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Effect of Cyclic Change in Temperature in Solid Phase on the Viability
of Cryopreserved Rat’s Hepatocytes

LeBeDINSKIY A.S., ZINCHENKO A.V., PETRENKO A.YU.
'Institute for Problems of Cryobiology and Cryomedicine of the National Academy
of Sciences of the Ukraine, Kharkov

W3yyanoch BIusSHHE LUKJINYECKOTO MU3MEHEHHUS TEMIIepaTypbl B pa3jIMYHbIX AuanasoHax (77+223, 77+173 u 77+123 K) na
COXPaHHOCTh KPHOKOHCEPBUPOBAHHBIX M30JIMPOBAHHBIX [€NaTOHUTOB Kpbic. OLeHNBaIaCh BO3MOXKHOCTh MX TPAHCIIOPTUPOBKH HPH

TeMmeparype cyxoro jpaa (194,5 K).

BuBuaBcs BIUTUB UKIIIYHOT 3MiHUM TEMIIEPATYPH B Pi3HUX AianazoHax (77+223, 77+173 1 77+123 K) Ha nimicTh KpiOKOHCEPBOBAHUX
130JIbOBaHMX TeMaTOUUTIB IypiB. OLiHIOBATACh MOKIUBICTB X TPaHCIIOPTYBaHHS IIPU TeMIepaTypi cyxoro isoxny (194,5 K).

The effect of cyclic change in temperature within various ranges (77+223, 77+173 and 77+123 K) on the viability of isolated rat’s
hepatocytes was investigated. The possibility of their transportation at the temperature of dry ice (194.5 K) was estimated.

Pa3zBuTHe K1€TOYHOHN Tepamuu U CO3AaHHE
HU3KOTEMIIEPATyPHBIX OaHKOB KJIETOK CTAaBAT HOBYIO
npobiiemMy: mpobieMy TPaHCIOPTHPOBKUA KPUOKOH-
CEpBUPOBAHHOTO KJIETOYHOTO MaTepraja U3 MECT UX
MTOTYYEHUs ¥ XpaHEeHUs (HU3KOTeMIleparypHble OaHKH)
B KJIMHUYECKHE LEHTPHl U HCCIENOBATENbCKHUE
naboparopuu. Hanbosnee HagexHa TPaHCIIOPTHPOBKA
B JKUAKOM a30Te, KOTOpasi UCKJII0YaeT 3HAYUTEIbHbIC
KojiebaHHUsl TeMIepaTypsl U €€ MOBBIMIEHHE 0
3HAUEHMM, IPU KOTOPBIX BO3MOXKHO NMOBPEKICHUE
TPaHCIIOPTUPYEMBIX OnomarepuanoB. OQHAKO 3TOT
BUJ TPAHCHOPTHPOBKHM HE BCErna MNPHUMEHUM,
ITOCKOJIBKY TEPEBO3KH KUAKOTO a30Ta 3aIlperieHbl
OOJIBITMHCTBOM aBUAKOMIIAHWH, a MPHU JOCTaBKE
KJIETOYHOTO Marepuaja B KJIMHUKH OBICTpPOTA
TPAHCIIOPTUPOBKY NMEET IIEPBOCTEIIEHHOE 3HAYCHHE.
ANBTEPHATUBHBIM METOJIOM JOCTaBKH KPHOKOH-
CEPBUPOBAHHBIX OMOIOTHYECKUX OOBEKTOB SABIISETCS
IepeBo3Ka UX Ha CyXOM JIbAY NpHU TeMIeparype
194,5 K. Ilpu nepeHoce U3 )KUIKOTO a30Ta (yCIOBUS
XpaHEeHHUs B HU3KOTEMIIEpaTyPHbIX OaHKaX) Ha CyXOi
Jen o0pasibl MOABEPTraloTCsl CYLIECTBEHHBIM TeMIIe-
paTypHBIM KosieOaHUsM. Bo3HuUKaiouie npu 3ToM
TEPMOMEXAHNYECKNE HATIPSKEHNS MPUBOJAT K TAKUM
(hM3MUecKUM SBIICHUAM, KaK JJIEKTpUYECKas MOJs-
pu3anusa BemecTBa, IeHepanus HMIYJIbCHBIX
3IEKTPOMArHUTHBIX MOJed U T. A. Perucrpupyemas
aKycTH4ecKass SIMUCCHUS SIBIISIETCA WHIUKATOPOM
TEpMOMEXaHWYECKUX HaNpspKkeHwi [2,3]. O1u sBiIeHus
CIocOOHBI BBI3BAaTh 3HAYUTENbHBIE HAPyUICHUS
CTPYKTYpbI OMOJIOTHYECKUX OOBEKTOB U MPUBECTH K
CYILLIECTBEHHOMY CHUKEHHIO X COXPAHHOCTH.

