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B mpezncraBneHHOM JOKIIa/1€ OCBEICHBI 3TAITBI PA3BUTHS
NITKuK HAH YkpanHsl co BpeMeHH €ro OCHOBaHUs B 1972
TOJy U A0 HACTOSIIUX JHEH, 3aTPOHYTHI BOIIPOCHI MEPCIEK-
THUB WHCTUTyTa. AKIEHTHPYETCs] BHUMAaHHE Ha Cyab0o-
HOCHOH BcTpede B Hayane 70-x rogoB XX Beka ABYX
HeopanHapHbIx Jrofeit — b.E. Bepkuna u H.C. ITymkaps,
KoTopast (pakTUIeCKU IpeJonpeIeiiIa Co3laHue abCOoT-
HO YHHMKAJIbHOTO yupexaeHus. boiblioe BHUMaHHE 3TOH
VMHHULUATUBE, BCECTOPOHHSIS MOIEPKKA Ha CAMBIX TPYIHBIX
HavaJIbHBIX 3TaMax ee peayn3aniy OblIy okasansl [Ipe3uaeH-
toM HAH VYkpauns! B.E. ITaronom.

OTMegaeTcs, 4T0 CO BpEMEHH OCHOBAHHS HHCTUTYT OB
¥ OCTaeTcs eIUHCTBEHHBIM HayuHbIM yupexaenneM B CCCP,
YKpauHe 1 MHpe, OCYIIECTBIISIOIINM KOMIUIEKCHBIE (yH 1~
MEHTaJIbHBIC ¥ IPUKJIIHBIC paOOTHI B 00JIACTH MEULIMHEI,
BETEPUHAPHUH, CEJIBCKOTO XO35AHCTBa, OMOTEXHOJIOTHH,
MHUKPOOHOIOTUYECKOM MPOMBILIUIEHHOCTH U T. A. Haunnas
CBOIO JICATENBHOCTh B cOcTaBe 47 4eloBeK M 6 Hay4dHBIX
OTZETIOB, 3a 40 JeT YMCICHHOCTh COTPYAHUKOB HHCTUTYTA
BbIpocia 10 341 u 15 oraenoB. Hayunsle HanpaBieHus
nccae0BaHNN OBUIM 3aJI0KEHBI UX OCHOBATEISIMHU, K
KOTOPBIM MOXHO OTHECTH TaKHX «KJIACCHKOB» KPHUO-
Ouonorun u kpuomemvivHbl, kKak H.C. ITymkaps, A.M. benoyc,
A.A. Ilynaesa, B.A. Moucees, M.T. Illen6epr, 5.M.
Janenko, B.M. Yepenaunuenko, F0.A. Utkun, B.1. Muracos
u ap. JIo HAaCTOSIIEro BpEMEHH CTPATErHYECKU BaXKHBIMU
OCTalOTCsl TAKUE HAYYHBIE HAIPABICHUS, KaK UCCIIEJOBaHHE
MEXaHH3MOB KPHOKOHCEPBUPOBaHMS M KPHO3AIUTHI OHOJI0-
IMYECKUX 00BEKTOB, CO3/1aHNe IPPEKTUBHBIX KPUOIPOTEK-
TOPOB, UCIOJB30BaHUE X0JOJa B MEAMLIMHE, pa3paboTka
TEXHHUYECKUX CPEACTB H alllapaTyphl I €ro IPUMEHEHHS B
KIIMHUYECKOHN MPAKTHKE ¥ KPHOKOHCEPBUPOBAHHS OMOIOTH-
YECKUX OOBEKTOB.

Oco0oe BHIMaHUE B TOKJIaJE YIEISIeTCsl OMHOMY U3 BaXK-
HBIX 3TAIOB pa3BUTHA HHCTUTYTA ¢ 1983 1o 2011 rozer, koraa
uM pykoBoani akageMuk HAH Vikpaunsr B.U. I'pummenko.
Yenoek mupoyaniie 3pyaunuu, KOTOpbld TeHEpUpPOBal
MaccCy HJeH, 4acTb KOTOPBIX HaM €lIe TOJNBKO MPEICTOUT
BOIUTOTHTH B XH3Hb. [ loquepKrBaeTcst 3HaYNMOCTh CHopMy-
JIMPOBAHHOTO U ¢(hOPMHUPOBAHHOTO UM e1le B Hadaie 80-X
rofioB XX Beka HalpaBJIEeHUs, IMEHYEeMOT0 KaK «KpHOOHO-
JIOTHS CTBOJIOBOM KJIETKH), OCTAIOIIETOCS M ceruac
CTEp>KHEBBIM HaIlpaBIICHUEM HAayYHBIX U IPUKJIaJHBIX paboT
HAILIETO MHCTUTYTA.

B noxnaze Taxxke chokycnpoBaHO BHUMaHUE Ha padboTe
1 IOCTHKEHUSIX OT/IENIOB U HHCTUTYTA B LIEJIOM Ha COBPEMEH-
HOM 3Tarie ero pa3BUTHs, 00CYKIat0TCS BOIPOCHI ITEPCIeK-
TUBHBIX HCCIICZIOBAHUI, 3aTParuBarOTCS TEMbI, UMEIOIIIE
OTHOILICHHE K HayYHO-OpTaHM3aLMOHHON paboTe MHCTUTYTA,
padore xadenpst FOHECKO, a Taxxe Hay4HOTO U Ipak-
tuaeckoro Bzaumoneicteus ¢ MHII HAH, AMH u MO3
YKpauHbI ¥ psifi APYTUX BOIIPOCOB.

KpuoGMOROrIM

T.22,2012, Ne3

The report presents the developmental stages of the
Institute for Problems of Cryobiology and Cryomedicine of
the National Academy of Sciences of Ukraine since its
foundation in 1972 to the present day, the prospects of the
institute are specified. It is focused to the fateful meeting at
the beginning of the 70s of the twentieth century of two
very extraordinary people — B.Ye. Verkin and N.S. Pushkar,
who actually determined the creation of totally unique
institution. Great understanding of the initiative, whole-
hearted support of the most difficult initial stages of its
implementation was provided by the President of the
National Academy of Sciences of Ukraine B.Ye. Paton.

It is noted that since its establishment the institute was
and has remained the only research institution in the USSR,
Ukraine and the world, performing comprehensive funda-
mental and applied research in the field of medicine, vete-
rinary medicine, agriculture, biotechnology, microbiological
industry, etc. Starting its activity from 47 persons and six
academic departments, during 40 years the Institute has
grown to 341 persons and 15 departments. Scientific research
areas were established by their founders, including such
‘classics’ of cryobiology and cryomedicine as N.S. Pushkar,
A.M. Belous, A.A. Tsutsayeva, V.A. Moiseyev, M.G. Shen-
berg, B.M. Datsenko, V.M. Cherednichenko, Yu.A. Itkin,
V.I. Mitasov and others. Till now there have been remained
the strategically important research areas such as the study
of cryopreservation and cryoprotection mechanisms of
biological objects, effective cryoprotectants, the use of cold
in medicine, the development of technical apparatuses and
equipment to be applied in clinical practice and for cryo-
preservation of biological objects.

Special attention is paid to one of the most important
stages in the development of the Institute since 1983 to
2011, when it was headed by the academician of the National
Academy of Sciences of Ukraine V.I. Grischenko. The man
of great learning, who generated a lot of ideas, some of
those we have yet to implement in future. There is empha-
sized the importance of posed and shaped by him in the
early 80s of XX century the direction, referred to as ‘stem
cell cryobiology’ being even now for our institute the core
of fundamental and applied researches.

The report also focuses the attention to the work and
achievements of the departments and institution as a whole
at the present stage of its development, and discusses future
researches to be performed. The issues related to scientific
and organizational work of the Institute, the activity of the
UNESCO Chair, scientific and practical cooperation with
the Interdepartmental Scientific Center of the National
Academy of Sciences, Academy of Medical Sciences and
the Ministry of Health of Ukraine and a number of other
issues are under discussion.
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Mpoueaypa kpuoadbasiummn: casur hpasbl anonTo3a M KPUMOCEHCMOMAM3ALMS
Ax.AX. BAYCT
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Cryoablation: Apoptotic Phase Shifting and Cryo-Sensitization
J.G. Baust
Institute of Biomedical Technology, State University of New York, Binghamton, NY, USA

Pacmmpenne npuMeHEHUS! TEPMOTEPANHH TPeOyeT YeTKOTO
HOHMMAaHUsI MEXaHU3MOB, C TIOMOIIIBIO KOTOPBIX HU3KUE TeMIIepa-
TypBI pa3pylIalOT TKAHU-MUIICHH, TEM CaMbIM JaBasi eIl OJNH
IIAHC HA )KU3Hb [IPY JISICHUU PAKOBBIX TOPAKESHHUH.

PactmdpoBka OMOXMMHYIECKHUX OTBETHBIX PEaKINi KJIETOK Ha
BO3/ICHCTBHE HU3KHX TEMIIEPATyp UMEET BakHellIIIee 3HaYeHNE Is
HOCTOSIHHOTO yityuieHus 3¢ dextuBHocTH ieuenust. C 9Toi Lesnbio
H3yYCHHE «OTI0KEHHOTO» Hadaja THOeNH KIETOK I03BOJIIIO
YIPaBIATh KJICTOYHBIMH PEAKIUSMH MOCPEACTBOM PETYIISIIUN
aroNTOTUYECKUX ITyTeil. MBI IPeIoI0K I, YTO KPOME SIBJICHUH
«OTJIO)KEHHOTO» aIloNTO03a, MPOUCXOAALINX, KAaK IMOKa3aHo, B
pe3ynbTare BO3ACHCTBHUS TEMIEpaTyp HECKOJIBKO HIKE TOUKH
3amep3anus (10 mo —25°C), B kieTKax, MOABEPTIINXCA BO3-
neiicTBUIO cBepXHU3KUX Ttemmepatyp (< —30°C), moxer
HaOMrOaThes Jake OoJiee ObICTPOE HACTYIIIICHUE alloNTo3a.

