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DKCNEepUMEHTAIBLHO TIOKa3aHO, YTO IPH KolieOaHusX Temmeparypsl oT —196 10 —130 u —100°C MOTyT ZOTOIHUTENBFHO THOHYThH
KJIETKH MUKPOOPTaHU3MOB, KJIETKH YMOPHOHOB YEJIOBEKa, OIYXOJICBH/IHbIC KICTKH. M3yyanu THHaMUKY U3MEHEHHS TEMIIePaTyphl B
kpuomnpobupkax “Nunc” ¢ KJI€TOYHBIMH CYCIIEH3HSMH IIPU MPOBEJCHUH TEXHOJIOTHYCCKUX ONepaliii B HU3KOTEMIIepaTypHOM OaHKe

OHOIOTMYECKUX OOBEKTOB.

Knioueswvie cnosa: KPUOKOHCEPBUPOBAHUEC, I'PATUCHTHI TEMIIEPATYPhL, XPAHCHUEC, KIICTKHU, HHSKOTCMHBPaTyprIﬁ OaHK.

ExcrnieprMeHTanBHO OKa3aHo, IO IPH KOJIMBAaHHAX TeMreparypd Big—196 1o —1301—100°C MoxXyTh 10JaTKOBO THHYTH KJIITHHH
MIKpOOPTaHi3MiB, KJIITHHU eMOPiOHIB JIOOUHH, ITyXJIHHOTOAIOH] KIITHHA. BrBYany tnHaMiKy 3MiHH TEeMITEpaTypH B Kpiompobipkax
“Nunc” 3 KIITHHHEMH CYCIIEH315IMH ITPH IPOBEICHHI TEXHOJIOTTYHHUX ONepaliil B HU3bKOTEMIIEpaTypHOMY OaHKY 01070Ti9HHX 00’ €KTIB.

Knrouosi cnosa: kpiokoHCEpPBYBaHHS, TPali€HTH TEMIIEPATypH, 30epiraHHs, KIITHHU, HU3bKOTEMIIEPaTypHHI OaHK.

There was experimentally found the probability of extradeath of microorganism, human embryos’ and tumour cells when varying
the temperature from —196 up to —130 and —100°C. There was studied the dynamics of temperature change in ‘“Nunc’ cryotubes with
cell suspensions during technological operations in low temperature bank of biological objects.

Key-words: cryopreservation, temperature gradients, storage, cells, low temperature bank.

KpuokoHcepBupoBaHue sSBIsieTCS Oe3aIbTePHATHB-
HBIM METOJOM KOHCEPBHPOBAHUS KJICTOK MIIEKO-
MUTAIOMUX [5] U OJHUM U3 OCHOBHBEIX METOIIOB
IJIUTENBHOTO XpaHEHUS MHUKPOOPTaHU3MOB [4].
OO01enpuHATO, YTO OCHOBHAS Macca MOBPEXKICHUH,
TIPUBOJSIINX K THOCIH KIIETOK, IPOUCXOINT Ha dTarmax
oxyaxaenusi-ororpesa [1]. B paborax [3,9] Ob110
[I0Ka3aHo, YTO B 3aMOPOKCHHBIX PAacTBOpPax KPHUO-
MIPOTEKTOPOB MPH KOJIEOaHUH TEMITEPATYP, OMH3KUX K
TEeMIIepaTypaM CTEKIOBAaHUS PacTBOPOB, BO3MOXKHO
00pa3oBaHHE TEPMOMEXaHUUECKUX HAMPSIKCHUM,
NPUBOASIINX K AehOopManvi U PacTPECKHBAHHUIO
JIeI0BOI MaTpHIIBl. DKCIIEPUMEHTAILHO OBLIO TaKXKe
MI0Ka3aHO, UTO MPH MUKINIECCKOM U3MECHCHUH TEMIIC-
paTypbl XpaHEHHUs B AWaNa30HE TEMIIEPATYPhI CTEK-
JIOBaHUsI AOTOJIHUTEIBHO THOHYT TeMaTOMHUTHI KPBIC
[2].

OnBIT PKCIUIyaTallul HU3KOTEMIIEpaTypHBIX
0aHKOB OMOJIOTHYECKHUX OOBEKTOB ITOKA3bIBAET, UTO
P TIEpEMENICHNN XPAHAIIUXCS 00pasloB, MPH UX
TPAHCIIOPTUPOBKE M COPTUPOBKE, XPAHCHNUH B Mapax
JKHUJIKOTO a30Ta U IPYTUX MAHUITYJISIUAX B KPUOKOH-
CEPBHUPOBAHHBIX 00pa3Iax MOTYT BOSHUKATH IPaINCH-
THl TEMIIEPATypbl. YUUTHIBas BBIIIECKa3aHHOE,
HEJb3s UCKIIOYUTh BO3MOXKHOCTh JIOTIOTHUTEIHHON

Cryopreservation is the single method to preserve
mammalian cells [5] and one of those basic for a long-
term storage of microorganisms [4]. It is of common
knowledge that the major damages, resulting in a cell
death occurs at cooling-thawing stages [1].

The papers [3, 9] reported that in frozen solutions
of cryoprotectants when temperature altered with the
values close to temperature of solution vitrification,
there was possible the formation of thermomechanical
tensions, resulting in deformation and cracking of ice
matrix. These observations enable to suppose the
possibility of development of lethal damages in
cryopreserved biological objects under actual conditions
of low temperature banks exploitation at storage
temperature alteration. There was experimentally
proved as well that during cyclic change in the storage
temperature within the vitrification temperature range,
additional death of cryopreserved rat’s hepatocytes
appeared [2].

Experience of exploiting the low temperature banks
of biological objects shows that during removal of
samples, during their transportation and sorting, storage
in liquid nitrogen vapours and other manipulations in
cryopreserved samples the temperature gradients may
appear. Taking into account all mentioned above it is
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rudeny KpHOKOHCEPBUPOBAHHBIX KJIETOK IPH KOJje-
OaHMSIX TeMIlepaTyphl XpaHEeHHS.

