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Respiratory Activity and Pro-Oxidant/Antioxidant Balance of Rat Liver
after Hypothermic Storage in Presence of Bencyclane Fumarate

HccnenoBano BiusiHue OSHIMKIIaHa pymMapara Ha bIXaTesIbHbIe apaMeTpbl MUTOXOHAPHIL, HHTEHCUBHOCTB IIEPEKHCHBIX MPOLIECCOB
1 aKTUBHOCTb q)epMeHTOB CHCTCMBI aHTPIOKCPl)laHTHOﬁ 3alIUThI IEYCHU KPBIC IOCJIC THITOTEPMHUYCCKOIO XpaHCHUA U HOpMOTCpMM‘leCKOﬁ
penepdysuu. [Tokazano pazobiaromiee AelicTBHe OSHIMKIaHa Ha IPOLECCHI OKUCIUTEIEHOr0 (OCHOPUITNPOBAHUS B MUTOXOHIPHUSIX
HEYCHU KPBIC KaK I10CJIe XpaHeHus, Tak U nocie pernepdysun. [locie XxomomnoBoro XpaHeHus MeUeH KPbIC B IpUCyTCTBUU 1 MM
OeHuMKIaHa (ymapaTa HaOIIOAAIOCh YACTUYHOE MPEAOTBPALICHHUE MOBBILIeHNs 0a3aabHOro ypoBHs TBK-akTHBHBIX MPOIYKTOB U
CHM)KCHH aKTUBHOCTH aHTUOKCHUJIAHTHBIX q)epMeHTOB.

Knroueswie cnoga: 6enuykiana Gpymapar, FTHIOTEPMUYECKOE XPAaHEHUE TIEUCHHU, HOPMOTEpMHUYecKas pernepdy3us, JbIXxaTelbHble
napameTphbl, IEPEKUCHBIC MTPOIIECChl, AHTHOKCUIAHTHBIC (DEPMEHTBI.

JocnipkeHo BB GeHIMKIaHa (yMapaTy Ha JUXaJIbHi TapaMeTpH MiTOXOHPIH, iIHTEHCHBHICTh IEPEKUCHUX IPOLIECIB Ta AKTUBHICTD
(epMeHTIB CHCTEMH aHTHOKCUIAHTHOT'O 3aXUCTY HEYIHKH LIy PiB MiCJIs rinoTepMidHOro 30epiraHHs Ta HOpMOTepMidHOi perepdy3ii.
ITokazaHa po3'eHyroua Jist OEHIMKIAHY Ha MPOLIECH OKUCIIOBAILHOTO (HOCHOPHITIOBAHHS Y MITOXOH/IPISIX MEUiHKH IIyPiB SK MiCIs
30epiranss, Tax i micas penepdysii. [Ticis xomonoBoro 36epiraHHs neviHKU MypiB 3a npucyTHocti | MM OeHuukiana ¢pymapary
CIOCTEPIrajioch YacTKOBE IMONEPEPKEHHS IMiJBUIICHHs Oa3anbHoro piBHS THK-akTHMBHUX NPOAYKTIB Ta 3HMKEHHS aKTHBHOCTI
AQHTHOKCUJIAHTHHX (DEPMEHTIB.

Kniouosi cnosa: 6enuykiana Gpymapart, rimorepmiuHe 30epiraHHs MediHku, HOpMOTEpMidHa perepdysis, TuxalbHi apamMeTpH,
HEePEKUCHI NPOLIECH, AHTHOKCHAHTHI ()EPMEHTH.

The influence of bencyclane fumarate on mitochondria respiratory parameters, peroxidation process intensity and antioxidant
enzyme activity of rat liver after hypothermic storage and normothermic reperfusion was investigated. The uncoupling effect of
bencyclane on oxidative phosphorylation processes was shown both after storage and reperfusion. Partial prevention of TBARS basal
level increase and antioxidant enzyme activity decrease in liver after cold storage in the presence of 1 mM of bencyclane were observed.

Key words: bencyclane fumarate, liver hypothermic storage, normothermic reperfusion, respiratory parameters, peroxidation

processes, antioxidant enzymes.

Hcnonb3oBanue okoiaoHyneBbix Temmneparyp (0...
6°C) sBiIsIeTCS OTHUM U3 CaMBIX PACIPOCTPaHEHHBIX
1 3G (PEKTUBHBIX CIIOCOOOB XpaHEHUsI OPTaHOB IS
najgpHedmei TpancmnanTanud. OmHako mpobiema
MOTEPH )KU3HECTIOCOOHOCTH U BOCCTAHOBIICHUS (DYHK-
LMY TIEYeHH TI0CyIe TUoTepMudeckoro xpanenus (I'X)
MO-TIPE)XKHEMY CYIIeCTByeT. bomnbIioe 3HaueHue ams
coxpaHeHHs] GYHKUHOHAJIBHONH aKTUBHOCTU OpraHa
HMMEeT COCTaB KOHCepBUpYoliero pactsopa. Caxapo-
30-cosieBoii pactBop (CCP) mo3BossieT moaaepKuBath
XKHU3HECIIOCOOHOCTh neueHu nocie I'X Ha ypoBHeE ¢
OOIIECNPUHATHIM B MEKAYHAPOJHON MPAKTHKE PACT-
BopoM YHuBepcurera Buckoncun (UW) [17]. Tem He
MeHee XpaHeHHe OpraHa CBhINIE 18 4 MPUBOIUT K
HEOoOpaTHUMBIM MeTaboNMYecKUM HapyuieHus M. B
CBSI3M C 3THM YCOBEPIICHCTBOBAaHHE KOHCEPBUPYIO-
LIMX CpeJ ABJSIETCS MEPCIEKTUBHBIM HalpaBIeHUEM
IUIsl yBETTMUEHHS CPOKOB Oe3zomacHoro I'X opraHos.
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Use of about-zero temperatures (0...6°C) is one of
the most spread and effective ways to store the or-
gans for following transplantation. However the prob-
lem of the viability loss and restoration of liver function
after hypothermic storage (HS) has still existed. Su-
crose-saline solution (SSS) enables to maintain liver
viability after HS at the same level with traditionally
used in international practice solution of the University
of Wisconsin (UW) [17]. Nevertheless the storage of
the organs more than 18 hrs results in irreversible meta-
bolic impairments. In this connection the improving of
preservation media is perspective direction to increase
the terms of safe organ HS.

Taking into account the hypothesis of "mild uncou-
pling" [16], according to which the reduction of "sur-
plus" membrane potential causes the decrease of the
production of reactive oxygen species (ROS), we sup-
pose that supplementation of the storage solution with
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VYuuTeiBas rumnoresy "MArkoro pasoodmenus" [16],
COTJIACHO KOTOPO# CHIKEHHE "N30BITOYHOTO" MeMO-
PAHHOTO MTOTEHIIMANA BBI3BIBACT yMEHBIIIEHHE POTyK-
UM aKTUBHBIX (opM kuciopona (ADK), Mer mpenro-
JIOXKHJIIH, YTO JOTIOJIHEHHE PACTBOPA XpaHEHUs pa300-
LIUTENeM OKHCIUTENBHOTo pocopunuposanus (OD)
MOJKET MPUBECTHU K CHIDKEHUIO oOpa3oBanns ADK, a
CJIEIOBATENBHO, MOBPEKACHUS MEYEHH B YCIOBHAX
umeMun/penepdysun. beun npoBeaeHs! HcciieaoBa-
HUS C HCTIOIb30BaHMEM KIIACCHYECKOTO Pa300IUTeNs
2,4-muautpodenona (JJHD). [TokazaHo, uro ero npu-
cyrcreue B CCP Ha sTane ['X ¢ mocnenyromnmm ynae-
HHUEM B Hayasie HopMoTepMuueckoii penepgysuu (HP)
OJaronpUsTHO BIMSIIO Ha COCTOSIHUE OpTraHa, YTo Mpo-
ABJSUIOCH B CHIDKEHUY MHTEHCHBHOCTH CBOOOIHOPA -
KaJIbHBIX MPOIECCOB U MPEAYIPEKICHUN YTHETEHUS
AKTUBHOCTH ()ePMEHTOB CUCTEMbI aHTHUOKCHIAHTHOM
3amuthl eyenu [5]. Kpome toro, JJH® okaspiBan 3a-
IIUTHOE JAeHCTBHE HA COMPsDKEHHOCTE OD, coxpansisa
IBIXaTeTbHBI KOHTPOJIhL Ha BRICOKOM YpOBHE [4].
OpHako BO3MOXHOCTbh KJIMHHYECKOTO MPUMEHEHUS
JH® orpanuyeHa ero BHICOKOM TOKCHYHOCTHIO [8],
41O 00YCIIOBIMBAET HEOOXOUMOCTD ITOVCKA BEIIECTB,
00Jaalonmx TaKUMH K€ CBOMCTBaMHU, HO HE UMEIO-
mux Mo0oYHBIX 3P PeKToB. BaxkHBIM KpUTEPHEM BbHI-
0opa BeIeCTB SIBISETCS MPUHAAIEKHOCTH HCKOMOTO
COEIMHEHMs K JIEKAPCTBEHHBIM ITperapaTam.