Lenbto qanHoi paboTHl OBUIO U3YUCHUE BIUSHUS
LUKIMYECKOTO N3MEHEHUS TEMIIEPATyPhI B pa3INYHBIX
nuamnaszoHax (77+223, 77+173 u 77+123 K) nHa
COXpPaHHOCTb KPHMOKOHCEPBUPOBAHHBIX H30JUPO-
BaHHBIX TEMATOIINTOB KPBIC (IMANa30HBI TEMIIEPATyP
LUMKINPOBAHUS MMOAOUPATN C YyI€TOM TeMIIepaTyphl
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Development of cell therapy and establishment of low
temperature banks of cells set a new task: the problem of
transportation of cryopreserved cellular material from the
sites of their obtaining and storage (low temperature banks)
to clinical centres and research laboratories. The most
reliable is the transportation in liquid nitrogen, which
excludes considerable fluctuations of temperature and its
increase up to the values under which the damage of the
biological material being transported is probable. However
this type of transportation is not always applicable, since
the transportation of liquid nitrogen is prohibited by the
majority of airway companies and during the delivery of
cellular material to clinics the transportation rate is of a
primary value. An alternative method for the delivery of
cryopreserved biological objects is their transportation on
dry ice at the temperature of 194.5 K. When transferring
the samples out of liquid nitrogen (storage conditions in
low temperature banks) to dry ice they are subjected to
significant temperature fluctuations. Appearing in this case
thermomechanical tensions result in such physical
phenomena as electrical polarisation of the substance,
generation of impulse electromagnetic fields etc.
Recorded acoustic emission is the indicator of
thermomechanical tensions [2,3]. These phenomena are
capable of causing significant impairments in the structure
of biological objects and of resulting to considerable
reduction in their viability.

The aim of this work was to study the effect of cyclic
change in the temperature within various ranges (77+223,
77+173 and 77+123 K) on the viability of cryopreserved
isolated hepatocytes of rats (cycling temperature ranges
were selected taking into account the temperature of glass
formation, which makes for this object 168K [3]) as well
as the substantiation of the possibility of transportation of
cryopreserved isolated rat’s hepatocytes at the
temperature of dry ice (194.5 K).

Hepatocytes were derived from 200-400g rats with
non-enzymic method [5]. Obtained cells were diluted to
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CTEKIIOBAHUS, KOTOPAs JIsl JTAHHOTO OOBEKTa COCTAB-
nsteT ~168 K [3]), a Takke 000CHOBaHUE BO3MOXHOCTH
TPaHCIIOPTHUPOBKH KPHUOKOHCEPBUPOBAHHBIX H30JIH-
POBAHHBIX TEIMAaTOIMTOB KPEIC MPH TEMIIepaType
cyxoro npaa (194,5 K).