Hens nanHOW pabOTBl — M3y4YEHUE BIUSHUSI
LUKIINYECKOTO U3MEHEHMS TEMIIEPaTyPhl XpaHEHUs Ha
KHU3HECIIOCOOHOCTH KPHOKOHCEPBUPOBAHHBIX KJIETOK
IIPO- ¥ 3YKapUOT U U3y4EHUE TEMIIEPATYPBbI B KPUOIIPO-
OupKax BO BpeMsi MOJIETTUPOBAHUS yCIIOBUI XpaHEHUs B
napax a3oTa, COpTUPOBKH U IIEPE3aKIAAKN 00pa3LOB.

Matepnanbl 1 metoAbI

OO0BeKkTaMu HCCIeNOoBaHUA OBIN OaKTEepHU
Staphylococcus aureus ATCC 25923, Pseudomonus
aeruginosa ATCC27853, Escherihia coli B, npoxoku
Saccharomyces cerevisiae, KIIeTKN aJleHOKAPIITHOMBI
Kkpbic ['epeHa, sMOpHOHaNbHbBIE KIETKU MEYEHU H
HEHUpOTKaHU MOPUOHOB YEIOBEKAa CO CPOKAMH
recrauuu 7-9 Henens.

Bakrepuu BripamuBanu B Tedenue 18 1 nmpu 37°C
Ha msicorenToHHOM arape [6] (MITA), cMmbBanu u
JOTIOJTHUTENBHO KyJBTUBUPOBAIN B TedeHue 12 4 ¢
asparnueit B msaconentonHoM Oynsone (MIIb), 3atem
0akTepuu OCaxJall NEHTPUPYTHPOBAHUEM H
pecycrieHupoBai B cieayromux cpefax: MI1b; MITb
+ 5% JAMCO; MIIb + 5% caxapossr; 0,14 M pactBop
NaCl; 0,14 M pactBop NaCl +5% JAMCO; 0,14 M
pactBop NaCl +5% caxapo3bl.

Jposxoxu BelpammBany B Teuenue 48 4 npu 30°C B
xuaKoit cpene Cadypo [6] ¢ aspauueii. 3aTeM APOXKH
TaKXe OCaXKAaIu LEHTPUPYTHPOBAHUEM H PECYCIICH-
JUPOBAJH B cleaylomux cpeaax: cpena Calypo; cpena
CaOypo + 5% AMCO; cpena Calypo + 5% caxaposbr;
14 M pactBop NaCl; 0,14 M pactBop NaCl + 5% IAMCO;
0,14 M pactBop NaCl +5% caxapo3bl.

Onyxonp I'epeHa mepeBuBaian B KpbIcax IO
OOIIETIPUHATHIM B 3KCIIEPUMEHTANBHON OHKOJIOTHH
Meronam. Ilepen KpHOKOHCEPBUPOBAHUEM OITYXOJIb
MoJABEprain jae3arperanvd (GepMeHTATUBHBIM
meto oM [ 10]. [Tomy4yeHHbIE KIIETKH CYCIIEHINPOBAIN
B 0,14 M pactBope NaCl ¢ no6asnennem 5% JJMCO.

OKCHEPUMEHTH POBEIEHbI B COOTBETCTBUU C
noNoKeHUsIMU ““EBpOIECcKON KOHBEHIIMM O 3alIUTe
MO3BOHOYHBIX XHUBOTHBIX, HCIIOJb3YEMBbIX IJA
SKCIEPUMEHTAJIBHBIX U APYIHX HAy4YHBIX Lienen™
(Crpacoypr, 1985).

Knerkn 3MOpHOHaNbHOW NEYeHN W HEUPOTKAHU
MOJTy4aji U3 SMOpHOHOB YenoBeka. Kietku cycrnen-
JIMpOBalii B KOHCEPBUPYIOUIEH cpefie, coAepkalieit
10% AMCO.

Krnerounsie cycnen3uu Bcex 0OBEKTOB BHOCHIIU
mo 1 mn B kpuonpobupku “Nunc” o0beMoM 2 MIL
OO6pa3itel OakTepuit U APOXKIKEH 3aMOPAKHBAIH 10
cienyrolel nporpamme: oxyaxaenue ot 18 qo 0°C
co ckopocTbio 1°C/MuH, BoinepxkuBanue npu 0°C B
TeueHue 5 MuH, oxjnaxaenue or 0 mo —40°C co
cKkopocThio 2°C/MUH, HOTPYKEHHE B KHUIKAH a30T.
Knerku onmyxonu I'epena, KOII u HelipokneTku
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impossible to exclude the possibility of additional death of
cryopreserved cells during storage temperature alterations.

The research aim was to study the effect of cyclic
storage temperature alterations on viability of
cryopreserved cells of pro- and eukaryotes and to
examine the temperature in cryotubes during modelling
the storage conditions in nitrogen vapours, sorting and
removal of samples.

Materials ad methods

Research objects were Staphylococcus aureus
ATCC 25923, Pseudomonus aeruginosa ATCC27853,
Escherichia coli B bacteria, Saccharomyces
cerevisiae yeast, rat Guerin’s carcinoma, embryonic
liver cells (ELCs) and human embryo neuronal tissue
with gestation terms of 7-9 weeks.

Bacteria were grown for 18 hrs at 37°C on meat
peptone agar (MPA) [6], washed away and additionally
cultured for 12 hrs with aeration in meat peptone broth
(MPB), then bacteria were centrifuged and re-
suspended in the following media: MPB; MPB +5%
DMSO; MPB + 5% sucrose; 0.14 M NaCl +5% DMSO;
0.14 M NaCl +5% sucrose.