Harie BHuManue npusi€k OeHiukiIana ymapar
(b®) — neticTByromiee BemecTBO (hapMaKoIOTHdec-
koro mpemnapara “Tanumop™’, KOTOpBI OTHOCUTCS K
TpyTIe MUOTPOITHBIX CTIa3MOIMTHKOB. OH IIUPOKO TIPH-
MEHSETCS P JICYSHUH XPOHUIECKOTO SHAAPTEPUNTA
U OpyTruX HapyLIeHuH KpoBooOpamieHus. HM3BecTHo,
yro B® sBnsercsa O1okaTopom docdoamscTepassl u
CEPOTOHHMHOBBIX CUTHAJIOB, & TAKKE KaJIbIIHEBBHIM aH-
TaroHUCToM. AHTHCcacTuieckuii 3pdexr bD Obun
HCCJIEIOBAH NTPH UILIEMUH TOJIOBHOI'O MO3Ta M KUILIEY-
HUKa [2, 6]. Barut u coaBTops! [6] nokazanu, uro b®
3G PEKTHBEH NMPH MOCTHIIEMUYECKUX TTOBPEIKIACHUSIX
TKaHEe! KHUIIeYHWKa, KOTOPBIE MPOUCXOAAT H3-3a
¢dopmuposanust ADK. [Ipenodpabdotka kpbic BO npu-
BOJAMJIA K CHUYKEHHIO HHTEHCUBHOCTH IPOIIECCOB TIe-
pexucHoro okucieHus munuaos (I10JI), mossimennto
AKTUBHOCTH aHTHOKCHJAHTHBIX ()EPMEHTOB, TEM Ca-
MBIM OKa3bIBasi 3aIIMTHBIA 3PQeKT u cMmsArdas mo-
BPEXKICHUE CIIM3UCTON 00OJIOUYKH KUIICYHUKA.

Bwmecte ¢ Tem Ha ypoBHE H30JIHPOBAaHHBIX MUTO-
XOHAPHUH MokazaHa cniocobHocts b® pazobmars OD
[1]. MoXHO IIPEAIONIOKHUTE, YTO B pe3yJIbTaTe pazoo-
menust OD coznaéres nepunur AT® nna cokparu-
TeIbHON (PYHKIIMU MBIIIIEYHBIX BOJIOKOH, 4TO M 00ycC-
JIOBJIMBAET COCYIOPACHIMPSIONIee M aHTHCIIACTHIEC-
Koe zeficTBus npenapara. OqHako Ha 60Jiee BBICOKOM
KJIETOYHOM, a TeM Ooyiee OpraHHOM ypOBHE pa3o0-
marontee aeiicteue b® He uccien0Banoch.

Lens paboTel — uccienoBanue BiausHus b®d Ha
SHEPreTUYECKHE NapaMeTpbl MUTOXOHAPUH, a TaKxKe
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the uncoupler of oxidative phosphorylation (OP) may
lead to the reduction of the ROS formation and, con-
sequently, of the liver damage under conditions of
ischemia/reperfusion. The experiments using classic
uncoupler 2,4-dinitrophenol (DNP) were performed.
It was shown that its presence in SSS at the stage of
HS with following removal at the start of normother-
mic reperfusion (NR) favorably affected the state of
organ manifesting in the reduced intensity of free radi-
cal processes and preventing of suppression of the
activity of liver antioxidant defense enzymes [5]. In
addition, DNP rendered protective effect on the cou-
pling of OP keeping the respiratory control index at a
high level [4]. However, the possibility of clinical ap-
plication of DNP is restricted with its high toxicity [8],
which stipulates the need in the search of the sub-
stances with the same properties but with no side ef-
fects. An important criterion of the substance selec-
tion is the belonging of initial compound to medical
products.

Bencyclane fumarate (BF) attracted our attention,
it is an acting substance of pharmacological formula-
tion Halidor®, which is referred to the group of myo-
tropic spasmolytics. It is widely used for the treatment
of chronic endartheritis and other disorders of blood
circulation. BF is known to be the blocking agent of
phosphoesterase and serotonin signals as well as cal-
cium antagonist. Anti-spastic effect of BF was stud-
ied during ischemia of brain and intestine [2, 6]. Barut
and co-authors [6] have shown that BF is effective at
post-ischemic lesions of intestine tissues occurring due
to the formation of ROS. BF pre-treatment results in
the reduced intensity of lipid peroxidation (LPO), in-
crease of the activity of antioxidant enzymes, which
thereby protectively affect and mitigate the lesion of
intestine mucous membrane.

Along with this the ability of BF to uncouple OP
was shown in isolated mitochondria [1]. One can sup-
pose that OP uncoupling results in the deficit of ATP
for contractile function of muscular fibers, which stipu-
lates vasodilating and anti-spastic effect of the formu-
lation. However, at higher cell and moreover at organ
level the uncoupling effect of BF was no been investi-
gated.

The research aim is the study of BF effect on en-
ergetic parameters of mitochondria, as well as LPO
and antioxidant defense after HS and NR of isolated
rat liver.

Materials and methods

The experiments were carried-out in white breed-
less male rats (n = 42) in accordance with the "Gen-
eral principles of the experiments in animals", adopted
by the 3" National Congress in Bioethics (Kiev, 2007).
Diethyl ether was used as narcosis.

The peritoneal cavity of anesthetized animals was
opened, the ligature was laid under v. porta, the nee-
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nokazarenu [1OJ] 1 aHTHOKCHTAaHTHOM 3aIMTEI 10 CJIE
I'X 1 HP n301upoBaHHON IEYEHU KPBIC.

Matepnaabl 1 meToAbI

OKCcIepUMEHTHI MPOBOAMIN Ha OenbIx 6ecrnopoa-
HBIX KpbICax-caMmkax (n = 42) B COOTBETCTBHH C
“O0MmuMHU PUHITUIIAMHA SKCIIEPUMEHTOB Ha KHBOT-
HbIX”, omoOpenHbiME 111 HarmonanbHBIM KOHTpeccoM
o 6noatuke (Kues, 2007). 1 HapKo3a UCTIONH30BATTH
JU3TUIIOBBIN (up.

AHecTe3MpOBaHHBIM )KHBOTHBIM BCKPBIBAJIH OPIOLII-
HYIO TIOJIOCTh, TIOA V. porta 3aKiIaAbIBalH JIUTATyPYy,
BBOJWJIM U 3aKpemsnu B Hed urny. Ilociie Havana
nepdy3un HaJaCeKalnu V. cava inf. 1jig o0ecredeHus
orTtoka nepdysara u3 neuenn. OpraH OTMBIBAIIU OT
KPOBH OXJKIEHHBIM (PU3UOJIOTUIECKIM PACTBOPOM
(30-50 mu1) ¢ BCTIONB30BaHUEM TIEPUCTATBTUIECKOTO
Hacoca. [leyeHb >KUBOTHBIX HachIAIH 50 MIT OXJIaXK-
néuanoro go 4°C CCP (250 MM caxapossl, | MM
MgSO,, 0,5 MM CaCl,, 15 mM Na,HPO4, 30 MM
KH,PO,, II2I'-8000, pH 7,4) [4, 5]. ITocne nacpime-
HUS OpTaHa PacTBOPOM XpaHEHUS B V. porta BBOJWIN
KaTeTep, OpraH BRIIEISUTH U XPaHWIIM TIPH TEMITEPaType
0...4°C B Teuenne 18 4. beino chopmupoBano 3
JKCIIEPUMEHTAbHBIE TPYNIBL: | — MHTaKTHAS (CBEXe-
M30JIMPOBAHHAA MIE€YEHb); 2 — KOHTPOJIbHAS (II€9eHb
xpanwn B CCP 6e3 mob6aBok); 3 — ombirHas (CCP
nornonHsaun b®). KonnuecTBo KUBOTHBIX B KaXKAOH
IpyIIe coCTaByAno 5—7.

