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BuBuanu BIUTMB KPiOKOHCEPBYBaHHS Ha 30epE)KSHHSI ISSIKUX [TOKa3HUKIB Oi0eHEpreTHKH (parMeHTIiB NeYiHKN CBUHEH 1 TOPOCSIT.
BcranoBneno, mo Ha 60-it XBUIMHI Hichs BiAIrpiBy CHOCTEpIiraeThCs BiJHOCHA HOpMaiizaiis MeTaboJIiuHUX MapameTpiB
KPiOKOHCEPBOBaHHX (pparMeHTiB nedinky . Ha npoTsi3i 2-1 roAnHM CIIOCTEPEe)KeHHSI TOCTYIOBO BTPAYar0ThCs METaboIiuHi BIaCTHBOCTI,
NpUTAMaHHI JaHil TKaHKUHI. Y KPiOKOHCEPBOBAaHMX ()parMeHTax Iii IPOLECH BiIOYBAIOThCS MIBHUILIE, HIXK y KOHTPOITI, aje SIKICHO He
BiIpi3HsIOTHCS. {10 3aKoHOMIpHICTH HEOOXiTHO MaTH Ha yBa3i IPH BUKOPUCTAHHI parMeHTiB MEUiHKH SIK MOJEIi a00 3 IHIIOI0 METOIO.

Knrouoesi cnosa: pparmeHTH NEUiHKH, KPIOKOHCEPBYBaHHS, META00ITi3M.

W3y4anu BIusHIE KPHOKOHCEPBUPOBAHUS Ha COXPAHHOCTh HEKOTOPBIX IT0Ka3aTesel OnoIHepreTUK pparMeHTOB IeUeHN CBUHEH
U IIOPOCAT. YCTaHOBJIEHO, uTO Ha 60-i MUHYTE ITOCIIe OTOrpeBa HAaOJI0IaeTCsl OTHOCUTEITbHAST HOPMAJIN3ALHsl METaOOIHYECKUX apaMeTPOB
KPHUOKOHCEPBUPOBAHHBIX (hparMeHTOB redeHu. Ha npotshkennu 2-ro yaca HabMIOICHHS IPOUCXOIUT MOCTENICHHAS TIOTEPS META0OIMIESCKIX
CBOMCTB, IPUCYIIUX JAaHHOU TKaHU. B KpHOKOHCEPBHPOBAHHBIX ()parMEeHTax TH MPOLECCHl HAYT OoJiee OBICTPHIMU TEMIIAMH, YEM B
KOHTPOJIE, HO KaYE€CTBEHHO HE OTIINYAIOTCS. DTy 3aKOHOMEPHOCTh HY)KHO HMETh B BUY IIPH HCIIOJIb30BaHUHU ()PArMEHTOB EUCHH KaK
MOJAEJIN UK C APYTUMHU LEJIAMU.

Knioueswvie cnosa: hparmMeHTsI 1e4eHH, KPUOKOHCEPBUPOBAHUE, META0OIH3M.

The effect of cryopreservation on the integrity of some bioenergetic indices of pig and piglet liver fragments was studied. It was
found that the relative normalisation of metabolic parameters of cryopreserved liver fragments is observed by 60 min after thawing.
During the second hour of observation the gradual loss of metabolic properties of the tissue took place. In addition, these processes
went in faster way in cryopreserved fragments than in the control, but they did not differ in quality. This phenomenon should be taken

into consideration while using liver fragments as model or for other purposes.

Key-words: liver fragments, cryopreservation, metabolism.

dparMeHTH KCEHOOPTaHiB BUKOPUCTOBYIOTHCS B
KITiHIYHIN npakTami [1, 8], 610J0TiYHIX 1 MEIUIHHIX
TOCIIHKEHHAX, a TAKOX U1l OTPUMAHHS TIpenapariB
3 BHCOKOIO O10JIOTIYHOIO aKTHBHICTIO, HAIIPUKIAT
€KCTPAKTIB, IO MiCTATh TKAHUHHOCTICTI()IIHI TENTHIH
[4, 9]. Haii6inb1u parioHansHUM METOIOM 30epiraHHs
TakuX OlOJOTIYHMX 00’€KTIB € KPiOKOHCEPBYBaHHS.
BukopucranHs BiOBITHUX TEXHOJIOT1H MPH KPIOKOH-
CEpBYBaHHI, SIKi BU3HAYAIOTHCS EKCIIEPUMEHTAIBHO,
JI03BOJISIE HEMTpai3yBaTy HeraTUBHUM BIUTUB (hi3HUKO-
ximMiuHUX (akTopiB Ha OioJOTriYHI 00 €KTH MiA yac
3aMOpPOKyBaHHSA-BIIITPiBY, aJie MOBHICTIO BUKITIOYUTH
roro HemoxnuBo. [Ipu npomy cami parmenTu €
CKJIQAHOIO0 O10JOTIYHOI0 CHCTEMOIO, Oi0€HEepreTHKa
SIKO1, IIEPEKVCHI MTPOTIECH, CHHTETUYIHI peaKIlii i T.1. B
3HAYHIA Mipi 3ajexaTh BiJ dacy imemii opraHa,
METOY MiATOTOBKY 010JIOTIYHOTO MaTepiaty, po3Mipy
(parMeHTiB 1 fesKuX iHIMX pakTopis [6, 7].