Knerkn paxa npeacraTeabHON JKee3sl YeTI0BeKa ObLUTH OA-
BEPTHYTHI Bo3leiicTBHI0 Temnepatyp oT —60, =30, u —15°C mns
MOJEJIUPOBAHUs MPOLEAYPHl Kproadsuu. Mcnons3ys npo-
TOYHYIO LIMTOMETPHUIO, (MIIYOPECLIEHTHYIO MUKPOCKOIIHIO U aHAIH3
western blot, 06pa3upl ObLIH AETATBHO MCCIEAOBAHBI B pPa3HOE
BpeMsI ITOCTIe OTTAUBAHUS JUIS OIIPE/ICJICHNUS CTPECCOPHBIX ITyTeH,
BOBJICUCHHBIX B THOENb KJIETKH. Pe3ynbraThl MOKa3bIBAIOT, YTO
IpU CBEPXHU3KHUX Temieparypax (Huxe —30°C) 3HauuTeIbHAS
4acTh KIETOK MOABEPINIach 3aIpOrpaMMHPOBAHHON CMepTH B
TedeHue Bcero nuinb 30 MUH HOcie OTTaMBAaHHS, AOCTHTas
Makcumyma ~40% uepe3 90 muH, a uepes 6 4 mocie pas-
MOpa)XHBAaHUsI HAOIIOAAIUCH TOJIBKO HEKPOTHUECKHE KIIETKH.
Onnako mpu 6oxee BBICOKHX TeMIepaTypax HHXKE TOUKH
3amep3anus (Beime —30°C), akTHUBAIMSA U MPOTPECCUPOBAHUE
arornTo3a NPOUCXOT OoJIee 3aMeVICHHO M HE OTMEYAIOTCsI 10 6 —
24 4 pocne OTTauBaHUs. YPOBHHM alloNTo3a ObUIM TAaKXKe 3Ha-
YUTENBHO HIDKe: ¢ ~ 10% KIeTOK, MOABEPralomMXCs alonTo3y,
K 6 4 TOCIIe OTTaNBaHMUS B pe3YJIBTaTe BO3ACHCTBHUS TEMIICPaTypPhI
—15°C u 10 ~25% K 6 4 1ocjie OTTauBaHUs KJICTOK, OXJIaXKIECHHBIX
1o —30°C. Kpome Toro, ObI0 YCTaHOBIJICHO, YTO PAaHHEE HA4aJIo
amomnTo3a 3aIycKaloch IMOCPEJCTBOM MeMOpaHOOMOCpe-
JOBAaHHOTO Kaclla3a3aBUCHMOTO MeXaHHM3Ma (BHEIIHETO), B TO
BpeMsI KaK «OTJI0)KEHHBII alloNTo3 BOBJIEKAJ KaK BHELIHUE, TaK
U BHYTPEHHHUE (MUTOXOHIPHUANbHBIE) NYyTH. DTH JaHHbBIC
CBUAETENBCTBYIOT O BIMSHHUM allONTOTHYECKOrO KOHTHHYYMa,
4yepe3 KOTOPBIH 0oJiee CHIIbHBIA KPHOTEHHBII CTPecC aKTUBHPYET
BHEILIHUE, MEMOPaHO PEry;IupyeMble allONTOTHYECKHE IYTH, B TO
BpeMsi KaK MEHee «KEeCTKOE» 3aMOpaKMBaHHE aKTHBUPYET
BHYTPEHHHE, MUTOXOHIPHATFHO-0IIOCPEI0BaHHbIE Ty TH. bricTpast
MHJYKIHS U pa3BUTHE allONTO3a IIPU CBEPXHU3KHUX TeMIIepaTypax
OOBSCHSIOT, IOYeMy paHee He ObUTH IOJTy4eHbI TAKHE PE3yJIbTaThl
HOCJIe 3aMOPAXKUBAHMsI KaK B YCIOBHSAX KPHOAONSALUM, TaK U
KPHOKOHCEPBUPOBAaHHsL. B KOHEYHOM cueTe Hamla Ieidb — pac-
mMQpoBaTh COOBITUS U CUTHAIIBHBIE Iy TH, KOTOPBIE CIICH(DIIECKN
BOBJICYEHBI B 3aIlyCK OBICTPOro HacTyIuleHHs amonrto3a. Kak
TOJIBKO 3TO CTAHET U3BECTHO, KPHOXUPYPTUUECKHE MPOLETYPhI
MOTYT OBITH MOIU(HUIIMPOBAHBI TAKHUM 00pa30oM, YTOOBI MOKHO
OBLIO BEIOOPOYHO HHIYIIMPOBATh OBICTPOE HACTYIUICHHE alloNTo3a
WIH 3a/IepXKUBaTh IMOeNb KISTOK JJIsl MOBBILICHHUS 00Iei
3¢ pekTuBHOCTH KpHroabisiuuu. BynyT mpencraBieHsl NepBbie
JI0Ka3aTeNbCTBA TOTO, YTO BBHIOOP KPHOCEHCHOMIN3AaTOPOB
MI03BOJISICT MTOBBICUTH KPHOUYBCTBUTEIBHOCTD.

KpuoGMOROrIM

T.22,2012, Ne3

The expanding application of thermal therapies necessitates
a clear understanding of the mechanisms by which low temperature
destroys targeted tissue thereby yielding a viable option in the
treatment of cancerous lesions. Critical to the continual impro-
vement of treatment efficacy is deciphering the biochemical res-
ponses of cells to low temperature exposure. To that end, the
identification of delayed onset cell death has allowed for the
manipulation of cellular responses through the regulation of
apoptotic pathways. We have hypothesized that in addition to
delayed apoptotic events that have been shown to occur following
exposure to mild sub-freezing temperatures (10 to —25°C), cells
exposed to ultra-low temperatures (< —30°C) may also undergo
a more rapid, early onset apoptosis.

Human prostate cancer cells (PC3) were exposed to tempe-
ratures of —60,—30, and —15°C to simulate a cryoablative procedure.
By utilizing flow cytometry, fluorescent microscopy, and western
blot analyses, samples were interrogated at various times post-
thaw to identify the stress pathways involved in cell death. The
results indicate that at ultra low temperatures (below —30°C)
a significant population of cells underwent programmed cell death
within as little as 30 min of thawing, attaining a maximum of
~40% at 90 min, and by 6 hr post-thaw only necrotic cells were
observed. At elevated sub-freezing temperatures (above —30°C),
however, the activation and progression of apoptosis occurred in
a more delayed manner and was not noted until 6-24 hr post-
thaw. The levels of apoptosis were also significantly lower with
~10% of cells undergoing apoptosis at 6 hr post-thaw following
exposure —15°C and ~25% at 6 hr post-thaw for cells frozen to
—30°C. Additionally, it was found that early onset apoptosis
progressed through a membrane mediated caspases-dependent
mechanism (extrinsic) while delayed apoptosis involved both
extrinsic and intrinsic (mitochondrial) pathways.

These data demonstrate the impact of apoptotic continuum
whereby the more severe the cryogenic stress activates the
extrinsic, membrane regulated apoptotic pathway while less severe
freezing activates the intrinsic, mitochondrial mediated path. The
rapid induction and progression of apoptosis at ultra low
temperatures provides an explanation as to why such results
have not previously been identified following freezing both in
cryoablative or cryopreservation settings. Ultimately, it is our
aim to decipher the events and signaling pathways that are
specifically involved in triggering rapid-onset apoptosis. Once
known, cryosurgical procedures might be modified such that rapid-
onset and delayed programmed cell death pathways can be
selectively induced, in an effort to improve the overall efficacy of
cryoablation. Early evidence suggesting that select cryo-sensitizers
offer the potential to improve freeze sensitivity will be presented.
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KuzHecnocobHocTb M AugppepeHUMPOBKA KOCTHOTO MO3ra reMono3TUYECKUX
M ME3E€HXMMaAbHbIX CTBOAOBbIX KAETOK, KPUOKOHCepBMPOBaHHbIX npn —196°C ¢ 1972 roaa
C. Cymmaa, T. Knutamyra, H. Motomypa, A. CAMTO
KamHnka mn rabopatopus KpuomeanumnHbl U nepesnsanms Kposu A-pa Casxmo Cymuasl
TkaneBoit baHk, OTAEAEHME CEPAEYHO-COCYAUCTONA Xnpyprum, DakyAbTeT MeAnunHbl TOKMACKOro
YHuuBepcuteta

Viability and Differentiation of Bone Marrow Hematopoietic

and Mesenchymal Stem Cells Cryopreserved at —196°C since 1972

S. SumiDA, T. KITAMURA, N. MOTOMURA, A. SAITO
Dr. Sajio Sumida Clinic and Lab Cryomedicine and Blood Transfusion
Tissue Bank, Department of Cardiovascular Surgery, Tokyo University School of Medicine, Japan

DTo0 uccnenoBaHue ObUIO MPOBEACHO IJIS TOATBEPIKICHUS
KHU3HECTIOCOOHOCTH ¥ MU PEPEHIIMPOBKY B KYJIBTYPE IEKOHCEP-
BHPOBAHHBIX KIIETOK KOCTHOTO MO3T'a, KJIETOK ITyHOBHHEI U IIM(O-
LIHUTOB Nepudpeprudeckoil KPOBHU, KPHOKOHCEPBUPOBAHHEIX
¢ 1972 rona B teuenue 3040 ner.

AyTONOTHYHEIE KIETKH KOCTHOTO MO3ra B KonudecTse 5,1 +
2,9%10%° 6butn cobpaubl st nedenust 293 GONBHBIX C pac-
HPOCTPAHEHHBIM COJHMIHBIM PaKOM IEpe XUMHOTepanueil. tu
KJIETKU CycHeHAUpoBaiu B 15%-M (KoHeuHast KOHIICHTPAIHs)
pacTBope INIMIIEpUHA B TKAHEBOH KyJbTypajbHOU cpene 199
(8 1972-1980 rr.) unu B 10%-M (KOHEYHass KOHIIEHTpALIUs)
pactBope JIMCO Ha 0CHOBE ayTOJOTMYHOM I1JIa3MBbl B TE(IOHO-
BOM/KalTOHOBOM KOHTEeHHepe, oxyiaxaanmu a0 —75£5°C co
CKOPOCTBIO 2-5 Tpajfi/MUH C UCIIOIB30BaHHEM IIPOTPaAMMHOTO
3aMOpaKUBATENsI U XPAaHWIN B kuakoMm azore 30-40 ner mpu
temneparype —196°C, naunnas ¢ 1972 rona. KonreliHepsl
€ KJIETKAMH KOCTHOTO MO3Ta, KOTOPBIE HE HCIOJIB30BAIH JUIA JIe-
YEHUsI TAIINEHTOB, IOCTOSHHO XPAHSITCS B XPAHHUIIAIIE C KHIKIM
azoroM 10 cerogusmHero aus. B 2010 roxy gacts oOpa3os
ObL1a Pa3MOPOIKCHA [T U3YUCHHUS KHU3HECTIOCOOHOCTH U aud de-
penuupoBku remonostuueckux (I'CK) u Me3eHXUMaJIbHBIX CTBO-
n0BbIX Ki1eTok (MCK). PasmopoxeHHbIe KIIETKH KyJIbTHUBUPOBAIN
B yanikax [leTpu ¢ KynpTypallbHOH cpeioi U COOTBETCTBYIOIIUMHU
(dakTOopaMu pocTa: CHIBOPOTKAMH B3POCIOr0 YeJIOBEKa W/MIIH
JIU3aTOM KJIETOK KPOBHM Me4exBocTa B MHKyOarope npu 37°C u
5% CO,. KynpTypanbHas cpena 3aMeHsIach PeryispHO, JBa-
TPHU pasa B HEAENIO.

HccenenoBanus HOKa3allk: YTO MOHOIIUTAPHBIE U SPUTPOOIACcT-
uete KOE Gbimn o6HapyxeHsl B 96% IeKkoHCEepBHPOBaHHBIX
KJIETOK KocTHOTO Mo3ra. Boccranosnenue I'CK nexoncepsupoBaH-
HOTO KocTHOTO Mo3ra (15 mapra 2012 roga) COOTBETCTBYET ypaB-
Henuto perpeccun: Y =—0,0003X + 0,0367, T. €. 3aMopaxuBaHue
B JKHJIKOM a30T€ MaJIO BIIUSIET Ha KOJIMUECTBO BOCCTAHOBIICHHBIX
KOE-C xnerok koctHOro mo3ra. [1oBbIlIeHHas SKCIIPECCUs To-
BEPXHOCTHBIX Mapkepos: CD2,4,116, 13, 16,33, 38, HLA-DR u
GP o3Hauaer, yTo UMeHHO (PaKTOPBI pocTa B cpesiax 3P HeKTHBHO
CTUMYIHPYIOT nponudepannio u aupepeHIPOBKY ITHX KIETOK
JUISL SKCTIPECCUPOBAHUS IIOBEPXHOCTHBIX MapkepoB. HekoTopsre
KOJIOHHH KJIETOK, 00pa30BaHHbBIEC HA 5—7 I€Hb KyJIbTHBHPOBAHUS,
coxpansutick 10 3 mecsueB ( 4-6 maccaxeii). Komonnn MCK,
nepunuTh ¥ GpudpobacTel 0GHAPYKEHBI B 8% OTTassHHOTO KOCT-
Horo Mo3ra. Ilepunuter U GuOpoOIACTHI, IPUKPEITUBIIAECS KO
JHY YallKH, POCIH U MOKPBIBAIN BCIO €€ MOBEPXHOCTh, a TAKXKE
y4acTBOBaJH B MOCTPOCHUU HEOOBIYHBIX «KOHQIIOCHTHBIX)
CTPYKTYp Ha MOBEPXHOCTH KyJIBTypbl. HEeKOTOpbIE U3 3THX CTPYK-
Typ obnazianu cBoiictBoM aBrocokpaienus. 'CK ycrerHo kyib-
THUBUPOBAIU MOBepX KOH(IIOEHTHOTO ciosi hpubpodnacto. He
HaOmoanoch 6akTepUaIbHOTO 3apaKCHUS B PEe3yNbTHPYIOLIEH
KyJbType. XpaHeHHEe CTBOJIOBBIX KJIETOK, a TAK)Ke KJIETOK ITyII0-
BHUHHO#1 KpoBH 1pH —60 10 —80°C B MEXaHIMYECKOM XOJIOIILHUKE
WU B TIapax KHUAKOTO a30Ta He MTO3BOJIHIIO ITOCIIE OTOTPEeBa MOITy-
YHUTH KOJIOHHUH, BEPOSATHO, U3-32 HECTAOMIBHOTO TEMIIEPATyPHOTO
peXxuMa, BBI3BAHHOT'O OTKPBIBAHUEM JIBEPH, HPHBOMASILETO
K (haTanpHOI peKpUCTAIUIN3AINH B KIICTOUHBIX CYCIICH3HAX.