B pabote ucnonp3oBanu npenapar Jis HHbEKIUH
“Tanunop®’ (OAO "®dapmaneBTHYESCKUN 3aBOJ
OI'IC", Benrpus), conepxammii 50 mr b® B ammyie.

[Mocne I'X meuenp ormbiBanu 20 miu penepdy-
3HOHHOTO PacTBOPa, coiepkaniero 1% Obrabero ChIBO-
POTOYHOTO abOyMUHA, B OTKPBITOW CHUCTEME, 3aTEM
nepdy3upoBalid B peUUPKyIHpyroliel cucteme. O0-
iee Bpems penepdysuu — 60 mun npu 37°C. J{as HP
KCI0JIb30BaIn pactBop Kpebc-Punrep-oukapOoHar,
KOTOPBIM HaChIAIN KapOOT€HOM B T€YEHHE 5 MHH.
CKopOoCTh MOTOKa PErylupoBaiyd B Auana3zoHe 3—
4,5 Mu1/MT TKaHU/MUH TP TUAPOCTATHYECKOM JIaBIIe-
Huu 30-40 MM Box. CT.

MUTOXOHIPUY BBIACTISUIN U3 CBEKEU30IUPOBAHHOM
nedeHn MeToZoM An(hepeHInanbHOro HeHTpUQyTu-
posanusi [17]. HaOyxanue opranemnn B 0,1 M pactBope
NH,NO, uccnenosanu npu JaIvMHe BOJIHBI 546 HM B
KroBeTe 00bEMOoM 3 mut ripu 26°C 1 TOCTOSTHHOM TIepe-
MEITFBAHN.

JpIxaTenpHbIe TapaMeTPhl OTIPEAETISIIN B CyCIICH-
3UM MUTOXOHPUL, a Takxke B 20%-x (W/V) roMoreHa-
Tax revyenu (cpema romoreHmsanuy — 300 MM caxapo-
361, 2 MM D/ITA, 10 MM Tpuc-HCI, pH 7,4).

[Tornomenne KUCIOpoAa U3MEPSIN C MOMOULIBIO
3aKpBITOTO IJIATUHOBOIO 3NeKkTpoaa Knapka B Tepmo-
craTupyemoii sueiike 06béMom 1 M ipu 26°C Ha
nonsiporpade "Rank Brother" model 20, coemnaénHOM
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dle was introduced and fixed in it. After the start of
perfusion v. cava inf. was notched to provide the outflux
of perfusate from liver. Organ was washed-out from
blood with cooled physiological solution (30-50 ml) us-
ing peristaltic pump. The liver of animals was satu-
rated with 50 ml of cooled down to 4°C SSS (250 mM
sucrose, 1 mM MgSO,, 0.5 mM CaCl,, 15 mM
Na HPO,, 30 mM KH,PO,, PEG-8000, pH 7.4) [4,
5]. After organ saturation with the storage solution the
catheter was introduced into v. porta, the organ was
isolated and stored at the temperatures of 0...—4°C for
18 hrs. There were formed 3 experimental groups: 1 —
intact (freshly isolated liver); 2 — control (liver was
stored in SSS with no additives); 3 —experimental (SSS
was added with BF). The number of animals in each
group made 5—7 individuals.

In the research there was used the preparation for
the injection, Halidor® (JSC "Pharmaceutical Plant
EGIS", Hungary) containing 50 mg BF in the ampoules.

After HS the liver was washed-out with 20 ml of
reperfusion solution containing 1% of bovine serum
albumin, in an open system, then it was perfused in
recycling system. Total reperfusion time was 60 min
at 37°C. For NR the solution Krebs-Ringer-bicarbo-
nate, saturated with carbogen for 5 min was used. The
flux rate was controlled within the range of 3—4.5 ml/mg
of tissue/min at hydrostatic pressure of 30—40 mm of
H,O.

Mitochondria were isolated from freshly isolated
liver by means of differential centrifugation [17]. Swell-
ing of organelles in 0.1 M NH,NO, was studied at the
wavelength of 546 nm in 3 ml cell at 26°C and con-
stant mixing.

Respiratory parameters were examined in the sus-
pension of mitochondria as well as in 20% (w/v) liver
homogenates (homogenization medium — 300 mM su-
crose, 2 mM EDTA, 10 mM tris-HCI, pH 7.4).

The consumption of oxygen was measured using
closed platinum Clark’s electrode in thermostated well
of 1 ml at 26°C with polarograph "Rank Brother" model
20 connected to personal computer. The measurement
medium contained 200 mM mannite, 50 mM sucrose,
1 mM EDTA, 10 mM KH_PO,, 30 mM Tris-HCL (pH
7.4).30-50 pul homogenate were introduced into a well.
Respiration substrate was succinate (8§ mM). OP was
initiated with adding ADP (250 uM). The uncoupling
of respiration and phosphorylation were caused by DNP
(100 uM). The curves for oxygen consumption were
calculated according to Estabrook [9]. The respiration
rate was expressed in nmol O /mg of protein/min.

Basal level of TBA-active products was examined
in 20% (w/v) liver homogenates (homogenization me-
dium — 50 mM tris-HCI, 50 mM NaCl, pH 7.4) ac-
cording to the method [5], based on the measuring of
absorption intensity at 535 nm of butanol-extracting
complex of LPO products with thiobarbituric acid
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C IEpCOHANBHBIM KoMIbIOTEpoM. Cpena u3MepeHus
conepxana 200 MM mannuTa, 50 MM caxapo3sl, | MM
O[TA, 10 MM KH,PO,, 30 MM Tris-HCl (pH 7,4). B
sraeiky BHOcuiu 30-50 Mk romoreHara. Cybcrpa-
TOM JIBIXaHU CITY>KHJI cykiuHat (8 MM). Okuciurens-
Hoe (ocopunrpoBaHre WHULMHUPOBATIH 100aBKOM
AJ1® (250 MmxM). Pazobrienue npixanus u pochopu-
nupoBanus Be3bBany BHeceHneM JJTH® (100 mxM).
Pacyer kpuBBIX MOMIOIIEHUS KHCIOPOa POBOAMIN
cortacHo Estabrook [9]. CkopocTb IbIxaHus BEIpaka-
au B HMOJIb O,/Mr Genka/MuH.

bazaneHblil ypoBeHb TBK-akTHBHBIX NPOAYKTOB
onpenensuin B 20%-x (W/v) TOMOreHaTax NeYeH!
(cpena romorenmsanuu — 50 MM tpuc-HCI, 50 MM
NaCl, pH 7,4) mo metoay [5], KOTOpbIii OCHOBaH Ha
M3MEpPEeHNH NHTEHCUBHOCTH MOTJIOMICHHS TPH 535 HM
OyTaHOJI-IKCTParupyeMoro KOMILIeKca MPOAYKTOB
I1OJI ¢ TnoGap6utyposoii kucnoroii (TBK). bazans-
HBIA YPOBEHb BhIpakayd B IMosib MJIA/Mr Gernka.

AKTHBHOCTH ()€pMEHTOB CHCTEMBI aHTHOKCHIAHT-
HOM 3aIIMTHl B TOMOT'€HATaX MEYeHH N3MEPSITH CIIEKT-
pohoTOMETPUYECKH IPH TOCTOSTHHOM TEPMOCTATHPO-
BaHUH ¥ IEPEMEITNBAHNH. YCIOBHUS OTIPEIEIEeHUS A
KaKJI0T0 U3 HUX ObUTH ciiemyromue: katanaza— 0,01 M
K-docoarnsiii 6ydep (pH 7,4), 0,5 MM DITA, 15 MM
H,0,; T =37°C, A (nnuna Bomusl) = 240 HM; ITyTa-
tronnepokcuaasa (I'Tl) — 0,3 M KH, PO, (pH 7,0),
3 MM D/ITA, 1,5 MM NaN,, 32,5 MM GSH, 7,5 MM
H,0,; T =23 °C, A = 260 HM; ITyTaTHOHPENYKTa3a
(I'P) — 0,1 M K-docdarnsrii 6ydep (pH 7,4), 0,1 MM
HAJI®H, 0,5 MM DIITA, 1 MM GSSG; T=37°C, A=
340 um; n1rok030-6-hocdaraernaporenasza (N6 —
0,13 M tpuc-HCI (pH 7,6), 80 MM MgClL,, 3,5 MM
HAJZI®", 7,5 MM timoko30-6-pocdara; T=37 °C, A=
340 aMm [5].

