB/1) —
22,6% (puc. 4).

VY pasi nposeaenns I eputpouuTiB mpu
0°C i3 momaBamasMm C10 B HM3BKiH KOHIICHTpAIii
BiJICOTOK TMO3UTHBHO MIiYCHHMX KIIITUH OyB HE3HA4-
HO BuIIE (5,77%), B TOH Yac SK BUKOPUCTAHHS BH-
cokoi konreHTpamii C10 30iIbImIyBano KiIbKiCTh
aHHeKcHH-Mi4eHnX KiiThH (38,3%) mopiBHSAHO 3 Bin-
MTOBITHUMH TIOKa3HUKaMH Y (Di310JIOTIIHOMY pO3-
quHi (puc. 5).

OTxe, 3 MIBHUINEHHSIM KOHIICHTpAIli aHiOHHOTO
C10 BIiACOTOK IIO3UTUBHO MIYEHMX KIITHH 301Ib-
LIYETBCS, IO CBiAUUTH mpo nepeposnoain PC i3
BHYTPIIIHBOTO Ha 30BHIIIHIM MOHOIIAp JiMigHOTO
Oimapy epuTpouuTapHUX MeMOpaH moguHu. Crin
3a3HAYUTH, MO0 TPU BUKOPHCTAHHI HU3BKOI KOH-
uentpaunii C10 B 000X BapiaHTax MPOBEIEHHS EKC-
repuMeHTy (y ¢i3i070TiTHOMY PO3UMHI Ta 3a YMOB
I[II'II epuTpomMTIB) IEH IMOKA3HHUK BiAPIZHAETHCS
HE3HaJHO.

IIpu mocmimxenHi epekruBHOCTI KatioHHOTO TOIT
Oynu OTpWMaHiI JOCHTh ONHM3bKI 3HAYCHHS HOTO
Al aktuBHocTi B ymoax III'II epurpormris
1 Ha eTami ACTIIEpUHI3allii PO3MOPOKCHUX KIIITHH
(60 1 52% sigmoBigHo) (Tabm. 1 i1 2). Ile ysrox-
KyeThcs 3 qanumu E.A. Semionova Ta cmiBasr. [26].
[Ipu BuBYEHHI €QEKTUBHOCTI MO3UTHUBHO 3apsii-
xeHoi amdidineroi crnonyku XIIP (B edexruBHii
koHIleHTpamii 600 MKMOJB/JT) B MONIEITBHOMY €KCIIe-
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The results of studies of human erythrocytes
by flow cytometry showed that the content of
control erythrocytes (in the absence of amphiphile)
that bound annexin V was 0.34% (Fig. 4). In
the case of using anionic C10 (in physiological
solution), the number of positively labeled cells
largely depends on the concentration of the am-
phiphilic compound: if C10 at a low concentration
(180 umol/L) causes the appearance of 4.32% of
annexin-labeled cells, then at a high concentration
(400 pumol/L) — 22.6% (Fig. 4).

In the case of conducting erythrocyte PHS
at 0°C with the addition of C10 in a low concent-
ration, the percentage of positively labeled cells
was slightly higher (5.77%), while the use of
a high concentration of C10 increased the number
of annexin-labeled cells (38.3%) compared to
corresponding indices in physiological solution
(Fig. 5).

Therefore, with an increased concentration of
anionic C10, the percentage of positively labeled
cells increases, which indicates the redistribution
of PS from the inner to the outer monolayer of the
lipid bilayer of human erythrocyte membranes.
It should be noted that when using a low concent-
ration of C10 in both variants of the experiment
(in physiological solution and under the PHS
conditions of erythrocytes), this index differs
slightly.

When studying the effectiveness of cationic
TFP, quite close values of its AH__ activity were
obtained in the conditions of erythrocyte PHS and
at the stage of deglycerolization of warmed cells
(60 and 52%, respectively) (Tables 1 and 2). This
is consistent with the data of E.A. Semionova et
al. [25]. When studying the effectiveness of the
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Fig. 5. Cytograms of human erythrocytes after exposure of posthypertonic shock at 0°C with C10 in the rehydration
medium: A — control, B — 180 umol/L C10, C — 400 umol/l C10 (abscissa axis is the fluorescence intensity

of Annexin V FITC in conventional units). The dehydration medium is 1.65 mol/L NaCl.

puMmenTi (3a ymoB III'MI xmmiTuH) 1 pu BUAANCHHI
DIIEPUHY 3 PO3MOPOKEHUX EPHUTPOIUTIB OYIH OT-
puMani cymipHi 3HaueHHs Al akTuBHOCTI (~ 73%)
B 000X BUTQ/IKAX.

