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Cryopreservation of Porcine Spleen Fragments
in the Presence of Polyethylenoxides

[IpoBeneHo nocimiKeHHS BILTHBY KPiOKOHCEPBYBaHH: Ha O10€HEPreTHYHI TOKa3HUKH (YparMeHTIB Celle3iHKH cBUHEH. BetanoBneHo,
oo vyepe3 60 XBUIMH Miclis PO3MOPOKYBaHHS (pParMeHTIB, sKi OyiM KpiOKOHCEPBOBAHI Il 3aXHCTOM IMOJIIETHICHOKCH/IIB,
criocTepiraloThesi HopManizaiis, a yepe3120 — 3HauHe MaJ(iHHS CHIAOTCHHOTO AUXaHHS Ta CHOJy4YCHHS AUXAHHS 3 OKHCIIIOBAJIbHUM
(dhochopuTroBaHHIM SK B KOHTPOJI, TaK 1 B KPIOKOHCEPBOBaHUX (pparMeHTax cenesinku cBuHei. Ha 120-y XBIUIIMHY iIHTEHCHBHICTh
MEePOKCHUIAIIIT JTIIMiIiB Y KPIOKOHCEPBOBaHUX (PparMeHTax JOCTOBIPHO MEPEBHIILYE 3HAUCHHS KOHTPOITIO.

Knrouosi cnoea: xpiokoHCEpBYBaHHS, (PAarMEHTH CEJIC31HKH CBUHEH.

IIpoBeneHo uccneqOBaHKE BIUSHUS KPUOKOHCEPBUPOBAHMUS Ha OHOdHEPreTHYECKHE [TOKa3aTesid (parMeHTOB CeNIe3CHKH CBHHEH.
VYcraHoBieHO, 4TOo depe3 60 MHHYT mocis pa3MopakuBaHHsi pparMeHTOB, KPUOKOHCEPBUPOBAHHBIX IMOJ 3al[UTOMH
HOJIMATHIICHOKCH 0B, HAOTIOAI0TCs HOpMaTH3alus, a yepe3 120 — 3Ha4nTeNIbHOE a/IeHUE SHIOTeHHOTO JIIXaHHsT M COTIPSDKCHHS IbIXaHHs
C OKHCIIMTEIIBHBIM (hOCHOPUITNPOBAHUEM KaK B KOHTPOJIE, TAK B KDHOKOHCEPBUPOBAHHBIX ()parMeHTax cenedeHku cBuneid. Ha 120-10
MHHYTY HHTEHCUBHOCTb IIEPOKCHAALIMH JIMITH/IOB B KPHOKOHCEPBUPOBAHHBIX (hparMeHTax JOCTOBEPHO MPEBbILIACT 3HAYCHHE KOHTPOIIS.

Knioueswie cnosa: xpuoxoHcepBupoBaHue, HparMeHTh CEJI€36HKU CBUHEH.

Effect of cryopreservation on bioenergetic indices of porcine spleen fragments was studied. Normalisation of endogenous respira-
tion and its coupling with oxidative phosphorylation to the 60" incubation minute and its significant decrease to the 120" minute were
found both in the control and cryopreserved fragments of porcine spleen. The intensity of lipid peroxidation in cryopreserved
fragments statistically and significantly exceeds the control value.

Key-words: cryopreservation, porcine spleen fragments.

®parmenTu cenesinku ceuHedt (PCC), B Tomy
YHCI 1 KpIOKOHCEPBOBAaHI, 3HAXOASTh 3aCTOCYBAaHHS B
KIiHIYHIA npaktui [2]. Taki KpiompoTeKTopH, SIK
I[MEO-400 Ta TTEO-1500, no3BoisitoTh 30eperTy Ha
JOCUTH BUCOKOMY PiBHI ITiCIIS BimirpiBaHHS (hparMeHTiB
X eHJOTeHHE AMXaHHS 1 3amo0iraroTh aKTHUBAIL
nepexkrcHoro okucienHs imiaiB (I1OJI) mpu mBuako-
ctsax oxonomkenHs 1 1 1000°C/xB [3, 4]. Ane mis
YCIILTHOTO 1 0€31eYHOr0 BUKOPUCTAaHHS (parMeHTiB
HEO0OXiAHO 3HATH, SIK 3MIHIOIOTHCS MOKAa3HUKH
360epesxenns ¢pparmentiB [10J] B yaci miciist AekoHcep-
BYBaHHSI.