Coneprxanue Oerka B CyCIIeH3UH MUTOXOHPHH 1 TO-
MOreHaTax NeYeH! ONpe eI ONYPETOBBIM METOIOM.

Bce cnekTpodoTomMeTpruecKue HCCIIel0BaHUS
npoBoawiH Ha crekrpodoromerpe "Cary 50" (As-
CTpaJTHsi).

[lonyuyennsle pe3ynsraTsl 00pabaTbIBagu CTaTH-
CTHYECKH C IIOMOIIBIO MakeTa mporpaMM "Statistica
v.5.5" 1 "Origin 7.5". Ilpu OlleHKE TaHHBIX UCIIOIB30-
BaJM mapameTpudeckuii Kpurepuii CtpronenTta (ams
IBIXaTeNbHBIX MAPaMETPOB) M HemapaMeTpPHUYECKHU
kputepuit ManHa- YuTHU (U1 TOKa3aTenei mpooKcu-
JMAHTHO-aHTHOKCHUAAHTHOTO COCTOSIHMSI ), TAHHBIE BbI-
paxanu B Buje M = m. JloCTOBEpHO OTJIMYHBIMU CUHU-
Taau pe3yasTatsl opu p < 0,05.

Pe3yAbTaTbl M 00CYyXXAeHHe

[IpenBapuTensHO OBLUTH MTPOBEICHBI IKCIIEPUMEH-
ThI Ha U30JIMPOBAHHBIX MUTOXOHAPHUSX IIEYEHH KPBIC.
U3 puc. 1 BuaHO, yro unkyOamus B 0,1 M NH,NO, ne
BBI3bIBaJIa HAOYXaHNS MUTOXOHAPHUH, 9TO CBU/IETEb-
CTBYET O HU3KOM IACCUBHOM IMPOHUL[AEMOCTH BHYTPEH-
Heli MeMOpaHbI 11 HOHOB Boslopoza. BHecenne bD

KpnoGMOnOrMM

T. 20,2010, Ne3

(TBA). Basal level was expressed in pmol MDA/mg
of protein.

Activity of enzymes of the antioxidant defense sys-
tem in liver homogenates was measured spectropho-
tometrically at constant thermostating and mixing. The
conditions of examining for each of them were as fol-
lows: catalase — 0.01 M K-phosphate buffer (pH 7.4),
0.5 mM EDTA, 15 mM HO,; T = 37°C, A (wave
length) =240 nm; glutathione peroxidase (GP)-0.3 M
KH,PO, (pH 7.0), 3 mM EDTA, 1.5 mM NaN,,
32.5mM GSH, 7.5 mM H,0,; T =23°C, A = 260 nm;
glutathione reductase (GR) — 0.1 M K-phosphate buffer
(pH 7.4), 0.1 mM NADPH, 0.5 mM EDTA, 1 mM
GSSG; T = 37°C A = 340 nm; glucose-6-phosphate
dehydrogenase (G6PDH) — 0.13 M tris-HCI (pH 7.6),
80 mM MgCl,, 3.5 mM NADPH", 7.5 mM glucose-6-
phosphate; T =37°C, A = 340 nm [5].

Protein content in the suspension of mitochondria
and liver homogenates was found with biuret method.

All spectrophotometrical studies were carried-out
by means of spectrophotometer Cary 50 (Australia).

The findings were statistically processed by means
of the software Statistica v. 5.5 and Origin 7.5. When
assessing the data there were used parametrical crite-
rion of Student (for respiratory parameters) and non-
parametrical one of Mann-Whitney (for the indices of
pro-oxidant — antioxidant state), the data were ex-
pressed as M + m. The results were considered as
statistically different at p< 0.05.

Results and discussion

Preliminary the experiments in isolated mitochon-
dria of rat liver were carried-out. Fig.1 shows that in-
cubation in 0.1 M NH /NO, did not cause the mito-
chondria swelling, testifying to a low passive perme-
ability of inner membrane for hydrogen ions. Introduc-
tion of BF in concentration of 0.3 mM led to high am-
plitude swelling of mitochondria, which manifested in
sharp and significant reduction of optical density of the
suspension under incubation. This allows to state that
the presence of BF increases the proton permeability
of mitochondria inner membrane, i. e. it is protonophore
as well as classic uncoupling agents.

In addition, it has been shown that BF even at quite
low final concentration (0.07 mM) stimulated respira-
tion in the state 4 during oxidation with isolated mito-
chondria of NAD-dependent substrates, and in case
with succinate it started the uncoupling of respiration
and OP at the concentration in the well of 0.2—
0.35 mM. Maximum uncoupling was recorded at BF
concentration of 0.7 mM, further rise in BF concen-
tration caused the reduction in the rate of oxygen
consumption by mitochondria in the state 4.

To select an optimal concentration of BF in storage
solution there were done preliminary studies of respi-
ratory parameters of homogenates after liver HS in
SSS with the following concentrations of BF: 0.05, 0.1,
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B KoHIeHTpauuu 0,3 MM MpUBOANIO K BBICOKOAMITIH-
TYTHOMY HaOyXaHHIO MUTOXOHIPUH, KOTOPOE IPOSIBIISI-
JIOCB B PE3KOM 1 3HAUUTEIBHOM CHUKEHUHN ONITHYECKOH
IUTOTHOCTH MHKYOHPYEMOH CyCIIeH3UH. DTO TO3BOJISET
YTBEPXKIATh, uTO NpucyTcTBHE b® MpUBOAUT K OBBI-
LIEHHUIO MMPOTOHHON MPOHUIIAEMOCTH BHYTpPEHHEHN
MeMOpaHbl MUTOXOHAPHH, T. €. OH SIBASICTCS IPOTOHO-
(hopoM, KaK M KJIIACCHYECKHE Pa300IIUTEIH.

Kpowme Toro, 6pu10 mokazano, uro b® yxe B 10-
BOJIbHO HU3KOW KOHeuHOo! koHueHTparuu (0,07 MM)
CTUMYJIPOBAJI IbIXaHUE B COCTOSTHUH 4 TIpH OKHUCIIe-
HUU U30JMPOBAHHBIMYU MUTOXOHApHsiMA HA J-3aBucu-
MBIX CyOCTpaToB, a B CIIy4ae ¢ CYKIIMHATOM OH Ha4H-
HaJ pazoouiars apixanve 1 O® npu KOHIEHTpAIUY B
staeiike 0,2—0,35 MM. MakcumansHOe pa3oOrieHne
pPETUCTpHUPOBANIOCH NpU KoHUeHTpauuu bd 0,7 MM,
JanpHelee MoBellIeHNe KOHIeHTpannuu b® BrI3bIBa-
JI0 CHI)KEHHME CKOPOCTH TOTPEOIeHUS KUCIIOPOAa MU-
TOXOHAPHUSMH B COCTOSIHUU 4.

Jliis BeIOOpa onmTUManbHOW KOHIEHTpanuu bd B
pacTBope XpaHeHHs ObLTH POBEICHBI TPEABAPHTEIb-
HBI€ HCCTIEIOBAHUS ABIXaTEIbHBIX ITAPAMETPOB TOMO-
reraroB nocie ['’X neuenn B CCP co cnenyrommmu
koH1eHTparusamu bd: 0,05, 0,1, 0,5 u 1 MM. beuto
II0Ka3aHo, YTO BBE/ICHUE B cpely XpaHeHust b B nua-
nazoHe konneHTpanwmii 0,05-0,5 MM He OKa3bIBaeT Cy-
LIECTBEHHOTO BIIMSHUS HA CKOPOCTH OTPEOICHNUS KHC-
nopoga. Ilpu konuentpanuu 1 MM b® BbI3BIBaN pa-
300mmenne O®. OCHOBEIBAsICh HA 3TOM, B ITOCIIEIYIO-
LIUX SKCIIEpUMEHTax B cpely I'X nmedyeHu Kpbic BBO-
aumi 1 MM BO.