I'enmaroruTs! BeIAEISITN U3 KpBIC Maccot 200-400 T
HepepMeHTAaTUBHBIM MeTonoM [5]. TlonydeHHbIe
KIIETKH Pa3BOJWIM 0 KOHIeHTparuu 10 mMiH/Mi, B
KauyecTBE KpUOIpoTeKkTopa ucnonab3oBanu JMCO
(vxoneunas xoHneHTpaus 10%). CycneH3nu KIeTox
3aMOpakMBaJiv Ha oxJaxkaeHHo 1o 248 K cnuproBoit
Oane B TeueHue 30 MHH C MTOCIIEIYIOIIUM IIEPEHOCOM
Marepuasa B KUIAKHKA a30T. TeMmmnepaTrypHOe LUKIIU-
pOBaHHE KPHOKOHCEPBUPOBAHHBIX H30JTMPOBAHHBIX
TemaToIMTOB KPHIC B AWATIa30HAX TemIeparyp 77+223,
77+173 1 77+123 K ocymiecTBISsUIA Ha YCTAaHOBKE TSI
IHUKJIAPOBAHUS OMOJIOTHYECKUX O0OBEKTOB, pa3pabo-
TaHHOU B otnene kpuobmodpmsuku MITIKuK HAH
Ykpaussl.

st MoenupoBaHus TPAHCIIOPTUPOBKU KPUOKOH-
CEPBUPOBAHHBIX H30JIMPOBAHHBIX T€MAaTOLMTOB IIPU
TEMIIEPAType CYXOro Jbaa (PUCYHOK) UCTIOIb30BAIIN
renaToluThl, KPHOKOHCEPBUPOBAHHBIC O] 3aIIUTOM
5%-ro IMCO [6]. I'ematouuThl 3aMOpaKUBaJIk B
MIaCTHKOBEIX KOHTEHHEpax Ha MPOTPaMMHOM
3amopaxxuBarene co ckopocteio 1 K/mun 1o 233 Ku
co ckopocthio 10 K/mun ot 233 mo 194,5 K. Ilpu
teMriepatype 268+266 K mpon3BonuiIN WHAITHAIHIO
KpucTamooopa3oBanus. KineTku, 3aMOpoKeHHBIE 11O
194,5 K, mepenocwnu B xXuaKuii a30T. L{uknmnposanwe
OCYIIECTBIISIN B oxJaxaeHHoU 1o 194,5 K kamepe
MIPOrPaMMHOT0 3aMOPaKUBATENIS B TEUCHHUE 2-X YaCOB.
Ha kaxxoM 3Tamne onpeaensuid KU3HECIOCOOHOCTh
KJICTOK (110 TPOKPAIIMBAHUIO BUTAIBHBIM KPAaCUTEIIEM
TPUMAHOBEIM CHUHHUM). CTaTUCTHYECKYI0 00pabOTKy
pe3yabTaTOB MpOBOAUIH 1Mo MeToxy CThIOJEHTAa-
QOumepa [1].

Pe3ynbrarhl 3KCMEPUMEHTOB IO UCCIICIOBAHUIO
BITUSTHUS TEMITEPATYPHOTO ITUKINPOBAHHUS Ha COXPaH-
HOCTh KPHOKOHCEPBHPOBAHHEIX T€IATOITUTOB KPHIC B
IuanazoHax Temreparyp 77+223,77+173u77+123 K
npenactasieHsl B Taba. 1. [lpu TemmepatypHOM
LUUKJIUPOBAHUU B TEMIIEPaTypHON 30HE BEHIIIE
TeMIIepaTyphbl CTEKJIOBaHUS, KOTOpas AJsl UCCIe-
nyemoro oobekTa paBHa ~168 K, coxpaHHOCTB
renatouToB cocTtaBiusieT 34%, B TO BpeMsl Kak
IHUKIMPOBaHUE B TBEpJOH (haze MpaKTUUECKU HE
BIIUSIET HAa COXpaHHOCTH KieTok (97,5%). Ecnm xe
MIPOBOANTH IIUKINPOBAHUE B TEMIIEPATypPHOU 30HE,
3aXBaTHIBAIOIIEH qUaIa3oH CTEKJIOBaHHs, HAOIIO-
JaeTcs CHIKeHne coxpanHocTy Ha 11%.