Merta po6OTH — BU3HAYUTH BIUIMB KPiOKOHCEPBY-
BaHHs ®CC Ha 30epexeHHs ACSKUX MOKA3HHKIB
Oioenepretuku Ta inTeHcHBHICTH [10JI B yaci.

Martepiaau Ta metoAmn

Cerne3iHKy CTaTeBO3PUINX CBUHEH MOIPiOHIOBAIN
Ha (pparMeHTH Macoio 3-5 MI, TpH4Yl BiAMHBAIU
¢iziomoriuaum po3unaom (pH 7,4) ta momasanm
po3uunu kpiompotekTopis [IEO-400 i [TEO-1500 y
cuiBBimHomeHHi 1:1 B kiHneBiit koHneHTpanii 10%.
Marepian po3zdacoByBasu B INIACTHKOBI KOHTEHHEpH
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Porcine spleen fragments (PSFs) including
cryopreserved ones find application in clinical practice
[2]. Such cryoprotectants as PEO-400 and PEO-1500
enable to preserve their endogenous respiration at quite
a high level after fragment thawing and prevent the
activation of lipid peroxidation (LPO) at 1 and
1,000°C/min cooling rates [3, 4]. But for successful
and safe application of fragments we should know
the way of changing in time of indices of LPO
fragments preservation after freeze-thawing.

The research was aimed to determine the effect
of PSFs cryopreservation on preserving some
bioenergetical indices and LPO intensity in time.

Materials and methods

Spleen of mature pigs was minced into 3-5 mg’
fragments, thrice washed-out with physiological
solution (pH 7.4) with adding PEO-400 and PEO-1500
cryoprotectant solutions in 1:1 ratio in 10% final
concentration. Material was packed into plastic
containers by 1 ml for freezing with 1°C/min rate and
into aluminum foil containers by 0.5 ml to be frozen
with 1,000°C/min rate. Freezing was done using UOP-
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mo 1 mu1 st 3aMOposkyBaHHs 31 mBHAKICTIO 1°C/XB 1
o 0,5 M1 — B KOHTEHHEPH 3 aIIIOMiHI€BOT (DONBIH IS
3aMoposKyBaHH# 31 mBuAKicTio 1000°C/xB. 3amopo-
KYBaHHSI IPOBOAMIIM 3a JOIIOMOIOI0 MPOTPAMHOTO
3amopoxyBaua YOII-6 upoonunrea CKTHE 3 JIB
IITIKiK HAH VYxkpainu (1°C/xB) abo 3aHypeHHSAM
KoHTeitHepa B piakuii a3ot (1000°C/xB). Bigirpisanu
Ha BoAsHIN OaHi 3 Temmepatypoio 37°C. Kpio-
nporektop I[TEO-1500 BigmMuBanu iziomorigyHuM
po3uunroM, a [IEO-400 — po3unHOM IyKpO3H 3
KoHIeHTpanicro 0,25 Monb/I 3 3aMiHOO HOTO Ha
cepenosutie Kpedce-Pinrepa. [HTeHCUBHICTS TUXaHHS
BH3HaYalu mojsporpadidyHUM METOAOM B
HMosb O /(XBXMI TKaHuHH). Jlns nporo B s4ekKy
nonsiporpada, mo mictuia 1 mi cepenosuma Kpede-
Pinrepa, nogaBanu 10-20 Mr ¢pparMeHTiB i AUHAMIKY
OUXaHHs peecTpyBanu Ha camonucui. KiHuesa
KoHIeHTpauis guHiTpodenony (JHD) cranoBuna
200 mxmois/Mi [5].

Iarencusnicts [10J] BU3HaYamM 1o KOHIICHTpAILii
TBK-aktuBaux nponyktiB (TBKAII), ski matoTh
KOJILOPOBY PEaKIIito 3 TI06apOiTypOBOIO KHCIOTOIO, 32
CTaHJAPTHOIO METOAMKO [1].