B tabnuue npruBeaeHs! pe3yabTaThl UCCIIEI0BAHMS
JBIXaTENbHBIX MapaMETPOB MEUEHU KpBIC, MOABEPT-
myto# ' X u HP B mpucyrcteun 1 MM b® u 6e3 Hero.
B nHTaKTHOII rpyIne ApIXaTenbHbIE TapaMeTphl Ipu
OKHUCIICHUH CyKuuHara V,, V V cocraBisu 1,44 +
0,1,7,02+0,7u7,79 £+ 0 7 HMOTTH O /M Oenka/MuH
COOTBETCTBEHHO. JlbIXaTeIbHbII KOHTpOHI) (1K) 6511
Ha ypoBHe 4,87 +0,2.

l'unotepmuueckoe xpanenue neuenu 6e3 b® npu-
BOJIMJIO K YBEJIMYEHHIO CKOPOCTH MOTIIOIEHHS KUCIIO-
pona V, u pazobmeénnoro apixanus B 1,4 pasa. Ilpu
3TOM CKOPOCTh B COCTOSIHAH 4 Bo3pacTana B 1,7 pa3a,
YTO MPOSIBJISUIOCH B TOCTOBEpHOM cHIkenuu JIK B 1,2
pasa. [Tocnenyromas HP ne Biusina Ha V', HO ipuBo-
JIAJIa K JajJbHEeUIleMy YBETUYEHUIO CKOpOCTI/I V.8 1,7
pasa u cBsizaHHOMY ¢ HUM cHibkeHuto [IK mo cpaBHe-
Humo ¢ I'X.

B onbiTHO rpynne nocie I'X ckopocTh IbIXaHus
B COCTOSIHUH 4 ObLIa JOCTOBEPHO BhIlIE B 1,6 pasa,
YeM B KOHTPOJIE, YTO 00yCIOBHIIO COOTBETCTBRYIOIIIEE
nonwkenue JIK. ITocnenyromas HP BrI3bIBana moBel-
wenue V, B 1,5 pasa o orHoruenuto k I'X. Jlpixarenb-
HBII KOHTPOJIb JOCTOBEPHO CHUKaJCs B 1,3 paza.

Kak BugHO u3 puc. 2, 6a3anbubiii ypoBenb TBK-
AKTUBHBIX IPOAYKTOB, KOTOPBIH B rpymme 1 cocTaBmsn
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10 B® 0,3 MM BF 0.3 mM
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Bpemsa uHkybaummn, MyuH
Incubation time, min

Puc. 1. CHIKeHUE ONTHYECKOH MIIOTHOCTH MUTOXOHAPUH,
WHKYOMPOBAHHBIX B HUTPATE AMMOHUS B IPUCYTCTBUU bD.

Fig. 1. Reduction of optical density of mitochondria incuba-
ted in ammonium nitrate in the presence of BF

0.5, and 1 mM. It was demonstrated that introduction
into the storage medium of BF within the concentra-
tion range of 0.05-0.5 mM do not significantly affect
the rate of oxygen consumption. At the concentration
of 1 mM BF caused the uncoupling of OP. With basing
on this in the following experiments into HS medium of
rat liver 1 mM BF was introduced.

The table presents the research results as for res-
piratory parameters of rat liver subjected to HS and
NR in the presence of 1mM BF and without it. In in-
tact group the respiratory parameters during succinate
oxidation V,, V., V, made 1.44+0.1,7.02+0.7 and
7.79+£0.7 nmol O ,/mg of protein/min, correspondmgly
Respiratory control index (RCI) was at the level of
4.87+0.2.

Hypothermic storage of liver without BF resulted
in the rise in the rate of oxygen consumption V, and
uncoupled respiration in 1.4 times. Herewith the rate
in the state 4 increased in 1.7 times that was mani-
fested in statistically significant reduction of RCI in
1.2 times. The following NR did not affect V, but led
to the rise in the rate V, in 1.7 times and related to it
reduction in RCI if compared with HS.

In the experimental group after HS the respiration
rate in the state 4 was statistically and significantly
higher than in the control, which stipulated the corre-
sponding reduction in RCI. The following NR caused
the rise in V, in 1.5 times in respect of HS. The respi-
ratory control index statistically and significantly re-
duced in 1.3 times.

As Fig. 2 shows the basal level of TBA-active prod-
ucts, which in the group 1 made 369.2 + 26.2 pmol
MDA/mg of protein, after HS increased by 30% and

problems
of cryobiology

Vol. 20, 2010, Ne3



Bnmsane b® Ha npIxaTebHy0 aKTHBHOCTh TOMOT€HATOB IIEUeHH mocie 18 u
THITOTEPMHUYECKOT0 XpaHEHUSI 1 HOPMOTEPMHUECKOH perepdy3un

BF effect on respiratory activity of liver homogenates after 18 hr hypothermic
storage and normothermic reperfusion

NR did not lead to statistically sig-
nificant changes if compared with
HS (group 2). Addition of BF to
the storage solution BF reduced

JN— I'pymma 2 Tpymma 3 this index after HS almost twice
HapaveTpr Tpymma 1 Group 2 Group 3 in respect of the control. Normo-
ey | ! rx IX+HP rx IX+HP thermic reperfusion caused the

Hs HS + R s HS + MR rise in basal level of TBA-active
v, 1,44 = 0,1 250404 | 4204069 | 405+057 | gro=oge  Pproductsin 1.5 times in respect
of HS, though it remained lower

v, 7,02 = 0,7 9,85 = 1,1! 10,10 = 1,21 | 1026 = 14" | 11,50 = 2,5 than the values in the group 2.
Catalase activity in the norm
Vi 7,79 0,7 10,71 = 1,32 | 930 = 2,0 11,26 =09 | 10,50 = 2,3 made 123.2 + 15.9 umol H,0,/
e mg of protein/min (Fig. 3a). This
I-{Aé 4,87 =02 3,04 = 0,6! 2,50 = 0,313 2,40 = 0,312 1,80 = 0,312 index reduced after HS almost
twice, further NR did not result

IMpumeuanue: ' —p < 0,05 orHOCHTEIBHO TpyIIIEI 152 —p < 0,05 OTHOCHTEIBHO rPYIIIIB 2;

*—p < 0,05 orrocurenpro I'X.

Notes: ' — p < 0.05 in respect of the group 1; 2 — p < 0.05 in respect of the group 2; * —

p <0.05 in respect of the HS.

369,2 £ 26,2 nmosib MJIA/Mr Genka, mocie I'X yBe-
nmauBancs Ha 30%, a mocnenytomras HP e mpusoau-
J1a K JOCTOBEPHBIM U3MEHEHUSIM I10 CpaBHEHHIO ¢ I'X
(rpymnma 2). lononnenue pactBopa xpaneHus bd cuu-
’KaJIo JaHHBIN moka3arens mociie ['X moutu B 2 paza
oTHocuTeNbHO KoHTpoIs. [Tocnenyromas penepdy-
3Ws BbI3bIBANA MOBBIICHNUE Oa3anbHOTo ypoBH THK-
aKTUBHBIX IPOIYKTOB B 1,5 pa3a no otHomeHuto k ['X,
XOTS OH U OCTaBajICsl JOCTOBEPHO HIDKE 3HAYCHHH B
rpymme 2.

AKTHBHOCTH KaTasia3sl B HOpMe cocTaBisiia 123,2 +
15,9 mxmons H O, /mr Genka/muH (puc. 3, a). 10T
oKazaresb cHrpKasics mociie I'X modurtu B 2 pasa, 1aib-
Heiimas HP He mpuBouia K TOMOJHUTEIBHBIM €T0
n3meHeHsIM. [IpucyrcrBue b® B pacTBope XpaHeHUs
MIOJIHOCTBIO TPEJOTBPAIATIO CHUKEHUE aKTUBHOCTH
katanasbl nocie I'X. Onaako mociae HP sToT mokaza-
TeNb JOCTOBEPHO CHIDKAJICS 10 KOHTPOJIBHBIX 3HaUe-
HUHN 10 cpaBHeHUIo ¢ ['X.

