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UccnenoBano BiausiHHE (HAKTOPOB KPHOKOHCEPBHUPOBAHHUS (CKOPOCTH OXJaXIACHHUS U KPHOINPOTEKTOPOB B Pa3IHMYHBIX
KOHIIEHTPALUIX ) HA COXPAHHOCTh ()ParMEHTOB EYCHU HOBOPOXKICHHBIX TOPOCST 1 MOJIOBO3PENbIX CBUHEH. [Toka3aHo MUHUMaIIbHOE
HOBPEXJCHUE UCCIIeyeMOro Onomarepuasia Ipi KPHOKOHCEPBUPOBAHHUH 110 COCTOSHUIO IEPEKUCHBIX MPOLIECCOB U MHTEHCUBHOCTH
SHJIOT'€HHOTO AbIXaHUs IPU UCII0Ib30BaHUM NoNu3THIIeHOKeu10B (IT20-400 u [130-1500) B kauecTBe KPUOIPOTEKTOPOB CO CKOPOCTSIMU

oxyaxaenus 1 u 8000°C/mun.

Knrouesvle cnosa: d)pal"MeHTbI INEYCHU, CKOPOCTH OXJTAXKICHHUA, KDUONIPOTEKTOPbI, SHIAOTC€HHOEC AbIXaHUEC, IIEPEKHUCHBIC ITPOLICCCHI.

JocnimkeHo BIUMB (akToOpiB KPHIOKOHCEPBYBaHHS (IIBHIKOCTI OXOJIOJDKEHHS 1 KPIOMPOTEKTOPIB Y Pi3HUX KOHICHTPAIIsIX) Ha
30epeKeHHA (PParMeHTIB MEYiHKH HOBOHAPOIKEHHUX MOPOCIT 1 cTaTeBO3pinux cBuHeW. [loka3zaHO MiHIMallbHE IOMIKOMKEHHS
JOCTIKYBaHOTO OioMaTepiaia mpy KpioKOHCEPBYBaHHI 32 CTAHOM TIEPEKHCHUX MPOLIECIB Ta IHTEHCUBHOCTI €HJOT€HHOTO TUXAHHS [TPU
pukopuctanHi nonieruneHokcuais (IIEO-400 i [IEO-1500) sk kpionmpoTeKTOpiB 31 BUAKOCTIMHU oxonomkeHHs 1 u 8000°C/xB.

Knrouosi cnosa: pparMeHTH NEUiHKH, IBUAKOCTI OXOJIOMKEHHSI, KPIOIIPOTEKTOPH, CHIOTCHHE ANXaHHS, IIEPEKHUCHI POLIECH.

The effect of cryopreservation factors (cooling rates and cryoprotectants in different concentrations) on the integrity of newborn
piglet and adult pig liver fragments was investigated. There was demonstrated the minimum damage of studied biomaterial during
cryopreservation on the peroxide processes and the intensity of endogenous respiration when using polyethylene oxides (PEO-400
and PEO-1500) as cryoprotectants with 1 and 8000°C/min cooling rates.

Key-words: liver fragmrnts, cooling rates, cryoprotectant, endogenous respiration, peroxide processes.

B HacTosimee BpeMs MMPOKOE pacpOCTpaHEHUE
MOJTy4YaroT METOABI KJIIETOYHOH U TKAaHEBOH TeparuH,
B YaCTHOCTH, IPH JICUEHUH NEYSHOUYHOH HemocTa-
TOYHOCTH HMCHOJB3YIOT H30JIUPOBAHHBIE KIETKH
MeYeHH, B HAYYHBIX UCCIEA0BAHUIX — IPU U3YUYECHUH
O0umo¢pu3nueckux U OMOXHMHUYECKUX MPOLECCOB,
KOTOpbIE€ MPOUCXOAAT B Me4deHu in vivo [9, 11].
BrigensaTs n30aupoBaHHbIE KIETKH TIEYEHH, KOTOPBIE
ObI COXpaHWIH Bce (PyHKIIMU, TPUCYIIHE TeaTOIHTY,
OYeHb CIIOXHO. Hanmpumep, mpu KojimareHa3HOM
METOJI¢ BBIJICIICHHUS KIETOK MX (QYHKIIMOHAIBHO-
MeTaboJIMYeCcKre MOKa3aTeNn 3aBUCIT OT THUIIA U
YUCTOTH (epMeHTaTUBHOTO mpemnapata [3]. B
mocienHee BpeMsi B HAy4HBIX HCCIIEIOBAHUAX BCE
LIMPE HUCIIONB3YIOTCS CPE3bl WM (ParMeHTHI IEYEHH.
B MHoOrokieTouHbIX (pparMeHTax HmeYeHU coxpa-
HSIOTCSl MEKKJIETOUHbIE KOHTAKTBl U OPUEHTALUA
KJIETOK MOJACPKUBAETCSI HA YPOBHE MEUYCHU in VIVo.
CoXpaHSIOTCS TaKXe MEXKJIETOYHBIE B3aMMO-
JNeHCTBUSI, KOTOPbIE MPUHUMAIOT Y4acTHE B KOH-
TaKTHOM MHTHOMPOBAaHUH, TpaHC(HOPMAIIIH CUTHAIA,
TOPMOHAJIFHOM M HOHHOM TpaHcmopte [7,8]. B cBsa3u
C 9THUM MOXHO HPEJIOJOKHTh, 4TO (pParMeHTHI