Hcxons u3 mpuBeAeHHBIX Pe3yIbTaToB, MOKHO
OXKHJATh CyIIECTBEHHOTO CHIDKEHUS >KH3HECIOCO-
OHOCTH KPHOKOHCEPBUPOBAHHBIX I'€MaTOIUTOB MPHU
LUUKJIUPOBAHUMU JO TEMIEpaTyphl CyXOTo JbJa
(194,5 K), koTopas 3HaYNTENBHO BBILIE TEMIIEPATyPhI
CTEKJIOBaHUA JUIs JaHHOTO oObekTa. OIHAKO B
SKCIEpUMEHTaX OBLIO B35TO JOBOJIBHO OOMNbIIOE
KOJIMYECTBO IIUKIIOB, KaXAbIH U3 KOTOPBIX BHEC CBOM
BKJIaJ] B CHIDKEHHE COXPAaHHOCTH. TpaHCIOPTHPOBKA
JKe KJIIETOYHOTO MaTephalia MpeayCMaTphuBaeT OIHO-
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the concentration of 10 mIn/ml as cryoprotectant we
used DMSO with final concen-tration of 10%. Cell
suspensions were frozen on a cooled down to 248 K
alcohol bath during 30 min with following transfer of the
material into liquid nitrogen. Temperature cycling of
cryopreserved isolated rat’s hepatocytes within the
temperature ranges of 77+223, 77+173 and 77+123 K
was accomplished with the device for cycling of biological
objects, designed at the Department of Cryobiophysics
of the Institute for Problems of Cryobiology &
Cryomedicine of the National Academy of Sciences of
the Ukraine.

To model the transportation of cryopreserved isolated
hepatocytes at the temperature of dry ice (Figure) we
used hepatocytes, cryopreserved under the protection of
5% DMSO [6]. Hepatocytes were frozen in plastic
containers by the programmable freezer with the rate of
10K/min from 233 to 194.5 K. At the temperature of
268+266 K the initiation of crystal formation was
performed. The cells, frozen down to 194,5 K were
transferred into liquid nitrogen. Cycling was done in cooled
down to 194,5 K chamber of programmable freezer during
2 hrs. At each stage we determined the viability of cells
(on the staining with vital dye, trypane blue). Statistical
processing of the results was performed with the Student-
Fisher’s method [1].

The results of experiments on the investigation of the
effect of temperature cycling on the viability of
cryopreserved rat’s hepatocytes within the temperature
ranges of 77+223, 77+173 and 77+123 K are presented
in the Table 1. During temperature cycling within the

Temneparypa, K
Temperature, K
2

0+———T—————————— 7T
1.2 3 4 5 6 7 8 9 10 N1

Cxema 3kcnepuMeHTa: 1| — mo0aBlieHNE K MCXOMHOM
CYCIICH3UH KJIETOK MEYCHH CPEeIbl C KPHONPOTEKTOPOM;
2-3 — 3aMOpa)kMBaHHUE IO Mporpamme; 3-4 — XpaHeHHE B
JKHJIKOM a30Te; 5-6 - AByX4acoBOE XpaHEHNE KPHOKOHCEP-
BUPOBAHHOHN CYCIIEH3UH KJICTOK IIPH TEMIIEpaType CyXoro
npaa (MepBBI [UKI); 7-8 — XpaHEHHE B KMIKOM a30Te;
9-10 — nByx4acoBoe XpaHEHHE KPHOKOHCEPBUPOBAHHOM
CYCIICH3HH KJIETOK IIPH TEMIIEpaType CyXoro Jibaa (BTopon
uKi); 11 — BO3Bpar CyCHeH3uH KJIETOK B KUAKHUH a30T.