3a KOHTpOJbHI 3HaYeHHs (200 HOPMY) B yCix
eKCIepUMEHTaX MpUUMadu MOKAa3HUKH, AKi Oynu
OTpUMaHi B HEKPIOKOHCEPBOBaHUX (hparMeHTax
CeINe31HKH CBUHEH.

CraructuuHa oOpoOKa pe3ynbTaTiB AOCITIIKEHb
npoBoauiack 3a merogoM Crbronenrta-dimepa.

Pe3yAbTath Ta O0OOroBOpeHHs

[HTEeHCHBHICTD €HAOT€HHOTO AMXAaHHSI, a TAKOXK
CHOJYYCHHS OUXaHHS Ta OKUCIIOBAIBLHOrO ¢ocdo-
puoBaHHS — BakiuBi mokasHuky crany OCC, amke
3HAaYHA YaCTHHA O10JOTIYHUX MPOIIECIB € CHEePTo-
3aJIEKHOIO.

Panime Mu gociianau BIUIMB KPIOKOHCEPBYBAaHHS
Ha 1HTEHCUBHICTH eHAoTreHHOro auxaHua ®CC,
KpIOKOHCEPBOBAaHUX 0€3 KPiOIMPOTEKTOpa B 3aJIeikK-
HOCTi BiJ KOHUIEHTpauii KpiompoTEeKTOpiB pi3HOL
npupoau: riinepud (coupt), IMCO (okcun),
I[MTEO-1500 i ITEO-400 (monmimepu), i MIBUIKOCTI
OXOJIOMKEHHA. |HTeHCHBHICTh AUXaHHA (pparMeHTiB
CeNe31HKH, 3aMOPOKEHHX 0e3 KpiopOTeKTOpa, 3HAYHO
3HWKYETHCS IIPU BCIiX MIBUIAKOCTSIX OXOJOMXKEHHS [3,
4]. Ilpu 1IbOMY CHOCTEPITAOTHCS BA MaKCUMYMHU
nocmipkyBaHoro napamerpa (npu 1 ta 1000°C/xB),
aJie B JIAHOMY BHUIAJKy I[i MAaKCUMyMH HE TepEeBH-
1yt 50% Bix koHTpomo. ToO6TO 3aMOpOXKyBaHHS
JAHOTO 010JIOT1YHOrO MaTepiany y (i3ioNoridHOMY
po3unHi 03 KPiOMPOTEKTOPIB HE TO3BOJISIE 30eperTh
IHTCHCUBHICTb €HAOT€HHOTO AUXaHHS TKAHUHH ITiCIIs
3aMOPO’KYBaHHA-BiAIrpiBaHHA HA JAOCTaTHBOMY
piBHi.

BukopuctaHHs KpioNpOTEKTOPiB I103BOJHUIO
30epertu Oinpiie OiomaTepiaiy miciisi KPiOKOH-
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6 programmable freezer produced by Special
Designing & Construction Bureau with Experimental
Unit of the Institute for Problems of Cryobiology and
Cryo-medicine of the National Academy of Sciences
of Ukraine (1°C/min) or by immersing container into
liquid nitrogen (1,000°C/min). Thawing was done on
water bath at 37°C. PEO-1500 was washed-out with
physiological solution and it was done with 0.250 mol/
1 sucrose solution for PEO-400 with its substantiation
for Krebs-Ringer solution. Respiration intensity was
determined using polarographic method in nmol of
O,/(minxmg of tissue). For this purpose in polarogra-
phic analyser well, containing 1 ml of Krebs-Ringer
solution we added 10-20 mg of fragments with
recording respiration dynamics in plotter. Final
concentration of dinitrophenol (DNP) made
200 pmol/ml [5].

LPO intensity was determined by concentration of
TBA-active products (TBAAP), which provide colour
reaction with thiobarbituric acid, using the standard
methods [1]. The indices obtained in non-frozen
porcine spleen fragments were assumed as control
values (or norm) in all experiments. Data were
statistically processed using Student-Fisher method.

Results and discussion

Intensity of endogenous respiration, as well as
coupling of respiration with oxidative phosphorylation
is an important index of PSFs state, although a
significant part of biological processes is energy-
dependent.