Nowadays the methods of cellular and tissue
therapy are getting widely spread. In particular, when
treating a liver insufficiency there are used hepatic
isolated cells, in scientific investigations: when studying
biophysical and biochemical processes, occurring in
liver in vivo [9, 11]. It is very complicated to isolate
liver cells, which would keep all functions, inherent to
hepatocyte. For example, in a collagenase method of
cell isolation their functional and metabolic indices
depend on the type and purity of enzyme preparation
[3]. Recently in scientific investigations the sections
or liver fragments are getting the wider usage. In
polycellular liver fragments there are preserved the
intercellular contacts and the cell orientation is
maintained at the liver level in vivo. The intercellular
interactions, participating in a contact inhibition, signal
transformation, hormonal and ion transport are kept
as well [7, 8]. In this connection we can suppose, that
the liver fragments are efficient as the hepatocytes
are when using them in contours for hemoperfusion at
liver insufficiency. In practice, in addition to liver
fragments of adult pigs, those of newborn piglets can
be also applied as the material for stimulating the
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nedyeHu 3G(HEKTUBHBI KaK M TemaTOIUThl MPH HUX
KCIIOJIb30BaHUH B KOHTYpax IJIs reMonepdy3uu Ipu
MEYCHOYHON HEJI0OCTaTOYHOCTH. B mpakTuke, kpome
(hparMeHTOB MMEUYEHH MMOJOBO3PEINBIX CBUHEH, MOTYT
MPUMEHATHCS TakXe (parMeHTHl NMEeYeHH HOBO-
POXACHHBIX MMOPOCAT KaK MaTepHa ISl CTUMYJISIIIHH
pEeTeHEepaTUBHBIX MPOIECCOB B MEUYEHH, HO 3TO
BO3MOYKHO TOJIBKO TIPH €0 HAJIMYHMH B JOCTATOYHOM
KOJTMYecTBe. JTa mpobiaemMa MOXKET OBITh pelleHa ¢
MOMOINBI0 KpHOKOHCepBHUpoBaHusi. Ho ecnu B
OTHOIICHWH TEMaTOIHNTOB OHA MCCIIeNOBaHa JOCTa-
tougHo [3, 5, 11, 12], To Bompocam KpHOKOHCEP-
BUPOBAHUs CPe30B, pparMeHTOB WU OpPraHOB
TIOCBAIIEHBI €TMHUYHBIE paOOTHI [6-8].

Lenpto Hamieit paboOThl OBUIO M3yUYEHUE BIUSHUS
(hakTOpPOB KPHOKOHCEPBUPOBAaHUS Ha COXPAaHHOCTh
(hparMeHTOB MEYEHU MOJOBO3PENBIX CBUHEH WU
HOBOPOXACHHBIX MOPOCAT. bBLIIO MccaemoBaHO
BJIMSIHUE TaKUX (DAaKTOPOB KPHOKOHCEPBUPOBAHUS, KaK
CKOPOCTh OXJIXKJICHUS, BKIIIOYass CBEPXOBICTPHIE
CKOpPOCTH, a Takxke 3P(PEKTUBHOCTh Pa3IUIHBIX
KPUOIPOTEKTOPOB B 3aBUCHMOCTH OT HUX KOHIICHT-
pamuu. [TokazarensiMu, KOTOpBIE XapaKTEPHUIYIOT
COCTOsIHUE (parMeHTOB MEYCHH IOclie KPUOKOH-
CepBUpPOBaHUS, OBUIM BHIOPAHBI MHTCHCUBHOCTH
IbIXaHUsS, CBA3aHHAs C OMOYHEPreTHUYCCKUMU
npoueccaMu B TKaHSAX, U XapaKTep MEPEKUCHBIX
MPOIIECCOB B (pparMeHTaX, SBISIONIUNACS HECIICIIH-
(hraecKkrM OTBETOM Ha MOBPEKICHUS OHOJIOTUIECKIX
meMOpaH [3,5].

Matepnaabl 1 meToAbI

@parMeHTHl €YeHH MOIyYaId NPOJaBINBaHIEM
€e KyCOYKOB 4Yepe3 pEemeTKy C OTBEpPCTUIMHU
auamerpom 0,8 mm. [locime 3TOTO UX TPHKIBI
oTMbIBaH (hrzuonoruueckum pactsopoM (pH 7.4) u
I00aBISITN PacTBOPHI KPUOMPOTEKTOPOB B COOT-
vHomeHnuu 1:1. B paGore ObInIM HCIOIB30BAHEI
mmmnepud, JIMCO, IT90-400 u [120-1500 B koHEUHBIX
koHneHTpauusx 10 u 20%. Marepuan pachacoBbIBaIH
B IJIACTUKOBBIC KOHTEHHEPHI Mo 1 M ans 3aMopa-
XKUBAaHHUS C MaJBIMHU CKOpOCTSMH U 1o 0,5 M B
KOHTEHHEPHI U3 AIIOMUHHUEBOM (OJIBIU IJIs 3aMOpa-
KHUBaHUS C OONBIINMHI CKOPOCTSIMH.

Jist 3aMopakuBaHUs MaTepHajia HCIOJIb30BalIH:
nporpaMMHbIi 3aMopaxkuBatens YOII-6 mpous-
BoactBa CKTB ¢ OIl UIllIKu K HAH VYkpauns! (1,
10 u 100°C/MuH), YCTPORCTBO I 3aMOPaXKUBAHHS
OHMOJIOTHYECKUX OOBEKTOB C OONBIIMMHU CKOPOCTSMH
(1000, 8000 u 80000°C/mun) [2, 13]. OTtorpeBamu Ha
BonsiHOM Gane mpu Temneparype 37°C. IIponnkaromiie
KpPHOIPOTEKTOPBI OTMBIBAJIM PAacTBOPaMHU Caxapo3bl €
3aMeHOl ux Ha cpeay 199, B koTopoil HHKyOMpOBaIu
¢parmeHTHl neyeHn Ha NpoTspkeHuu 30 muH. [ns
Ouomarepuara, KpHOKOHCEPBUPOBAHHOTO B IPHCY TCTBUH
20%-ro pacTBOpa ITULEPUHA, UCIOIH30BAIN KOH-

NPOBNEMBI
KPMOBMOJIOTHUM
2003, Ne4

regenerative processes in liver, but this is only possible
under its presence in a sufficient amount. This problem
can be solved by means of cryopreservation. But if in
respect to hepatocytes it is investigated in a sufficient
extent [3, 5, 11, 12], only single papers are devoted to
the questions of sections, fragments or organs
cryopreservation [6-8].