Ha BigmiHy Bim KaTiOHHUX MOXimTHUX (eHOTia3u-
Hy (XIIP i T®II), micna 3actocyBaHHS HEIOHHOTO
JI'TI i anionnoro C10 BUSBIEHO BiAMIHHOCTI B TXHii
e(EeKTUBHOCTI 32 YMOB MOJICJIIEHOTO EKCIIEPUMEHTY
1 Ha eTami BUJAJCHHS DIILCPUHY 3 PO3MOPOKECHUX
KITIITHH.

BumesasnaveHi BiiMiHHOCTI B mposiBi Al akTuB-
HOCTI amMQipiIbHUX CIOAYK MOXYTh OyTH IOB’S-
3aHi 3 Pi3HUM TPaHCMEMOpPAHHUM PO3IOAUIOM TXHIX
monekyn [14]. Karionni ambidiapHi CHOIYKH,
MIPOSIB AHTHTEMOJIITHIHOI aKTHBHOCTI SKUX HE 3a-
JIKUTh BIJl XapakTepy MpPOBENCHHS EeKCIepuMeH-
1y (II'II abo mpomemypa aemminepuHizalii), BOy-
JOBYIOTBCSI 1 PO3MONIUISIIOTECS Yy BHYTPILIHBOMY
MOHOWIAapi JimigHOro Oimapy epuTpOLHUTAPHUX
MeMOpaH (II0 Ha KIITHHHOMY pPiBHI NpOSBIAETHCA
B TpaHc(opMallii KIITHH 32 TUIIOM AUCKOLUT-CTOMa-
ot [3, 14].

Hns neionHux 1 aHioHHUX aMm(idinbHHUX CcHO-
JyK, sKi BOYIOBYIOTBCS 1 PO3MOMUISIOTECS B 30B-
HIIIHEOMY MOHOIMIApi JimigHoro Oimapy (mo Ha
KJIIITHHHOMY piBHI TIPOSBISETHCS B TpaHcdopmariii
SPUTPOITUTIB 3a THIIOM JHCKOIUT-eXiHOIUT [14],
mposiB AI' aKTMBHOCTI iCTOTHO 3aJICKUThH BiJ 3Mi-
HA CTaHy EpUTPOIHUTAPHOI MEeMOpaHH, IO BimOy-
BAETHCS B LUK 3aMOPOXYBaHHS-PO3MOPOKYBaHHS
kmituH. [lig 9ac KpioKOHCEpBYBaHHS Ha KIITHHH
BIUTUBAE PSAJT KPiOMOMIKOMKYHOUUX (akTopiB: Qop-
MyBaHHS KPUCTAIIIB JIbOAY, 3MiHA TeMIiepatypH, pH,
TOHIYHOCTI cepepoBuiia Tomio [12]. 3a ymoB npoBe-

positively charged amphiphilic compound CPR
(at an effective concentration of 600 umol/L) in
a model experiment (under the conditions of
PHS of cells) and when removing glycerol from
thawed erythrocytes, comparable values of AH__
activity (~ 73%) were obtained in both cases.

Unlike cationic derivatives of phenothiazine
(CPR and TFP), after the use of nonionic DGP
and anionic C10, differences in their effectiveness
were found under the conditions of a model experi-
ment and at the stage of removing glycerol from
thawed cells.

The above-mentioned differences in the mani-
festation of AH activity of amphiphilic compounds
may be associated with different transmem-
brane distribution of their molecules [11]. Cationic
amphiphilic compounds, the manifestation of
antihemolytic activity of which does not depend
on the nature of the experiment (PHS or de-
glycerolization), are embedded and distributed in
the inner monolayer of the lipid bilayer of erythro-
cyte membranes (which at the cellular level
manifests itself in the transformation of cells of
the discocyte-stomatocyte type [11, 16].

For nonionic and anionic amphiphilic com-
pounds that are embedded and distributed in
the outer monolayer of the lipid bilayer (which
is manifested at the cellular level in the transfor-
mation of erythrocytes according to the disco-
cyte-echinocyte type [11], the manifestation of AH
activity significantly depends on the change in the
state of the erythrocyte membrane, which occurs
in the freezing-thawing cycle of cells. During
cryopreservation, cells are affected by a number
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nenHst ekcriepuMenTy III', sxkuit Mo BHU3HAUYEHHIO
MOJISJIIOE BIUIMB Ha KJIITUHU TiTbKH OXHOTO (hak-
TOpa KpIOMOIIKOMKECHHS (Iisi SKOTO peaizyeThes
Ha eTami PO3MOPOKYBAaHHS KIITHH), — 3HIKCHHS
TOHIYHOCTI CEpPEIOBHIIA.