KpuoGMOROrIM
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This study was performed to confirm viability and differen-
tiation in culture of the thawed bone marrow cells, umbilical cord
cells, and peripheral lymphocytes which had been cryopreserved
for 30—40 years since 1972.

Autologous bone marrow cells of 5.1 + 2.9x10%° were
harvested for salvage of 293 advanced solid cancer patients before
chemo-ablation, suspended in a 15% (final concentration) glycerol
in a tissue culture medium 199 in 1972-1980, or in a 10% (final
concentration) Me,SO in the autologous plasma solution, enclosed
in a Teflon-Capton bag, cooled down to around —75 + 5°C at
a controlled rate of 2- 5 deg/min using programmed cooling device,
and preserved in a liquid phase of liquid nitrogen for 30 to 40
years at —196°C since 1972. Containers with bone marrow cells
which were not used to treat patients had been continuously
preserved in liquid nitrogen stocker until today. In 2010 we decided
to thaw those cells in order to study the viability and differentiation
of hematopoietic (HSCs) and mesenchymal stem cells (MSCs).
Thawed cells were cultured in Petri dish with culture media and
appropriate growth factors: adult human sera and/or limulus
(horseshoe crab) blood cell lysate in special incubator maintaining
the correct conditions of 37°C and 5% CO,. The culture medium
was replenished at regular time intervals, two to three times per
week.

The studies showed that: monocytes- and erythroblast-CFU
appeared in 96% of thawed bone marrow. Recovery (%) of HSCs
of thawed marrows gave the regression equation: Y=-0.0003X +
0.0367 on March 15,2012, which suggests that freezing in liquid
nitrogen hardly influences the CFU-C recovery (%) of marrow
stem cells. The increased expression of surface markers: CD2, 4,
11b, 13, 16, 33, 38, HLA-DR, and GP-A clarified that the right
growth factors in the media effectively stimulated the proliferation
and differentiation of those cells to express surface makers. Some
colony cells of Day 5—7 continuously survived to form colonies
for up to minimum 3 months as the 4"—6™ passages. Colonies of
MSCs, pericytes and fibroblasts appeared in 8% of thawed bone
marrows. Pericytes and fibroblasts attached to the bottom of
dish to grow up and covered the entire surface of the dish, and
recruited to construct interesting ‘confluent’ frameworks on the
surface in culture. Some of these structures showed automatically
contraction, suggesting MSCs differentiation into cardiomyocytes
or other cell types. HSCs were successfully cultured on top of
a confluent layer of fibroblasts. Although 6 of 90 containers
ruptured during thawing, but there were neither bacterial
contamination nor obstacles in the culture results afterward. The
cryopreservation of stem cells and also cord blood cells at —60 to
—80°C in the mechanical freezer and in the vapour phase of liquid
nitrogen did not constantly succeed in the formation of colonies,
probably due to long-termed duration of unstable temperatures
caused by the repetitive opening and shutting of the door, resulting
in fatal recrystallization of the cells.
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Mnotepmuyeckass annapatHasi nepgpy3nsi AOHOPCKOW NMevYeHn YeAOBeKa C MOMOLbIO
nepdy3MOHHOW CUCTEMBI C KOHTPOAMPYEMbIM AaBAeHUeM. [lepBble pe3yAbTaTbl
MCMOAb30BaHUSI OAHO- U ABYXMOTOKOBbIX BapUaHTOB
b. ®yaaer, A. Axomaa , K. Typycamm, b. AEBUACOH
Yuusepcuterckuii Koaneax AoHaona, Posa @pu Kamnyc, AoHaoH, Beankobputanms
Hypothermic Machine Perfusion of Human Donor Livers Using a Pressure Controlled
Perfusion System. Initial Results on Single or Dual-Flow Modalities

B. FULLER, A. JomaA, K. GURUSAMY, B. DAVIDSON
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Ilo cpaBHEHMIO C TPaAMLIMOHHBIM THIIOTEPMUYECKUM Xpa-
HEHHEM Ha XOJIOJIe THIMOTepMHUEcKas ammapaTHas nepysus
(AIT) noka3asa Gosee BBICOKHE PE3yJIbTaThl IPU KOHCEPBALIMH
nouek. [Toxokre 0OHaIeKMBAIOIIHE PE3yIBTATHI OBLTH IOy YCHBI
mirst TAIl medeHn Kak Ha MOZEIH OOIBIIMX, TaK M MalbIX
JKUBOTHBIX, OJTHAKO JAaHHBIE O COCTOSIHUU TIE€YEHU YeJIOBEKa IpU
ncnionb3oBanny Al mo-npesxHEMyY OCTaIOTCS HEIOCTaTOUHBIMH.
[lenbpto 1aHHOTO UCCIIEIOBaHUS SIBJSCTCS CO3JaHUE HA/IEHKHOTO
metona ['AIl i xpaHeHHs IEIeHH YeTI0BeKa C NCTIOIb30BaHUEM
CHCTEMBI C KOHTPOJIMPYEMbIM JaBJICHUEM; OLIEHKA TOT'0, MOXKET JIU
CTEpUIIBHOCTB 00€CIIeUBATHCS Ha IPOTSHKEHUN BCEH IPOLIELyPbI;
OIleHKa THUIOB Hepdy3nun (MCHOIB30BaHUE TOIBKO apTEpHi,
TOJIKO BOPOTHBIX BEH WM TEX U APYTUX OJHOBPEMEHHO).

B mccnenoBaHUsX HCHONIB30BaNM 00pa3Ibl MedeHu oT 16
4eJIOBEeK (OTKJIOHEHHBIE OT TPAHCIIAHTAIL[MM BCEMHU LIEHTPaMHU
BenmkoOpuranuu, HO C HATMIHEM COOTBETCTBYIOIIETO COINIACHS
Ha IIPOBE/ICHHE UCCIIEJOBAHHUI ), KOTOPHIE B CITyYaifHOM HOPSIKE
ObLIH rozieneHbl Ha 4 rpynsl: [pynmna 1 — 7 4 runmoTepMu4eckoro
xpanenus ([X) u 19 I'AIl gepe3 neuenounyto aprepuro (IT1A)
(n=4); rpymna 2 — 7 9 I'X u 1 u I'AIl uyepe3 neyeHOUHYIO
apreputo (ITA) u Bopornyro Beny (BB) (n =4); I'pynma 3 — 7 g
I'X n 1 u I'AIl yepe3 BB (n = 4); I'pynna 4 — 8 4 npocroro I'X
B pactBope UW. Mcnonb3oBanace cucteMa ¢ KOHTPOIUPYEMBIM
JaBJICHHEM, OCHOBaHHAs Ha ammapate A1 nepdys3uu modex
«Lifeport», B KOTOpPOM MOTOK aBTOMAaTH4ECKH PETYITUPYETCs B 3a-
BHCHMOCTH OT COTIPOTHBIICHUS IS TTOJIACPKAHUS TOCTOSTHHOTO
nasieHus (7 MM pt. cT. as BB 1 30 mum pT. ct. i ITA). [leuens
nep¢y3upoBanu npu 4-8°C ¢ HCHONTB30BaHUEM pacTBOpa JUIS
nepdys3un nouku «Belzers KPS» B cTepuIbHBIX yCIOBHUSX.
[Tapamerpsl nepdy3uu (naBiaeHHe, MOTOK, COMPOTUBICHUE U
TeMIIepaTypa) PerncCTpUpoBaI Kaxasle 15 mun. O6pa3us! nep-
¢by3ara s omnpeneneHus MUKPOOHOW KOHTaMHHALMH M YyB-
CTBHUTEJIFHOCTH OBUIH B3ATHI JI0 1 ITOCIIE epdy3Hn.

Hccnenoanus nokaszanu, uro aasieHue 30 mm pr.cT. B [IA u
JaBJjieHue 7 MM pT. cT. B BB coxpansunce B Teuenue nepdysuu.
Bennuunsl noroka B ITA 1 BB Haxonunuce B quama3one ot 11 1o
107 mu/muH (B cpeanem 59,5 ma/muH) u ot 39 1o 199 mn/muH (B
cpeqaeM 96,2 mi/mun). Conporusnenue st [TA n BB kone6anocs
ot 0,17 10 1,99 (cpemnee 0,71) u ot 0,07 10 0,17 MM PT.CT./MIT/MHUH
(B cpenrem 0,08). TemnepaTypy noanepKuUBaii B Ipeaeiax ot 4
1o 8°C ¢ momompio TermmoooMeHHuKa. ViceaeqoBaHus Ha MHK-
POOHYIO KOHTAMHHALIMIO 1 YyBCTBUTENBHOCTH Mepdy3aTa nokasa-
I, 9TO CTEPHIBHOCTH TOANEPKUBACTCS Ha NPOTSDKEHUH Beeit
IpOLEayPHI.

W3 mpoBeIeHHBIX NCCIIeJOBAaHNI MOXKHO 3aKJIIOUHTh, YTO HAIlIA
METOAMKA 3apeKOMEHI0BaNa ce0sl KaK HaJEKHBIH U BOCIIPOH3-
BoauMbIii Metox 1t IAIT nonopos neuenu. Conporusnenue B [1A
ObLTO BHITIE, 4eM B BB, B To Bpemst kak moToK B [TA ObLT MeHbIIIE,
gyeM B BB. CTepuiibHOCTS MOYXKHO MOAAEP>KUBATH B TEUEHHE BCETO
npornecca nepdysun. DTH JaHHBIE CIyX AT OCHOBOM A
nanbHeimei oreHky [All meyenn kak MeToz1a COXpaHeHUs IeYeHU
BO BpeMs ee KIIMHHYECKOH TPaHCIIAHTaIlUH.

KpuoGMOROrIM

T.22,2012, Ne3

Hypothermic machine perfusion (HMP) has shown superior
results to conventional cold storage method in kidney preser-
vation. Similar promising results have been reported for HMP of
livers in both small and large animal models; however data from
human livers during HMP remain scarce. The aims of this study
is to establish a reliable method of HMP of human livers using a
pressure controlled system, to assess if sterility can be maintained
through out the procedure, and evaluate modes of perfusion (artery
alone, portal vein alone, or both simultaneously).

Methods: 16 human livers rejected for transplant by all UK
centres but which had appropriate consent for research were
randomised into 4 groups. Group 1: 7 hours cold storage and one
hour HMP through hepatic artery (HA) alone (n = 4). Group 2:
7 hours cold storage and 1 hour HMP through hepatic artery
(HA) and portal vein (PV) (n = 4). Group 3: 7 hours cold storage
and 1 hour HMP through PV (n=4). Group4: 8 hours simple
cold storage using UW solution. A pressure controlled system
where flow is automatically adjusted according to resistance to
maintain a constant pressure (7 mm Hg for PV and 30 mm Hg for
HA) was used, based on the Lifeport kidney machine using Belzers
KPS perfusate. Livers were perfused at 4 to 8°C using KPS solu-
tion under sterile conditions. Perfusion parameters (pressure, flow,
resistance and temperature) were recorded every 15 min. Perfusate
samples for microbial culture and sensitivity were taken before
and after the perfusion.

Results: HA pressure of 30 mmHg and PV pressure of 7 mm Hg
were maintained throughout the perfusion. HA and PV flow ranged
from 11 to 107 ml/min (average 59.5 ml/min) and 39 to 199 ml/min
(average 96.2 ml/min). HA and PV resistance ranged from 0.17 to
1.99 (average 0.71) and 0.07 to 0.17 mmHg/ml/min (average 0.08).
Temperature was maintained between 4 and 8°C using the supplied
heat exchanger. Microbial culture and sensitivity results from the
perfusate showed that sterility was maintained throughout the
procedure.