The aim of our work was to study the effect of
cryopreservation factors on the preservation of liver
fragments of adult pigs and newborn piglets. The effect
of such cryopreservation factors, as cooling rate,
including ultrarapid ones, as well as the efficiency of
different cryoprotectants depending on their con-
centration were investigated. The respiration intensity,
related to the bioenergetic processes in tissues, and
the character of peroxide processes in fragments, being
a non-specific response to the damage of biological
membranes were chosen as the indices, characterising
the liver fragment state after cryopreservation [3, 5].

Materials and methods

The liver fragments were obtained by pressing its
pieces through a grid with 0.8 mm’s holes. Afterwards
they were thrice washed-out with physiological solution
(pH 7.4) and the cryoprotectants solutions in 1:1 ratio
were added. DMSO, PEO-400 and PEO-1500 under
final 10 and 20% concentrations were used in the work.
The material was packed into 1 ml plastic containers
for freezing with low rates and by 0.5 ml into the
containers from aluminium foil to be frozen with high
rates.

UOP-6 programmable freezer, produced by Special
Design and Technical Bureau with Experimental Unit
of the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of the Ukraine (1, 10 and 100°C/min), a device for
freezing biological objects with high rates (1000, 8000
and 80000°C/min) were used for material freezing [2,
13]. Thawing was performed on a water bath at 37°C.
The penetrating cryoprotectants were washed-out
using sucrose solution with their replacement by the
medium 199, where the liver fragments were
incubated for 30 min. For biomaterial, cryopreserved
under the presence of 20% glycerol solution one used
the following concentrations of sucrose solution: 2.2;
1.1;0.55; 1.15M with physiological solution, for 10%
glycerol solution: 1.1; 0.55; 0.15M. For biomaterial,
cryopreserved under 20% DMSO solution presence
there were used the concentrations of sucrose solutions
as follows: 2.6; 1.3; 0.65; 0.15 M, for 10% DMSO
solution: 1.3; 0.65; 0.15M. The respiration intensity was
measured with polarograph (“Radelkis” company). In
apolarograph cell with 1 ml of Krebs-Ringer medium
there were added 10-20 mg of liver fragments and the
respiration dynamics were registered with recorder.
The respiration rate was presented in nM O, /min of
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LIEHTPAIH PACTBOPOB caxapo3ei 2,2; 1,1;0,55; 0,15M na
(dbm3monornyeckom pactBope, mis 10%-ro pactBopa
mmuepuna — 1,1; 0,55; 0,15M coorBercTBeHHO. s
Oromareprana, KpHOKOHCEPBHPOBAHHOTO B ITPUCY TCTBUN
20%-ro pactBopa JIMCO, ucnonb3oBaau KOH-
LIEHTpaLMU PacTBOPOB caxapo3bl 2,6; 1,3; 0,65; 0,15M,
s 10%-ro pactsopa IMCO — 1,3; 0,65; 0,15M.
MHTEeHCUBHOCTD IBIXaHUS U3MEPSITH Ha mossporpade
¢upmbl Radelkis. B sueiiky moasporpada, co-
nepskanryto 1 M cpensl Kpebca-Punrepa, mobassim
10-20 Mr pparMeHTOB NIEUCHN U AUHAMUKY JTBIXAHHS
perucTpupoBainu Ha camonuciie. CKOpOCTh TBIXaHUS
BbIpaKaJv B HMOJIb O, /MUH MI TKaHU. IHTEHCHBHOCTB
MIEPEKUCHBIX MPOIIECCOB ONPEAEIISIIN XEMUITIOMU-
HECLIEHTHBIM METOJOM IO CBETOCYMME XEMMUIIIO-
munecuenuu (XJI), unaynuposannoi Fe™ nm H,0,,
a TAK>Ke [0 KOHLIEHTPALUU MIPOLYKTOB, KOTOPBIE JAIOT
LIBETHYIO PEakIHI0 ¢ THOOAPOUTYPOBOW KHUCIOTOM
(TBK). [Ipr XeMUIIFOMUHECIIEHTHOM METO/IE B TYCHUKY
XEMUITIOMUHOMETPA, B KOTOPOH HAXOAUIUCH 1 M
dbusnonormaeckoro pacteopa (pH 7,4) u 100 Mk
romoreHara Tkauu, nmodasmsumm 100 MK pacTBopa
cor Mopa mm niepexwrcy Bomopona. Korrertparms Fe™ B
suetike cocraBisuia 10°MMOIB, a TIepeKrcH BOIOpoIa —
0,5%. XemuaoMUHOMETpP padoTal B peKUME CUeTa
(doToHOB. /I[MHAMUKY CBEUCHHSI PETUCTPHPOBATN Ha
CaMOIIKCLIE U C MOMOILBIO YacToToMepa. Pe3ynprarsl
BBIpa)Xajdd B yCHOBHBIX eAWHHIAX (yCI. €I.).
Konnenrparuro TEK-aktuBabix npoaykros (TEKAIT),
KOTOpbIE Aat0T IBeTHY10 peakuuto ¢ TBK, onpenensinu
10 CTAHJAPTHOM METOJUKE MPU ATUHE BOJIHBI 532 HM
Ha criektpodoTomeTpe Spektromom-204 [1]. Peaktu-
BB, HICIIOJIb30BaHHKIE B pa0oTe, ObUTH KBANH(pUKAIINY
He Hke “X. 4.”, a misa XJI — "He Hmke “4. 1. a.”.
Craructudeckasi 06paboTKa pe3yabTaToB MPOBOIH-
nack o metony Creionenta-dDumepa.