[MonoOHas TMHAMKKa HAOIIOJAIACH U B OTHOIIIE-
Huu aktuBHOCTH ['6D/I[, KOTOpask B UHTaKTHOH rpymme
cocraBsuia 18,1 + 3,4 umons HAJI®OH/Mr Oenka/mMuH.
[Tocne I'X 3TOT MOKa3arenb HOCTOBEPHO CHUXKAJICS
B KOHTPOJBbHOM rpynne B 1,4 pa3a, ocTaBasch Ha TOM
xe ypoBHe u nocie HP. B rpynne 3 akTuBHOCTB
6T mocie I'X Obliia BhINIE KOHTPOIS U HAXOMU-
J1ach Ha ypoBHE HHTaKkTHO! rpynmsl. [Tocne HP noka-
3aTenp CHIDKaicsA B 1,5 pasza mo cpaBHenuio ¢ ['X
(puc. 3, 0).

AxTtuBHOCTS ['T] B MHTAKTHOM TpyTIIie COCTABIISIIA
0,296 + 0,05 mxmone GSSG/mr 6enka/muH (puc. 3, B).
ITokazatens camxancs B 1,8 pasza mocne I'X, mocie-
nytoiast HP Ha Hero nmpaktuyecku He Bausiia. B mpu-
cyrctBuu b® aktuBHOCTh ['TI TonbKO mocie I'X Obia
BBIIIIE KOHTPOJIbHBIX 3HaYeHUH Ha 20%, a mocie penep-
¢$y3un He OTIInYaIach OT HUX.

KpnoGMOnOrMM

T. 20,2010, Ne3

260

in its additional changes. The
presence of BF in storage solu-
tion completely prevented the re-
duction in catalase activity after
HS. However, following NR re-
duced this index statistically and significantly to the
control values if compared with HS.

Similar dynamics was observed also for the activ-
ity of G6PDH, which in intact group made 18.1 + 3.4
nmol NADPH/mg of protein/min. After HS this index
statistically and significantly reduced in the control
group in 1.4 times remaining at the same level after
NR too. In the group 3 the activity of G6PDH after
HS was higher than the control and was at the level of
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Puc. 2. Bnusinne b® nHa Ga3anbHbIi ypoBeHb TBK-akTHBHBIX
npoxykToB B iedenn nocsie I'X u HP: Bl — rpymma 1; B -
rpymma 2; 0—rpymma 3; *—p < 0,05 oTHOCHTEIBHO IpyIbI 1;
* — p < 0,05 orHOocuTenpHO rpymmsl 2; * — p < 0,05
oTHOCcUTENBHO ['X.

Fig. 2. Effect of BF on basal level of TBA-active products
in liver after HS and NR: B — group 1; B — group 2; 00—
group 3; *—p<0.05 in respect of the group 1; * —p <0.05 in
respect of the group 2; ~ — p < 0.05 in respect of the HS.
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Fig. 3. BF effect on activity of enzymes of liver antioxidant defense system: a — catalase; b— G6PDH; c — GP; d — GR; ll -
group 1; 8- group 2; 00— group 3; #—p <0.05 in respect of the group 1; * —p <0.05 in respect of the group 2; * —p < 0.05

in respect of the HS.

AxtuBHOCTh I'P B rpynme 1 coctasmsina 21,6 +£2,9
umoisib HAJIOH/mr 6enka/mun (puc. 3, ). [Tocne I'X
Habmonanock Oonee yeM 4-KpaTHoe YMEHBIIIEHHE aK-
TUBHOCTH (hepMeHTa, KOTOpoe coxpaHsitock nocie HP.
B rpynme 3 nokasatens ObIT B 3 pa3a BhIIe KOHTPOIIb-
HBIX 3Ha4eHn# Kak nmocie I'X, Tak u mocae HP.

[Tomy4yennsle naHHBIE CBHIETEIBCTBYIOT O TOM,
YTO MpeIoaraeMbIii 3auTHBIN 3 et bD, ocHO-
BaHHBIN Ha €ro pa3o0ILaloIIeM IeHCTBUH, B OTHOILIE-
HUU UIIEMHYECKU-penep(y3nOHHBIX MOBPEXKICHHUMA
MUTOXOH/IPHUI MEUEHH PeaIn3yeTCsl TUIIb YaCTUYHO.
UrtoOsl yOemuThCS B 3TOM, JOCTATOYHO CPABHUTD MPU-
BEJICHHBIE PE3YNbTaThl C MOJIYYEHHBIMH paHee MpHU
WCIoNb30BaHuu pasoduurens JJHO [4, 5].

ITpu uccnenoBanuu Bnugaausi b® B coctaBe cpebl
I'X Ha npIxarenabHble MapaMeTpbl MUTOXOHAPUMN ITe-
YeHH OBUIO MOKa3aHO, YTO XPaHEHHE NMPUBOAMIIO K
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intact group. After NR the index reduced in 1.5 times
if compared with HS (Fig. 3b).

Activity of GP in intact group made 0.296 +
0.05 umol GSSG/mg of protein/ min (Fig. 3¢). The in-
dex decreased in 1.8 times after HS, the following NR
almost did not affect it. In the presence of BF the ac-
tivity of GP only after HS was higher that the control
values by 20% and after reperfusion did not differ from
them.

Activity of GR in the group 1 made 21.6 +2.9 nmol
NADPH/ mg of protein/ min (Fig. 3d). After HS more
than 4-fold reduction in enzyme activity was observed,
it was kept after NR. In the group 3 the index was 3
times higher than the control values both after HS and
NR.

The obtained results testify to the fact that the sup-
posed protective effect of BF, based on its uncoupling
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YBEJIMYECHUIO CKOPOCTH IBIXaHHS BO BCEX COCTOSIHUSX.
Tak xak 3HaueHue V; pociio mapamiesnbHo ¢ V3p, MBI
HE MOXEM 3TO CBA3aTh C YCHJICHUEM aKTUBHOCTH IIsI-
TOT0 KOMILIEKCA AbIXaTeNbHOM emny, T. e. AT®-cunTa-
3bl. [10 Bcell BUIUMOCTH, B 3TOM CIIy4ae YBEJIUUECHHE
CKOPOCTH JIbIXaHUsi 0OYyCJIOBIEHO akTUBanuen dep-
MEHTOB IIMKJIa TPUKapOOHOBBIX KHCIIOT, Y4aCTBYIOIINX
B OKHCIICHHHU CyOCTparta, 4To MOKET OBITh CBSI3aHO C
aJanTanuei K MIIeMHAN JEKTPOH-TPaHCIOPTHOM e
[11]. Kpome Toro, 3Ha4MTENBHOE yBENU4IeHHE V, CBU-
JIETENBCTBYET O MOBBIMIEHHUHN MTPOTOHHON MPOHUIIae-
MOCTH BHYTPEHHEH MEMOpaHbl MUTOXOHAPHH B yCIIO-
BusIX uiemud [ 13], 94To sBisieTcss IpuarHON pa3ooie-
Hust OD u camxenns J1K.

Hanpneiimas HP nedenu ycyryOGusia mpouecchl
pOCTa CKOPOCTH ABIXaHUS B COCTOSHUM 4 U CHUKECHHUSA
JK. Ilpucyrctue B cpene b® npusoauino k emé
OonpLIeMy YBETHYEHHUIO MPOBOANMOCTH MEeMOpPaHBI
IUT IPOTOHOB nocie ['X 1o cpaBHEHHIO C KOHTPOJIEM,
YTO U IEMOHCTPUPOBAJIO €T0 PAa300IIAIOIINE CBOMCT-
Ba. CxomHas cuTyanus HaOIonanach W B ciydae C
JAH®. Oxnako B ommune ot cutyaruu ¢ JJHD, xorma
nociie penepdy3ur CKOPOCTh JBIXaHUS B COCTOSTHUM
V, cHrKanach B 2 pasa 10 CPAaBHEHHIO C KOHTPOJIEM,
YTO CHOCOOCTBOBANIO YBEJIWYCHUIO CTETICHH COTIpSi-
xerust O® u nosermenuto K [4], B® npusogmn x
enié OoNbIIEMy pa300IeHHIO.