Yeast were grown for 48 hrs at 30°C in liquid
Sabouraud’s medium [6] with aeration. Afterwards
yeast were sedimented with centrifugation and re-
suspended in the following media: Sabouraud’s medium;
Sabouraud’s medium+5% DMSO; Sabouraud’s
medium + 5% sucrose; 14 M NaCl solution; 0.14 M
NaCl + 5% DMSO; 0.14M NaCl + 5% sucrose.

Guerin’s carcinoma was inoculated in rats according
to traditional in experimental oncology methods. Before
cryopreservation the tumour was disaggregated by
enzyme method [10]. Obtained cells were suspended
in 0.14 M NaCl adding 5% DMSO.

Experiments were carried-out in accordance with
European Convention for the protection of Vertebrates
animals used for experimental and other scientific
purposes (Strasbourgh, 1985).

Cells of embryonic liver and neurotissue were
derived from human embryos. Cells were suspended
in preserving medium, containing 10% DMSO.

Cell suspensions of all objects were placed by 1 ml
in “Nunc” cryotubes of 2-ml volume. Samples of
bacteria and yeast were frozen on the programme:
cooling from 18°C down to 0°C with the rate of
1°C/min, maintaining at 0°C during 5 min, cooling from
0 to —40°C with the rate of 2°C/min, plunging into liquid
nitrogen. Cells of Guerin’s carcinoma, ELCs and
neurocells were frozen on the described programme
[2]. All samples were thawed on water bath at 40°C.

Viability of microorganisms was found by Koch’s
plate method [8] on the number of macrocolonies,
formed on agarised media. Viability of embryonic cells
and those of Guerin’s tumour were assessed on staining
with trypan blue [5].
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3aMOpa)KUBaJIM MO MPOrpaMMe, OIMcaHHoi B [2]. Bee
00pa3ubl oTorpeBain Ha BoasHoM Oane mpu 40°C.

Ku3HecnocoOHOCTh MUKPOOPTaHU3MOB OIpe/IeIIs-
nu yameyHbIM MetogoMm Koxa [8] mo xonuuecTBy
MUKPOKOJIOHHH, COPMUPOBABIINXCS HA arapu3u-
poBaHHBIX cpenax. KuznecrocoOHOCTh SMOPHOHATH-
HBIX KJIETOK H KJIETOK OIyxouin [ epeHa omeHrnBam no
OKpAITMBaHHUIO TPUTIAHOBBIM CHHUM [5].

Yactps 3amMopoxkeHHBIX 10 —196°C o6pa3mon
XpaHWIN B TE€YEHHE rojia 0e3 W3MEHEHHs TeMIlepa-
Typsl (KoHTpOIb). Tpu yacTu 0O6pas3oB OTOrpEeBaU OT
—196°C cootBercTBeHHO 10 —150, —130 1 10 —100°C
U XpaHWIU OPU 3THX TEMIIEPAaTypax TakKe B TEUCHHUE
rona. OcraBmuecs o0pa3Lbl MOABEpranu BO3CH-
CTBHIO IUKJINYECKH U3MEHSIOLIEICS TeMIepaTyphl
xpaHeHus. OAMH UUKI COCTOSII M3 HMpeOBIBaHUS
o0pa3noB 16 9 B XHIKOM a30T€ U IMOCIENYIOMIETO
XpaHEeHHs] B TeUeHHe § 4 B ero mnapax Mnpu TEeMIIe-
patypax —150, —130 wau —100°C.

JMHaMUKy U3MEHEHHS TEMIIepaTyphbl B KPUOIIPO-
oupkax “Nunc” ¢ KIETOYHBIMH CyCIIECH3USIMH OIIpe-
nesuy qud hepeHIMaTEHON TEpMOTIapO ““MeTb-KOH-
crantan”. OnuH ciaii Tepmonapsl Haxoaucs mpu 0°C.
WzmepuTenbHblii criail paboueii TepMonapsl pacmoia-
rajqu B KOHTPOJBHOH aMIrylie C 3aMOpa)xMBaeMoii
CYCIIEH3MEH B €€ TeOMETPUUECKOM LIeHTpe. B onbiTax
10 MOZETMPOBAHUIO YCIOBHI COPTHPOBKH U IIEPE3aK-
JaJIKu KPHOTIPOOMPOK M3MEPUTENBHBIH criail paboueit
TepMOTapbl B HEKOTOPHIX MPOOMpPKaxX pa3Memanu
PSZIOM CO CTEHKOM. DIEKTPOABIKYIIYIO CHITYy pabodeit
TepMOTIaphl U3MepsUTH BoJIsTMeTpoM B7-21A. Temre-
paTypHOe ToJie B mapax a30Ta MCCIIEOBAU B CTaH-
JapTHOM HHU3KOTEMIIEpaTypHOM XpaHUIHUIIEe OHo-
o6bexToB Xb-0,5. TepmomeTp conpoTHUBICHHUS BBOIH-
JIM Yepe3 TOPJIOBUHY XpaHWIHIIA BHYTpPb U IEepeMe-
LIaJIM €70 OT MMOBEPXHOCTH YKHUKOTO a30Ta 10 BEpXHEN
KPOMKH rOpJIOBUHBI XPaHUIIUILA ITPY PA3HBIX YPOBHSX
XKHUJIKOTO a30Ta. MUHUMAJIbHBIM YPOBHEM CUMTAJIH
€r0 YPOBEHb HW)KE JHA KapyCellu C YKIaJKaMH.

Craructrdaeckyro 00paboTKy IMOTy9IEeHHBIX PE3Yilhb-
TAaTOB IPOBOJAMIIA 110 OOIIECTIPUHITHIM B OMOJIOTHH
meronam [7]. JocroBepHocTs pacueToB 95%.