Pe3yAbTatbl M 00CYy)xaeHue

B Tabn. 1 mpeacraBieHbl pe3yabTaThl, Xapak-
TEpU3YIOIINE HHTEHCUBHOCTD JbIXaHUs (PparMeHTOB
[I€YEHHU TOJOBO3PENBIX CBUHEH B 3aBUCHUMOCTH OT
CKOpPOCTEH OXJaXAEHHs, KPUONPOTEKTOPOB M UX
KoHIeHTpanuu. HaOnronanoce 1Ba MakcUMyMma
WHTEHCUBHOCTH ABIXaHUS IPU CKOPOCTSIX OXJIaXKIACHUS
1 u 8000°C/mun. [lomoOHast TeHAEHIHS TpPOCIIE-
JKUBAJTach M B OTHOUICHUH COXPAHHOCTH HEKOTOPBIX
JPYTHX OHOJIOTHYECKUX 00BEKTOB [2]. MakcuMaibsHOe
COXpaHEHNE HHTEHCUBHOCTH 3HIOT€HHOTO JABIXaHHUA,
IIPH KOTOPOM IIOJTYYEeHHBIE PE3YNIbTaThl JOCTOBEPHO
HE OTIMYAIOTCS OT KOHTPOJISA, HaOIionaeTcs mpu
HCIIONI30BAaHUHU B Ka9eCTBE KpHoIpoTekTopos [130.
B Tex cnydaax, korga npuMensnu JIMCO unu
[JIMLEPUH, MHTEHCUBHOCTD AbIXaHHA OblIa TOHMKEHA
npubau3uTenbHo B 1,8 pa3a mo cpaBHEHHIO C
pe3yabTaTaMu, MOJIYYeHHBIMH NPH UCIOIb30BaHUU
[120. Ecnu npu ucnionszoBanuu [130 HHTEHCUBHOCTH
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tissue mg. The intensity of peroxide processes was
determined by chemoluminescent method by the
chemoluminescence (CL) light sum, induced by Fe™
or H,0,, as well as by the product concentration,
providing a colour reaction with thiobarbituric acid
(TBA). At a chemoluminescent method into a cell of
chemoluminometer, with 1ml of physiological solution
(pH 7.4) and 100 pl of tissue homogenate, there were
added 100 pl of Mohr’s salt solution and hydrogen
peroxide. Fe*" concentration in a cell made 10 mM,
and 0.5% for hydrogen peroxide. Chemoluminometer
operated as the photon counter. The glow dynamics
was registered with recorder by means of the
frequency meter. The results were presented in relative
units (rel. units). The concentration of TBA-active
products (TBAAP), providing a colour reaction with
TBA, was detected according to the standard method
at 532 nm wavelength in the Spektromom-204
spectrophotometer [1]. The reagents, used in the work,
had the qualification not lower than “chemically pure”,
and not lower than “pure for analyses” for CL.
Statistical processing of the esults was performed using
the Student-Fisher method.

Results and discussion

The Table 1 demonstrates the results, characterising
the respiration intensity of the adult pig’s liver fragments
depending on cooling rates, cryoprotectants and their
concentration. There were observed two maxima of
respiration intensity at cooling rates of 1 and 8000°C/min.
The similar tendency was traced in respect of certain
biological object preservation as well [2]. The maximum
preservation of the endogenous respiration intensity,
when the obtained results do not statistically and truly
differ from the control, is observed when using PEO
as a cryoprotectant. In those cases, when DMSO or
glycerol were applied, the respiration intensity was
decreased approximately in 1.8 times in comparison
with the results, obtained when using PEO.

If during PEO usage the respiration intensity at 1 and
8000°C/min cooling rates is quite the same, the maximum
during glycerol and DMSO usage at 8000°C/min cooling
rate makes approximately 76 and 71% of the control,
correspondingly. At the 1°C/min cooling rate the
maximum indices are 59 and 45% of the control
correspondingly (20% concentration of cryo-
protectant).

The respiration intensity of liver fragments does
not practically depend on a cryoprotectant con-
centration. Although glycerol and DMSO lower activity
in comparison with PEO can be related not only to the
fact, that they are less efficient cryoprotectants for
this biological object, but they penetrate into a cell and
at their washing-out it is possible to an additional
damage of biological structures, especially at the
background of the effect of cryopreservation negative
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Tadauua 1. MuTencuBHOCTD bIXanus (HMonb O_/MUH MI TKaHH) ()parMeHTOB EeUeHH O0JI0BO3PEIbIX CBUHEH
B 3aBUCHMOCTH OT CKOPOCTEH OXJIAXKACHHSI KPHOIPOTEKTOPOB M UX KOHIIEHTpanuu, n=10
Table 1. Respiration intensity (nM O_/min mg of tissue ) of adult pigs’ liver fragments depending on cooling rates,
cryoprotectants and their concentration, n=10

CropocTb oxaraxpenus, °C/Mun
KpHOMPOTEKTOp Cooling rate,C/min
Cryoprotectant
Kommervpamia, % 1 10 100 1000 8000 80000
oncentration, %
V\Efm KPHONDOTEKTODA 0,11=0,01 | 0,08=001 | 0,06=0,01 | 0,08+0,01 | 0,120,03 | 0,080,01
ithout cryoprotectant
10 0,27=+0,02 0,22=0,01 0,16=0,01 | 0,21+0,02 | 0,36=+0,03 0,11=+0,01
T'aunepun
Glycerol
20 0,3+0,03 0,22=+0,01 0,19+0,01 | 0,25=0,02 | 0,39=+0,03 0,09+0,01
10 0,24=+0,02 0,19=+0,02 0,13+0,01 | 0,3+0,03 0,36=+0,03 0,09+0,01
AMCO
DMSO
20 0,23+0,02 0,24=+0,02 0,15%+0,03 | 0,25+0,02 | 0,36%+0,03 0,09+0,01
10 0,47=+0,04" 0,22=+0,02 0,19=+0,2 0,42+0,03 | 0,45+0,04* | 0,17%+0,01
M50 — 400
PEO — 400
20 0,48=+0,04" 0,24=+0,02 0,24%+0,02 | 0,44=+0,04 | 0,47%=0,05" | 0,15%=0,03
10 0,41=+0,03" 0,24=+0,02 0,13+0,01 | 0,39=+0,03 | 0,40%=0,04* | 0,13==0,01
190 — 1500
PEO— 1500
20 0,41=+=0,03" 0,2=+0,02 0,16=0,01 | 0,36+0,03 | 0,39+0,03 0,14=0,01

IIpumevanue: * — mokasareb JOCTOBEPHO HE OTIIHYACTCS OT KOHTPOoJst (p>0,05).
Note: * —the index statistically and significantly differs from the control (p>0.05).