Xenoorgan fragments are known to be used in
clinics [1, 8], biological and medical research, as well
as for obtaining the preparations with high biological
activity, for example, of extracts comprising the tissue
specific peptides [4, 9]. Cryopreservation is known to
be the most reasonable method for preserving such
biological objects. The use of certain cryopreservation
protocols which are determined experimentally, enables
us to neutralize the negative effect of physico-chemical
factors on biological objects during freeze-thawing,
though we can not avoid it completely. The fragments
themselves thereat are a combined biological system,
which bioenergetics, peroxidative processes, synthetic
reactions are found to depend considerably on the time
of organ ischemia, the method of biological material
preparation, fragments’ size and some other factors [6, 7].

As in clinical practice there are mainly used the
cell and tissue preparations derived from adult pig and
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VY 3B’s3Ky 3 THM, IO B KJiHIYHIA TpakTHI B
OCHOBHOMY BHKOPHCTOBYIOTbCS KJIITHHHI T TKAHUHHI
npenaparu 3 opradiB cBUHeH i mopocsr [3, 11], B Tomy
4Hcyi i KpIOKOHCEpBOBaHi, HAaMH OYyJIO JOCIHiKEHO
BILTUB (aKTOPiB KPiOKOHCEPBYBAHHS Ha 30€pEKEeHHS
(parmenTiB medinku craTeBo3pinux cBuHei (PIIC)
Ta HOBOHapoxeHux mopocst (PIII) Bixpazy micns
Bigirpisy. [Ipu 1ipomy Oyrio mokazaHo, 1110 MaKCHUMaJIbHe
30epexeHHS (GpParMeHTiB CIOCTEPIraeThCs MpHU
MBUAKOCTIX oxonomkeHHs 118000°C/xa [5, 10]. Ane
JUIs1 TOT0, 00 OTpHMaHi npenaparty OyiIy CIpOMOXKHI
BHUKOHYBAaTH CBOIO (DYHKIIiI0, BaXKJIMBO 30€perTH ix
JKUTTE3NATHICTL B Yacl.

Mertoro naHoi poOoTH Oyno BU3HAYECHHS BILIMBY
KpPIOKOHCEPBYBaHHsI Ha 30€peKeHHs NESKUX TMOKa3-
HukiB 6ioeHepreruku OIIC i OIIIT.

Martepiaan i mertoam

®parMeHTU MEYiHKH OTPUMYBAJHU MPOJABIIO-
BaHHAM ii MIMATOYKIB Yepe3 PEemIiTKy 3 OTBOpaMHU
niametpom 0,8 MM, Tpudi BiiMuUBaiH (i3107I0TTHHIM
posuuHoM (pH 7,4) Ta nogaBamy pO3YMHH KPIOTIPOTEK-
topiB [IEO-400 i [IEO-1500 B kiHIIEBii KOHIIEHTpAIIil
10% y cniBBigHomeHHi 1:1. Marepian po3dacoByBain
B IUTACTHKOBI KOHTEHHEPH 10 1 MJI 7151 3aMOPOKYBaHHS
31 mBuakictio 1°C/xB i mo 0,5 Mu B KOHTEHHEpH 3
IIOMiHI€EBOT (OJBTU I 3aMOPOXKYBAHHSI 31 IIBU-
kictio 8000°C/xB. 3amoOpoKyBalu 3a TOIOMOTOIO
nporpaMHoro 3amopoxyBada YOII-6 BupoOHHUIITBA
CKTb 3 AB IIIKiK HAH VYkpaiau (1°C/xB) i
MIPUCTPOIO AJISt 3aMOPOKYBaHHS O10JIOTIIHHX 00’ €KTIB
3 BEJIMKUMH IIBHIKOCTIME oxonomkeHHs (8000°C/xB)
[12]. BinirpiBanu Ha BOZSHIN OaHi 3 TeMIIepaTypoio
37°C. IIEO-1500 BizmMuBanu ¢i3ionoriyHuM po34H-
HoM, a [TEO-400 — po3unHOM LyKpO3H 3 KOHIIEH-
Tpamiero 0,250 MoIb/1T 3 3aMiHOKO X Ha CEPEIOBUIIE
Kpebc-Pinrepa. IHTEHCHBHICTh TUXaHHS BH3HAYAIH
nonsporpagiyHuM MeTogoM B HMOJb O, /(XBXMr
TKaHUHM). B siueliky nomisiporpada, mo mictuna 1 mu
cepenosuina Kpedc-Pinrepa, nomasanu 10-20 mr
(parmMeHTiB i IUHAMIKY JUXaHHS PEECTPyBaJIM Ha
camonuci. Konnenrpanis JJTH® cranosuma 200
MKMOJIb/MII, amiTainy — 2 MKMOJIb/Mi [7].

[IBuaKicTs BiMHOBIECHHS (EpHUIliaHITy KaJiio
BH3HAYAJH CIIEKTPO()OTOMETPHYHO TIPH TOBKHUHI XBUITI
420 am. @parmenTr noMimiany B cepenonuiie Kpeodc-
Pinrepa, sixe mictuno 1 MMonb depuuiaHiny Kamtiro.
[Ticns 20 xB inkyOauii mpu 37°C ¢pparMeHTH BUATISINA
1 OiNKH OcamKyBajl HEHTPUPYTYBaHHIM Yy MPHUCYT-
HOCTi TPUXJIOPOLITOBOI KMCJIOTH | BUMIPIOBAJIM ONITHYHY
LIIBHICTE Hagocaay. [o ii 3MeHIeH ] po3paxoByBaIH
MBHUAKICTH BIAHOBJICHHS (epuIliaHiTy Kamilo B
HMOJIB/(XBXMT TKaHUHH) [7].