Pe3yAbTatbl M 00CyXXAeHHe

Bb110 ycTaHOBIIEHO, UTO OJTHOKPATHOE ITOBBIIIICHUE
temrmepatypsl oT —196 mo —150, —130, —100°C ¢
MOCTIEIYIOIUM XpaHEHHEM IIPH 3THUX TeMIIepaTypax
B TeueHHe | rona He BBI3BIBACT AOMOIHHUTEIBHOM
rubenu kieTok. KonmuuecTBO KIETOK MHKpOOpTra-
HU3MOB U DYKapuoOT B 00pa3iax, XpaHUBIIUXCS PU
YKa3aHHBIX TeMIIeparypax, He OTIUYaIOCh OT KOJIH-
YecTBa KIIETOK, XpaHuBmuxcs mpu —196°C.

Huknmdeckoe W3MEHEHNE TeMIeparypsl oT —196
10 —150°C Ha npoTsvkeHnn S5 v 10 HUKIOB TaKXKe HE
BBI3BIBAJIO JOTIOTHUTEIILHOM THOCIH KIIETOK (pHc.1-2).
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Part of frozen down to —196°C samples was stored
during a year at this temperature (control). The parts
of samples were thawed from —196°C up to —150,
—130 and -100°C, correspondingly and also they were
stored at the same temperatures during a year. The
rest samples were affected by cyclic changing
temperature of storage. One cycle comprised the
staying of samples for 16 hrs in liquid nitrogen and
following storage for 8 hrs in its vapours at —150°C,
and either at —130 or —100°C.

Dynamics of temperature change in “Nunc”
cryotubes with cell suspensions was detected with
copper-constantan differential thermocouple. One
soldered joint was at 0°C. Measuring soldered joint of
operating thermocouple was located in a control
ampoule with the suspension to be frozen in its
geometrical centre. In experiments on modelling the
sorting conditions and those of re-laying of cryotubes
the measurement soldered joint of operating thermo-
couple in some vials was put just near the wall.
Electromotive force (EMF) of operating thermocouple
was measured using voltmeter V7-21A. Temperature
field in liquid nitrogen vapours was examined in
standard low temperature storehouse of biological
objects KhB-0.5. Resistance thermometer was placed
via vessel orifice and moved it from liquid nitrogen
surface to upper edge of vessel orifice at various levels
of liquid nitrogen. Minimum level was the one beyond
the bottom of carrousel with packing.

Statistical processing of the obtained results was
performed using traditional in biology methods [7].
Calculation reliability is 95%.

Results and discussion

It has been established that single rise of tempe-
rature from —196 up to —150, —130 and —100°C with
following storage at these temperatures for 1 year does
not cause an additional death of cells. Number of
microorganism and eukaryote cells in samples, stored
at mentioned temperatures, did not differ from the
number of cells stored at —196°C.

Cyclic change of temperature from —196 up to
—150°C during 5 and 10 cycles also did not result in
additional death of cells (Fig. 1-2).

During cyclic change of temperature from —196
up to —130°C the amount of bacteria E.coli and
P aeruginosa significantly and statistically reduced
in the samples when using as cryopreservation medium
0f0.14 M NaCl (5, 10 cycles), 0.14 M NaCl +5% DMSO
(10 cycles), 0.14 M NaCl+5% sucrose (10 cycles). When
we cyclically alter the temperature from —196 up to
—100°C the amount of bacteria E.coli and P. aeru-
ginosa the number of dead bacteria increased in all
cryopreservation media after 5 and 10 cycles. With
the increase of cycles of temperature change from 5

PROBLEMS
OF CRYOBIOLOGY
Vol. 15, 2005, N21



120 120
Escherichia coli Pseudomonas aeruginosa
100 4 100 -
x® ) 7 7 ° !
> so{| W 7 é é > 80- Z
& 7 % % % & 7 %
5 / / % / 5 7 /
8 % / / % 8 2 2 % ’
I° / % % / I° 7 7 / %_
o3 / / = = o= ’ ’ - =
g / ’ ‘= - C 3 % % = =
cEg % ’ = = Eg = 7 = =
S / / = = oS = / = =
8 % ¢ = = o = % = -
RN % - - s 44 W - % - -
3 % % . || 3 - % - -
* . . - || F . % . .
/ % = = = % - -
% % - = = % = =
20 - % ’ = = 20 - = / = =
/ . = = ‘= . = =
. . - ' -
% / = = = % = =
NS WS WS WS | e W iml 1ol
1 2 3 4 1 2 3 4
120 120
S. aureus S. cerevisiae
100 - : . 100 4
, : 7 7
7 7 % /
/ / / /
= é % % % = ’
i 80- é é é é i 80- %
o % % 7 7 o .
5 . | | | osx /
I, / / / % T s ’
%2 ol W ? é % EIN | 7 7 é
8 / / / / 53 ’ ’ ’ ’
5> % % / / = / / / /
o / / % / 2 ’ . ’ ’
z % % / % z % % . %
2 404 % % % 3 40 W % % %
£ % % % % % % % % %
/ / / % % % % %
% % % % % % . %
/ % % % % % . %
20{| W7 % é % 20| W % % %
% % % % % % % %
% % % % % % . %
% % % / ’ . ’ ’
o | é ’ . o [ WY Z 7 7

1 2 3 4

1 2 3 4

Puc. 1. XKu3Hecnoco6HOCTE MUKPOOPTraHI3MOB (% OT KOHTPOJIS ) MOCIE IIUKJINIECKOTO M3MEHEHHS TeMITepaTyphl XpaHEeHHUS:
O-5pa3or—196 1o —-150°C ; M- 10 pa3 go— 150°C; @ - 5 pa3 1o —-130°C; A— 10 pa3z 1o —130°C ; B-5 paz— 100°C; -
10 pa3 10 —-100°C; 10,14 M NaCl; 2 - 0,14 M NaCl + 5% IMCO; 3 — MI1b; 4 — MIIb + 5% JIMCO.