JIBIXaHUS TIPH CKopocTsx oxnaxaeHus 1 u 8000°C/mun
MPaKTUYECKN OAMHAKOBA, TO MPH HCIIOIB30BAaHUU
rmuueprura U JJMCO makcuMyMm HpuU CKOPOCTH
oxnaxaerust 8000°C/MuH cocTaBisieT IpuMepHo 76
u 71% oT KOHTpOIA COOTBETCTBEHHO. [Ipu ckopocTn
oxnaxaeHus 1°C/MUH MakcHMalbHBIE MOKA3aTeIH
COOTBETCTBEHHO 59 1 45% OT KOHTPOJIS (KOHLEHTPa-
uus kpuonporekropa 20%).

HHTeHCUBHOCTD AbIXaHHsS (ParMeHTOB MEYEHHU
MTOYTH HE 3aBUCHT OT KOHIIEHTPAIIMY KPHOIPOTEKTOPA.
Xots pu 5TOM MeHbIIast 3QPEKTUBHOCTH TITUIICpPUHA
u IMCO no cpaBHenuo ¢ [190 MoxeT ObITh CBsI3aHA
HE TOJBKO C TE€M, YTO OHH SIBIAIOTCSA MEHee
3¢ HEeKTUBHBIMH KPUOMPOTEKTOPAMHU ISl JAHHOTO
OHMOJOTHYECKOTO 00BbEeKTa, HO M C TeM, UTO OHH
MIPOHMKAIOT B KJIETKY ¥ IIPH UX OTMBIBAHUH BO3MOKHO
JOTIOJTHUTENbHOE MOBPEXACHUE OMOIOTHUECKHUX
CTPYKTYP, 0COOEHHO Ha (hOHE BIMSHUS OTPULIATENBHBIX
(akTOpoB KpHOKOHCEpBUpOBaHus. [Ipu 3TOM KieTku
MOTYT UMETh HE TOJBKO SIBHBIE, HO W JIATEHTHBIE
noBpexaeHus [3], KoTopble yCyryoOusioTcsa H
MPOSIBIISIFOTCS. BO BpEMsi OTMBIBaHUS, a TAKXKe MPH
WHKYOMPOBaHWH TOCIIE OTOTPEBA.

AHaIOTUYHbIC JaHHBIC IJIsl (PParMEHTOB MEUYCHU
HOBOPOKJEHHBIX MOPOCST MPEACTABIEHBI B Ta0Md. 2.
OH/IOTEeHHOE IBIXaHUE CBEKEBBIICIICHHBIX (PParMeHTOB
nedenn nopocat (0,57+0,05 amons O /MUH Mr TKa-
HH)HECKOJIBKO BBILIE, YeM (PparMeHTOB IIEUYeHH CBUHEH
(0,51+0,03 amonp O,/MMH MI TKaHH). DTO MOXET
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factors of. At the same time the cells can have not
only evident, but latent damages as well [3], which are
aggravated and manifested during washing-out, as well
as at the incubation following thawing.

The similar data for liver fragments of newborn
piglets are presented in the Table 2. An endogenous
respiration of freshly isolated fragments of piglet’s liver
(0.57+0.05 nM O,/min mg of tissue) is slightly higher,
than the liver fragments of pigs (0.5140.03 nM O,/min
mg of tissue). This can be related to a higher level of
metabolism in newborn piglets. But the character of
the dependency of endogenous respiration intensity on
cryopreservation factors is similar to that, presented
in the Table 1. The studied index when using pene-
trating cryoprotectants (glycerol under 10 and 20%
concentration and DMSO under 10% concentration)
in the piglet’s liver fragments is twice less comparing
with those, obtained in the pig’s liver fragments. In the
case of PEO use at the piglet’s liver fragment cryopre-
servation the respiration intensity at the presence of 10%
PEO-400, 10% and 20% PEO-1500 at cooling rates of 1
and 8000°C/min does not statistically and significantly
differ from the control. At the same time PEO-400
has slightly higher cryoprotective efficiency, than PEO-
1500. Probably, this can be explained by the fact, that
during PEO interaction with water there are formed
an continuous network of hydrogen bonds in the water-
PEO system or the intermolecular associates with a
high rate of decay. With an increase in the PEO poly-
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Tabauna 2. THTeHCUBHOCTS AbIXaHus (HMOJIb O /MUH MI TKaHH) (parMeHTOB Ne4eHH HOBOPOYKIEHHBIX IOPOCAT B
3aBHCUMOCTH OT CKOPOCTEH OXJIaXKICHHS KPUOIIPOTEKTOPOB M UX KOHLIEHTpauu, n=10
Table 2. Respiration intensity (nM O,/min mg of tissue) of newborn piglets’ liver fragments depending on
cooling rates, cryoprotectants and their concentration, n=10

CkopocTb oxaaxkaeHus,” C/MuH
KpHompoTeKTop Cooling rate,"C/min
Cryoprotectant
Konnenrpanus, % 1 10 100 1000 8000 80000
Concentration, %
Bes kpuonporexropa 0,12%0,02 | 0,09%+0,02 | 008001 |0,11=0,01 |0,14%004 | 0,08=0,01
‘Without cryoprotectant
10 0,13%0,01 0,15%=0,01 0,13+0,01 0,13%0,01 0,34=+0,02 0,09+0,01
T'hauniepun
Glycerol
20 0,2+0,01 0,17+0,01 0,16+0,01 0,17+0,01 0,36=+0,01 0,1+0,01
10 0,12%0,01 0,13%+0,01 0,11=+0,01 0,15%0,01 0,37+0,03 0,13%+0,01
AMCO
DMSO
20 0,12+0,01 0,17+0,01 0,15+0,01 0,2+0,01 0,38+0,03 0,12+0,01
10 0,49+0,03 0,27+0,02 | 0,22=+0,2 0,29+0,02 | 0,52+0,04" | 0,19%0,01
150 — 400
PEO — 400
20 0,52+0,05* | 0,28+0,03 | 0,23+0,02 | 0,33%=0,03 | 0,53=+0,05* | 0,2+0,02
10 0,44+0,03 0,25+0,02 | 0,2+0,02 0,25+0,02 | 0,42=+=0,03 0,16=0,01
150 — 1500
PEO— 1500
20 0,49+0,05* | 0,3%+0,02 0,23+0,02 | 0,29+0,03 | 0,51+0,04* | 0,13%+0,01

IIpumeuanue: * — mokaszareiib JO0CTOBEPHO HE OTIMYACTCS OT KOHTpous (p>0,05).
Note: * —the index statistically and significantly differs from the control (p>0.05).