Konnerrpamito ThK-axtnBaNX iporykTis (TBKAIT),
AKi Jal0Th KOJBOPOBY PEaKIiiio 3 Tio0apOiTypoBOIO
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piglets’ organs [3, 11], as well as the cryopreserved
ones, we studied the effect of cryopreservation factors
on liver fragments of mature pigs (MLF) and newborn
piglets (NLF) right after thawing. The maximum
keeping of the fragments was shown to occur in this
case under the cooling rates of 1 and 8000°C/min [5,
10].

In order to make the obtained preparations capable
of accomplishing their function it is crucial to maintain
their viability in time. Our work was aimed to determine
the cryopreservation effect on maintenance of certain
bioenergetic indices in MLF and NLF.

Materials and methods

Liver fragments were obtained by squeezing its
pieces through 0.8mm-opening net, thrice washed-out
by physiological solution afterwards (pH 7.4) and added
with the cryoprotectants solution (PEO-400 and PEO-
1500) under final concentration of 10% in 1:1 ratio.
The material was packed into 1ml plastic containers in
order to freeze it with the rate of 8000°C/min. Freezing
was accomplished using UOP-6 device produced by
Special Designing Technical Bureau with Experimental
Unit (Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine) and a freezing device for biological objects
of high cooling rates (8000°C/min) [ 12]. Thawing was
accomplished in water bath at 37°C. PEO-1500 was
washed-out with physiological solution, the washing-
out for PEO-400 was performed using sucrose solution
0f'0.250 mol/l concentration with changing it for Krebs-
Ringer solution. Respiration intensity was measured
polarographically in nmol of O,/min/mg of tissue. Into
a polarograph cell, which comprised 1 ml of Krebs-
Ringer solution there was added 10-20 mg of frag-
ments, the respiration dynamics was recorded using
self-recorder. DNP concentration made 200 pimol/ml,
the one of amytal was 2 pmol/ml [7].

The rate of potassium ferricyanide recovery was
detected spectrophotometrically at a wave length of
420nm. Fragments were placed into Krebs-Ringer
solution, which comprised ImMol of potassium
ferricyanide. After a 20 min incubation at 37°C the
fragments were removed and proteins sedimented by
centrifugation in the presence of trichloracetic acid and
optic density of the sediment was measured. At its fall
we calculated the restoration rate of potassium
ferricianide in nMol (minXmg of tissue) [7].

Concentration of TBA-active products which are
known to give color reaction with thiobarbituric acid,
was measured using a standard spectrophotometric
method at a wave length of 532 nmol [2]. Reagents
used in the work were of the quality of not lower than
“chemically pure”. Statistical processing was accomp-
lished by a Student-Fisher’s method.
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KHCJIOTO0, BH3HAYAIU CHEKTPOPOTOMETPUIHO MPH
JOBKHMHI XBII 532 HM 3a CTaHIAPTHOIO METOTUKOIO
[2]. PeakTHBH, SIKi BAKOPUCTOBYBAJIKCH B pOOOTI, Oyiu
kBamigikanii He Hmxue XY. Cratuctuuna oOpoOka
npoBoauiack 3a merogoM Crbronenrta-dimepa.

Pe3yAbTaTM Ta OOroBOpeHHs

[Ipouecu 6i0JOTIYHOTO OKHCIEHHS 3aliMalOTh
LIEHTPaJIbHE MiCIIe B METa00Ii3Mi KJIITHH, 1 Oy/1b-sIKi
30BHIIIHI (hakTopH XIMIYHOT 1 (HI3HIHOT IPHPOIN MOXKYTh
BIUTMBATH Ha Pi3HI JJAHKH OKHCIIOBAJILHOTO MeTa0o-
J3MY 1, 3peITOor0, IPU3BOIUTH 0 3MIHH yTHIII3aIlii
KHUCHIO KJTITHHAMH 1 3a0e31nedeHHs ix eHeprieto. Came
TOMY TIOKa3HUKH IHTEHCUBHOCTI TUXaHHS BUKOPUCTO-
BYIOTBCS B 010XiMi4HUX, (hizionoriunux i papmakono-
TIYHUX JOCHIDKCHHSIX K IHTErpallbHUA TMOKA3HUK
cta"y OioyoriyHoro 06’ekra. Bigomo, mo okucio-
BaJIbHO-BIIHOBHI Ta MeTa0OJI4HI BJIACTHUBOCTI, SIK1
OB’ 513aH1 3 pOOOTOI IUXAIBHOTO JIAHIIOTA, 3MiHFO-
FOThCS B Yaci [7].

[HTEeHCHBHICTB SIK €HIOTEHHOT0, TaK 1 B IPUCYTHOCTI
JH® nuxanns @I B MOMEHT iX OTpUMaHHS 3HAYHO
Bumia, Hixk @IIC (tadmn. 1). Lle moxe OyTn OB’ s13aHe
3 4aCcOM MiX E€KCTHPIMAI€I0 OpraHa i OTPUMaHHSM 3
HbOTO QparMenTiB. KpiokoHCepBYBaHHS ()parMeHTIB

Taomuust 1. [aTeHCHBHICTH eHTOreHHOTO (V,

Results and discussion

The processes of biological oxidation are known to
possess a central place in cell metabolism, any external
factors of chemical and physical origin may affect
different links of oxidative metabolism and cause finally
the alteration of oxygen utilization by cells and energy
supply. This is the reason why the respiration intensity
indices are used in biochemical, physiological and
pharmacological investigations as an integral index of
a bioobject state. Oxidation-reduction and metabolic
properties related to the functioning of a respiration
chain are known to change in time [7].