Kpim Toro, pizauts mnposisy Al akrusHOCTI C10
i JAI'Tl 3a ymoB III'lIl epurporuTiB Ta Ipu BUIA-
JIEHHI TIIEPUHY TAaKOXK B JEsAKid Mipi Moxke OyTh
MOB’s13aHa 3 BIUIMBOM TIIIIEPUHY HA EPUTPOIHTAP-
Hy MmemOpany [15, 18]. ¥V poboti Y. Korniyenko
Ta cmiBapT. [18] 3 BUKopucTaHHIM Habopy Qmyopo-
¢opiB, 1m0 MalOTh Pi3HY JIOKaNi3alilo B JiHiIHOMY
Oimapi, JOCHIMIKEHO BIUIMB NPOHUKHUX KpPiOMpo-
TEKTOPiB (DIiLEepHH, TUMETUICYIbpokena, 1,2-mpo-
MaHgiod) Ha MeMOpaHM EpUTPOLMTIB JIIOAMHHU.
[TokazaHo, 1m0 misl KPiOMPOTEKTOPIB peaizyeThCs
B TOJSIPHIA 30HI JIITITHOTO Oimapy epuTpoInTa,
0 TIPOSIBIAETHCS B 30UIbIIEHHI ii Tigpararii Ta
He 3auinmae HaiOuIbIn TimpodoOHy 30Hy. Ciin
3a3HAYNTH, 110 KaTioHHI aM(idian SK CTOMAaTOTeHHI
CIIONTyKH TIePETHUHAIOTEH TiapodoOHy 30HY Ta Iepe-
Ba)KHO PO3NOAUIIIOTHECS Y BHYTPIIIHEOMY MOHOIIAPI.

O1xe, e(heKTH CTOMATOTCHHUX CIIONYK (KaTioHHI
T®II i1 XIIP) He 3anexaTh BiJ CTaHy epUTpOLUTAp-
HOi MeMOpaHH, 0 (HOPMYETHCS MiA BIUTUBOM (ak-
TOpiB, fKi AIIOTH 32 YMOB BWAAJICHHS DIILEPUHY
3 JICKOHCEpBOBaHMX KiiTHH abo wmogemi [T
VY Toii camuii yac eXiHOIMTApHI CIIOMYKH (aHIOHHUH
C10, neionnuit JAI'TI), Mmomekynn SKux BOYIOBYIOTh-
Cs 1 PO3MIUPIOIOTH 30BHINIHIAM MOHOIIAp MEMOpaHH,
3HAYHOIO MIpOIO pearyioTh Ha 3MiHH €pUTPOIHUTAP-
HO1 MEeMOpaHH, IO 1 MPOSBIAETHCA Y BIAMIHHOCTSIX
iXHBO1 €(DEeKTHBHOCTI 3a BUITIC3a3HAYCHUX YMOB.

[Momanpi gocmimKeHHS y IbOMY HalpsAMKY CTa-
HYTh CTUMYJIOM IJISl TIOIIYKY Ta PO3LIMPEHHS BUKO-
PHUCTaHHS THUX PEYOBHH NPUPOJHOTO MOXOMKEHHS,
AKi 37aTHI 3HW)KYBAaTH PIBEHb MOCTTiINEPTOHIYHOTO
TeMOJIi3y epUTPOLHTIB Ta OyTH €()EeKTUBHUMH Ha €Ta-
11 BUJAJTICHHSI IPOHUKHOTO KPiOMPOTEKTOPa 3 pPO3MO-
POKEHUX KITIITHH Ta MIATPYHTIM IS PO3POOKHA HOBHX
Ta YAOCKOHAJCHHS HAsSBHUX IPOTOKOJIB KPIOKOH-
CEpBYBaHHS CPUTPOIIUTIB.

BucHoBku

TakuM YUHOM, OCHOBHE TOIIKO/PKEHHS EPUTPO-
LUTIB y IMKJIi KPIOKOHCEPBYBaHHS MiA 3aXHUCTOM
15%-r0 TiinepuHY CIIOCTEpIraeThCs HAa €Tami BU-
JalieHHA KpPiOMPOTEKTOpa 3 PO3MOPOKEHHX KITi-
THH 3 BHUKOPHCTaHHSM COJIbOBOTO CEpEAOBHILA 2
(0,15 mome/n NaCl). 3acrocyBanHs am@iginbHUX
CTHOJIyK, IO HajJeXaTb 10 PI3HUX KIaciB MOBEp-
HEBO AKTHBHHX PEYOBWH, JO3BOJHIO 3MEHIIHUTH
TTOIIKO/KEHHST PO3MOPOKCHHUX KJIITHH Ha eTari Jie-
rainepunizamii. Bei amdidinbHi crogykd B HH3b-
KUX KOHIIEHTpamisx (3a skux Al akTHBHICTH HO-
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of cryodamaging factors: the formation of ice
crystals, changes in temperature, pH, tonicity
of the medium, etc. [8]. Under the conditions of
conducting the PHS experiment, which by defi-
nition simulates the effect on cells only one factor
of cryodamage (the action of which is imple-
mented at the stage of thawing of cells) is a decrease
in the medium tonicity.