OBITH CBA3aHO C 0o0Jiee BHICOKMM YPOBHEM Me-
Tabonu3Ma y HOBOpOXKAECHHBIX opocst. Ho xapakrep
3aBUCUMOCTH MHTEHCHUBHOCTH IHIOTE€HHOTO UX [IbI-
XaHHA OT (PaKTOPOB KPUOKOHCEPBUPOBAHMS OTOOHBII
npeacTaBieHHoMy B Tabia. 1. Mccrnenyemslit moka-
3aTeNb P UCTIONb30BaHNH POHUKAIOIINX KPHOTIPO-
TeKTOpoB (TurepuH B KoHneHTtpamuu 10 u 20% u
JMCO B konuentpanyu 10%) Ha hpparMeHTax nedeHu
MOPOCST B 2 pa3a MEHBIINH MO CPaBHEHMIO C TIOKa-
3aTensaMH, MOJYyYeHHBIMH Ha (parMeHTax Me4YeHU
cBuHel. B ciyuae ucnons3oBanust [190 npu kpruokoH-
CepBUPOBaHUU (ParMEHTOB MEUYEHH ITOPOCAT HHTEH-
CHUBHOCTSD JIbIXaHHus B npucyTcTBuu 10%-ro [190-400,
10% - u 20%-ro I120-1500 mpu ckOpOCTAX OXJIaXkK-
neans 1 u 8000°C/MUH 1OCTOBEPHO HE OTIUYACTCA
ot koHTpoJs. [Ipu aTom [150-400 061amaeT HECKOIIb-
KO OOJbIIei KpHOTPOTEKTOPHOH d(P(HEKTHBHOCTHIO,
yeM [130-1500. DT0 MOKHO 00BSICHUTH, BO3MOYKHO,
TeM, 4TO npH B3ammoeiictsun 130 ¢ Bomoit oOpa-
3yeTcs HempepbIBHAsA CETh BOAOPOIHBIX CBSI3€H B
cucreMe Bona-I190 Mo MEeXMOIEKYIIpHBIE acco-
HUAaTHl ¢ OBICTPOI CKOpOCThIO pacmana. C yBemmde-
HHEM cTeneHu noaumepusanuu [130 Bo3pactaer
KOJIMYECTBO MOJIEKYJ BOZBI, YTO MOXET U3MEHATH
XapakTep KpUCTAIIM3aLlUi BOAHOTO pacTBopa ¢ o0pa-
30BaHMeM amop¢HOro jbaa. B mpouecce B3anmo-
neiictBus [120 ¢ memOpanoii OnooOwexTa (pparmeH-
TBI NI€UYEHH ), OYEBUIHO, IPOUCXOANUT (POPMHUPOBAHHUE
COJIbBaTHOM 00OJIOUKH U3 MOJIEKYJT KPHOTIPOTEKTOPA,
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merisation degree there is the augmentation of water
molecule number, what can change the crystallisation
character of an aqueous solution with th e amorphous
ice formation. During the process of PEO interaction
with the bioobject membrane (liver fragment), it is
evident, that the solvate membrane formation from the
cryoprotectant mole-cules occurs, affecting the process
of cell dehydration during cooling [8].

Thus, when cryopreserving liver fragment of adult
pigs and newborn piglets the maximums of the integrity
of endogenous respiration intensity are determined at
the cooling rates of 1 and 8000°C/min. Namely these
rates are efficient for the liver fragment cryopreser-
vation. In addition to the respiration intensity, one more
factor, reflecting the state of biological object after
cryopreservation is the lipid peroxidation (LPO) inten-
sity of biomembranes. A decrease in the fragment
resistance to LPO is related to the fact, that when
preparing the material to cryopreservation and during
its washing-out after thawing there are possible the
loss of both water-soluble and binding to the mem-
branes antioxidants, as well as the induction of peroxi-
dation as a result of shifting of metabolic balance in
cells [1, 4, 10], because under physiological conditions
the LPO rate is regulated along with other systems by
that of glutation. This system uses NADPH as the
recovery equivalents and depends on the intensity of
their regeneration and consumption. Thus, the LPO
intensity is closely related to the metabolic state of
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KOTOpasi BIUSET Ha MPOIIECC AETHApATAIlUU KIETKU
TIpH OXJIKICHUH [8].

Takum oOpa3om, Ipu KPUOKOHCEPBUPOBAHUU
(hparMeHTOB IEeYEHU MTOJIOBO3PEIBIX CBUHEH U HOBO-
POKIEHHBIX TOPOCSAT MAaKCUMYMBbl COXPAHHOCTH UH-
TEHCHUBHOCTH PHJIOTCHHOTO ABIXaHUS OMpPEAeIIIOTCS
npu ckopocTax oxnaxkaeHus 1 u 8000°C/mun. imenno
ATH CKOPOCTH SIBISIIOTCS 3((EKTUBHBIME TSI KPUO-
KOHCEPBUPOBaHUS (PparMeHToB neueHu. Kpome unteH-
CHUBHOCTH JBIXaHUs, elIe OMHUM (HAKTOPOM, KOTOPBIH
OTpakaeT COCTOSTHUE OMOJIOTHIECKOTO 0OBEKTA ITOCIIE
KPUOKOHCEPBUPOBAHUS, SBISCTCS MHTCHCUBHOCTH
nepexucHoro okucienns aunuaos (I10JI) 6uomem-
Opan. [lormxkenune ycroitunBoct pparmenToB k [10J1
CBSI3aHO C TE€M, YTO IPHU MOATOTOBKE MaTepuana K
KPUOKOHCEPBUPOBAHUIO U IIPU €70 OTMBIBAHUU MOCTIE
OTOIrPEBaHUs BOBMOXHBI [TOTEPSI AHTUOKCUIAHTOB KaK
BOZIOPACTBOPHUMBIX, TAK M CBSI3aHHBIX C MEMOpaHaMH,
a TakXe WHIYKIUS MMEePOKCHAAIMUA B Pe3ylbTaTe
CMEIIEeHUS METa00IMYECKOTO PABHOBECHSI B KIIETKaX
[1,4,10], Tak kaK B (HPU3HOJIOTUICCKUX YCIOBUSIX CKO-
poctb I1OJI perymupyercs, HapsIy ¢ OCTaIbLHBIMU
CHUCTEMaMH, CUCTEMOH IITyTaTHOHA. JTa CUCTEMA HC-
MOJIB3YET B KaYECTBE BOCCTAHOBUTEIHHBIX IKBHUBA-
neatoB NADPH u 3aBHCHUT OT MHTEHCHBHOCTH HX
reHeparnuy u norpedienns. Takum oO6pa3omM, HHTEH-
cuBHOCTh [1OJI TecHO CBs3aHa ¢ METabOIHYCCKUM
COCTOSIHMEM KJIETOK, KOTOPOE€ 3aBUCUT OT €r0 UHTECH-
CUBHOCTH W TOBPEXJICHUS KIETOYHBIX CTPYKTYP
BCIIEICTBHE ITOTO IpoIiecca.