Previously we investigated the effect of cryo-
preservation on the intensity of endogenous respiration
of PSFs, cryopreserved without cryoprotectant and
depending on cryoprotectant concentration of different
origin: glycerol (alcohol), DMSO (oxide), PEO-1500
and PEO-400 (polymers) and cooling rate. Respiration
intensity of spleen fragments, frozen without
cryoprotectants reduces considerably at all cooling
rates [3, 4]. At the same time two maxima of studied
parameter (at 1 and 1,000°C/min) are observed, but in
this case they do not exceed 50% of the control. So,
freezing of this biological material in physiological
solution without cryoprotectants does not allow to
preserve the endogenous respiration intensity of tissue
after freeze-thawing at a sufficient level.

Application of cryoprotectants allowed to achieve
an increase in biomaterial preservation after
cryopreservation. At 10% DMSO concentration and
1°C/min cooling rate the respiration intensity was
established to make approximately 70% of the control.
Augmentation or reduction of cryoprotectant
concentration results in a considerable decrease of
studied parameter. At such concentration in contrast
to 5 and 20% ones the presence of second maximum
of preservation is observed within the range of cooling
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cepByBaHHS. byJ10 BCTaHOBJICHO, 1110 TP KOHIICHTpAITii
JAMCO 10% i mBuakocTti oxomomkenus 1°C/xB
IHTEHCUBHICTh AUXAaHHA ckianae Omm3pko 70% Bix
KOHTPOITIO. 301IbIIIeHHS 400 3MEHIIIEHHS KOHIISHTparlii
KpiOMpOTEKTOpa MPU3BOAUTH 10 3HAYHOTO 3HIKECHHS
JocIipKyBaHoro napametpa. [Tpu takiit koHneHTpauii,
y BiIMIHHOCTI BiJ KoHUIeHTpauii 5 1 20%, Takox
CIIOCTEPIra€ThCA HAABHICTh OPYTOr0 MaKCUMyMY
30epeXxkeHHs ITpH MIBUAKOCTI oxonopkeHHs 1000°C/xB.
BukoprctanHs SK KpionpOTeKTOpa IIIEPUHY B THX Ke
KOHIIEHTpAITISAX HE T03BOJISIE 30eperTH IHTEHCUBHICTh
IUXaHHS Ha TPUHHATHOMY piBHi. [Ipu iboMy Makcu-
MyM 30€peKeHHS HaBiTh TPOXH HIKYE, HIK TPH
Bukopucranti JIMCO. binbin BUCOKY KPiOPOTEKTOP-
Hy epexTuBHicTh BUABIIOTH [IEO-400 1 [TEO-1500.
IxHe 3acTocyBaHHs 103B0JIsI€ 30€PErTH IHTEHCHBHICTh
JMXaHHSI TTCIIS KPIOKOHCEPBYBaHHS Ha PiBHI, OTM3bKOMY
J10 KOHTPOJTEO TIPY MOBLUTBHHX IBUIIKOCTSIX OXOJIOKEHHSL.
[pu upomy ITEO-400 edexTrBHUIN Y O1IBII IIUPOKOMY
niana3oni mBuakoctedt (1-10°C/xB). Takum yrHOM
OyJI0 BCTAHOBIJIEHO, IO MPH 3aMOPOXKYBaHHI (par-
MEHTIB Y IPUCYTHOCTI MTOJTi€THJICHOKCHIB €HIOTEHHE
IUxaHHs 30epiraeThbcsl Ha BUCOKOMY PiBHI Bimpasy
ITiCTIs BiMIITPiBaHHS MaTepiay.

Sk BugHO 3 Tabn. 1, enmoreHHe muxaHHS (par-
MEHTIB, 3aMOPOKEHUX 31 MIBUIAKICTIO OXOJOMKEHHS
1°C/xB, CTaTUCTHYHO JOCTOBIPHO HE BiIPI3HAETHCS Bijl
KoHTponto. Ase npu noxaBanni JH® cnocrepi-
ra€eTbCsl HE3HaYHA CTUMYIIILISA TUXaHHS, a OTXKeE i
HE3HayHe CHOJIYYEHHS IUXaHHS Ta OKUCIIOBAJILHOTO
(bocdopritoBaHHS B KOHTPOJIi. Y KpiOKOHCEPBOBAHUX
(parMeHTax 1i HOKa3HUKH 3HAYHO MeHIIi. AJie Ha 60-i
XBUJIMHI 1HKYOyBaHHS NPU MPAaKTHYHO HE3MiHHIH
IHTEHCHBHOCTI €HJOTEHHOTO JUXaHHS CHOCTe-