Intensity of both endogenous NLF respiration and
in the presence of DNF at the moment of their procu-
rement was noted to be much higher than MLF (Table
1). This may be related to the time passed since an
organ extirpation and obtaining its fragments. Cryo-
preservation of fragments causes a statistically true
fall of these indices immediately after thawing at all
the freezing regimens studied. The relationship of re-
spiration and oxidative phosphorylation was noted to
decrease as well. In 60 min the intensity of NLF
respiration in control was noted to fall and become the
same as in MLF. By this term the bioenergetics indices
of cryopreserved fragments do not differ from those

) ta B ipucytHocTi IHD (V) 1ixaHHs GpparMeHTIB eiHKN CBHHEH 1

nopocar (Hmonb O,/(XBXMr TKaHI/IHI/S) B 3aJIOKHOCTI BiJl YMOB KP1OKOHCEPBYBaHHsI Ta 4acy iHKyOarii

Table 1. Intensity of endogenous respiration (V) and the one in the presence of DNF (V

) of pig and piglet liver

DNF

fragments (nmol of O,/ (min per mg of tissue) depending on cryopreservation conditions and incubation time

Yac micas Bipirpisy, XB
11 . Time after thawing, min
. BUAKICTH
Kpionporekrop
Ta 06' EKT OXOAOAKEHHS,
c °C/xB 5 60 120
ryoprotectant Cooli
X ooling rate,
and an object °C/min
\ V., /V, \ V. ./V. v V.../V
Vv AHO @’ Yo Vv D @’ Yo Vv ) LIYe]
© vf::F DNF/VO © Vi:l: DNF/VO © \/?)H\F VL?:F/VO
Korrpoar, OIIC 054003 | 1,30=0,12 | 241 0,50=0,04 | 1,20%0,11 2,40 044%004 | 066004 | 1,50
Control, MLF
1 0,31+0,02 | 0,43%0,03 1,39 0,43+0,03' | 0,95%0,07' 2,21 0,31£0,02 | 0,38+0,03 1,22
TTEO — 400, ®IIC
PEO — 400, MLF
8000 0,35+0,04 | 0,53%0,04 1,51 0,41£0,04' | 0,98%0,09' 2,39 0,32+0,02 | 0,45+0,04 1,41
1 0,33=+0,03 0,36=+0,03 1,09 0,47+0,04! 1,03%0,09! 2,19 0,30%+0,02 0,38=+0,01 1,25
TTEO — 1500, ®I1IC
PEO — 1500, MLF
8000 0,37=+0,04 0,44=0,03 1,20 0,42+0,03! 0,92+0,08! 2,19 0,29=+0,02 0,37=+0,02 1,27
Komrpoas, OIIH 072006 | 2,21%0,02 2,81 0,51£0,05 | 1,22%0,10 2,39 0,48+0,04 | 0,67=0,05 1,39
Control, NLF
1 0,34+0,03 | 0,41%0,03 1,21 0,45+0,04' | 1,04%0,09' 2,36 0,36+0,03' | 0,46=+0,05 1,29
TTEO — 400, ®IIIT
PEO — 400, NLF
8000 0,48+0,04> | 0,67=%0,05 1,40 0,49=+0,05! 1,13%0,10' 2,31 0,38+0,03! 0,48=+0,04 1,27
1 0,33=%0,02 0,30=+0,03 0,91 0,42+0,04! 0,97=+0,09! 2,40 0,32+0,03 0,39=+0,03 1,21
TIEO — 1500, ®I1IC
PEO — 1500, NLF
8000 0,460,042 | 0,58=+0,05 1,21 0,48+0,04! 1,18=0,11! 2,41 0,30+0,03 0,37=+0,02 1,23
Mpumitku: ' BIAMIHHOCTI CTATHCTHYHO HEJOCTOBIPHI B IIOPIBHSHHI 3 KOHTpOsieM, p>0,05;
2 — BiAMIHHOCTI CTATMCTHYHO JOCTOBIPHI B MOPIBHAHHI 31 BUAKICTIO oxosomkenns 1°C/xB, p<0,05.
Notes: ! — no statistically significant differences comparing to the control, p>0.05;

2— statistically significant differences comparing to the data for cooling rate of 1°C/xs, p<0.05.
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MPUBOJUTH JI0 JOCTOBIPHOTO 3MEHIICHHS ITHX
MMOKa3HUKIB Bifpa3y Mmicis BIAITPIBY MpH BCIX
JOCIIDKEHUX PeXUMax 3aMOpOXyBaHHs. MeH-
IIUM CTa€ TAaKOX CIOJNYYEeHHS AMXAHHS Ta
okucioBabHOTO QochoprroBanns. Yepes 60 xB
iHTeHCcHBHicTh nuxaHHs DIl B xkoHTpOIi
3MEHIIYETHCS 1 cTae Takor X, Ak 1 @IIC. V uei

Taoumus 2. Bruims KpiokOHCEpBYBaHHS ()parMeHTIB IEUiHKH Ha

BEJIMYMHY aMiTalI3aJIe)KHOTO quxaHHs (% BiJl CHIIOTCHHOTO)