Protocol of Experiment: 1 — adding of the medium with
cryoprotectant to initial liver cell suspension; 2-3 — freezing
according to the programme; 3-4 — storage in liquid
nitrogen; 5-6 — 2-hrs’ storage of cryopreserved suspension
of cells at the temperature of dry ice (the second cycle);
7-8 — storage in liquid nitrogen; 9-10 — 2-hrs’ storage of
cryopreserved suspension of cells at the temperature of dry
ice (the second cycle); 11 — removal of cell suspension
into liquid nitrogen.
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Taonauna 1. CoxpaHHOCTh KPHOKOHCEPBUPOBAHHBIX I'€MIaTOIIUTOB
[OCJIe MHOTOKPATHOTO TEMIIEPaTyPHOTO HUKIMPOBAHHUS

Table 1. Viability of cryopreserved hepatocytes after multiple

temperature cycling

temperature zone higher than the temperature of
glass formation, which is ~168 K for the object
under study, the viability of hepatocytes makes
34%, meanwhile the cycling in a solid phase does

not practically affect the viability of cells (97,5%).

ol i :r?]g%?gtuuﬂ grg?ge a(ﬂi e 17173 172123 If to conduct the cycling within the temperature
: zone, comprising the glass formation range, we

£ so-8r0aT 5068 & can observe the reduction in the viability by 11%.
Number of cycles 100 100 100 Proceed.ing .from the presented resqlts one can
expect a significant decrease in viability of

JE &ci &7 17l & 7 o cryopreserved hepatocytes during cycling to the
Viability Z?'ﬁ:pﬂti’cﬁes % 340+ 36 890+ 15 97.5£20 temperature of dry ice (194,5 K), which
: considerably higher than the temperature of that

KpaTHO€ (MakKCHMMYM — JIBYKpaTHOE€) MOBBIIIEHUE
TeMmeparypsl B oOpasmax. [[ng omeHku cmocoba
TPaHCIIOPTHPOBKH KJIETOYHOTO Mareprana ¢ MCIOJb-
30BaHHEM CYXOro JibJa Obljia MpOBEIeHa Cepus
9KCIEPUMEHTOB 10 ABYKPATHOMY TEMIIEPATYPHOMY
LUKJIMPOBAHUIO KPUOKOHCEPBUPOBAHHBIX M30JIMPOBaH-
HBIX TeMaTOLUTOB KpbIC 10 TeMnepaTypsl 194,5 K. s
3TOTrO0 (PUCYHOK) KOHTEHHEpBhl ¢ KPHOKOHCEPBH-
POBaHHBIMHU TE€NAaTOIUTAMU MOMEIIAIN Ha 2 4 B
oxnaxzaeHHylo 1o 194,5 K kamepy nporpaMMHOTo
3aMOpa’KUBATENS. 3aTEM HX OIISATh OT Py KaJIH B JKUIKINA
a30T. AHAJIOTUYHO MPOBOJIVIIA BTOPOM ITUKIT. Pe3ynbsrarst
JMAHHBIX SKCIEPUMEHTOB (Tabia. 2) mokasaid, 4TO
TeMIlepaTypHOe HHUKINPOBAHUE M30JIUPOBAHHBIX
KPHUOKOHCEPBHPOBAHHBIX IE€NAaTOIMTOB B TUAIIa30HE
temneparyp ot 77 mo 194,5 K He mpuBoaut x
JOCTOBEPHOMY CHMKEHHIO YKU3HECTIOCOOHOCTH KIIETOK
B CyCIIEH3MH, 110 KpalfHeW Mepe, 3a 1Ba [IUKJIA.

Tor ¢axTt, 4To XKHU3HECTIOCOOHOCTH KIETOK IpPH
JBYKPAaTHOM IUKJIMPOBAHUU HE M3MEHSETCS, HE
HCKJTIOYAaeT BO3MOYKHOCTH JIN3UCA YACTH KIIETOK B XOZIE
3aMOpaKMBaHUS U OTOTPEBA.
Jns BbIsSBIEHHUS Takod BO3-
MOKHOCTH UCCIIEA0BAIIN 0011Iee
KOJIMYECTBO KJIETOK MOCIE
Ka)XIOro 3Tama TemIepaTyp-