[IpucytcrBue B cpene xpanenuss b® okaszanocs
3¢ $EeKTUBHBIM B OTHOLICHUH IPEyIPEXKICHH ITepe-
KHCHBIX MPOILIECCOB B MeUeHU. ba3anbHbI ypOBEHb
TBK-akTUBHBIX IPOAYKTOB B KOHTPOJBHON IpyIIe
yBenuuuBaics nocie I'X n ocraBancst TAaKUM K€ BbI-
cokuM nocne HP, cBuaeTenscTByst 00 HHAYKINHU IPO-
neccos [10J1 B xone nmemun/penepdysun. JJanHbrii
MoKazareypb ObLT 3HAYUTENFHO HUXKE B MPUCYTCTBUH
B® Ha Bcex aramax skcrepuMenTa. 1ot 3pdexT mo-
JKeT OBITh CBSI3aH C MPEAIOIaraéMoi ClTOCOOHOCTHIO
pazo0muTest CHIKaTh Iponykiuio ADK, Tem campiM
npenoTrBpamas ycuienue [1OJI. B coywae ¢ JTHD
ypoBeHb TBK-akTHBHBIX MPOAYKTOB ObLT OAMHAKOBO
Hu3kuM Kak nocie I'X, tak u HP [5]. benuuknana
(byMapaT JHIIbL YaCTUYHO MIPEAOTBpAaIall IOBBIIICHHE
atoro nokaszaresns rnocie HP no cpaBrennto ¢ I'X, xots
OH U 0CTaBaJICS JOCTOBEPHO HUKE KOHTPOJISL.

B oTHOwmEHNN aKTUBHOCTH ()EPMEHTOB CHCTEMBI
AHTHOKCUJAHTHON 3aIIMTHI TaKXe HaOII0aInch
paznuuuns mexay aeicteuemM JIH® u b®. AkTuBHOCTD
BceX (DepMEHTOB JJOCTOBEPHO CHIKANIACHh B KOHTPOITb-
HOH Tpymme y)Xe Ha 3Talle XpaHEeHUs U OCTaBaiach
HU3KOU mocie penepdy3un. OTH JaHHBIE COOTBET-
CTBYIOT pe3yJibTaTaM paboT Mo HCCIICOBAHUIO AKTHB-
HOCTH (DEPMEHTOB B YCJIOBUSAX OKCUIATUBHOTO IOB-
pexaeHus nocie umemun/penepdysuu [14, 15].
3ammtHoe AeiictBue b® oTHOCUTENHHO QEepMEHTOB
AQHTHOKCHJIAHTHOM 3aIUTHI OBbUIO BBISBJICHO B OCHOB-
HOM Ha 7tarne ['X. Ero nmpucyTcTBue B cpesie XpaHEHU
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effect in respect of ischemia/reperfusion damage of
liver mitochondria is realized just partially. To confirm
this, the presented results could be compared with re-
cent data on using of uncoupling agent DNP [4, 5].

When studying the effect of BF as a component of
HS medium on respiratory parameters of liver mito-
chondria it has been shown that the storage resulted in
the rise of respiration rate in all the states. Since V,
increased in parallel with V..me WE can not refer this to
the strengthening of the activity of the fifth complex of
respiratory chain, i. e. ATP-synthase. Evidently in this
case the rise in the respiration rate is stipulated with
the activation of enzymes of the tricarboxylic acid cy-
cle participating in the oxidation of the substrate, that
may be related to the adaptation to ischemia of elec-
tron-transport chain [ 11]. In addition, significant rise in
V, testifies to an increase of proton permeability of
mitochondria inner membrane under ischemia condi-
tions [13], that is the cause of OP uncoupling and RCI
reduction.

Further NR of liver aggravated the processes of
the increased respiration rate in the state 4 and RCI
decrease. The presence of BF in the medium led to
much more rise in the permittivity of membrane for
protons after HS if compared with the control, that
was also demonstrated its uncoupling properties. Simi-
lar situation was observed in the case with DNP too.
However in contrast to the situation with DNP, when
after reperfusion the respiration rate in the state V,
reduced twice versus the control, that testified to the
rise in the extent of OP coupling and increased in RCI
[4], BF led to much bigger uncoupling.

The presence of BF in the storage medium was
effective for prevention of peroxidation processes in
liver. Basal level of TBA-active products in the con-
trol group increased after HS and remained the same
high after NR, testifying to the induction of LPO proc-
esses during ischemia/reperfusion. This index was sig-
nificantly lower in BF presence at all the stages of
experiment. This effect may be related to the supposed
ability of uncoupling agent to decrease the production
of ROS, thereby preventing LPO strengthening. In the
case of DNP the level of TBA-active products was
equally low both after HS and NR [5]. Bencyclane
fumarate only partially prevented the rise in this index
after NR if compared with HS, although it had remained
statistically lower than the control.

As for the activity of enzymes of the antioxidant
defense system the differences between the effect of
DNP and BF were observed. The activity of all the
enzymes statistically and significantly decreased in the
control group even at the storage stage and remained
low after reperfusion. These data conform the results
of the researches on the studying the activity of en-
zymes under conditions of oxidative damage after
ischemia/reperfusion [14, 15]. Protective effect of BF
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MIOJIHOCTBIO TMPENOTBpaIiaio HabIonaeMoe B KOHT-
pOJIe CHIDKeHHE aKTUBHOCTH Karasassl 1 ['6D/I1 mocie
I'X. Ilocnenyromas penepdy3nst HUBEIUPOBaAiIa 3TOT
3¢ (dexT, moayyeHHbIEe NAaHHbIE HE OTIMYAIHUCHh OT
KOHTPOJIbHBIX 3Ha4eHui. AKTHBHOCTB ['T] ToXe Oblia
JOCTOBEPHO BBILIE KOHTPOJIA TONBKO nocie I'X, xots
U HE JIOCTHTrajla MHTAaKTHOTO ypoBHs. MckmroueHue
cocrasnsuia I'P, akTHBHOCTH KOTOpO# Oblia BbIIIE
IoKa3aTesiell KOHTPOIbHOM IpyMIibl Kak nocie I'X, Tak
u nocne HP, Ho Huxe 3HaYeHUs! HHTaKTHOW TPYTIIbI.

Hexotopoe HecooTBeTCTBIE B AMHAMUKE [Ty TATHOH-
3aBUCUMBIX (hepMeHTOB U I 6D/II" MOKHO OOBSICHUTD
ciaenyromuM obpazoM. CHmwkenne aktuBHOCTH 11
rocie penepdy3nn, BUIUMO, CBSI3aHO HE C HEAOCTAT-
KOM cyOcTpara (BOCCTaHOBIEHHOTO IITyTaTHOHA), a C
noBpexaeHneM camoro ¢pepmenTa. KocBeHHBIM CBU-
JETENBCTBOM 3TOTO IPEIOIO0KEHUS ABISAETCS COX-
paHeHHE Ha BCEX 3Talax JKCIEpPUMEHTA BBICOKOM
akTUBHOCTH ['P, koTOpas kaTaausupyeT peakLHIo
BOCCTAHOBJICHUS] OKHCIIEHHOTO ITyTaTHOHa. B aTtom
cirydae ee cyocTpaToM mocie pernepdy3uu, BUANMO,
CIIY’)KUT OKUCIICHHBIH ITyTaTHOH, 00pa30BaHHBINH He-
(hepMEeHTAaTUBHO, B pe3yibTaTe HEMOCPEACTBEHHOTO
B3auMozeicTBus GSH co cBOOOIHBIMU paJlKaIaMu
[10].

I'myratnonpenykrasa, Kak M3BECTHO, SIBISETCS
HAJI®H-3aBucumeim pepmentom. ObpasoBanue
HAJI®H B nenrozopochaTHom mryHTe 00ecrieurnBaeT
pabora I'6DJII". OxHaKO B CBSI3U C TEM, UTO €€ aKTHB-
HOCThb B IpucyTcTBUH B® n0cTOBEPHO BBIIIE KOHT-
POIBHBIX 3HAYEHHH TOJIBKO Iocie I'X, MOXKHO Ipearo-
JIOXKUTh, YTO HEOOXOIUMBIH [UIs [Ty TAaTHOHPELyKTa3bl
HAZI®H mnocne penepdy3un moctynaer oT Jpyrux
HAI®H-renepupyommux cucteM (Maauk-(hepMEHT,
M30IUTPATAETUAPOTeHA3a ), KOTOPBIE MOTYT YaCTHYHO
KOMIIEHCHPOBATh KOJWYECTBO BOCCTAHOBIEHHBIX
SKBUBAJICHTOB [12].