Conclusion: Our technique proved to be a reliable and repro-
ducible method of donor liver HMP. Resistance in HA was higher
than in PV, while flow in the HA was less than the PV. Sterility
could be maintained throughout the perfusion process. These
data provide a basis for further evaluation of liver HMP as a
method for preserving livers during clinical hepatic trans-
plantation.
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Electrical Breakdown of Cell: Theoretical Analysis and Practical Application
E.A. GorbienkO, E.I. SMoOLYANINOVA, O.A. STRIKHA

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

Onexrpuueckuii nmpodoit (BI1) umm snexTporoparus
OroornuecKoi MeMOpaHbI — 3TO SIBJIEHHE BPEMEHHOT'O WITN
HeoOpaTHMOTO HapyIIeHUs ee OapbepHOH (DYHKIIHH, KO-
TOPOE MPOUCXOINT, KOT1a MEMOPaHHBIN TOTEHIIUAI ITPEBHI-
IIaeT HEKOTOPOE MOPOrOBOE 3HAUCHHE. JTO 3HAUCHHUE 3aBH-
CHT KaK OT BeJIMYUHBI U AJTUTEIHHOCTH THIIEPIIONAPH3aNU
WIIH JETIONSIPU3AIUH, TaK U OT 3JIEKTPUIECKUX U MEXaHH-
YECKUX CBOWCTB CaMO MEMOpPAaHBI.

B nacrostiee Bpems Ol nmpumensirores aist: 1) crepuiu-
32K PACTBOPOB M XKHUJIKUX CPEJl ITyTEM AIICKTPOIIOpaliu
MHKPOOPTaHU3MOB 101 BIMSTHIEM ITPHI0)KEHHBIX U3BHE M-
ITYJIBCOB HJIEKTPHUYECKOTO T10JIs1; 2) TUarHOCTHKU (DYHKIHO-
HaJIbHOTO COCTOSTHUSI KJICTOK I10 MX YCTOHUMBOCTH K SJICKT-
pHuUecKoMy Npo0oio; 3) BBENCHNUS BHYTPb JIMIIUIHBIX BE3H-
KyJI 1 KJIETOK JIEKapCTBEHHBIX BelecTs, Mosiekya JHK, PHK,
MeTa0OIUTOB M MOJEKYJISIPHBIX 30HIOB, I peanu3alun
TEXHOJIOTHH KJIIOHMPOBAHHS MIIEKOIIUTAIOIINX IIPH TIepecaike
A7ep COMaTHYECKUX KIETOK B YHYKJICHPOBAHHbIE OOITUTEHI,
JUIS TpaHCIePMAaJIbHOTO ITepEeHOCa JICKApCTBEHHBIX BEIIECTB
B OpTaHM3M UYeJIOBeKa.

OO01e01oI0rnuecKoe 3Ha4YCHIE UCCIICOBAHNS 3aKOHO-
MepHocTel 1 MexaHn3MoB D11 00ycIoBIeHO TeM, YTO 3TO
SIBIICHNE pacCMaTPHUBACTCS KaK YHUBEPCAIbHBIN MEXaHU3M
pa3pyLeHns KJIETOK U KIETOYHbBIX opraHeiul. [IocKombKy
IIOPOTOBOE 3HAYEHHE MEMOPAHHOTO IIOTCHIINAIA, BBI3BIBAIO-
ee IEKTPOIIopannio OHoMeMOpaH, HE CIUIIKOM OTIIH-
YaeTcsl OT MOTCHIUAIOB TOKOSI KJIETOK, MOXKHO MPEAIO-
JIOKUTB, YTO IPH KPUOKOHCEPBUPOBAHHUH KIIETOK, B ITPOIIEC-
ce KOTOpPOTr'o COCTaB, HOHHas cuiia, pH 1 pu3HKo-XUMUYecKre
CBOMCTBA KJIETOUHBIX MEMOpPaH 3HAYUTEIILHO U3MEHSIOTCS,
WX CaMOITPOM3BOJIBHBIN AJIEKTPUUECKUN TPOOO IpH ompe-
JICTICHHBIX YCJIOBUSIX CTAHOBHUTCS HEM30CKHBIM.

Co3nanHas HaMH (PU3MKO-MaTeMaTH4YecKass MOJIEIb
IIEKTPOIIOpanny chepruuecKoil IUMUIHON BE3UKYIbI WIN
KJIETKH OIIMpaeTcs Ha pyHIaMeHTaIbHBIE IPUHIUIBI TECOPHU
YIIPYTOCTH TOHKHX 000JI0YEK, TEPMOANHAMUKY H 3JIEKTPO-
JVHAMUKH. B oTIM4ne oT cymecTBYIONIHX 3Ta MOJETb YIH-
TBIBACT, YTO CBOOOJHAsI SHEpPrus MeMOpaHBI B IIpoliecce
00pa3zoBaHus B HE MAaKpPOCKOIMUECKO ITOPHI H3MEHSETCS
HE TOJBKO 3a CUET M3MEHEHHsS] eMKOCTH MEeMOpaHBI U I0-
BEPXHOCTHOW SHEPTHU CTEHKH HOPBI, HO U 3a c4eT aedop-
MaIi MeMOpaHsbl, KOTOpas IIPU ATOM BO3HHKaeT. Brrumc-
JIEHO U3MEHEHUEe CBOOOIHOI 3HEpTUN MeMOpaHbI B 3aBU-
CUMOCTH OT paanyca MeMOpaHHOI MOPHI ISl OOLIUTOB
MBIIIU U, UCXOASl U3 TEPMOJMHAMHUYECKOTO MPUHIUIA
MHHHMYyMa CBOOOJHON SHEPTHMH W TEOPHH MPOLECCOB
aKTHBALlMOHHOT'O THUIIA, OOBSICHEHBI 3aKOHOMEPHOCTH
JIEKTPOIIOpALIUH.

KpuoGMOROrIM

T.22,2012, Ne3

Electrical breakdown (EB) or electroporation of biologi-
cal membrane is the phenomenon of temporary or irrevers-
ible disorder in its barrier function, occurring when the mem-
brane potential exceeds some threshold value. This value
depends on both extent and duration of hyperpolarization
or depolarization, and electrical and mechanical properties
of membrane itself.

Nowadays the EB is used for the following purposes: 1)
sterilization of solutions and liquid media via microorgan-
ism electroporation under externally applied pulses of elec-
tric field; 2) diagnosis of cells functional state by their re-
sistance to electrical breakdown; 3) internal introduction of
lipid vesicles and medicinal substance cells, molecules of
DNA, RNA, metabolites and molecular probes to implement
the mammalian cloning technology when transferring nu-
clei of somatic cells into enucleated oocytes, for transdermal
drug transportation into human organism.

Common biological importance of studying the EB pat-
terns and mechanisms is stipulated by considering this
phenomenon as unified mechanism of cell and cell organelle
destruction. Since a threshold value of membrane poten-
tial, causing the biomembrane electroporations, is not much
different from rest potential of cells, it may be assumed that
under cell cryopreservation, when the composition, ionic
strength, pH, and physical and chemical properties of cell
membranes change in a great extent, their spontaneous elec-
trical breakdown becomes inevitable under certain condi-
tions.

The designed by us physical and mathematical model
of electroporation of spherical lipid vesicle or cell is based
on fundamental principles of the elasticity theory of thin
membranes, thermodynamics and electrodynamics. In con-
trast to the existing models, this one takes into account the
fact that a free energy of membrane during formation in it of
macroscopic pore varies not only due to changing the mem-
brane capacitance and surface energy of pore wall, but also
because of membrane deformation, which in this case arises.
There was calculated the change in membrane free energy
depending on membrane pore radius for murine oocytes
and explained the electroporation patterns, proceeding from
the thermodynamic principle of free energy minimum and
theory of activation type processes.
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B pabote aHaM3upyroTCs 3aKOHOMEPHOCTH KPUCTAIIIH-
3aIiK HanOoJee BOCTPEOOBAHHBIX TIPH PEaTN3aLiN TEXHO-
JIOTUi KPUOKOHCEPBUPOBAHMUS BOAHBIX PACTBOPOB MOJIHOIOB
u criupToB. [TokasaHo, 4To quarpaMMel COCTOSTHUM 3TUX pacT-
BOPOB MMEIOT PAJ OYEHb BAXKHBIX I MPAKTHYECKOU
KPHOOMOJIOIUU 0COOCHHOCTEI:

— CYLIECTBYET OIpeesieHHast KOHIIEHT AU KPHOIIPO-
TEKTOPHOTO BEIECTBA Cg, HIDKE KOTOPOH B OXJTaXKIaeMbIX
pacTBopax He 00pa3yroTCsl OTAENbHBIE KPUCTAJLIBI 3TOTO
BEIECTBA, YTO MOJHOCTHIO HCKIIOYAeT BO3MOXKHOCTD
SBTEKTUYECKOM KpUCTaJUIM3alUU JAaHHBIX pacTBOpOB [A.].
Osetsky, 2009];

— B M3YyUYEHHBIX pacTBOpax Halmonaercs ocoObIi BUA
KPUCTAJTU3ALMH, TIPUBOAALINA K 00pa30BaHUIO HOBOH
kiacrepHoi dasel [A.L. Osetsky, 2011], B pe3ysbrare 4ero
HIJKE HEKOTOPO#l XapaKTepHoii Temmeparypsl 7, KpHOIIPo-
TEKTOPHBIE PACTBOPHI JOJDKHBI PacCMaTPUBATHCS Kak
Tpex(da3Hble CUCTEMBI «PACTBOP — KPUCTAILIBI JIbJa —
KJIACTEPHBIE YaCTHIIBI»;

— CyIIECTBYET HHTEPBAJ KOHIEHTpanui C ... Cg, B KOTO-
POM ITPOUCXOINT TOIBKO KJIACTEPHAS KPHCTAJUTM3ALIS U Ha-
OiromaeTcst 0CoObI BU EPEOXIIaKACHHS pacTBOPa, KOTna
KpPHCTAJUIN3AIMS IPAKTHYECKN OTCYTCTBYET IPH OXJIaXIe-
HHH ¥ TIPOTEKAET TOJIBKO ITPH ITOCIIETYIOIIEM OTOTPEBE Cpasy
TI0cJIe paccTeKJIOBaHus aMopdHoH (pakuny.

OKCIepHUMEHTaIbHO OKA3aHO, YTO B 3aBUCUMOCTH OT
THUIIa KPUOTIPOTEKTOPHOTO BeLecTBa 00Pa3yIOTCs KiacTep-
HBIE YaCTHUIIBI IBYX BUJIOB, IPECTABIISAIONINX COOO0M HaHO-
KPHUCTAJUIBI JIbJIa, OKPYKEHHBIE KPUCTAJUTMYECKOH (HAIIpH-
Mmep, pactBopsl JIMCO) unu amopdHoii (HanpuMep, pacTBo-
pBI DHiepruHa) 000JI0YKOM U3 MOJIEKYJ KPHOMPOTEKTOPA.
3T0 00CTOSITENTHLCTBO YXYAIIAET 3allIUTHBIE CBOWCTBA KPHO-
IIPOTEKTOPOB, 00Pa3yIOMINX KIIACTEPHbIE YACTHIIBI BTOPOTO
tuna. Mx nosiBiaeHne BOJIM3H TEMIEpaTyp CTEKJIOBAHUS
CONPOBOXAAETCA YBEIMYCHHEM 00beMa M IPUBOIMT K
PE3KOMY CKauKy JAaBJICHUS B PACCTEKIOBABIINXCS KHIIKUX
Mukpodaszax. Kak ciencrsue npoucxXoquT HOBpEXICHHE
61000BEKTOB 32 CYET IIACTHUCCKON pelakcaliiy ATHX JaB-
neHuil. JlaHHBIA akT ciemyeT yuuThIBaTh IPU BBIOOpE
ONITHMAJIBHBIX KOHLICHTPAIM KPUOIIPOTEKTOPHBIX BEIIECTB,
0COOEHHO TakWX Kak miumepuH u [130, o6pasyronux kiac-
TEpHBIE YaCTHIIBI C aMOP(HBIMHU TOBEPXHOCTHBIMH 000JI04-
KaMH.

KpuoGMOROrIM

T.22,2012, Ne3

The crystallization regularities for the most actual
aqueous solutions of polyols and alcohols, when imple-
menting the cryopreservation technologies have been
analyzed in this research. State diagrams for these solutions
have been shown to have a number of very important pecu-
liarities for practical cryobiology such as:

— certain concentration of cryoprotective substance Cg,
below which no separated crystals of this substance are
formed in solutions under cooling, completely excluding
the possibility of eutectic crystallization of these solutions
[A.L Osetsky, 2009];

— in the studied solutions there is observed a special
crystallization type, resulting in new cluster phase formation
[A.L Osetsky, 2011], whereby below a certain characteristic
temperature T, the cryoprotective solutions should be
considered as the three-phase systems ‘solution — ice
crystals — cluster particles’;

— there is the concentration interval C....C , where only
acluster crystallization occurs and a special type of solution
overcooling is observed, when the crystallization is virtually
absent under cooling and proceeds just during following
thawing right after amorphous fraction devitrification.