Table 2. Effect of liver fragments cryopreservation on amytal-

dependent respiration value (percent of endogenous one)

TEpMiH MOKa3HUKH 010€HEPreTHKH KPioKOHCep-
BOBaHUX (parMeHTIB HE BIAPIZHAIOTHCS Bif

MMOKAa3HUKIB Oi0€HEPTreTUKH KOHTPOIHbHOTO
Marepiany i He 3a1eKaTh BiJ MIBUIKOCTI OXOJIO-
mxerHs. Ha 120-i XBUTHHI B KOHTPOJIi €HIOTCHHE
TUXaHHS TMPAKTUIHO HE 3MEHIIYETHCS B TIOPIB-

HSHHI 3 60-10 XBIIHHOIO. AJIE CITOTyUCHHS TIXaH-
HSl 1 OKHCITIOBAIBHOTO (poCHOpHIIIOBAaHHS CTAHO-
BUTBCSI 3HAYHO MEHIINM. Y KPIOKOHCEPBOBaHHUX

(hparMeHTax 3MEHITYETHCS HE TUTHKHU LI MOKa3-
HUK, ajie JOCTOBIPHO MEHIIIOK) CTA€ i IHTEHCUB-

HICTh €HAOTEHHOTO AuxaHHs. Lle mMoxe OyTu
II0B’s13aHE SIK 3 PO3BUTKOM IOIIKOKEHb, OTpUMa-
HUX KJIITHHAMH TIPU KPIOKOHCEPBYBaHHI, TaK 1
3MEHIIEHHSIM €HAO0TeHHUX CyOCcTpariB, HE00Xi/-

HUX JUIA iX penapartii. AjpKe penapariiiti mporecu
€ SHEePro3IC)KHUMH 1, MOXIIMBO, CHEPTEeTUIHI
cyOcTpaTi BUUEPITyIOTHCS 3HAYHO IMIBHIIE, HIXK

. IIBuAKicTH Yac micas BipirpiBy, xXB
KPIOHPQTQKTOP OXONOAJKEHHSI, Time after thawing, min
Ta 00’ €KT o
C/xB
Cryoprote;tant Cooling rate,
and an object °C/min 5 60 120
KouTpoas, OIIC
Control, MLF 42 32 37
1 47 31 33
IMEO — 400, ®I1IC
PEO— 400, MLF
8000 55 42 32
1 39 36 31
TTIEO — 1500, ®I1C
PEO— 1500, MLF
8000 48 34 32
KouTtpoas, @I
Control, NLF 6 4 4
1 49 41 44
TTEO — 400, OITIT
PEO— 400, NLF
8000 51 46 43
1 48 43 37
TTEO — 1500, ®OIIT
PEO— 1500, NLF
8000 52 47 39

B KOHTPOJTI.

Iari6iropu oxucmoBanas HAJIH-3anexuux
cyOcTpartiB, HAIPUKIIAA aMiTall, IPUTHIYYIOTh JUXaHHS
KJIITHH 1 TKaguH. OQHaK YacTUHA JUXAaHHS € aMiTall-
PE3HCTEHTHOIO, 30KpEeMa OKHCIICHHS CYKIMHATY B
JUXaJIHOMY JIAHLIOTY. AHANI3 aMiTaTqyTJIMBOI KOM-
MOHEHTH IMXaHHS B TKAHWHHHUX IIperiaparax JO3BOJIsE
OTpUMATH iH(POPMAIIiIO PO BimHOCHUH BKitag HA -
3aJIe)KHOTO OKUCIICHHS IJIs TAaHOT TKAHWHU Ta JJAHOTO
MeTabomvHOTO CTaHy. TakuM YMHOM, JOCIiKCHHS
aii amitany Ha HAJ[-3a5mexHy AUITHKY OKHCIIEHHS 1a€
iH(opMaIrifo Mpo HarpaBIeHiCTh METAOOIIYHOTO IOTO-
Ky B KiiTHHi. L[5 indopmarist oco0IMBO BaXIHMBa, SKIIO
KpiOKOHCEPBOBaHi pparmMmeHTH OyayTh BUKOPHUCTOBY-
BaTUCh y OioxiMidyHMX abo (apMakoJIOTiYHHX I0-
CITIIKEHHSX.

Byno BcTanoBneHo (Tabi. 2), o g YacTHUHA JTH-
XaHHS B KPIOKOHCEPBOBaHUX (PparMeHTax MPakTUIHO
HE 3MIHIOETHCA SIK IMICS KPIOKOHCEPBYBAaHHS, TaK 1
npotsaroM 120 xB ciocTepexeHHs. Mo)kHa BBaXaTH,
10 CITIBBIIHOIICHHSI €HEPreTUYHUX IMOTOKIB 3aji-
LIa€THCSI HE3MIHHIM, HE3Ba)Kal04H1 Ha Te 10 IHTEHCHB-
HICTh €HIOTEHHOTO INXaHHSI Ta CIIOTYYEHHS TUXAHHS
1 OKMCJIIOBAILHOTO (OCPOPUIIIOBAHHS 3a3HAIOTH
3HaYHO1 3MiHM Ha 120-1 XBUJIMHI CHOCTEPEKEHHSI.