B tabn. 3 u 4 npuBeneHBI MOKA3aTeNU, KOTOPHIE
OTpaKaIOT XapaKTep MEePEKUCHBIX POIIECCOB B TKAHU.
Cxopocts oxnaxaenus coctasisiia 1 u 8000°C/muH.
B xauecTBe KpronpoTeKTOpoB Kcnoias3oBamu JJMCO
u [190- 400 B konnenTparuu 10%. Ceetocymma XJI,
WHIYIIHPOBAHHOH JIBYX-
BaJICHTHBIM JKEJIE30M,
MIPOTIOPITOHATIFHA KOH-
[IEHTPAIUN CBOOOTHBIX
paguKaIoB M OTpakaeT
WHTEHCUBHOCTh TEPOK-
CUIALMK B MOMEHT U3-

cells, which depends on its intensity and damage of
cellular structures due to this process.

The Table 3 and 4 demonstrate the indices,
reflecting the character of peroxide processes in tissue.
The cooling rate made 1 and 8000°C/min. DMSO and
PEO-400 in 10% concentration were used as the
cryoprotectants. The light sum of CL, induced by a
bivalent iron is proportional to the concentration of free
radicals and reflects the peroxidation intensity in the
moment of measurement. The light sum of CL, induced
by hydrogen peroxide shows the membrane resistance
to the LPO. The lower is the resistance, the higher is
the light sum. The TBAAP concentration provides the
information on the number of final LPO products.

As it is seen from the Table 3, 4 the TBAAP
concentration after freeze-thawing does not consi-
derably and truly differ from the control, although the
results, obtained at the cooling rate of 1°C/min, have
the tendency to the augmentation in the liver fragments
of both pig and piglets. The CL intensity, induced by
Fe™ at the cooling rate of 1°C/min, statistically and
truly differs from the control independently on a
biological material and cryoprotectant. At the cooling
rate of 8000°C/min the activation of lipid peroxidation
is less manifested (the differences in comparison with
the control are not statistically true). These tables
demonstrate, that the resistance of studied biological
material to peroxidation remains at a quite high level,
although in some cases does not statistically and truly
differ from the control. The presented data characterise
the LPO stage in liver fragments in 30 min after
thawing. During further normothermic incubation
depending on the material initial state, as well as on
the incubation medium composition these indices can
be changed, but this requires following investigations.

Tadauua 3. IHTeHCMBHOCTD TEPEKUCHBIX MTPOLIECCOB B (PparMeHTax NeyeHu
HOBOPOXKJICHHBIX IIOPOCST U ITOJIOBO3PEIIBIX CBUHEH B 3aBUCHMOCTH OT CKOPOCTEH
oxnaxxaenus. Kpuonporexrop AMCO, xonuentpanus 10%, n=10

Table 3. Intensity of peroxidation processes in liver fragment of newborn piglets and adult
pigs depending on cooling rates. Cryoprotectant: DMSO, 10% concentration, n=10

MEpeHUA. CBCTOCYMMa TToKa3aTeAn MepeKUCHOTO OKACAEHUS
XH, HHHyquOBaHHOﬁ Hcrounuk CKOpOCTh Peroxidation indices
(dparmeHTOB OXAKACHUS,
NepeKuChb0 BOJOpOAA, eYeHn °C/MuH
oKa3bIBacT YCTOfIqH— leers(f)rljigcrgents Coﬂoch/rrlrgllnrlatc, TBKATT, HMOADL/MT XA, ;I:ﬁyﬂ}l;lcg\OBed/\HHdﬂ XA, ]I:IIHSYLI;IC];)\OBe?\HHaSI
BoCTb Mem6pan k TTOJL. TBAAP, nM/mg | povv _induced CL | H,0,—induced CL (rel.
o (rel. units) units)
Yem MeHbLIE yCTOHYU-
BOCTL, TeM 60H]'Jme CBe- 3 KoHuTpoab 7.8+0,4 108+8 1208+112
CBunen Control
TOCyMMaA. KOHHGHTpaHI/ISI Pigs 1 8,5+0,6 146=+=10" 1413+123
8000 8,0=0,7 125=+9 1273+113
TBKAII maet mudop-
MaIlluK0 O KOJIHUYCCTBEC KonTpoas 8,0+0,7 13112 1406131
TTopocar Control
KOHCYHBIX MPOAYKTOB Piglets 1 9,0=0,8 17313 1553148
T10J1 8000 8,6+0,6 155+15 1491+132

Kak BugHo n3 tadm.
3, 4, KOHUEHTpauus
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IIpumevanue: * — mokasareib J0CTOBEPHO HE OTIMYACTCS OT KOHTposs (p>0,05).
Note: * —the index statistically and significantly differs from the control (p>0.05).
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TBKAII nocne 3amopa-
KUBaHUA- OTOTPEBAHUA
JOCTOBEPHO HE OTJIH-
yaeTcsa OT KOHTPOJs,