rate of 1,000°C/min. Application of glycerol as
cryoprotectant at the same concentrations does not
allow preserving respiration intensity at the acceptable
level as well. At the same time the preservation
maximum is even slightly lower than when using
DMSO. PEO-400 and PEO-1500 manifest higher
cryoprotective activity. Their application enables to
preserve the respiration intensity after cryopreservation
at the level close to the control at slow cooling rates.
At the same time PEO-400 is efficient within wider
range of rates (1-10°C/min). Thus, it has been
established that when freezing fragments with
polyethylene oxides presence endogenous respiration
is kept at a high level just after the material thawing.
As summarised in the Table 1, an endogenous
respiration of fragments, frozen with 1°C/min cooling
rate does not statistically and significantly differ from
the control. But when adding DNP a slight stimulation
of respiration and an insignificant coupling of respiration
and oxidative phosphorylation in the control are
observed. In cryopreserved fragments these indices
are significantly lower. However to the 60" incubation
minute at a quite unchanged intensity of endogenous
respiration the augmentation of V /V ratio up to
1.9 in the control and to 1.9-1.8 in cryopreserved
fragments is noted. Consequently, the coupling of
respiration and oxidative phosphorylation increases.
To the 120" minute a considerable reduction of
studied bioenergetical indices both in the control and
cryopreserved fragments is noted. Thus, bioenergetics
of both control and cryopreserved fragments changes
during their incubation. To the 60" minute a relative
recovery of properties of tissue preparations is noted.
This state can be maintained for a while and then the

Ta6muus 1. InrencusricTs enporentoro (V) ta B npucyrHocti JHD (V ) mixarns PCC (amonk O, /(XBXMT TKaHHHH)) Y
3aJISKHOCTI B1Jl yMOB KPIOKOHCEPBYBaHH? Ta 4acy iHKyOarii

Table 1. Intensity of endogenous (V) and DNP (V

DNP

)-presented respiration of PSFs (nmol O, /(minxmg of tissue))

depending on cryopreservation conditions and incubation time

Yac micas BipirpiBaHHS, XB
I . Time after warming,min
BUAKICTH
. OXOAOAKEHHS,
KpionpoTekTop QC'A‘;)I:B 5 60 120
Cryoprotectant Cooling rate,
°C/min
Vv V... V \ Vo’V Y \VAY
Vv D D Vv D L} A\ D L}
° e | VoV, ° Vow | Vo'V ° Vow | Vow/V
Kontpoan 0,39+0,03 | 0,62=%0,05 16 0,32+0,02 | 0,61%0,05 1,9 0,21%+0,02 | 0,29+0,02 1,4
Control
1 0,35%+0,04* | 0,49+0,03 1.4 0,30%+0,03* | 0,57%0,05" 19 0,15+0,01 | 0,20==0,02 1,3
TTEO-400
PEO-400
1000 0,27+0,02 | 0,32%+0,03 1,2 0,28+0,02* | 0,50=%=0,04" 1,8 0,09+0,01 | 0,10%=0,01 1,1
1 0,32%+0,03* | 0,48=+0,04 1,5 0,29%+0,03* | 0,52%0,05" 1,8 0,10%0,01 | 0,12=%0,01 1,2
TTEO-1500
PEO-1500
1000 0,23+0,02 | 0,32%+0,02 14 0,23+0,02 | 0,46=0,04" 19 0,11%+0,01 | 0,13%=0,01 1,2

IMpumirka: * — BIIMIHHOCTI CTATUCTUYHO HEJJOCTOBIPHI B TIOPIBHSHHI 3 KOHTposeMm, p > 0,05.
Note: * —differences are statistically significant in comparison with the control, p>0.05.
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piraeTbest 301IbIICHHS BifHOUICH S V )\, /V 710 1,9 B
KOoHTponi Ta go 1,8-1,9 B kpiokOHCEpBOBaHHUX
¢parmeHTax. A oTxe 301TbIIY€ETHCS CIIONTYUYEHHS
JUXaHHS Ta OKUCIIOBAIBHOTO (pocopriIroBaHHs.