Fig. 1. Viability of E.coli bacteria (% of the control) after cyclic change in storage temperature from —196 up to —150°C
5 times (O); —150°C 10 times (M); —130°C 5 times (@); —130°C 10 times (); —100°C 5 times (H); —100°C 10 times (); 1 —

0,14 M NaCl; 2 — 0,14 M NaCl + 5% DMSO; 3 — MPB; 4 —- MPB+ 5% DMSO.

[Ipu 1UKINYEeCKOM H3MEHEHHH TEeMIIepPaTyphbl OT
—196 mo —130°C xommyecTBO Oaktepuit E.coli u
P, aeruginosa 1oCTOBEpHO CHUXAJIOCh B 00pa3lax
IIPU KCIIOJIE30BAaHUU KaK CpeAbl KOHCEPBUPOBAHUS
0,14 M pacrtopa NaCl (5, 10 nuknos); 0,14 M
pactBopa NaCl + 5% JAMCO (10 nuknos); 0,14 M
pactBopa NaCl + 5% caxapossl (10 nukmnoB). [Ipu
HUKINYECKOM H3MEHEHUH TeMIIepaTypbl B 00pa3iax
¢ E.coli u Paeruginosa or —196 no —100°C
KOJIMYECTBO MOrHOIINX OaKTEPH YBEIIMYUBAIOCH BO
BCEX cpefax KOHCEpBUPOBaHUs mociie 5 u 10 1uKIIoB.
C yBeMUYEHUEM ITUKIIOB M3MEHEHHS TEMITEPaTyphl €
5 o 10 konmm4ecTBO MOrHOMIUX OaKTEpUi JOCTOBEPHO
yBeNMYUBaNOCh. Hannuue B cpene KoOHCepBUPOBaHUS
kpuonporekTopoB JJMCO, caxapo3sl U HUCIOJIb30-
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to 10 the amount of dead bacteria statistically and
significantly enhanced. The presence in preservation
medium of DMSO, sucrose and usage as preservation
medium of MPB caused at thermocycling a moderate
protective effect. Since a protective effect of DMSO
and sucrose did not statistically and significantly differ in
Fig. 1 the data on sucrose application were not presented.

Cyclic change of temperature in samples with
S. aureus from —196 up to —130°C did not cause an
additional death of bacteria, and from —196 up to
—100°C the number of viable cells of S. aureus
statistically and significantly reduced and increased with
the cycling repetition factor (Fig. 1). Composition of
the preservation medium in experiments with S. aureus
did not cause a protective effect.
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BaHUE Kak cpenbl KoHcepBupoBanus MIIb oka3siBano
[IPU TEPMOLUKINPOBAHUN YMEPEHHO BBIPAKCHHBIH
3amuTHBIA (¢ dekt. [lockonbKy 3amuTHBIN 3QdeKT
npu npumenennu kak JAMCO, tak u caxapo3ssl
JOCTOBEPHO HE OTJIMYAJICs, Ha puc. | maHHBIE 00
HCIOJIb30BaHUM Caxapo3bl HE IPUBOASITCS.

Hukinnueckoe U3MEHEHHE TeMIIepaTypsl B 00pas-
nax ¢ S. aureus or —196 1o —130°C nonosHUTEIBHON
rubenu 6akTepuil He BhI3bIBANO, a 0T —196 10 —100°C
KOJIMYECTBO XKMU3HECMOCOOHBIX KIETOK S. aureus
noctoBepHO cHmkanoch (puc. 1). CocTaB cpenbl
KOHCEPBHUPOBAHHUSA B ONBITAX C S. aureus 3alIUTHOTO
a¢dekra He OKa3bIBAIL

B omnmiTax ¢ gpoxckamu S. cerevisiae HONONHU-
TEJIbHYIO THOENb KJIETOK BBI3BIBANM IIUKIUYECKUMH
W3MEHEHHSIMH Temmneparypsl or —196 no —130 u
—100°C (puc. 1). YyBCTBUTENBHOCTD KIJIETOK IPOOKEH
K KoJIeOaHUsIM TeMIeparyphl XpaHeHus: ObuIa JOCTO-
BEPHO BBIIIIE, 4eM y OakTepuii. KonndyecTBo mornommx
KJIIETOK YBEJIIMYNBAIOCH C TIOBBIIIIEHUEM TEMITEPATYPhI
ot —130 mo —100°C u ¢ yBennueHUEM KOINYECTBA
LIUKJIOB KoneOanuii. IlpumeHeHne B cocTaBe cpensl
KOHCepBHpoBaHHUA KpromnpoTekTopoB IMCO u caxa-
PO3BI OKa3bIBAJIO BBIPaXXCHHBIN 3alIUTHBIN 3(DheKT
(maHHBIE TIO caxapo3e He MPUBEACHDI).

B ompiTax ¢ kneTKkaMu ageHOKapUUHOMBI [ epena
U YMOPHUOHATBHBIMU KJIETKAMH OBUIH TOJYYESHBI
pe3ynbTaThl, CXOAHbIE C pe3yibTaTaMU JKCIEpHU-
MEHTOB C T'PaMOTPHIATEIbHBIMU OaKTEPUSIMH H
OpoxckamMu. YacTh KIIETOK morudaina mpu KojaeOaHusax
temmeparypsl oT —196 1o —130 u —100°C (puc. 2).
[Ipu cHmxennu temmepatypsl g0 —100°C kieTok
norubano Oombine. KonmuecTBo MOTHOMIMX KIIETOK
MOBBIIIANOCH C YBEJIMYECHUEM KOJIMYECTBA IIUKJIOB
KoJicOaHUM TeMIepaTypbl. YCTOWYHUBOCTh KJIETOK
Pa3HOr0 MPOUCXOXKICHHS K KOJICOaHUSIM TEeMIIepaTy phl
XpaHEHUs! CHMXKaJach MO PANY: KICTKH aJeHOKap-
uuHoMbl ['epena — KOII — kneTkn 3MOpuoHaIbHOIM
HEUPOTKaHH.