In addition, the difference in the manifestation
of AH activity of C10 and DGP under the PHS
conditions of erythrocyte and when glycerol is
removed may also be related to some extent to
the effect of glycerol on the erythrocyte mem-
brane [12, 15]. In the report of Y. Korniyenko
et al. [15] using a set of fluorophores with different
localization in the lipid bilayer, there was investi-
gated the effect of permeable CPAs (glycerol,
dimethylsulfoxide, 1,2-propanediol) on the mem-
branes of human erythrocytes. It is shown that the
effect of CPAs is implemented in the polar zone
of the lipid bilayer of the erythrocyte, which is
manifested in the increase of its hydration and does
not affect the most hydrophobic zone. It should be
noted that cationic amphiphiles as stomatogenic
compounds cross the hydrophobic zone and are
mainly distributed in the inner monolayer.

Therefore, the effects of stomatogenic com-
pounds (cationic TFP and CPR) do not depend
on the state of the erythrocyte membrane, which
is formed under the influence of factors that act
under the conditions of removal of glycerol from
deconserved cells or the PHS model. At the same
time, echinocytogenic compounds (anionic CI10,
nonionic DGP), the molecules of which are embedded
and expand the outer monolayer of the membrane,
largely respond to changes in the erythrocyte
membrane, which is manifested in differences
in their effectiveness under the above conditions.

Further investigations in this direction will
be a stimulus for the search and expansion of the
use of those substances of natural origin that are
able to reduce the level of posthypertonic hemo-
lysis of erythrocytes and be effective at the stage
of removing the permeable CPA from thawed cells
and the basis for the development of new and
improvement of existing erythrocyte cryopreser-
vation protocols.

Conclusions

Thus, the main damage of erythrocytes in the
cycle of cryopreservation under the protection of
15% glycerol is observed at the stage of removing
the CPA from thawed cells using salt medium 2
(0.15 mol/L NaCl). The use of amphiphilic com-
pounds belonging to different classes of surfactants



piBHIOe Tpubmu3Ho 45% B ymoBax III'I kmiTuR)
MPOSIBIISIIOT OAHAKOBY €()eKTUBHICTh NIPU BHIAJICHHI
DTLEPHUHY 3 PO3MOPOKEHUX KITITHH.

IToka3zaHo, 110 cepen aMidiTbHUX CrOAYK (Y BH-
COKMX KOHIICHTpAIsIX) HaHOUTBIT ehEeKTHBHIUME
MpU  IETIIEPHUHI3aIlii PO3MOPOKEHUX KIITHH €
AT'TI (74%), a 3a ymoB III'L eputporurie — C10
(74%). lokasauku AI'  axtuBHOCTI TOII cymipHi

Makc

B 000X BHINEBKa3aHUX BHITA/IKaX.

Pesynbratu, oTpuMaHi 3a JOMOMOIOI METOAY
MIPOTOKOBOI IMTOQIIOOPUMETPii CBiguarh Mpo 3a-
JISKHICTh  TpaHcOimapoBoro mepeposnoaury DC
B CpUTPOLUTApHUX MeMOpaHax BiJ KOHLEHTpamii
amdidinsHoi cionyku (C10). O1xe, MOkHa migiOpa-
TH TaKy KOHHEHTpauiro aM(idiabHOI crodyku, 3a
AKOi BOHa Oyna 3/1aTHAa MPOSBIATH 3HAYHY aHTHUIC-
MOJIITHYHY aKTUBHICTH 1 HE BIUIUBATH HA TPAHCMEM-
OpanHuit iepeposnoaist @C y memOpaHi.
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made it possible to reduce damage to thawed cells
at the stage of deglycerolization. All amphiphilic
compounds in low concentrations (for which the AH
activity is approximately 45% in the conditions of
PHS of cells) show the same efficiency in removing
glycerol from warmed cells.

It was shown that among amphiphilic compounds
(in high concentrations) the most effective in de-
glycerinization of thawed cells are DGP (74%),
and under the conditions of erythrocyte PHS —
C10 (74%). The AH__ indices of TFP activity are
comparable in both of the above cases.

The results obtained using the method of flow
cytometry indicate the dependence of the transbilayer
redistribution of PS in erythrocyte membranes
on the concentration of the amphiphilic compound
(C10). Therefore, it is possible to choose such a
concentration of the amphiphilic compound at
which it would be able to show significant
antihemolytic activity and not affect the trans-
membrane redistribution of PS in the membrane.
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