Ha 120-Ty XBrinHY BiIMi9a€ThCS 3HAYHE 1A TIHHS
JIOCIIKyBaHUX MOKAa3HHUKIB 010CHEPTETUKHU 5K B
KOHTPOJIi, TaK 1 B KPIOKOHCEPBOBaHUX (PparMeHTax.
Taxum yrHOM, 6i0€HEpreTHKA IK KOHTPOJIBHUX, TaK 1
KpIOKOHCEPBOBAHUX (pparMeHTIB 3MIHIOETHCS B IIPOLIEC]
ix imkyOamii. Ha 60-if xBunuHI criocTtepiraeTbes
BiIHOCHE BiJHOBJICHHSI BJIACTUBOCTEH TKaHUHHUX
npenapariB. Takuii cTaH MOXe MiATPUMYBaTHUCS
JesIKUi Yac, a TOTIM MpOoLecH KaTtabomi3My Mouu-
HAIOTh MepeBaXKaTH HaJ MpolecaMu aHadoi3My, 110
MOKa3aHo JJIsl TKAHWHHHUX INpenapariB 3 0aratbox
oprasis [5].

Bimomo, o TkarnHaM npuTamanHuii pisers [10J],
HEOOXiOHUHN ISl perynioBaHHS PI3HUX (YHKIIN
opraHi3My. Brumms pizHuX ymkomkyodnx GakTopis, y
TOMY YHCI 1 3aMOPOKYBaHHSA-BIAIrPiBaHH, 1HIMIIOE i
ICTOTHO MPUCKOPIOE MPOIEC CAMOOKHUCICHHS Op-
TaHIYHUX CIIONTYK, IPUIOMY MEXaH13M CaMOOKHCIIEHHSI,
CIIOHTAHHOTO ¥ iHIYKOBAaHOTO, aHAJOTi1YHUHN: BiH
PO3BHBAETHCS 38 CXEMOIO JAHLIOTOBUX BiIbHOpaau-
KaJIbHUX peakliid. BuBuatoun xapakrep mepeKHuCcHUX
npoueciB y TKaHWHI (parMeHTiB Cele31HKH, MU
OJIepKy€eEMO iH(OPMAIIIIO PO MPOIECH, IO BiOY-
BalOTHCS B MEMOpaHi Ha MOJIEKYJIIPHOMY PiBHI ITicis
BIUTMBY Ha Hel PakTopiB KpioKoHCepBYBaHHSA. OCKITBKA
KPIOMPOTEKTOPH 3aXHUINAIOTH O10JIOTIUHI CTPYKTYPH BiJl
BIUTUBY HECHPUATIMBHUX (PaKTOPIB MiJ 4ac 3aMoOpo-
JKYBaHHSI-BIIITPIBaHHS, a JesKi 3 HUX MAlOTh aHTH-
OKCUJAHTHY aKTHUBHICTH, OyJIO NOIITFHO BU3HAYUTH
ixHiit BB Ha iHTeHcuBHICTH [1OJ] y 3anmexxHocTi Bifg
PEKHMiB KPiOKOHCEPBYBaHHSI.

Ontumansuuil piBens [1OJI 30inpmye iHTEH-
CHBHICTb €JIEKTPOHHOTO TPAHCHOPTY B AUXaJIbHOMY
JIaHLIO031 1 MiBUILY€ PiBEHb CIIOIYyYEHHS OKUCICHHS 1
dbochopuntoBaHHS B MITOXOHJpisiX. 30iMbIIcHE
YTBOPEHHSI BUTLHUX PAIUKATIB B OPTaHi3Mi 1 TIOB’sI3a-
HE 3 IIUM TTOCHJICHHS MTPOIIECiB IEPOKCHIAIIIT JIIITiTiB
CYHPOBOIXKY€ETHCS MOPYIIEHHAMH BJIAaCTUBOCTEH
GionoriyHrX MeMOpaH 1 GyHKITIOHYBaHHSI KJIITHH [6, 7].
30Kpema, CIIOCTEPITaETHCS KOPEIIALs ITHOTO IPOIeCy
3 IpUTHOOJICHHSAM TKAaHWHHOTO MUXaHHA [4, 5].