It was experimentally demonstrated, that depending on
a kind of cryoprotective substance there were formed the
cluster particles of two types, representing the ice nano-
crystals, surrounding by crystalline (for example, DMSO
solutions) or amorphous (glycerol ones, for instance) mem-
branes from cryoprotectant molecules. This circumstance
worsens the protective properties of cryoprotectants, form-
ing the cluster particles of the second type. Their occurrence
near devitrification temperature is accompanied by an
increase in volume and results in a sharp pressure jump in
devitrified liquid microphases. As a result, the bioobject
injury occurs due to plastic relaxation of these tensions.
This fact should be taken into account when selecting the
optimal concentrations of cryoprotective substances, es-
pecially such as glycerol and PEO, forming cluster particles
with amorphous superficial membranes.
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B mporecce anuTensHON 3BOIIONMU PHIOBI 3acesvIn
IIOYTH BCE BOJHBIC HUIIM 3E€MHOTO Iapa ¢ pa3HOH TeM-
HepaTypoil, COICHOCTHIO U THIPOCTaTHUECKUM JIaBICHUEM.
B pesynsraTe B3aMOACHCTBHSI HCXOIHBIX TEHOMOB KJIETOK
PBIO ¢ N3MEHSBIIMMUCS (HaKTOPaMH OKPY>KalOIIeH cpebl
B K&XX/I0M HHUIIIE BOZHHUKIIM HOMYJISIUKN PBIO, Y KOTOPBIX
CBOIfCTBa OOJIBIIMHCTBA KJICTOK CTAJIM a/IeKBATHBI HUILIE O0H-
TaHUS WIH pa3MHOXKeHHs. [103ToMy KpHOpe3nCTEHTHOCTh
CIIEpPMaTO30HI0B PbIO 13 pa3HBIX HUII MOXKET CHIIBHO OTIIH-
yarbcst. YTOOBI MOHATH ee MPUPOy, HEOOXOANMO OTIpee-
JIUTh 3KCTpeMalibHble (PaKTOpbl KPUOKOHCEPBUPOBAHMSI,
HanOoJiee ysI3BUMbIC CTPYKTYPbI CIIEPMATO30H 0B, & TAKKe
paccMoTpeTh, KaK B IIPOLIECCE IBOJIOIMN (PAKTOPHI CPEIBI
MTOBJIHMSUIM Ha MOJICKYJISIDHBIE CTPYKTYpPBl U (YHKIHO-
HaJIbHBIE XapaKTePUCTHKHU KIIeTOK. K OCHOBHBIM MOBpEKIat0-
muM GakTopaM KPHOKOHCEPBUPOBAHUS CIIETyeT OTHECTH
H3MEHEHUsI OCMOTHYHOCTH cpe/ibl M 3P HEeKTHI KpuCTaAIIIN3a-
LIUH, KOTOpPBIE B MEPBYIO O4Yepelb BIMSIOT HA MEMOpaHBbI
U akpocomy. Cuna BO3IeHCTBHS KaXI0TO U3 HUX 3aBUCHUT OT
HCXOJHOTO COCTOSIHUSA KPHOKOHCEPBHUPOBAHHBIX KIETOK
3aHMMaeMOW MMM HULIM W NPOTOKOJa KPHOKOHCEPBH-
poBanust. HanGonee cunbHbIM (pakTOpOM cpelibl sSBIIsETCS
TeMIIepaTypa, BIHUIONas Ha OOIIyI0 OPraHU3aLHnIo KIETOK,
CKOPOCTh PEaKIHii, Ha CTPYKTYpY U CBOICTBA X MEMOpaH.
B knetkax poIO, )KUBYIINX ITPU MHUHYCOBBIX TEMIIEPATYPAX,
CHHTE3UPYIOTCS aHTU(PH3BI, UTO MOBBIIIAET UX KPUOPE3HUC-
TEHTHOCTb. Jle(HIuT 3Hepruy 1 HEOOXOIUMOCTD HOJIepKa-
HUS OIPEEIIEHHBIX CKOPOCTEN peaKLMi PY MOHUKEHHBIX
TeMIeparypax KOMIEHCHUPYIOTCS Y HUX CHUXKEHHEM
MIPOYHOCTH CBSI3€H MEXIY CTPYKTYPHBIMH 3JIEMEHTaMH
KJ1eToK. [ToaTOMy y T0COCEBBIX BBIKMBAEMOCTb CIIEPMATO-
30H/10B TI0CJI€ KPHOKOHCEPBUPOBAHMUS HIDKE, UEM Y KapIIOB,
HepecTsImuXcs Ipu OoJiee BRICOKUX TeMieparypax. Kpome
TOT'0, BBICOKAs HEHACBIIIIEHHOCTh KUPHBIX KUCIIOT (pochomnu-
IIHJJOB MEMOPaH JIOCOCEBBIX TAKIKE CHIDKAET UX KPUOPE3UC-
TeHTHOCTh. COXpaHUTh (PYHKIIMH KJIETOK MPH Pa3HbIX
TEMITEpaTypax MOXHO JIUIIb TIPH KUAKOKPHCTAIITHYECKOM
COCTOSIHUM MeMOpaH, YTO JOCTHTaeTCs M3MEHECHHEM
COOTHOIIICHHUS MEX/1y HACHIIIIEHHBIMU U HEHACHIIIIEHHBIMU
KUPHBIMH KUcToTaMu Gocdonununo Mmemopat. C rmoBbI-
LIIEHHEM TEMIIepaTyphl HepecTa YBeJIMYUBAIOTCS HACHIIIICH-
HOCTB JKHPHBIX KHCIOT (POCHOIUIIIOB U KOTMIECTBO
XoJecTeprHa B MeMOpaHax, 4TO CHI)KAeT UX YyBCTBUTEIb-
HOCTH K I3MEHEHHUAM OCMOTHYHOCTH CpeIbl. AHATOTHYIHBINA
a¢ ekt HabMOIaeTes 'y phI0, HEPECTSIIIUXCS B MOPCKOM
BOJI€, TAK KaK UX CIIEpMaTO30UAbI aKTUBUPYIOTCS B THUIIEP-
TOHUYHBIX cpefax. Y pbI0, HepeCTAIMXCS B IPECHOH BOJIE,
AKTHUBAIHS CIIEPMATO30HMI0B IPOUCXOAUT B YCIIOBHSAX THIIO-
TOHUH, T03TOMY OHH MOTYT OBITH 00JIee UyBCTBUTEIIHHBI K
9KCTpEeMaJIbHBIM (haKTOpaM KpHOKOHCEPBHPOBaHMUS. TakuM
o0pa3oM, aHaTU3 KPUOPE3UCTCHTHOCTU CIEPMaTO30MA0B
PBIO U3 Pa3HBIX HUII TO3BOJIAET HAM YTBEPKAATh, YTO OHA
HMeeT MOMU(PaKTOPHYIO IIPUPOAY.

KpuoGMOROrIM

T.22,2012, Ne3

During continuous evolution fishes inhabited almost
all the aquatic niches of the Earth with different temperature,
salinity and hydrostatic pressure. Due to interaction be-
tween initial gene pools of fish cells with changed environ-
mental factors fish populations appeared in every niche.
These populations had properties of the most part of cells
which were adequate to their niche of habitation or breeding.
Therefore cryoresistance of fish spermatozoa from various
niches can greatly differ. To understand its nature, it is neces-
sary to determine the extreme cryopreservation factors, the
most vulnerable structures of spermatozoa, as well as to
consider how the evolution of environmental factors
influenced the molecular structures and functional charac-
teristics of cells. The main damaging factors of cryopre-
servation should include the changes in osmolality environ-
ment and crystallization effects, which primarily affect the
membrane and acrosome. The impact strength for each of
them depends on the initial state of cryopreserved cells,
their occupied niches and the cryopreservation protocol.
The strongest environmental factor is the temperature
affecting a complete cell organization, response rate on the
structure and properties of these membranes. In the cells of
fish inhabiting under subzero temperatures, antifreezers are
synthesized, increasing their cryoresistance. Energy
deficiency and necessity to maintain certain response rates
at low temperatures are compensated by reduction of bond
strengths between structural elements of cells. Therefore,
salmon sperm survival after cryopreservation is lower than
carp one spawning under higher temperatures. Furthermore,
a high unsaturation of fatty acids of salmon membrane
phospholipids also reduces their cryoresistance. To preser-
ve cell functions under different temperatures is possible
only if the liquid-crystalline state of membranes achieved
by varying the ratio between saturated and unsaturated
fatty acids of membrane phospholipids. As the temperature
rises the spawning of saturated fatty acids and cholesterol
phospholipids in membranes is increased, reducing their
sensitivity to changes in medium osmolality. Similar effect
is observed in fish spawning in sea water, whereas their
spermatozoa are activated in hypertonic media. Fish spawn-
ing in fresh water, sperm activation occurs under hypoten-
sion, so they may be more sensitive to extreme factors of
cryopreservation. Thus, the analysis of fish sperm cryoresis-
tance from different niches allows us to confirm that it is of
multiple-factor nature.
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KpuokoHcepBupoBaHme Me3e€HXMMAAbHbIX CTPOMAAbHBIX KAETOK
B COCTaBe aAbIMHATHbIX MUKpocdep
A.IO. IMetpeHko, KO.A. TIeTPEHKO, B.C. 3aMkoB, A.W. INpraBaiok, H.A. TPY®AHOBA
MHCTUTYT npobaem Kpnobuorornu u kpmomesnumHsl HAH Ykpaunrbl, r. Xapbkos
Cryopreservation of Mesenchymal Stromal Cells Within Alginate Microspheres
A.Yu. PERENKO, YU.A. PETRENKO, V.S. Zavkov, A.l. PRAVDYUK, N.A. TRUFANOVA

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

OnoHUM U3 MEPCHEeKTUBHBIX HANpaBJIE€HUM TKaHEBOU
WH)KEHEPUH SBJISIETCS WHKATCYJSALIHS KIETOK B MHUKPO-
HOocuTenu. KiteTku, 3akilfodeHHBIE B MUKPOCQEPHI, MPH
TpaHCIUIAHTAILUU HE TIOJIBEPTAOTCS aTake UMMYHHOU CHC-
TEMBI OpTaHU3Ma, YTO 00CCIICUNBACT UX JIUTEIbHOE (PYHK-
OHOHHUPOBaHHUE. B CBA3W C 3THUM WHKAICYITHPOBAHHBIC
KIIETKH HaxoAAT Bce 0oJiee MIMPOKOE MPUMEHEHHUE B pere-
HEpaTHBHOW METUIIMHE, YTO TPeOYyeT pa3paOdOTKH ITOIX0OI0B
JUTSI MIX JUTUTEBHOTO XpaHeHus. Kpome Toro, KJIeTKH B coc-
TaBe MHUKpocep MOKHO paccMaTpUBaTh Kak crienupu-
YECKYI0 KPHOOHOJIOTHUUYECKYI0 MOJIENh TKaHU, B KOTOPOU
KJIETKH MMMOOHWJIM30BaHbI, HO JIUIIEHBI MEXKIECTOYHBIX
KOHTaKTOB. B Ka4ecTBe «KIICTOYHOI COCTABISIONICH TKaHe-
WH)KEHEPHOW KOHCTPYKIIUM BBICOKHUM pereHepaTUBHBIM
MTOTEHIIAATIOM 00TaJaf0T MYJTETHIIOTEHTHBIC ME3CHXUMAITh-
Hble cTpoManbHble Ki1eTkr (MCK), mockoiabpKy oHHE cIoco0-
HBI TU(QPEPESHINPOBATHCS B PA3IMIHBIC THITHI KIICTOK KaK
in vitro, TaK u in vivo.

Iens HacTosmIelH pabOThl — U3yUyeHUE OCOOEHHOCTEMH
otBera MCK B cocTaBe albrHHaTHBIX MUKpOchep Ha TpaIu-
[UOHHBIC METOIBI KPHOKOHCEPBHPOBAHUS U BUTpH(pHKA-
LIHFO.