3HaueHHS MOKa3HUKIB B3aEMOJIl Pi3HUX NLIAXIiB
CIOXKMBAHHS KHCHIO B KJIITHHI € BayKIIMBOIO XapaKTe-
pucTHKOIO 11 pyHKIIOHaIbHOTO cTany. He3paxaroun Ha
Te, 1[0 MeMOpaHa MiTOXOH/Ipii HenporukHa st HAJ[*
1 HA/IH, icHye MexaHi3M OOMiHY BiTHOBIIIOBaTbHUMH
€KBiBaJIEHTaMH 3 IUTOIIa3MO10. BcTaHOoBIeHA TaKkoXK
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for the control material and are found to be independent
upon the cooling rate. By the 120" minute the endoge-
nous respiration in the control almost does not decrease
comparing to the 60" min.

Dependence of respiration on oxidative phospho-
rylation was noted to be much lesser. In cryopreserved
fragments not only this index decreases but also the
intensity of endogenous respiration is getting lower.
This may be connected both to the development of
injuries in cells during cryopreservation, and to the
decrease of endogenous substrates necessary for their
reparation as the reparative processes are energy-
dependent and the energetic substrates are thought to
deplete far quickly, than in the control.

Oxidation inhibitors of NADH-dependent substra-
tes, such as amytal are known to suppress cell and tis-
sue respiration. Respiration however is partially amytal-
resistant, in particular, succinate oxidation in a respira-
tion chain. Analysis of amytal-sensitive respiration
component in tissue preparations enables to get the
information about a relative contribution of NADH
dependent oxidation for such tissue and such metabolic
state. Thus investigation of amytal effect on NAD-
dependent oxidation site provides the information on
metabolic flux in a cell. This information is extremely
important if cryopreserved fragments are to be used
in biochemical and pharmacological investigations.

We established (Table 2), that this part of respiration
in cryopreserved fragments did not change both
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HasiBHICTh TAKOTO OOMIiHY 3 TTO3aKIIITHHHUM CEPEI0-
BHUIIEM, IO PO3IIUPIOE I KIITHH MOXIHUBICTH
peryaoBaHHS OKHCIIOBaJIbHO-BiIHOBIIOBAILHOTO
OaslaHCy B 3aJICKHOCTI BiJl CTaHy KIIITHHH, 1 TIEH MUTSIX
€ aJIFTEpPHATUBHUM BiIHOBJICHHIO KHCHA 3a Y4acTiO
BHYTPIIIHbOKIITUHHUX TEPMIHAIBHUX OKcuza3. OOMin
BIJIHOBJIIOBAJILHUMH €KBIBAJIEHTAMH MIK KJIIITUHOIO 1
cepenoBHIIeM ab0 MiX KIITUHAMH TKaHWMHUA MOXKE
HaOyBaTH 0COOIMBOrO 3HAUYEHHS B yMOBAax, KOJHU
MEPEHECEHHs EJIEKTPOHIB Y JUXaIbHOMY JIAHIIOTY
MITOXOH/IPil Ha KIHIIEBUI aKIIETITOP — KUCEHbB B Til 91
HIIIN Mipi yTpyIHEHE, HAPUKIIA, TPH MOIITKOKEHH1
(me3opranizamii) aHcamMOJII0 TUXAJIHHOTO JIAHITIOTA
BHACJIIIOK KP1OKOHCEPBYBaHHSI.

Y MozAenbHUX CUTYaIisIX ATl IOCTIKEHHS. OOMIHY
BiJHOBJIIOBAJIbHUMH EKBiBaJICHTAMH TKaHUHHHX
mpenapariB i3 30BHILIHIM CEepPelIOBUIIEM BUKOPHUC-
TOBYETHCSl HEMPOHHUKAIOUMI B KJIITHHU aKLENTOP
EJIEKTPOHIB — (hepulliaHij Kajito, 3a JOIIOMOTOIO SIKOTO
MOXHa olliHUTH akTuBHicTH HAJI®H-perenepyrounx
CHUCTEM TenaToIuTiB [7].

Oppa3y micns BiIIrpiBy Marepiay i MpoTSIToM
60 XB MIBUAKICTH BiTHOBJICHHS (epuIliaHiTy Kairo
(hparmMeHTaMH NIEYIHKN HE BiJIPI3HAETHCS BiJ TAKOi y
KOHTPOJII MPH BCiX peXUMax KpiOKOHCEpPBYBaHHS

Taéauns 3. Brumis kpiokoHCepByBaHHS (hparMeHTIB EUiHKU

HA IIBUIKICTh BiTHOBJICHHS HUMU (DepUITiaHI Ty KaJlito
(HMOJIB/XBXMT TKaHHHH)

Table 3. Cryopreservation effect of liver fragments on the rate of
potassium ferricyanide reduction (nmol/min per mg of tissue)

following the cryopreservation and during 120 min of
observation. As a result, the ratio of energetic fluxes
remains unchanged despite the fact that the intensity
of endogenous respiration and conjugation of respiration
and oxidative phosphorylation undergo significant
changes by the 12" min of observation.

Values of the interaction indices for various paths
of oxygen uptake by a cell is thought to be an important
characteristic of a functional state. Despite the fact
that membrane mitochondria is impermeable for NAD*
and NADH, there is the exchange mechanism with
cytoplasm with recovering equivalents. There has been
also established such an exchange with extra-cellular
medium, that is known to expand the opportunity for
cells to regulate the oxidation-reduction balance
depending on a cell state, and this way is an alternative
one to oxygen reduction with participation of intra-
cellular terminal oxidase. Exchange by reducing
equivalents between a cell and environment or between
the tissue cells may gain a special importance under
the conditions when transferring the electrons in a
respiration chain of mitochondria on a terminating
acceptor, oxygen, was found to be complicated in a
way, for example, when injuring (disorganizing) the
respiration chain ensemble due to cryopreservation.