Sx Buano 3 Tabn. 2, kinbkicte TEKAII y kpio-
KOHCEpBOBaHHUX ()parMeHTax 30epiraeTbcsi Ha PiBHI
KOHTpOJIto 710 60-1 XBunMHY iHKyOawii, ane Ha 120-i
el TMOKa3HHUK Pi3KO 301IbIIYETHCS i CTATUCTHYHO
JOCTOBIPHO MEPEBHUIIY€E 3HAYCHHS HOPMH. Y IIeH xKe
Yac BiIMivaiocs 3HauHe 3MEHIIEHHS A0 CIIHKYBaHUX
MTOKa3HUKIB OioeHepreTHKH (quB. Taou. 1). O6mmBa 11i
dbakTm Tpeba MaTW Ha yBa3i MPH ONMTHMIi3alii
MpOTOKOIIB KpiokoHcepByBaHHI PCC 1 mpu ix
BHKOPHUCTAHHI.
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Taémuus 2. Konuenrpaiist TEBKATIT (HMOIb/MI TKaHUHN)
B 3QJIC)KHOCTI BiJl YMOB KPIOKOHCEPBYBAaHHS Ta Yacy
iHKy6arii @CC
Table 2. TBAAP concentration (nmol/mg of tissue)
depending on cryopreservation conditions and incuba-

tion time for PSFs
IIBuAKICTD Yac micas BipirpiBaHHS, XB
Kpiomporextop OXOIQ\?:A/))I:;HHH, Time after warming,min
Cryoprotectant Cooling rate
°C/min 5 60 120
KomTpoxs, 41=03 | 55=04 | 75+06
ontrol
1 4,5+0,4 6,9+0,5 13,7+1,2*
TTEO-400
PEO-400
1000 4,4%= 0,3 54=+0,4 12,3=1,1*
1 4,1+0,4 6,6+0,5 16,0+1,3*
TTEO-1500
PEO-1500
1000 4,5+0,4 56%0,4 11,5%=1,0*

[pumiTka: * — BiIMIHHOCTI CTAaTHCTUYHO JIOCTOBIpHI B
MOPiBHSHHI 3 KOHTposeM, p < 0,05.

Notes: * — differences are statistically significant in com-
parison with the control, p<0.05.

catabolism processes are prevailing the anabolism ones,
that is shown for tissue preparations derived from many
organs [5].

It is known that the LPO level, essential for
regulating different functions of an organism is
characteristic to tissues. Influence of various damaging
factors, including freeze-thawing initiates and
considerably accelerates the process of self-oxidation
in organic compounds, moreover the mechanism of
spontaneous and induced self-oxidation is similar: it
develops by the scheme of free radical reactions. When
studying the character of peroxide processes in spleen
fragment tissue we obtain the information about the
processes, occurring in membrane at molecular level
after being affected by cryopreservation factor. Since
cryoprotectants protect biological structures against
influence of unfavourable factors during freeze-
thawing and some of them have an anti-oxidant activity,
the determining their influence on LPO intensity
depending on cryopreservation regimens is of interest.

LPO optimal level augments the intensity of electron
transport in respiratory chain and increases the level
of oxidation and phosphorylation coupling in mito-
chondria. Increased formation of free radicals in
organism and related with this strengthening of lipid
peroxidation processes are accompanied with disorders
in properties of biological membranes and cell
functioning [6, 7]. In addition the correlation of this
process with inhibiting tissue respiration is observed
[4,5].