of glass formation for this object. However in the
experiments quite a big number of cycles was taken, each
of them contributed to a reduction in the viability.
Transportation of cellular material foresees a single (as
maximum two-fold) temperature increase in the samples.
To evaluate the way of transportation of cellular
material using dry ice we have conducted a series of
experiments on two-fold temperature cycling of
cryopreserved isolated hepatocytes of rats to the
temperature of 194,5 K. For this aim (Figure) the
containers with cryopreserved hepatocytes were
placed into cooled down to 195.5 K chamber of
programmable freezer for 2 hrs. Then they were again
immersed into liquid nitrogen. The second cycle was
carried-out in the same way. The results of the
experimental data (Table 2) showed, that temperature
cycling of isolated cryopre-served hepatocytes within
the temperature range from 77 to 194,5 K did not
result in a statistical true reduction of viability of cells
in suspension, at least, for two cycles.
The fact, that cell viability during two-fold cycling does
not change, does not exclude the possibility of the lysis of

Tadaunua 2. BausHie IByKpaTHOTO TEMITEPATYPHOTO IIMKIMPOBAHUS 10 TEMIIEPATYPhI
194,5 K Ha cOXpaHHOCTb KPHOKOHCEPBUPOBAHHBIX FEAaTOLIUTOB

Table 2. Effect of two-fold temperature cycling to the temperature of 194,5 K on the
viability of cryopreserved hepatocytes

HOTO LIMKJIMPOBaHUs. Pe3yinb-
TaThl, NpPEICTaBICHHBIE B
TabJ1.2, MOKa3bIBAIOT, YTO OHO-
U IByKpaTHOE IIUKINPOBaHNE

B JMama3oHe TeMIepaTyp
77+194,5 K He npuBoauT K
CYIIECTBEHHOMY CHUXCHHIO
KOJINYECTBA KIIETOK.

OCHOBBIBasICH Ha PeE3yIib-
TaTaxXx NPOBCACHHBIX HaMHU

JKCIIEPUMEHTOB IO MHOTO-
KpaTHOMY IHUKJIHPOBAHUIO H
JUTEepaTypHBIX NaHHBIX [4],

MOXHO CA€JIaTb BBIBOJ, YTO
TCPMOMCXAaHUYCCKUC u

QJICKTPUYCCKUC SBJICHHSA B
3aMOpO)KeHHOﬁ MaTpunue
OKa3bIBAKOT ACCTPYKTHBHOC
BO3ﬂ€ﬁCTBH€ Ha KpUOKOH-

CepBUPOBaHHBIE OMOJIOTH-

S ani A vami sxay 81 Ax /E eci afii 1 A &f 1ol E 8807 +i 1 fol,
Yoai 0 yéfii adei ai oa Cosior 6, % Veilie
Stages of experiment Cell viability, % | Cellularity, min/ ml

Al 4256481 4 @ efiol & 1 € fiofi & cee 68ad & T &+4i & fodal

fi 88e1 7 61 0480 81 1

Adding of the medium with cryoprotectant to initial liver cell 91,75+ 10,2 512+ 069

suspension

Gai 1 8acecaai eail i81&ai i a

Freezing according to the program 73,00+ 8,23 4,38+ 0,53

Aaoo-ani a1 & 6oai & ea 68e1 &1 1 ddaesT aai i T & fiohii & cee

86301 é T 8e 0dl T 4020004 NO0T & eliaa (1 &dal é 6eée)

2-hrs' storage of cryopreserved suspension of cells at the 76,92+ 10,48 3,97+ 0,56

temperature of dry ice (the first cycle)

Odai & 4 & eeea6ll agl 04

Storage in liquid nitrogen 72,62+ 10,56 4,02+ 0,65

Aaos+ani a1 & 65ai & @4 édel &1 i Nadaesi aai i 1 nofi ai cee

BEA0T & 1 8e 04l T 4Ba00BA MOGT & elida (adi 8T é 0eéE)

2-hrs' storage of cryopreserved suspension of cells at the 74,25+ 10,95 413+ 0,44

temperature of dry ice (the second cycle)