In model situations in order to investigate the
reducing equivalents exchange in tissue prepara-
tions with the environment one uses non-penetra-
ting into cells electron acceptor, potassium
ferricyanide, due to which it is possible to estimate
the NADPH activity of regenerating hepatocytes

system [7].

; LIBuAKiCTD Yac micast BipirpiBy, XB : . .
Kplomporexmop | o i Time after thawing. min I.mmedlate.:ly after the material thawing and
Cryoprotectant | <78 during 60 min afterwards the reducing rate of

- ooling rate, . . . .
and an object *C/min 5 60 120 potassium ferricyanide by liver fragments does
o not differ from the one in control at any cryo-
K , OIIC . . )
%Ifﬂfﬁﬁb MLE 029+0,02 | 0,32+0,04 | 0.36=0,03 preservation regimen (Table 3). By the 120" min
of observation this index does not differ from the
1 0,23=001 | 0,40%0,04 | 0,42%0,04 S
HEO— 400, BIIC control only at fragment§ preservation in the
PEO — 400, MLF 4000 0272002 | 0572003 | 0472004 presence of PEO-400. This fact may be related
- T —Y " = T . .
to the effect mechanism of this cryoprotectant.
. 0222001 | 0384003 | 0.52+003  PEO-400 pnhkely to PEQ-’ISOO may partially
TTEO — 1500, BIIC penetrate into the material’s cells and protect
PEO— 1500, MLF .
8000 024+0,02 | 034=004 | 0,59=005+  subcellular structures. Though it is more probable
" p— that at an equal percent concentration of these
OHTPOAB, .
Control, NLF 022+0,02 | 027=0,03 | 033003 protectants the molar concentration of PEO-400
is 3.8 times higher, and due to this the greater
1 0,19=001 | 0,30%0, A7:0,03* : . e .
EO — 400, O 30003 | 047003 dehydration occurs while equilibrating with
PEO—400, NLF Q1
8000 0152002 | 0264002 | 044%0,04 cryoprotectant. This is the reason Why a sma}ll.er
fragments’ injury occurs. Activation of lipid
HEO- 1500 DI 1 0152001 | 032003 | 046=0,04*  peroxidation processes is known to be one of the
PEO — 1500, NLF most dangerous results of cryopreservation,
* . . .
8000 017001 1 030003 | 049005% " caysing cell membranes, also mitochondrial ones,

[pumirka: * — BiAMIHHOCTI CTATUCTUYHO JOCTOBIPHI B MOPIBHSIHHI 3

koHTpoJieM, p<0,05.

Note: * — statistically significant differences comparing to the control,

p<0.05.
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and therefore cell energy supply is impaired and
the chance of their reparation, and mitochondria
themselves, is getting lower. In addition, during
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(tabu. 3). Ha 120-# XBUIMHI CITOCTEPEKESHHS LI
MOKa3HHUK HE BiJPi3HAETHCS Bl KOHTPOJIIO TUTBKU
MIPH KPIOKOHCEPBYBaHHI ()parMeHTIB y MPUCYT-
Hocti [IEO-400, mo Moxe OyTu MOB’si3aHO 3
MEXaHI3MOM Jii Ikoro KpionporekTopa. [ITIEO-400
Ha Binminy Big ITEO-1500 mMoxxe 9acTKOBO
MIPOHUKATH B KIITHHH MaTepiany i TAKUM YHHOM
3aXUIIATH CYOKIITHHHI CTPYKTYpH. Ane O1IbII

Taéauus 4. Konnenrpauist TEKATI (HMonb/Mr TKaHUHY) B
(parMeHTax MMeYiHKA B 3aJIC)KHOCTI BiJl YMOB
KpIOKOHCEPBYBaHHS Ta Yacy iHKyOarii
Table 4. TBAAP concentration (nmol/mg of tissue) in liver
fragments depending on cryopreservation conditions and
incubation time

BipOTiHO, IO MPU OTHAKOBIN BiJCOTKOBiH KOH-

LIEHTpaIil WX MPOTEKTOPIB MOJSPHA KOHIIEH-
tpauis ITIEO-400 B 3,8 pa3u Oinbluia, 1 3aBIsKU

OMY JTOCSTAEThCS OiNbIe 30€3BOHCHHS Ma-
Tepially mpu HOro ekBiiOparmii 3 KpiompoTek-
TopoM. | came ToMy crocTepiraeTbcsi MEHIIES

MOLIKOJKEHHSI )parMeHTIB.

OmHuM 3 HaWOLIbII HeOE3MEYHNX HACIIAKIB
KOHCEPBYBaHHsI € AKTHUBALIIS POLIECY EPEKUCHOTO
OKHMCJIEHHS JiMmifiB, IiJ 4Yac SKOT'0 MHOIIKO-

JUKYIOTBCSI MEMOpaHU KIITHH, B TOMY YHCIHI 1
MITOXOH/IpiaJbHi, @ OTXKE CTpaxaae eHepro3abdes-

MeYEeHHS KIIITHH 1 3MEHIIYIOTHCS MOXKIIMBOCTI iX
penapaiiii, B TOMy 9HCIi i caMHX MITOXOHIPIM.
Kpim Toro, y mporeci ne3akTuBalii IepeKucis