As summarised in Table 2, the TBAAP amount in
cryopreserved fragments is kept at the control level to
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ITomepenni HocmimKeHHS 3 IHTEHCUBHOCTI XEMi-
JIOMIHECIIEHIIIT TOMOreHaTy (hparMeHTiB Celle3iHKH,
IH/TyKOBaHOI IBOBaJICHTHHUM 3aJ1i30M, Y 3aJIEXKHOCTI BiJ{
KpiOMpOTEKTOpa, HOro KOHUEHTpauii i HBUIAKOCTI
OXOJIOPKEHHS MOKAa3aJid, 0 KPiOMpPOTEKTOpH, SIKi
BHUKOPHCTOBYBAJIUCS B POOOTI, 103BOJISIOTH 30€perTu
IIPY AESKUX PEKUMaX 3aMOPOKYBAaHHS IHTCHCHBHICTD
YTBOPEHHS BUIBHUX paJMKalliB y TKaHUHI Ha PiBHI
KOHTpOJ 0. [Ipu mboMy MakcHMasbHa IHTEHCUBHICTH
iX YTBOpEHHS CIOCTEpIraeThCcs MPH IMBHUAKOCTI
oxonomxkenHsa 100°C/xB. BigzHadaeTbCcs TaKOX
3aJIE)KHICTh IHTEHCHBHOCTI IILOTO TPOIECY Bif
KOHIIEHTpAIIii 3aCTOCOBYBaHOTO KpiompoTekTopa [3].
IHTeHCUBHICTH XEMITIOMIHECICHIIII TOMOTEeHATY
(parMeHTiB ceJe3iHKH, IHIyKOBaHOT IEPEKUCOM BOAHIO,
B 3QJIEKHOCTI BiJf 3aCTOCOBYBaHOTO KPiOIpOTEKTOpa
(ITEO-400 a6o ITEO-1500), ioro xoHIeHTpaii i
MIBUAKOCTI OXOJOMKEHHS CBIIYHUTH, 1[0 CTIAKICTH
TKaHWHH 0 IEPEKUCHOTO OKUCITIOBAHHS 301/TbIYETHCS
31 301IBIIEHHSM KOHLIEHTpalLii KpiONpOTEeKTOpa 110
10%.

Takum gymHOM, MiAOOPOM BIATOBIAHHX Kpio-
MIPOTEKTOPIB Ta IX KOHIIEHTpAIil MOKHA JOMOTTHUCS
MiHIMAQJIBHO YIIKOKYIOUOi Jii 3aMOpOXyBaHHS Ha
OCC.

BucHosku

Ha 60-Ty XxBuIMHY micias po3MOpPOXKYBaHHS
KP1OKOHCEPBOBAHMX B IIPUCYTHOCTI ITOJIETUICHOKCHIIB
OCC nocnimkeni nokazHuky 6ioenepreruku ta [10J]
ONMU3bKI 10 TAaKUX MOKAa3HMKIB Y (pparMeHrax, 1o He
I IaBATMCS 3aMOPOXKYBaHHIO. AJjie Ha 120-i XxBunHI
cnocrepesxeHHs piBeHb TBKAII pizko 30inburyeTses
1 CTaTUCTHYHO AOCTOBIPHO NEPEBUIILY€E 3HAYCHHS
HOpMH. BimMiganocs 3Ha9HE 3MEHINIEHHS TOKa3HUKIB
0l0CHEPTeTUKH.
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the 60" incubation minute, but to the 120" minute this
index sharply increases and statistically and significantly
exceeds the norm values. At the same time a significant
reduction of studied bioenergetical indices was noted
(see the Table 1). Both these factors should be taken
into account when optimising the protocols for PSFs
cryopreservation and at their application.

Previous research of hemoluminescence intensity
of spleen fragment homogenate, induced by bivalent
iron depending on cryoprotectant, its concentration and
cooling rate have demonstrated that cryoprotectants,
being used in the work enable to preserve under some
freezing regimens the intensity of free radical formation
in tissue at the control level. At the same time the
maximum intensity of their formation is observed at
100°C/min cooling rate. The dependency of this
process intensity on concentration of cryoprotectant
applied is found [3]. Chemiluminescence intensity of
spleen fragment homogenate, induced by peroxide,
depending on the cryoprotectant applied (PEO-400 and
PEO-1500), its concentration and cooling rate testifies
to the fact that the resistance of tissue to peroxidation
augments with an increase in cryoprotectant
concentration to 10%.

Thus, by selecting the corresponding cryopro-
tectants and their concentrations we could achieve the
minimum damaging freezing effect on PSFs. In
addition, the obtained data by dynamics of TBAAP
formation in PSFs conform and complete the previous
data on CL intensity of the studied material.

Conclusions

To the 60" incubation minute in cryopreserved PSFs
at polyethylene oxides presence to the 60" min of
observation the studied bioenergetical indices and LPO
are close to those in the control. However to the 120
min of observation the TBAAP level sharply increases
and statistically and significantly exceeds the norm
value. A significant reduction of bioenergetical indices
was noted.
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