B nocnenyromux skcrnepuMeHTax u3ydaiu u3Me-
HEHHE TeMIIepaTyphsl B Kpuompobupkax “Nunc” ¢
KiIeTo4Ho# cycrensueil B 0,14M pactBope NaCl c
nobasierneM 5% JIMCO Bo BpeMs MOAETUPOBAHUS
YCIIOBUI XpaHEHHUS.

[Ipu uccnenoBaHnM AMHAMHUKH U3MEHEHHUS TEMIIe-
patypsl B mpobupkax “Nunc” mociie oTorpesa ot
—196 1o —150 u —100°C 0OBIIO YyCTAaHOBJICHO, YTO
TeMIiepatypa B o0Opasuax mosbimnaercs 10 —150 u
—100°C uepe3 30 muH (Tabdm. 1, 2).

[Ipu n3yueHHnH TeMIepaTypHOTO IOJsS BHYTPH
xpanwinma Xb—0,5 66U10 BBIABIEHO, YTO TEMIIEpa-
Typa B €ro mapax 3aBHUCHT OT JABYX ()aKTOPOB —
PacCTOSHUA OT 3€pKajia >KUIKOTO a30Ta U YPOBHS
JKUJIKOTO a30Ta B XpaHuiuine (puc. 3).

Bruta n3ydeHa takke Temreparypa B KpHOIpPO-
OupKax BO BpeMs MOJICIIMPOBAHHS YCIOBHHA COPTH-
POBKH U Tiepe3akiaki KpUonpoOUpOK U3 KapaHTHH-
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Puc. 2. Kuznecioco6HOCTh (% OT KOHTPOJIS) KJIETOK aJeHO-
kapuuHOMEI ['epena (1), sMOpuoHansHOI medeHu (2) u
HelpoTKaHu (3) Iocie UKINYeCKOro H3MEHEHHMS TeMIlepa-
Typsl XpaHeHust: [1— 5 pa3z ot —196 1o —150°C ; M- 10 pa3 no
—150°C; @—:5 pa3 no—-130°C; A—- 10 pa3z no—-130°C ; B-5
pa3z—100°C; O-10 pa3 10—100°C; 1-0,14 M NaCl; 2-0,14
M NaCl + 5% AMCO; 3 — MIIb; 4 — MIIb + 5% AMCO.
Fig. 2. Viability (% of the control) of Guerin’s carcinoma
cells (1), embryonic liver cells (2) and neuronal tissue cells
after cyclic change in storage temperature from —196 up to
—150°C 5 times ([J); —150°C 10 times (M); —130°C 5 times (0);
—-130°C 10 times (E4); —100°C 5 times (B); —100°C 10 times
(@); 1-0,14 M NaCl; 2 - 0,14 M NaCl + 5% DMSO; 3 —
MPB; 4 - MPB+ 5% DMSO; change of temperature.

In experiments with S. cerevisiae yeast an addi-
tional death of cells was caused by cyclic changes in
temperature from —196 up to —130 and —100°C (Fig. 1).
Yeast cell sensitivity to storage temperature alterations
was statistically higher than in bacteria. Number of
dead cells increased with a rise of temperature from
—130up to —100°C and with the increase in the number
of alteration cycles. Application as a component of
preservation medium of DMSO and sucrose rendered
a manifested protective effect.

In experiments with Guerin’s carcinoma and
embryonic cells there were obtained the results similar
to experimental ones with gram-positive bacteria and
yeast. Some cells die during alteration of temperature
from —196 up to —130 and —100°C (Fig. 5). When
decreasing the temperature down to —100°C the
number of dead cells was higher. Amount of dead cells
enhanced with an increase of the number of cycles of
temperature alteration. The resistance of cells of
various origin to storage temperature fluctuation
reduced in the order: Guerin’s carcinoma — embryonic
liver cells — cells of embryonic neurotissue.

In following experiments there was studied the
change in temperature in “Nunc” cryotubes with cell
suspension in 0.14M NaCl with adding 5% DMSO
during modelling the storage conditions.
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Taonuuna 1. luHaMuka n3MeHeHHUs TEMIIEpaTyphl B KpHoIipodupkax “Nunc” mocie nepeHoca Ux U3 KHUIKOTO a30Ta B
HITAaTHBIE KacceThl IpH Temneparypax —150 1 —100°C

Table 1. Dynamics of temperature change in “Nunc” cryotubes after their transfer from liquid nitrogen into regular
cassettes at —150 and —100° C

TemnepaTypHbIi
MHTEpBaA
TEPMOCTEKAO —
BaHUA

Koanuectso
KPUOIIPOOUPOK
BKacceTe, T

Temneparypa,”C, yepes BpeMsi, MUH
Temperature,°C, in time,min

Number of
cryotubes in
cassettes 0 1 2 3 4

Temperature
interval of
thermovitrifi —
cation

—149,0

Or —196°A0 1 —196,0 | —1935 | —191,8 | —1833 | —1785 | —1747 - - - —160,7 | —1550 | —1524 | —150,5
—150°C
From —196 up 1535
to —150°C 6 —196,0 —1950 —192,8 —190,0 —186,6 —1833 —180,2 — 1774 — 1750 —170,7 —163,7 —161,5 —156,0 !
Or —196 A0 1 —196,0 | —1930 | —1830 | —1740 | —1650 | —1563 | —1488 | —1440 | —1363 | —1270 | —110,5 | —1050 —983 —95