Tadaunua 4. THTEHCUBHOCTD MIEPEKUCHBIX MTPOLIECCOB B JparMeHTax MeueH! NOJIOBO3PENbIX
CBHHEH 1 HOBOPOXIICHHBIX IIOPOCST B 3aBHCHMOCTH OT CKOPOCTEH OXJIaXKICHHS.
Kpuonporekrop — [130-400, koruentpanus 10%, n=10
Table 4. Intensity of peroxidation processes in liver fragment of adult pigs and newborn

piglets depending on cooling rates. Cryoprotectant: PEO-400, 10% concentration, n=10

XOTA pe3yJIbTarhl, IOIYy-
YCHHBIC IIPpHU CKOPOCTH TMokasaTeAn IepeKUCHOTO OKUCASHUS
o Hcrounuk CxropocTb Peroxidation indices

OXJIAXKICHUA 1 C/MHH1 (dparmenTon OXAAKAEHUSA,

TIe9eHun °C/mMuH
HMCIOT TEHACHLIMIO K Liver fragments Cooling rate, TBKAIT,HMOAB/MT XA, UHAyIIUPOBaHHast XA, UHAyIIUpOBaHHast
ITOBBIIICHUIO B (I)paI‘- source °C/min TBA AP Fe™*, yca. ea. H,0, yca. ea.

nM/mg Fe** —induced CL H,0,—induced CL
MEHTAaX II€CYCHH KakK (rel. units) (rel. units)
CBUHCH, TaK U IIOPOCAT. KoHTpoas 7606 96+7 1445107
NuTencuBnocts XJI, Couneft Control
o — Pigs 1 8,3=0,7 135%+12" 1406=+121

UHAYLUHUPOBAHHOU Fe 8000 7.8%0,5 118+9 1203+113
[pH CKOPOCTH OXJIax- KOHTpOAB 8,10,5 12311 375123
nenus 1°C/muH, mocro- Topocsit Control

Piglets 1 8,8=+0,4 14213 1513=134
BCPHO OTIHYACTCA OT 8000 8,3+0,6 131=11 1422127

KOHTPOJISI HE3aBUCHUMO
OT OHOJOTHUYECKOTO
MaTepHana 1 Kpuorpo-
tekTopa. [Ipu ckopoctn
oxaaxaeHus 8000°C/MUH akTUBALMS MEPEKUCHOTO
OKHUCIJICHHSI MEHEee BBIpa)keHa (pa3iudus IO CpaB-
HEHHIO C KOHTPOJEM HE JOCTOBEpHBI). M3 3TuX ke
TaOJUIl BUJHO, YTO YCTOHIMBOCTH MCCIETYyEMOTO
OHMOJOTHYECKOTO MaTepuaia K MepPEeKUCHOMY OKHC-
JIEHUIO OCTaeTcd Ha AOCTATOYHO BBICOKOM YPOBHE,
XOTS B HEKOTOPBIX CIIy4asix ¥ JOCTOBEPHO OTINYACTCS
oT KoHTpouA. [IpuBeieHHbIE JaHHbBIE XapaKTEePU3YIOT
stan [1OJI B pparmenTtax neuenu yepes 30 MuH nocie
otorpeBanus. B mpornecce nanpHeimeln HopMoTep-
MHUYECKOW HHKYOalMY B 3aBUCUMOCTH OT HAYaJILHOTO
COCTOSIHMSI MaTepuaja, a TaK)Ke COCTaBa CpeJbl
WHKYOaIuy 3TH TIOKa3aTelIl MOTYT U3MEHSTHCS, HO 3TO
TpeOyeT AanbHEeHUIIero HCCIeaOBaHHUA.

BbiBOAbI

[Ipu kprokoHCEpBHPOBaHUH (HPArMeHTOB NIEUEHU
[IOJIOBO3PENBIX CBUHEW W HOBOPOXKIECHHBIX MOPOCAT
MaKCHUMYMBbl COXPaHHOCTH WHTEHCUBHOCTH 3HJAO-
TE€HHOTO ABIXaHHS OMPENeIOTCS MPU CKOPOCTAX
oxuaxnenus 1 u 8000°C/muH.

[TonGopom KpHOMIPOTEKTOPOB M CKOPOCTEH OXJTaK-
JIeHHs TIPU KPUOKOHCEPBUPOBaHUH (DparMeHTOB ITeYCHH
[TOJIOBO3PETIBIX CBHHEW W HOBOPOXKIEHHBIX TTOPOCAT
MOKHO COXPaHHUTh MHTEHCHUBHOCTH JIHJIOTEHHOTO
neixanus ¥ ypoBenb [10JI B MmemOpaHax KIeTOK Ha
ypOBHE, OJIM3KOM K KOHTPOITIO.

[TomyueHHbIe pe3yabTaThl MO3BOJAT MEPEHTH K
HCCIIeIOBaHNIO (DYHKIIMOHAIFHOW aKTHBHOCTH (ppar-
MEHTOB OpPTaHOB IOCJI€ KPUOKOHCEPBUPOBAHUS, TaK
KaK COXpaHEHHE 3TOM aKTUBHOCTH SBJISIETCS BAXKHBIM
(hakTOpOM TIPH MCIIONB30BAHWN MaTepuaia B KIH-
HUYECKOH MPaKTHKE WM B HAyYHBIX HCCIETOBAHUAX.
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IIpumeuanue: * — moKasareib JOCTOBEPHO HE OTIIMYACTCS OT KOHTPOJs (p>0,05)
Note: * —the index statistically and significantly differs from the control (p>0.05)

Conclusions

When cryopreserving the liver fragments of adult
pigs and newborn piglets the integrity maxima of
endogenous respiration are determined at 1 and
8000°C/min cooling rates.

Using the selection of cryoprotectants and cooling
rates when cryopreserving liver fragments of adult pigs
and newborn piglets we can preserve the intensity of
endogenous respiration and the LPO level in cell
membranes at the level, close to the control.

The results obtained will permit to go over to the
investigation of functional activity of the organ frag-
ments after cryopreservation, because the preserving
of this activity is an important factor when using the
material in clinical practice or in scientific investiga-
tions.
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