3amuTtHOe aerictBue npucytcrsus JH® B cpene
XpaHEHUs TJIaBHBIM 00pa30M MPOSABISIIOCH HA 3Tare
HP. Uckmrouenuem ssisnacs ['P, akTHBHOCTB KOTOpO#
ObLa BhILIE KOHTPOJIBHBIX 3HAYCHHUH TONBKO rocne ['X,
anocrymenne GSH nocne penepdysun a1 HopMasb-
Horo ¢pyHkuuonupoBanus I'Tl o0bsicHsATIOCHE ero 61o-
CHHTE30M de n0v0o C TOMOLIbIO TaMMa-IITy TAMHHLUC-
TEMHWICHHTETA3bl, 2 HE BOCCTAHOBIEHUEM PENyKTa-
30i. B ycnosusix HP ynanenne JJH® npoucxoauiio
[IOCTETNIEHHO, a 3HAYUT M MEMOpPAHHBIA MOTEHIHA,
KOTOPBIX CHU3MICA BO BpeMs I'X, BoccTaHaBIMBaICs
[IOCTETIEHHO, TEM CaMbIM HE CO3/aBasi MPEIIOCHUTOK
1uist OpicTporo oopazosanust ADK u nnurmanmu [1OJT.

Tax kak 3amutHbId 3¢ ekt JHD peanusyercs Ha
srane HP Tonbko nmocne ero ynanenus, yero He HaOJo-
naetcs B ciaydae ¢ b®, MOXKHO NpPEnoIoKUTh, YTO
pasznuyme B UX JEHCTBUHU 3aKJIIOYAETCAd B TOM, YTO
JH® cBs3piBaeTCsi CHIBOPOTOUHBIM ajibOyMUHOM [3]
Y IPAKTUYECKH MTOTHOCTHIO YAAISIETCA N3 MUTOXOH/I-
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as for the enzymes of antioxidant defense was revealed
mainly at the stage of HS. Its presence in storage
medium completely prevented the observed in the con-
trol reduction of activity of catalase and G6PDH after
HS. Following reperfusion neutralizes this effect, the
findings did not differ from the control values. Activity
of GP was statistically higher than the control only af-
ter HS, though it did not reach the intact level. The
exception was GR, the activity of which was higher
than the indices of the control group both after HS and
after NR, but lower than those of the intact group.

Some mismatching in the dynamics of glutathione-
dependent enzymes and G6PDH may be explained as
follows. The decrease in GP activity after reperfusion
is likely related not to the lack of substrate (reduced
glutathione) but to the damage of the enzyme itself.
Indirect proof of this supposition is the keeping of high
activity of GR at all the stages of the experiment, which
catalyzes the reaction of reduction of the oxidized glu-
tathione. In this case its possible substrate after
reperfusion perhaps serves oxidized glutathione, formed
not with enzymes as a result of direct interaction of
GSH with free radicals [10].

Glutathione reductase as it is known is NADPH-
dependent enzyme. The formation of NADPH in
pentosophosphate shunt is provided by the activity of
G6PDH. However, due to the fact that its activity in
BF presence is statistically higher than the control val-
ues only after HS one can suppose that essential for
GR NADPH after reperfusion comes from other
NADPH-generating systems (malic-enzyme, isocitrate
dehydrogenase), capable of partial compensation of the
number of reduced equivalents [12].

Protective effect of DNP presence in the storage
medium was mainly manifested at the NR stage. The
exception was GR, the activity of which was higher
than the control values only after HS, and GSH enter-
ing after reperfusion for normal functioning of GP was
explained by its biosynthesis de novo by means of
gamma-glutamine cycteinyl synthetase, but not reduc-
tion with reductase. Under NR conditions DNF was
removed gradually and therefore the membrane po-
tential, which was reduced during HS recovered gradu-
ally, thereby not creating the preconditions for a rapid
ROS formation and LPO initiation.

Since the protective effect of DNP is implemented
at the stage of NR just after its removal, that is not
observed in the case with BF, one may suppose that
the difference in their effect consists in the fact that
DNP binds the serum albumin [3] and is quite com-
pletely removed from mitochondria during washing-out
prior to NR, enabling them to recover of the integrity
of metabolic processes. As for the BF, according to
the data on its pharmokinetics [7] it in a greater extent
circulates in blood in a free state (only 30% of prepara-
tion is bound with plasma proteins), i. e. its potential
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puii B xoze otMbIBKH niepen HP, mo3Bosnsist um Boccra-
HOBHTDH LIEIIOCTHOCTH META0O0IMYECKUX MPOLECCOB.
UYro e kacaerca bd, To cormacHo maHHBIM O €ro
(apmaxokuHeTHKe [ 7], OH B OOJbILIEH CTETIEHH LIUPKY-
JUpyeT B KPOBH B cBOOOgHOM BUe (Tonbko 30%
mpernapara CBS3bIBACTCS C IUIA3MEHHBIMU OelKaMu),
T. €. €ro MOTEHIHaJbHAs CITIOCOOHOCTH CBS3ATHCS C
anp0yMHHOM ¥ OBITh yHaJ€HHBIM M3 TIEUEHU Mepen
peoKcureHanueil JocratouHo mana. Takum obpazom,
HECMOTpsI Ha TO, YTO 3TO CBOMICTBO OTHOCHTCS K TPEH-
MymectBaM b® ¢ Touku 3peHus papMaKoIOrHYECKOH
3¢ PEeKTUBHOCTH, OHO K€ CYIIECTBEHHO MUHUMU3UPYET
BO3MOXKHOCTH yJaJIeHUs Ipenapara u3 nedenu npu HP
U CHMXAET MOTEHIHaJI €r0 MPUMEHEHHS KaK KOMIIO-
HEHTa KOHCEPBUPYIOIIETO pacTBopa. B cBs3u ¢ atum
MOUCK BEILIECTB, KOTOpBIE 00Nafar0T CBOHCTBAMHU
"MSTKOTO pazobmurens’, HO MpU HEOOXOIUMOCTH
MOTyT OBITH ynaneHsl Ha sTane HP, ocraércsa ak-
TyalbHBIM IS Pa3pabO0TKH HOBBIX MOAX0m0B B ['X
OpraHoB.

BbiBOABI

1. Ha m30nupoBaHHBIX MHUTOXOHJpUAX MEYEHU
KpBIC TTOKa3aHOo, 4TO pa3oOmatomiee nericreue bd
00yCIOBIEHO YBEIMYECHUEM POTOHHOM HPOBOIMMOCTH
BHYTpPEHHEH MEMOpaHHBI.

2. Beenenune b® B cpeny ['’X nmeueHn KpbIc BBI3BI-
BaJjio pazobuenne O, yTo CONMPOBOKAATOCH CHIKE-
HueM 6azanpHoro ypoBHsA TBK-akTHBHBIX TPOIyKTOB
Y TIpeOTBpAIleHHeM CHUKEHHS aKTHBHOCTH aHTH-
OKCH/IaHTHBIX ()ePMEHTOB.

3. Ha sranre HP nmonoxwutensusiii a¢dext bO Ha
MIEPEKUCHBIE IPOLIECCHI U CUCTEMY AaHTHOKCUIAHTHOM
3aIIUTHI 3HAYUTEIFHO OCTIA0IISIICs, YTO OTPAaHUYUBACT
MIEPCIEKTUBY €r0 IPUMEHEHNS KaK KOMIIOHEHTA CpeJl
I'’X opranos.
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ability of binding with albumin and be removed from
liver prior to re-oxygenation was quite low. Thus, in
spite of fact that this property is related to the advan-
tages of BF as for pharmacological efficiency, it sig-
nificantly minimizes the possibility of the preparation
removal from liver during NR and reduces the poten-
tial of'its application as the component of preservation
solution. In this connection the search for the sub-
stances with the properties of "mild uncouper", which
may be removed if necessary at the stage of NR, has
remained an actual one for the designing the new ap-
proaches in organ HS.

Conclusions

1. In rat liver isolated mitochondria there has been
shown that uncoupling effect of BF is stipulated with
an increase in proton conductivity of inner membrane.

2. Introduction of BF into HS medium of rat's liver
caused the uncoupling of OP, which accompanied with
the decrease in basal level of TBA-active products
and prevention of the reduction in the activity of anti-
oxidant enzymes.

3. At the stage of NR a positive effect of BF on
peroxidation processes and antioxidant defence sys-
tem was significantly wakened, that restricts the per-
spective of its application as the component of HS
media of organs.
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