HNukancynupoBanasie MCK KpHOKOHCEPBUPOBAIH
B KPHUO3ALIUTHBIX cpefiaX, 3 (HEeKTUBHOCTh KOTOPBIX ObLIa
IIpoJeMoHCTpHpoBaHa Ha cycnensnn MCK. O6mienpunsitoe
KPHUOKOHCEPBUPOBAHHE ITPOBOJIMIIH TTOJT 3aLITUTON TUMETHII-
cynsdokcuna (JIMCO) B IprCyTCTBHH CBIBOPOTKH 110 Pa3-
HBIM MPOTOKOJIAM 3aMOpakuBaHusi. Butpudukamuio ocy-
LWECTBIISIM B MyJIbTUKOMIOHEeHTHOU cpene ADIIC-1,
cogepxameit IMCO, 3THIeHIMKONb, 1,2-n1ponananoi u
caxaposy. B o6oux cimydasix 006pasiipl KpHOKOHCEPBUPOBAIH
B CTaHAAPTHBIX KPUOMIPOOHPKAX M XPAHWIIA B )KUIKOM a30Te.

IIpu KyIBTUBUPOBAHUH B COCTABE alIbTMHATHBIX MUKPO-
cpep MCK coxpansi )KU3HECTTOCOOHOCTD U MeTabOoIIYIeC-
KYI0 aKTUBHOCTb, HO TIPEKpaIiaiu AeTuThcs. OTBET KIETOK,
3aKJIFOYCHHBIX B MUKPOC(HEPHI, Ha OOIICTTPUHATOS KPHOKOH-
CEpBHPOBAHUE OBLT aHAJOTHYHBIM KIIETKAM B CYCIICH3HH.
Haubosnee BrICOKHE YPOBHM KU3HECTIOCOOHOCTH U META00-
JIMYECKOM aKTHBHOCTH OBLITH ITOJTYYCHBI P HCTIOTE30BAaHUT
MEJUICHHOTO CTYNEHYAaTOr0 OXJAXKICHHs ¢ MHHUIIHAIUEH
KpHcTainioodpazoBanus o 3amuToit 10% JMCO. OxHako
JUTS YCTICIITHON BUTPU(UKAIIIH HHKATICYTHPOBAHHBIX KIICTOK
yCIIOBUS, 00ecTIeunBaloIe )XU3HECTIOCOOHOCTh KIECTOK
B CYCIICH3WH, OKA3aJUCh HETPUEMIICMBIMH H3-3a Oolee
MEJIJIEHHOT'O pachpeeNeHus] KpHOMPOTEKTOPOB MEXY
KJICTKaMU ¥ cpeioi. Momudukanys yCIoBUiA SKBIITHOPALIIH
M03BOJIMIIA JJOOUTHCS YPOBHSI JKU3HECTIOCOOHOCTH HHKATICY-
nupoBaHHBIX MCK Ha ypoBHe ki1eTok B cycnen3uu. MCK,
KPHOKOHCEPBHUPOBAHHBIEC KaK OOIICTIPUHITHIM METOAOM, TaK
U MyTeM BUTPUGHUKAIUU, COXPAHSITH CICUUUCCKUN
AMMYHO(QCHOTHII U CIOCOOHOCTh K MYJIBTUINHCHHOM
nuddepeHIpoBKe, YTO CBUACTENLCTBYET O MEPCIIEKTHB-
HOCTH 000MX ITOIXOJIOB IS IOITOCPOYHOTO XPAHCHUS KIIETOK
B cocTaBe MHKpochep.

KpuoGMOROrIM

T.22,2012, Ne3

One of the advanced directions in tissue engineering is
encapsulation of cells into microcarriers. The cells, encap-
sulated into microspheres, do not undergo any attacks from
an organism's immune system during transplantation that
provides their long-term functioning. In this case the encap-
sulated cells become more widely used in regenerative medi-
cine, requiring the development of approaches for their long-
term storage. In addition, cells within the microspheres may
be considered as a specific cryobiological model of tissue,
where the cells are immobilized. However, in this case the
cell-to-cell contacts are absent. The multipotent mesenchy-
mal stromal cells (MSCs) have a high regenerative potential
as a ‘cellular’ component in tissue-engineering constructs,
due to their capacity to differentiate into different cell types
both in vitro and in vivo.

This research was directed to study the peculiarities of
MSCs response as a part of alginate microspheres to the
conventional cryopreservation methods and vitrification.

The encapsulated MSCs were cryopreserved in cryo-
protective media previously described as effective for MSCs
suspensions. The standard cryopreservation procedure
was carried-out under protection of dimethyl sulfoxide
(DMSO) in the presence of serum with the application of
different freezing protocols. The vitrification was performed
in multicomponent soultion DEPS-1, containing DMSO,
ethylene glycol, 1,2-propanediol and sucrose. In both cases
the samples were cryopreserved in the standard cryovials
and stored in liquid nitrogen. During culturing within alginate
microspheres MSCs preserved the viability and metabolic
activity, however were not able to proliferate. The response
of cells encapsulated into microspheres to the standard
cryopreservation protocol was similar to those in suspen-
sion. The highest levels of viability and metabolic activity
were obtained under protection of 10% DMSO with slow
stepwise cooling and initiation of ice crystals formation.
However, for successful vitrification of encapsulated cells
the conditions, providing survival of cells in suspension,
appeared to be not acceptable due to slower penetration
and distribution of cryoprotectants between cells and
medium. The modification of equilibration conditions enab-
led to achieve the viability of encapsulated MSCs at the
same level as for cells in suspension. The MSCs cryopre-
served according to both standard method and vitrification,
preserved a specific immunophenotype of cells and their
ability for a multilineage differentiation, thus testifying to
the perspective of both cryopreservation approaches for
long-term storage of cells within the alginate microspheres.
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CTpykTypa noBepxHOCTM mMemOpaH 3pUTPOLMUTOB
npu AAMTEABHOM XpPaHEHUU AOHOPCKOW KPOBM
A.M. YepHbiw, A.M. Toayses, E.K. Ko3rosa, B.A. CEPryHOBA

HayuHo-nccaeaoBaTeAbCkMii MHCTUTYT OOLLeii peaHMMaToAOrMmn
um. B.A. Herosckoro PAMH, r. MockBa

Surface Structure of Erythrocyte Membranes
Under Long-Term Storage of Donor’s Blood

A.M. CHerNnYsH, A.M. GoLusey, E.K. KozLova, V.A. SERGUNOVA
V.A. Negovsky Research Institute of General Reanimatology
of the Russian Academy of Medical Sciences, Moscow, Russia

IIpu auuTenbHOM XpaHEHUU JOHOPCKOM KPOBU 3PUTPO-
IIUTHI, TIOMEIIEHHBIE B HCKYCCTBEHHYIO CPEAy TEMOKOHCEP-
BaHTa, U3MEHSIOT CBOE (QyHKIMOHAIbHOE cocTosiHue. [Ipn
9TOM n3MeHsiercst ux Moposorust. st n3ydeHus MexaHu3-
MOB MOBPEXICHHS KJIETOK KPOBH HEOOXOIMMO HCCIIEI0BaTh
U3MEHEHHE HAHOCTPYKTYPbI TIOBEPXHOCTH MEMOpaH.

[enb paboThl — U3yYUTh U3MEHEHHsI HAHOCTPYKTYPbI
MOBEPXHOCTH MEMOPaH 3pUTPOLIUTOB MPH XPaHEHUH IOHOP-
cKo#t KpoBH B TeueHue 30 CyToK.

3a60p KpOBH OCYIIECTBUIM Ha 6a3e TOPOJCKOM KITMHH-
yeckoit 6ompHUIE! HM. C.I1. BoTkiHA y 4 310pOBBIX JOHOPOB
B Bo3pacTe oT 27 10 35 JeT U XpaHWIH B KOHTeHHepax ¢
koHcepBanToM LIDIIA-1 B Teuenne 30 CyTOK mpu TemIepa-
Type 4°C B cooTBeTcTBHHU C pekomeHmammsivu BO3. Bee
JIOHOPBI Jaiu T0OpPOBOJIFHOE COIIacHe Ha MCCIICOBaHHE
CBOEH KPOBHM B COOTBETCTBHM C HOPMAaMH ITHUYECKOIO
xomutera HUMOP. B nens npoBeaenus onbita (1,6, 12, 19 u
30-e cyTku xpaHeHus) otoupanu npody (10 mi). OnbIThl
npoBoawy pu Temneparype 19°C. M306paxeHns KIeToK
U MeMOpaH IMOJIy4ajy C MMOMOIIBI0 aTOMHOTO CHJIOBOTO
mukpockona (ACM), «NTEGRA prima» («NT-MDT»,
Poccust). s nccnenoBaHus U3MEHEHUS HAHOCTPYKTYPBI
UCTIOIB30BAIM METOJ KaJHOPOBAHHOM 3JIEKTPONOPAINH.
IIpoBoauu aHaJIM3bl KPOBH.

ACM-u306paskerust ancamO:s KiteTok B rionie 100%100 mxm
MIOKa3aJIH, 4To B 1-€ CyTKM XpaHEeHHUs Ipeo0I1aiaiy AUCKOLH-
ThI 85 + 7%, Ha 6-€ CyTKH KOJTMYECTBO SXUHOIUTOB YBEJINYH-
J10¢h 110 38 + 5%, a Ha 30-¢ cyTku — 10 96 £+ 3% (B OCHOBHOM
cheposxuHonUTOB). ACM-n300pakerns B mosie 10%10 Mkm
TI03BOJIMJIM BBISIBUTB CTPYKTYPHBIE OCOOCHHOCTH OTACIBHBIX
kieTok. ACM-u3o06pakeHus B ose 11 MKM 1mokazaiu, 4To
B IIpOLIECCe XPaHEHNS BOSHUKAIIM HApYIICHNs HAHOCTPYK-
TypBI MEMOpaH KpacHBIX KJIETOK KpoBu. Ha 6-e cyTku moss-
nsumuch aedexTs! B Membpane (D = 80-100 um, 2= 6-10 HM).
Ha 19-e cyTKH NOSBIISUTCH MHOTOYPOBHEBBIE BBIPOCTHI (D =
500-800 1M, 7 =50-120 HM), ITPH ITOM CYIIIECTBEHHO H3Me-
Hsu1ack MopdoJiorust kierok. MiaMeHeHue napameTpoB HaHO-
CTPYKTYpPBI MEMOpPaH XOpOIIO KOPPETHUPOBATIO C U3MEHE-
HHEM KOHCTaHTBI CKOPOCTH TeMOJIN3a MPH KaJTuOpoBaHHOK
3JeKTponopanru. Bo BpeMs XpaHEHHS OJHOBPEMEHHO
C U3MEHEHHEM HaHOCTPYKTYPhl MEMOpaH KJIETOK IIPOUCXO-
U0 U U3MEHEHHE MapaMeTpoB KPOBH: YMEHBIICHHE
BOCCTAHOBJIGHHOTO TNIyTaTHOHA, KOHIICHTPAIIUHU TJIFOKO3BI,
pH, rematoxpuTa; yBenuueHue conepxanus HoHoB K* nre-
MOIJIOOMHA B ILIa3Me; 10CTOBEPHBIX M3MEHEHHH aKTHBHOCTH
KaTajasbl U CIIEKTPa OKCUTeMOIIO0OHHA He 3a()UKCHPOBAHO.

JmutensHoe (10 30 CyTOK) XpaHEeHHE IIEeTbHON KPOBH MPH
4°C conpoBOXIaeTCs N3MEHEHHEM HAaHOCTPYKTYPbI MEMO-
PaH 3pUTPOLMTOB, YTO XOPOIIO KOPPETHPYET C AMHAMHUKON
U3MEHEeHUs] MOP(OJIOTHH KJIIETOK U pe3yJIbTaTaMy aHAIIM30B
KPOBH.

KpuoGMOROrIM

T.22,2012, Ne3

During donor’s blood long-term storage the erythro-
cytes, placed into an artificial medium of hemopreservative,
change their functional state. In this case their morphology
alters as well. In order to study the injury mechanisms of
blood cells of necessity is to investigate a changed nano-
structure of membrane surface. This research was aimed to
study a change in nanostructure of erythrocyte membrane
surface during donor’s blood storage within 30 days. Blood
sampling was implemented at S.P. Botkin City Clinical Hos-
pital in 4 healthy donors aged from 27 to 35 years and stored
into the containers with CPDA-1 preservative for 30 days
at4°C in accordance with the WHO guidelines. All donors
gave a voluntary consent for their blood study according
to the statements of Ethics Committee of V.A. Negovsky
Research Institute of General Reanimatology of the Rus-
sian Academy of Sciences. On the day of experiment per-
formance (1, 6, 12, 19 and 30 day of storage), a sample (10
ml) was collected. The experiments were carried-out at 19°
C. The images of cells and membranes were obtained using
the atomic force microscope (AFM), NTEGRA prima (NT-
MDT, Russia). The method of calibrated electroporation
was applied to investigate the change in nanostructure.
Blood tests were done.