3HaYHy POJIb Bifirpae ruytatioH. Bin micTuThcs
MPAaKTUYHO B YCiX TKAHWHAX, & 0COOJIMBO BETIHKA
KIJIBKICTh B MIEYiHIIl, TOJIOBHUM YHHOM Y BiJJHOB-

. HIBuAKiCTH Yac micas BipirpiBy, xB
Kpionporexrop OXOAOAIKEHHS, Time after thawing, min
Ta 00’ €KT o
C/xB
Cryoproteytant Cooling rate,
and an object °C/min 5 60 120
KonuTtpoas, OIIC
Control, MLF 56+ 0,5 6,9+ 0,4 7,7+ 0,6
1 7,5%0,7*% 13,9=+1,1 18,8+1,3
TIEO — 400, ®TIC
PEO— 400, MLF
8000 7,4=% 0,6* 9,4%0,9* 13,3*1,2
1 7,1+0,6* 12,8+0,9 21,017
TMEO— 1500, @I1IC
PEO— 1500, MLF
8000 6,5+0,4* 10,6=+0,8 17,5*1,4
KouTpoas,OIII1T
Control, NLF 51+ 04 72+ 1,1 7,8+0,5
1 7,7 =04 10,8+1,1* 14,7%19
ITEO — 400, OIIIT
PEO— 400, NLF
8000 6,3+ 0,6% 9,7+1,0% 22,8%17
1 7,9+0,7 13,2+0,9 232+1,7
TTEO — 1500, ®TIIT
PEO— 1500, NLF
8000 6,8+0,6% 11,3+0,8 19,2*1,5

neniit dopmi [7]. Moro BizHoBneHHs 3a6e3me-
YyeThCA KOMIUIEKCOM (DEpMEHTIB IIyTaTioH-
penyKraza-TIyTaTioHIIepokcuaaza. A cyocTpa-
ToM rnyTtartioHpenykrasu € HAJJ®H, axwuit
YTBOPIOETHCS B PI3HUX META0ONIYHUX MIISAXax
KJIITHHY, 1 OTIKE TIPH [IbOMY TaKO)K BHKOPUCTO-BYFOTCS
€HepreTUYHI PeCypCH KITITHH.

Toii (haxr, 110 KpiOKOHCEPBYBaHHS aKTHBYE ITPOLIECH
MEePEeKUCHOTO OKHMCIEHHA JiMmifiB B (parMeHTax
MEeYiHKY, MiATBEPAKYIOTh AaHi, HaBeAeHi B Ta0i. 4.
Bonu cBiguats, 110 HakonuueHHs: TBKAII ixe Giabinn
LIBUIKUMH TEMIIAMH B KPIOKOHCEPBOBAHMX (PparMeH-
Tax. Xouya Ha 60-# XBUIMHI michs BiAirpiBy B
(hparmenTax, KpiokoHCepBOBaHMX I 3axuctoM [TEO-
400, B OKpeMHUX BHIaJKax €W MOKAa3HUK 1 HE
MEPEBHIIYE KOHTPOJIBHUX BEITHMUYHH.

BucHoBku

Ha 60-#1 xBuimHI crocTepiraeThcs BigHOCHA
HOpMaiizamis MeTaboliYHUX MmapaMeTpiB Kpio-
KOHCEPBOBaHMX (parMeHTiB nevinku . Ha nmpotszi 2-1
FOJAMHHU MOCTYMOBO BTpPaydalOThCs MeTaboNivHi
BJIACTUBOCTI, IPUTAMaHH1 JaHil TKaHWHI, Y 3B S3KY 3i
crapiHHAM npenapary. [Ippuomy B KpiokOHCEpPBOBAHHX
¢parmenTax 1i mpouecu BiAOyBarOThHCS OiNbII
IBUAKUMH TEMITaMH, Hi’K B KOHTPOJI, ajie sIKICHO He
Bizpi3HAtOTHCS. {10 3aKOHOMIpHICTH HEOOX1THO MaTH
Ha yBa3i Ipy BUKOPHUCTAaHHI (parMeHTIB MEUiHKH SIK
MoJieJli 200 3 1HIIOK METOIO.
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Ipumirka: * — BITMIHHOCTI CTATHCTUYHO HEJJOCTOBIPHI B HOPIBHIHHI
3 KoHTpoJsiem, p > 0,05.

Note: * — the differences are not statistically significant comparing to
the control, p>0.05.

the process of peroxide disactivation an important role
is played by glutathione. It is comprised by nearly all
the tissues, especially liver has its large amount, mostly
in a reduced form [7]. Its reduction is provided by
glutathione reductase-glutathione peroxidase complex
of enzymes. NADPH, which is formed in various cell
metabolic ways, is known to be glutathione reductase
substrate, and therefore cell energy resources are used
thereat as well.

The fact that cryopreservation activates the LPO
processes in liver fragments is proved by the data of
Table 4, which testify to the TBAAP accumulation
occuring more rapidly in the cryopreserved fragments.
Although by the 60" minute after thawing in the
fragments cryopreserved under PEO-400 protection
this index was shown not to exceed the control values.

Conclusions

By the 60™ min we observed a relative norma-
lization of metabolic parameters of liver cryopreserved
fragments. During the 2" hour the metabolic
parameters of this tissue were shown to fall gradually
because of the preparation aging. Interestingly that in
cryopreserved fragments these processes were found
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to occur in quicker rates than in the control, thought
with no qualitative difference. This regularity should
be considered when using liver fragments as a model
or with any other aim.
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