—100°C

From — 196 up to

—100°C 6 —1960 | —1943 | —1890 | —1810 | —173,0

—166,2

—96,0

—159,0 | —1528 | —1475 | —1377 —120,5 | —110,0 —99,0

HOTO XpaHHUIHIIa B ocHOBHOE. Korna kpuornpooupky,
conepxkarue 0,5 umu 2,0 MII CyCTICH3UH KJIETOK, 3aMO-
pakuBanu ;10 —196°C, mepeHOCHITH B IITATHYIO Kacce-
Ty W pa3Mellaiy HEeMOCPEICTBEHHO HaJl TTOBEPXHOC-
TBEO JKHJIKOTO 230Ta, TEMIIEpaTypa B HUX CYI[ECTBEHHO
HE oTIr4anack ot KoHTpous (Tabn. 2). Eciu 3amopo-
XKeHHYI0 10 —196°C kpuonpoOUpKy nmomeianu B
LITaTHYIO0 KaccCeTy, pa3MEIlEeHHYI0 Ha PAaCcCTOSHUH
50 cM OT HOBEPXHOCTH KUIKOTO a30Ta, NOBHIILICHHE
TEeMIIEPaTypbl B IPOOHpPKE OBIIIO O0JIee BBIPaKEHHBIM.
Temneparypa B KpronpoOHpKe MOBHIIIANACH C yBe-
JTMYCHHEM BPEMEHH HaXOXK/ICHHUs B Kaccete. [Ipu BHe-
CEHHHU KPHOTIPOOHUPOK B KACCETY, T7Ie HAXOAWIIOCH eIlle
6 3aMOPOXKECHHBIX MPOOHUPOK, IMOBBIICHUE TEMIIepa-
TYpHI OBIJIO MEHEE BBIPAKECHHBIM.

Ecnu 3aMopokeHHY10 KpHOTIPOOHPKY ITOMEIIA! B
BO3AYyIIHYIO cpeay rpu 20°C, TemIiepaTypa B Hell yike
yepe3 2 MuH noBbImaiack Beime —100°C (tabn.3).

Bo Bcex skcnmepuMeHTax Mo HEPEHOCY KPHUO-
npoOHUpoK 10 Temmeparypsl Boie —196°C Habmo-
Jlanach pa3HUIAa TEMIIEPATyP B LIEHTPE U CII0E, PaCIo-
JI0)KEHHOM PSZIOM CO CTEHKOH.

BbiBOAbI

OKCIepUMEHTAIbHO MOKa3aHa BO3MOXHOCTH
JIOTIOJTHUTENIEHOM THOEIN KPUOKOHCEPBUPOBAHHBIX
KIJIETOK MPO- U dYKapHOT MpH KoJeOaHUsX TeMIle-
parypsl xpaHeHus. ['H0OeNb KIETOK POUCXOJNUT TIPU
W3MEHEHUH TeMiepaTypbl oT —196 1o —130 u—100°C.

KonnuecTBo mOru0mux KI€TOK YBEINIUBACTCS C
MOBBIIICHUEM TEMIIEPaTyphl U YBEIHMYCHHEM KOJIH-
YeCcTBa LIUKJIOB KOJIEOaHUs TeMIIepaTypbl. XpaHeHHUe
00pa3LoB NpH NOCTOSAHHBIX Temneparypax —130 nim
—100°C Kk HOIOJHUTEIHLHON THOEIN KIETOK HE
MIPUBOAUT.

Ha gyBcTBHUTENBHOCTD KIETOK K KOJIEOAHHIO TEM-
nepaTypbl XpaHEHHsI BIUSIOT X HCXOTHBIE MOPQO-
(yHKIMOHAIBHBIE CBOHCTBA, 00YCIIOBICHHBIC TAKCO-
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When studying the dynamics of temperature change
in “Nunc” cryotubes after thawing from —196 up to—150
and —100°C there was established that the temperature
in samples increased up to —150° and —100°C in 30
min (Tables 1, 2).

During investigation of temperature field inside the
KhB-0.5 tank there was found that the temperature in
liquid nitrogen vapours depends on two factors: the
distance from liquid nitrogen surface and the level of
liquid nitrogen in the storehouses (Fig. 3).

PaccTtosHue oT 3epkana xuagkoro asorta, cMm
Distance from liquid nitrogen surface, cm

-200 -190 -180 -170 -160 -150 -140 -130 -120 -110 -100
Temnepartypa, °C Temperature, °C

Puc. 3. Pacnpenenenue Temmneparyp HaJ MOBEPXHOCTHIO
JKUAKOTO a3oTa B xpaHwiuie Xb-0,5 npu pa3Hoil 3amnon-
HEHHOCTHU XPaHWIIMIIA KUJKAM a30TOM, yPOBEHb a30Ta B
xpanunuiie, cy: l—95;0— 70; A —60; ® —55;0 —52;
& 45

Fig. 3. Distribution of temperatures above the surface of
liquid nitrogen in KhB at various filling levels of the store-
house with liquid nitrogen; nitrogen level in tank, cm: Il —
95:0- 70; A—60; ® —55;0 —52; 4 —45.
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Ta6muua 2. Temnieparypbl B KpHOIIPOOUPKAX, IIEPEHECEHHBIX U3 )KHIKOTO a30Ta B ITATHBIE KACCETHI
Table 2. Temperatures in cryotubes, transferred from liquid nitrogen into regular cassettes