The AFM images of cells ensemble in 100%100 pm field
showed diskocytes of 85 + 7% as predominating in the 1%
day of storage, to the 6™ and 30" days a number of echino-
cytes increased up to 38 + 5 and 96 + 3% (mostly spheroechi-
nocytes), correspondingly. The AFM images in 10x10 pm
field enabled the revealing of structural peculiarities of cer-
tain cells. Those in 1x1 pm showed the disorders in erythro-
cyte membrane nanostructure as occurring during storage.
To the 6™ day the defects in membrane (D =80-100 nm, =
6-10 nm) occurred. To the 19" day the multilayered proc-
esses (D =500-800 nm, h=50-120 nm) occurred, herewith
there was a significant change in cell morphology. The al-
tered parameters in membrane nanostructure correlated well
with a change in hemolysis rate constant under calibrated
electroporation. During storage, simultaneously with an
alteration in cell membrane nanostructure the blood param-
eters changed as well: decrease in reduced glutathione, glu-
cose concentration, pH, hematocrit, increase in K*ions and
hemoglobin content in plasma; no statistically significant
changes in catalase activity and oxyhemoglobin spectrum
were recorded.

A long-term (up to 30 days) storage of the whole blood
at 4°C is accompanied by change in erythrocyte membranes
nanostructure, correlating well with the dynamics of change
in cell morphology and blood test results.
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JKCTpemaAbHasi KpUOTepanusi Kak MOA€Ab NCUXO(PM3UOAOTNUYECKOro cTpecca
O.A. TTAH4YEHKO
AOHELKMA HaUMOHAAbHbBIA MEAMLMHCKMA yHUuBepcuTeT uMm. M. Topbkoro, r. AoHeuk
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Extreme Cryotherapy as Model of Psychophysiological Stress
O.A. PANCHENKO
M. Gorky Donetsk National Medical University, Donetsk, Ukraine
Scientific and Practical Medical Rehabilitation and Diagnostic Center
of the Ministry of Health Care of Ukraine, Donetsk, Ukraine

B nccrnenoBannu npuHnMani ydactue 259 genosek (66%
*eHMH 1 34% Myx4uuH) B Bozpacte oT 18 nmo 75 ner,
HaXOZAIIMXCs Ha aMOys1atopaoM Jieuerun B 'Y «HIIM PILT»
M3 Vkpannsl 1 npomeamux 20-1HeBHBIN Kypc KpHOTepa-
nun. Kprorepanuio ocymectsisiian o Mmeroauke R. Fricke
¢ npuMeHeHneM kpuokamepbl «Cryo Therapy Chamber»
(«Zimmer Medizin Systeme», ['epmanust), —110°C. IIpoBo-
JMITHCH KIIMHUYECKHE, (PU3U0IOTHIECKUE, TICHXOJIOTHYEC-
Kne, QyHKIMOHAIbHO-ANarHOCTHIECKHE, KIIMHUKO-T1abopa-
TOPHBIE UCCIECTOBAHUS.

B pesynbrare Kypca KpruoTepanuy CHUXKAETCs CPeHss
noBepxHocTHas Temneparypa tena (CITTT), kotopyto n3me-
PSUTH 0 ceaHca KpHOTepaItiy, 0T EPBUYHOTO ypoBHI 32,6°C
J0 3Hauenuii 32,2°C Ha 41-i MUHYyTE CyMMapHOTO BPEMEHHI
kpuosozzeiicteus (CBK) (p <0,05). BuyTpensss TemMneparty-
pa Teja 0CTaeTCst B Anana3oHe TOMEeOCTaTHYECKUX 3HAYECHHH.
Peaxmys reMoTMHaMIUECKHX ITOKa3aTelIel Ha ceaHc KpHo-
TepaInuu MposBisAeTcs B noBbleHnd AJlc B cpeqHeM Ha
9 MM pr.cT. 1 AIlx — Ha 4 MM pr.cT., YCC cHmxkaercs Ha
(13 £2) 1/mun, B pe3ynbrare Kypca A/l ontumuzupyercsi.
Kypc kprorepanum oka3plBaeT ONTHMH3HUPYIOIEE BIUSHIE
Ha (DYHKIIMIO BHEIIHETO JBIXaHUs, KOTOPOE IMPOSIBISETCS B
pOCTE 3HAYCHUH MAKCHUMaJbHON BEHTUJISLIMM JIETKHUX Y
MyxuuH ¢ (105 +9) no (128 £ 9) nxmuH, y >xeHmuH ¢ (75 +
4) 1o (81 £ 5) a/muH (p < 0,05). TTocie Kypca KpHOTEPAITHH
TIPUBOIMT K YBEITMYICHHUIO 3HAYCHMI ITOKa3aresell Bapuadelb-
HocTH cepredHoro purtMa RMSSD, pNN50 u cHIKeHUIo
3HaueHni nokasareneit UBP, UH u BIIP (p < 0,05), uto
CBHJIETEIILCTBYET O OBBIIICHUN aKTHBHOCTH aBTOHOMHOT'O
KOHTYpa PeryJsIyH 1 CHIKEHUH aKTUBHOCTH IIEHTPAJIEHOTO
KoHTypa perynsuuu. 3HaueHus [TAPC ymeHbiaroTcs
y Mmy>xuuH ¢ (2,1 +0,3) o (1,8 + 0,7) 6anna, a y )KeHIIUH
¢ (2,2+0,2) mo (1,6 +0,5) 6amna (p <0,05), 4TO CBHIACTETHCT-
BYET O CHIDKEHUHU HAIPSDKCHHS PETYIATOPHBIX CHCTEM.
B pesynbrare Kypca ypoBeHb KOPTH30J1a B CHIBOPOTKE KPOBH
CHIDKAETCS OT NMEPBUYHBIX 3HaUeHUH (436 = 26) no (365 +
31) umons/n B iepuoz ¢ 31 no 80-i munytel CBK (p <0,05).
B pesynbrare KproTepanuy ONTUMHU3HPYIOTCS 3HaYCHUS
CKOPOCTH 3pUTEIFHO-MOTOPHBIX PEaKIHi, yBeTUINBACTCS
MBIIICYHAS CHJIA, MBIIIEYHAS BRIHOCIMBOCTD, YMEHBIIAIOTCS
TOKa3aTes XpOHAKCHH, OMOIOTHYECKOT0 BO3PAcTa, Yayd-
IIaeTCs CaMOYyBCTBHE, IIOBBIIIAETCS aKTUBHOCTb, HACTPOE-
HUEe 00CieyeMbIX, HOPMaJIN3YeTCs NMCUXOJIOTHIECKOe
cocrosiHue (p < 0,05).

Takum 00pazoM, KpHOIKCTpeMallbHasl Tepanus Hpea-
CTaBJIAET COOON CTpeccOoBOE BO3ZECHCTBHE, BRIXOIAIIEE 3a
IpaHUIIbI AIAIITHBHON HOPMBI U BBI3bIBAIOLIIEE ICUXO(U3HO-
JIOTHYECKHE N3MEHEHNS B Pa3JINYHBIX CHCTEMaX OpraHu3Ma
yeJioBeKa. Peaknus cucteM oprann3Ma Ha KpHOBO3/ICHCTBHE
SIBIISIECTCSI MOJIETIBIO TICUXO()M3HOTIOTHYECKOTO CTpecca, mapa-
METPBI KOTOPOH OIEHUBAIOTCA IO PALY IMPEICTaBICHHBIX
MICUXO(HU3NOTIOTHUECKHX N ONO(U3MUECKUX TTOKa3aTeIeH.

KpuoGMoROr M

T.22,2012, Ne3

The research involved 259 people (66% women and 34%
men) of 18 to 75 years who are ambulatory treated at the
Scientific and Practical Medical Rehabilitation and Diagnos-
tic Center of the Ministry of Health Care of Ukraine and
have been underwent 20-day cryotherapy course. Cryothe-
rapy was performed by R. Fricke method using cryochamber
Cryo Therapy Chamber (Zimmer Medizin Systeme, Germany,
—110°C. Clinical, physiological, psychological, functional
and diagnostic, clinical and laboratory investigations were
performed.

As aresult of cryotherapy an average organism’s surface
temperature (AOST) decreases, it was measured prior to
cryotherapy from the initial level of 32.6°C down to 32.2°C
at the 41 min of total cryoexposure time (TCT) (p <0.05).
Internal body temperature has remained in the range of
homeostatic values. Response of hemodynamic indices to
the cryotherapy session reveals in increasing the systolic
blood pressure in average by 9 mm Hg and diastolic blood
pressure by 4 mm Hg, heart rate decreases by (13 +2) 1/min,
as a result of the course a blood pressure is optimized.
Cryotherapy is of optimizing effect on respiratory function
which is manifested in the growth of maximum lungs'
ventilation in men (105 + 9) to (128 £9) I/min, in women they
were (75 +4) to (81 £5) I/min (p <0.05). Cryotherapy course
increases the values of RMSSD and rNNS50 heart rate
variability and reduces the values of cardiac pacemaker,
load index and congenital malformations (p < 0.05), indicating
an increased activity of independent regulation loop and
decreased activity of the central regulation loop. Indices of
the regulatory systems activity decreased in men (2.1 +0.3)
to (1.8 £0.7), and in women they made (2.2+0.2) to (1.6 £
0.5) (p <0.05), testifying to the reduction of regulatory sys-
tems straining. The course results in the decrease of cortisol
level in blood serum from the initial values (436 +26) down
to (365 £ 31) nmol/l in the period from the 31 to 80™ min of
TCT (p <0.05). As aresult of cryotherapy the rates of visual-
motor responses are optimized, muscular strength and
muscular endurance are increased, the indices of chronaxia
and biological age are reduced, health is improved, activity,
the mood of the patients are increased, psychological state
is normalized (p <0.05).

Thus, cryoextreme therapy is a stress exposure going-
out beyond the adaptation norm limits and inducing psycho-
physiological changes in various systems of human orga-
nism. Response of organism’s systems to cryoexposure is
a model of psychophysiological stress, the parameters of
which are evaluated by some presented psychophysiologi-
cal and biophysical indices.
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CTBOJIOBBIE KJIETKH M KIETKU-IPOT€HUTOPHI IHUPOKO
BHEIPSIOTCA B KIIMHUYECKYIO IPAKTUKY. B mocienHue roas
HapAIy C TPAIUIMOHHBIMU PETreHEPaTHBHO-3aMECTHTEb-
HBIMH, UHTCHCHBHO U3YYal0TCsI paHee HEU3BECTHBIE CBOMCT-
Ba CTBOJIOBBIX KJIETOK: UMMYHOCYIIPECCHBHBIE, HHIyKTOP-
HbIE, OMYXOJECTUMYNUpYIolue 1 TpancauddepeHupo-
BOYHBIE, KOTOpPbIE CYHIECTBEHHO MOTYT PacIIUpHUTh HIN
OTPaHUYUTH 00JIACTH UX IPUMEHEHHUS.

Oco0BIii MHTEpEC CPEIU H3BECTHBIX THIIOB CTBOJIOBBIX
U IPOT€HUTOPHBIX KJIETOK MPEACTABIISIIOT ME3EHXUMAIIbHBIE
CTBOJIOBBIC KJICTKH B3POCIBIX 0COOCH, MmoiydaeMbie U3
KOCTHOT'0 MO3I'a U )KUPOBOM TKaHH, YTO CBSI3aHO C JOCTYTI-
HOCTBIO 3TUX TKaHEH U BO3MOXHOCTBIO OJIy4Y€HHUS ayTOJIO-
TUYHBIX KJIETOK, KOTOPbIE HE [TOJIBEPKEHBI PEaKLUU OTTOP-
skeHwst. 71 3THX KIIETOK XapaKTePHbI HIMPOKHUiA TpaHcaubde-
PEHIMPOBOYHBIH CIIEKTP U BBICOKAs UMMYHOCYTIPECCHBHAs
AKTUBHOCTb, O YeM CBUIETEIIbCTBYIOT PE3Y/IbTaThl MHOTOYHC-
JICHHBIX paboT.