Al cadao MO i gee 8Bt & & eeddeeé agl o

Removal of cell suspension into liquid nitrogen 69,88+ 10,38 418+ 0,64

gecKre 0OBEKTHI B TBEPJIO-
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(hazaom cocrosHnu. Pabora nMeeT M mpakTHYECKOe
3Ha4ueHue. Pe3ynpTarel SKCIIEPUMEHTOB MO OAHO- U
JIBYKPAaTHOMY HHUKJIMPOBAHUIO B JMANa30HE TEMIIe-
patyp 77+194,5 K mo3BOJISIIOT MPEIION0KHUTh, ITO
HapyUIeHHs, BO3HUKAIOIINE B KaXXIOM ITUKIIE, HE
ABIISIOTCS JIETAIBHBIMU [T KIeTKU. J[i1st peanmzanmu
MOBPEKIAIOIIETO JEHCTBUS LHUKJINYECKOTO M3MEHE-
HUsI TeMIepaTypsl B TBepaoil ¢aze HeoOXoamMo
HakKoIIeHHE “MHKpone(deKkToB” B X04e MHOTIO-
KpaTHOTO IIMKIUpOBaHus. ToT (akT, YTO IBYKpaTHOE
LMKIMPOBaHHE KPUOKOHCEPBUPOBAHHBIX TeNaTOLUTOB
no teMnepatypsl 194,5 K cymecTBeHHO He OTpa-
KAaeTCAd Ha WX COXPAHHOCTH, CBUIETEIBCTBYET O
BO3MOKHOCTH HCIIOJIb30BAHUS CYXOTO JIbAa IS
TPaHCTIOPTUPOBKH KPHOKOHCEPBUPOBAHHBIX KIIETOY-
HBIX CYCIIEH3UH.

Takum o06pa3oM, HUKINYECKOE H3MEHEHHUE
TeMIepaTypsl B TBepAoil ¢a3e MPUBOAUT K
CHUKEHUIO COXPAHHOCTH KPHOKOHCEPBUPOBAHHBIX
renaToUuTOB, €CIU TEMIEepaTypHBIH Auana3oH
LUKIMPOBAHUS BKIIIOUAET TEMIIEPATYPY CTEKIOBaHMA.
OnHO- M ABYKpaTHBIM MEPEHOC KPHOKOHCEP-
BUPOBaHHBIX 00Pa3LOB U3 )KUAKOTO a30Ta B CyXOH Jiex
HE BBI3BIBAET JIOCTOBEPHOIO CHUKEHMS KOIMUYECTBA
KU3ZHECTIOCOOHBIX KIIETOK.
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the part of the cells in the process of freezing and
thawing. To reveal such a possibility we have
investigated a total number of cells after each stage of
temperature cycling. The results, presented in the Table
2, demonstrate that one- and two-fold cycling within
the temperature range of 77+194,5 K does not result
in a significant reduction of the cell number.Basing on
the results of conducted by us experiments on multiple
cycling and literature data [4] one can conclude that
thermomechanical and electrical phenomena in a frozen
matrix destructively affect cryopreserved biological
objects in a solid phase state. The work is also of
practical value. The results of experiments on one-
and two-fold cycling within the temperature range of
77+194,5 K allow to suppose that the disorders
appearing at each cycle, are not lethal for a cell. For
the realisation of damaging effect of cyclic change in
the temperature in a solid phase the accumulation of
“microdefects” is necessary in the course of multiple
cycling. The fact, that two-fold cycling of
cryopreserved hepatocytes to the temperature of 194,5
K does not considerably affect their viability , testifies
to the possibility of application of dry ice for
transportation of cryopreserved cellular suspensions.
Thus, cyclic change in the temperature in a solid
phase results in a reduction of the integrity of
cryopreserved hepatocytes, if the temperature range
of cycling includes the temperature of glass formation.
One- and two-fold transfer of cryopreserved samples
out of liquid nitrogen to dry ice does not cause a
significantly true decrease in the number of viable cells.
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