Pasmenienue TepMonaps! B
KpHONpoOupKax
OObeM CyCIIeH3UH B Location of thermocouple in
YcaoBus onbiTa Bpewms,mun KPHUOIPOOUpPKAX,MA cryotubes Temneparypa,”C
Experimental conditions Time,min Volume of suspension Temperature,”C
in cryotubes,ml PSAAOM CO
[eHTp CTeHKOU
centre
close to walls
2,0 + + — 196
XpaHeHHe BKUAKOM a3o0Te _
St in liquid nit
orage in liquid nitrogen 0,5 + 4 196
2,0 + - — 1857
2,0 - + —180,5
10
0,5 + - —186,8
IlepemenieHre KPHOIPOOHPKH BKACCETY,
PacCIoOAOIKEHHYIO HEIIOCPEACTBEHHO Hap 0,5 — + —185,5
TIOBEPXHOCTBIO JKUAKOT'O a30Ta
Transfer of cryotube into cassette located 20 + _ — 1846
directly above the surface of liquid ' '
nitrogen
2,0 - + —180,7
20
0,5 + - —1852
0,5 - + — 1827
2,0 + + — 196
XpaHeHHe BKUAKOM a30Te _
St in liquid nit
orage in liquid nitrogen 05 " " _ 196
2,0 + - —162,4
2,0 - + —171,0
10
IlepemenieHre KPHOIPOOHPKH BKACCETY, 0.5 + - —179.1
PAaCIIOAOJKEHHYIO Ha PacCTOSTHUM 50 MM
OT TIOBEPXHOCTH JKUAKOTO a30Ta 0.5 - + —176,6
Transfer of cryotube into cassette with 6
tubes located directlyon the distance of 2,0 + — —154,3
50 mm above the surface of liquid
nitrogen 2,0 - + — 1677
20
0,5 + - —176,6
0,5 — + —174,1
2,0 + + — 196
XpaHeHHe BXUAKOM a30Te _
St in liquid nit
orage in liquid nitrogen 05 + + —19
2,0 + - — 1732
2,0 - + — 1772
10
[Nepemerienrie KPpUOIPOOUPKYU B 0,5 + — —167,1
KacceTy c 6 npo6upkamu. KacceTs!
PACIIOAOKEHBI Ha paccTosHun 50 MM OT 0.5 _ + —1802
MOBEPXHOCTH JKMAKOTO a30Ta ' '
Transfer of cryotube into cassette with 6
tubes located directlyon the distance of 20 + - — 1668
50 mm above the surface of liquid
nitrogen 2,0 - + —176,6
20
0,5 + = —168,5
0,5 - + —176,6

HOMHYECKHM IOJIO)KEHHEM U TPOUCXOXKICHUEM, U
COCTaB Cpeibl KOHCEPBUPOBAHHS.

Bo Bpemst xpaHeHus B mapax a30Ta B XpaHMINIIAX
Y TIpU TIEpEMEIIIEHHN KPHONPOOUPOK Yepe3 BO3AYIII-
HYIO CpeTy BO3MOYKHO ITOBBIIIIEHNE B HUX TEMIIEPaTy Pl
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There was also studied the temperature inside
cryotubes during modelling the sorting conditions and
their re-laying from quarantine vessel into main one.
When vials with 0.5 or 2.0 ml of suspension were frozen
down to —196°C, transferred into regular cassette and
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Ta6auua 3. Temnepatypsl B KpHOIPOOUpPKaX, IEPEHECECHHBIX U3 KUJIKOTO a30Ta B BO3AYIIHYIO CPETY
Table 3. Temperatures in cryotubes, transferred from liquid nitrogen into air

Pasmenienue TepMonaps! B
KPHONpoOupKax
OGBEM CyCIIEH3UH B Location of thermocouple in
YcaoBuS onBITa Bpewms,mun KpHUOIPOOHpPKaX,MA cryotubes Temmneparypa,”C
Experimental conditions Time,min Volume of suspension Temperature,”C
in cryotubes,ml PSAOM CO
[EHTD CTEHKOM
centre
close to walls
2,0 + + — 196
XpaHeHHe BJKUAKOM a30Te _
St in liquid nit
orage in liquid nitrogen 0,5 4 i 1%
2,0 + - —156,6
2,0 - + —138,2
1
0,5 + - —124,3
0,5 - + — 1132
2,0 + - —118,2
2,0 - + —100,0
INepemenieHre KPUONIPOOMPKYU B 2
BOBAYIIHYIO CPEAy 0.5 + - —759
Transfer of cryotube into air
0,5 - + —65,2
2,0 + - —83,6
2,0 - + — 73,6
3
0,5 + - —50,0
0,5 - + —43,2

0 3HAYEHWH, MPU KOTOPHIX HaOI0ganu THOEb
KIJIETOK.

YcTaHOBICHHBIA (aKT BO3MOKHOCTH JIETATHLHOTO
MIOBPEKACHHS KIETOK MPH KojeOaHUU TeMIEepaTyphl
ot —196°C 1o temneparypsl Boime —130°C cnemyer
VYIUTHIBATH MIPH Pa3pabOTKE TEXHOIOTHISCKUX HHCT-
PYKIHH TI0 3KCITyaTalluu HU3KOTEMIIEpaTypPHBIX
0aHKOB OMOIOTHIECKUX OOBEKTOB.
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placed directly above the surface of liquid nitrogen,
the temperature in them did not significantly differ from
the control (Table 2). If frozen down to —196°C cryo-
tube was placed into regular cassette placed in a
distance of 50 cm from liquid nitrogen surface the
temperature rise in a vial was more manifested. Tem-
perature in cryotube increased with the rise of the time
of being in a cassette. In case of cryotubes placing
into a cassette where there were more 6 frozen vials,
temperature rise was less manifested.

If frozen cryotube was placed in air at 20°C, in
2 min the temperature in it increased higher than
—100°C (Table 3).

In all experiments on transfer of cryotubes up to
the temperature higher than —196°C there was
revealed the difference of temperatures in the centre
and the layer adjacent to walls (Table 2, 3).

Conclusions

Extradeath of cryopreserved cells of pro- and
eukaryotes is experimentally shown when altering the
storage temperature. Cell death occurs during tempe-
rature transition from —196°C up to -130° and —100°C.

Number of dead cells increases with a rise in tem-
perature and the one of cycles of temperature alte-
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ration. Storage at constant temperatures of —130 or
—100°C does not result in additional death of cells.

Initial morphofunctional properties of cells, stipu-
lated by taxonomic location and origin, as well as
composition of preservation media affect their sensi-
tivity.

During storage in nitrogen vapours in storehouses
and when removing cryotubes in air, the temperature
rise in them is probable up to values where cell death
was observed. The finding about the possibility of lethal
damage of cells at temperature alteration from —196
up to —130°C should be taken into account when deve-
loping technical guidelines on exploitation of low
temperature banks of biological objects.
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