M3BecTHO, UTO UMMYHOCYIIPECCUBHBIE CBONCTBA ME3EH-
XUMAaJIbHBIX CTBOJIOBBIX KJIETOK PEaIM3yIOTCS 3a CYET MU-
HHUMYM JBYX MEXaHHU3MOB: IPSIMOT0 MEXKJIETOUHOT'O B3au-
MOJAEHUCTBUSI M HEMPSMOT'O, CBS3aHHOTO C CHHTE30M LIEJIOT0
KacKa/ia IUTOKMHOB U XEMOKHHOB, CPEIX KOTOPBIX OCHOBHBI-
mu siBistorest MJI-10, NO, MO, npocrarnanaut E-2. Beine-
JICHHE YKA3aHHBIX LUTOKMHOB U MMMYHOCYIPECCUBHBIX
(haKTOPOB OCYIIECTBISCTCS MOCIIC KOHTAKTA C IMMYHHBIMHA
KJIETKaMH OpTaHH3Ma, i OHH HaIIPaBJICHBI Ha OJIOKMPOBaHNE
Pa3IHYHBIX ATAllOB UMMYHHOTr0 OTBeTa. [IpsmMoe B3aumo-
JeiiCTBHE, BO3MOXHO, peau3yeTcs 3a CUET IKCIPECCHH
cynpeccuBHoi Monekyinbl HLA-1 G,00naznatomieii ciocoo-
HOCTBI0 OJTIOKMPOBATh aKTUBHOCTH NK 1 T- TUTOTOKCHYECKHX
kJeToK. [IpoBeneHHbBIe HAMH HCCIIEIOBAaHNS TTOKa3bIBAIOT,
YTO MOMHUMO UMMYHOCYIIPECCUBHOTO JEHCTBUSI ME3EHXHU-
MaJbHBIC CTBOJIOBEIC KJICTKH JKHPOBOHM TKaHHM OOJIaJar0T
U aHTUPEreHEPATUBHON aKTUBHOCTBIO, TOPMO3SIT 3aXKUBJIE-
HUE KOXKHBIX paH y KpbIC. DTO O3BOJISAET NPEATOJIAraTh, 4To
CYIIPECCHBHBIC CBOMCTBA CTBOJIOBBIX KIIETOK OOJICe IMPOKHUE,
4eM UMMYHHOCYIIPECCUBHbBIE, TO-BUIUMOMY, UM XapaKTep-
Ha aHTUITpoNUQepaTHBHAS aKTHBHOCTH B ITUPOKOM CMBICTIE.

Takum 00pazom, JOCTATOYHO CIOXKHBIC B3AUMOJICHCT-
BHUS CTBOJIOBBIX KJIETOK C MMMYHHOM CHCTEMOI 3aBUCST OT
uX (YHKIMOHAIHHOIO COCTOSHHUS, KOTOPOE MOYHO pas-
JENMUTHh Ha 3 CTagu: HEaKTUBHYIO, CTUMYJIHPOBAHHYIO
(axTuBHY10), TpaHchopmupyrouryto [JIucsuenit H.1., 2012].
IlepBbIM ABYM CTausIM CBOMCTBEHHBI UMMYHOCYTIPECCHB-
HBIC CBOWCTBA, TPEThel — MPHOOpPETCHUE aHTUTCHHOCTH
U TIOTEPSI CYNIPECCUBHBIX CBOMCTB.

BrisicHeHHEe MEXaHU3MOB B3aUMOIEUCTBUS CTBOJIOBBIX
KJIETOK C HYMMYHHOI CHCTEMOH Opranrn3ma BasKHO Kak JJis
ITOHUMAHWS UX TIPUPOJIBL, TAK U TS 00JIee YSTKOTO OTIpeie-
JIEHHSI TTOKa3aHUH K KIMHIYECKOMY IIPUMEHEHHUIO.

KpuoGMoROr M

T.22,2012, Ne3

Stem cells and their progenitors are widely introduced
into clinical practice. Recently, along with the traditional
regenerative-substitutive properties of stem cells, previous-
ly unknown ones such as: immunosuppressive, inductive,
tumor-stimulating, transdifferentiating, capable to signifi-
cantly expand or limit their application area have been inten-
sively studied.

Mesenchymal adult stem cells derived from bone marrow
and adipose tissue, associated with availability of these
tissues and probability of autological cell derivation, unex-
posed to rejection are of special interest among the known
types of stem and progenitor cells. A wide transdifferen-
tiating range and a high immunosuppressive activity, as
shown by numerous studies are characteristic for these cells.

It is known that immunosuppressive properties of me-
senchymal stem cells are implemented due to at least two
mechanisms as: direct and indirect cell-cell interactions,
associated with the synthesis of cascade of cytokines and
chemokines, the main of which are IL10, NO, IDO, prosta-
glandin E-2. Derivation of these cytokines and immuno-
suppressive factors are after the contact with immune cells
in an organism, and they are directed to block various stages
of immune response. Direct interaction may be implemented
by expressing suppressive molecule HLA-1 G, capable to
block the activity of NK and T-cytotoxic cells. The performed
studies show that except immunosuppressive action the
mesenchymal stem cells of adipose tissues have antiregene-
rative activity, inhibit the healing of rat skin wounds. This
allows to suggest that suppressive properties of stem cells
are more extensive than immunnosupressive ones, appa-
rently, they are characterized by antiproliferative activity in
an extended sense.

Thus, rather complex interactions of stem cells with the
immune system depend on their functional state, which can
be divided into 3 stages: inactive, stimulated (active), trans-
forming [Lisyanyj N.I., 2012]. To the first two stages the
immunosuppressive properties are characteristic, to third
one an antigenicity gaining and loss of suppressive pro-
perties are done.

Elucidation of mechanisms of stem cell interaction with
immune system of an organism is important both to imp-
lement their nature and more accurately determine the in-
dications for clinical use.
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KpuokoHcepBupoBaHre SMOPHOHOB Y€JIOBEKA — CIIOXK-
HBII BOTIPOC C TOYKH 3pEHUSI ONO3THKH, TIOCKOJIBKY BaKHO
pemuTh cyap0y YeIoBeYECKHX SMOPHOHOB, MOTYYEHHBIX
TIPY TIPOBEJICHNH BCIOMOTaTEIbHBIX PENPOYKTHBHBIX TEX-
Honoruit (BPT). I30bITOK SMOPHOHOB YelTOBEKa — HEH30EK-
Hoe ciencTBue pyTuHHON mporpammsl [VF. KonTponupye-
Mas ctumyrsinus ssuaaukoB (KCS) mpenoTBpariaet arpesuo
(OIUTHKYJIOB M «CIIACaeT» OOLMTHI, YTO TIO3BOJISIET TOTYYHTh
MHOTO 3MOpHOHOB. /st 6e30macHOCTH (MHOTOIIIONNSA)
TOJIBKO OIPAaHHYCHHOE YHCII0 SMOPHOHOB (He OoJiee Tpex)
MOJKET OBITh IIEPEHECCHO B MAaTKy B TEUCHHE «CBEKETO»
mukiia. [Tourw Bo Beex nmerTpax BPT ocraBmmecs: sSMOpHOHET
KPHOKOHCEPBHUPYIOT JUIs O0JIee MO3/THETO NCTIONb30BaAHMS.

BaxHo onpenenmTs cynp0y OCTaBIIMXCS SMOPHOHOB.
M5! nipeuTaraem rnepes MHUIUHMPOBAHUEM JICUCHHS UITH 3a-
MOpa)KMBaHHUEM SMOPHOHOB 0(OPMILSITH MUCHMEHHOE 100-
POBOJIbHOE HH(OPMUPOBAHHOE COTIIACHE MEKIY BO3MOXK-
HBIMU POJMTEIISIMU U KIIMHUKOH, B KOTOpoii mpoBonutcs BPT,
OTHOCHUTEJIBHO KpH03MOpHOHOB. [Ipu 3TOM manueHTh
HMEIOT IIPaBO penars Cyap0y X FTeHeTHYECKOTo MaTepraia
¥ COBMECTHO C KJIMTHUKOH BOIPOCHI PETIPOAYKIIUH: TIpeia-
raroT BEIOPATh CIeIyIOIUI BAPHAHT: IEPEHOC IMOPHOHOB
B MIpeJieNax POAUTENIBCKOTO MPOEKTa; pa3penicHIe Ha HC-
I0JIb30BaHNE 3MOPHOHOB /ISl IOHALINH IPyTUM PEIUTIHEH-
TaM; COIVIaCHe Ha NCTIOIb30BaHHE YMOPHUOHOB /IS NCCIIENO0-
BaHMs; JOHAIMS HapTHepY At OT B cirydae cMepTH OJJHOTO
13 CyIPYTOB; pa3pelieHre KINHUKE PACTIOPSKATHCS CY/Ib-
00t SMOPHOHOB.

[Mpomyxkmus criepMueB B sITYKaX, KAK ¥ CO3PEBAHUE OOLIH-
TOB B SIMYHUKAX, I0CJIE XUMHO- U Ty4eBOH Teparuu MOTYT
OBITh TIOJTHOCTBIO OJIOKMPOBaHBI. My)KUKHA, KOTOPOMY I1jIa-
HUpYyeTCs MPOBEICHUE XUMHO- U JIy4eBOM Tepamuu, Ipu
XpaHEHHH CIIePMBI B KpHOOAaHKE MMEET PealbHbIM IIaHC
B JTAJIbHEHIIIEM UIMETh CBOETO COOCTBEHHOTO TEHETHYECKOTO
pebenka. MeTouka reTepoTpOITHOM TPaHCTUIAaHTAIMN KPHO-
KOHCEpBHPOBaHHOW OBapHUaJIbHOM TKaHU TPUMEHSETCS IS
JIedeHust OecTUTOIHs y AIlEHTOK, PaliKaIbHO H3JI€YEHHBIX
OT TaKkuX 3a00J1eBaHNH, KaK JTUM(PoMa XOKKNHA, HEXOIDK-
KHHCKHE JTUM(OMBI, JICHKO3bI, OIyXO0JIeBbIE MPOIECCHI.
K 2011 rony ponumuce 9 neteil B pe3ynbTare reTepoTOnHOM
TpaHCIUIaHTAI[MH OBapHAIBLHOM TKaHU. MBI HauaIm n3yde-
HUE ITOH MpoOJIeMbl M HajJeeMCsl Ha IMOJIOKHUTEIbHbBIE
Ppe3ynbTaTH.

KpuoGMoROr M

T.22,2012, Ne3

Cryopreservation of human embryos is a complex task
in terms of bioethics, whereas it is important to decide the
fate of human embryos obtained during assisted reproduc-
tive technology (ART). Surplus of human embryos is an
inevitable consequence of IVF routine program. Controlled
ovarian stimulation (COS) prevents follicular atresia and
‘rescues’ oocytes allowing to get a lot of embryos. For safe
pregnancy (case of multiple fetuses), only a limited number
of embryos (up to three) can be transferred into uterus during
a ‘fresh’ cycle. Almost at all the centers of ART the remain-
ing embryos are cryopreserved to be later used.

It is important to determine the fate of remaining embryos.
We suggest prior to initiating the treatment or freezing of
embryos to write a voluntary informed consent between
the possible parents and the Clinic, in which ART is per-
formed, as for cryoembryos. In this case, patients have the
right to decide the fate of their genetic material and, together
with the clinical reproduction issues: they are offered the
following variants to select: embryo transfer within the
parent project, authorization to use the embryos for dona-
tion to other recipients; consent to use the embryos for re-
search, donation to partner of ET in case of spouse death;
the Clinic permission to dispose the fate of embryos.

Sperm production in testes, as well as maturation of
oocytes in ovaries after chemo- and radiation therapy may
be completely blocked. A man who is planned for chemo-
and radiation therapy, during storage of sperm at the Cryo-
bank has a real chance to have their own genetic child in
the future. Methods of heterotropic transplantation of cryo-
preserved ovarian tissue is used to treat infertility in women,
drastically cured from the diseases such as: Hodgkin's
lymphoma, non-Hodgkin’s lymphoma, leukemia, cancer. By
2011, nine children were born due to heterotopic trans-
plantation of ovarian tissue. We began to study this problem
and look forward for positive results.
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