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Lenv: M3ydeHNEe U3MECHEHUI aKTUBHOCTH HEKOTOPHIX (DEpPMEHTOB aHTHOKCHJIAHTHOHN 3aIUTHI B JUHAMUKE Pa3BUTHS
HIIEMUYECKU-Perep(y3nOHHOTO OBPSIKICHUS TIEUYCHH Y KPBIC.

Mamepuanst u memoosl. UCCIICTOBAHUE MTPOBEACHO Ha 95 OebIX HEMHEWHBIX KpbIcaXx-camiax maccoit 240—280 rpamm,
pa3lieNeHHbIX Ha TPYIIIbI )KUBOTHBIX, OMOJOTHYECKHI MaTeprall KOTOPBIX 3a0upajics B TeueHre 5—20 MUHYT HIIEMHUYECKOTO
nepuoaa u 5—20 MuUHYT penephy3MOHHOTO MEPUOJA C MHTEPBAIOM 5 MUHYT. JJIT OIleHKH H3MEHEHHN aHTHOKCHIAHTHOM
CHCTEMBI OMPEEISUIA aAKTUBHOCTh CYNEPOKCHATUCMYTA3bl U KaTaiaa3bl SPUTPOIUTOB U TOMOTCHATA IIEYCHH, a TaKKe OOIIYIO
AHTHOKCHJIAHTHYIO aKTHBHOCTb.

Pe3ynomamul.; IPOBENICHHBIE MCCIICNOBAHMS MOKA3AIM Pa3BUTHE ricOanaHca COOTHOIICHHUS! aKTUBHOCTH KaTaya3bl U CyIep-
OKCHJTUCMYTAa3bl TMPU PA3BUTHHU HIIEMHYECKU-PENepPy3UOHHOTO CHHAPOMA CO CIBUIOM JAHHOTO COOTHOIICHMSI B CTOPOHY
npeoOagaHusl KaTana3HoW aKTHBHOCTH HA CUCTEMHOM M CYTIEPOKCHATUCMYTAa3HOH Ha OPTaHHOM YPOBHSX IOCJIE BOCCTAHOB-
JIeHUs KpoBoTOKa. KpoMe TOoro, oTMedaeTcsl yBeIMUCHHE aKTUBHOCTH HCCIIEIYEMBIX (EPMEHTOB 3PUTPOIUTAPHON B3BECH
JI0 2-X pa3 OTHOCHTEIBHO KOHTPOJISL, 0OCOOEHHO B MIIEMHUYECKHHA MEPUOJ, U TCHACHINH K MIPOTrPECCUPYIOIIEMY CHUKEHHUIO
aKTHBHOCTH 3THX ke ()epMEHTOB B TKaHu nedeHu. OOIass aHTHOKCHIAHTHAS aKTUBHOCTh B MINIEMHYCCKH-Pernepdy3nOHHBIN
MEepUOJI CHIKACTCS YXKe K 5-i MUHYTe WIIEMUU B 2 pa3za U coxpaHseTcs Ha ToM xe yposHe (0,04—0,05 mr/a BuramuHa
C B mepecuere Ha 1 rpamM OeJika TOMOI'eHaTa) B TEUCHHE BCETO AKCIICPUMEHTA.

3aknouenue: MoNyYEHHBIC PE3YJIBTATH MIOKA3BIBAIOT BO3MOXHOCTH OICHKH (BYHKIIHOHAIBHOTO COCTOSIHHUSI CHCTEMBI
OKHCJIMTEIbHO-BOCCTAHOBUTEILHOTO TOMEOCTa3a >KUBOTHOTO INPH HIIEMHYECKH-perep(Hy3MOHHOM TOBPEKICHUN ICYCHH,
a BMECTe CO CHIDKCHHOW OOIIeH aHTHOKCHAAHTHOW aKTUBHOCTBIO YKa3bIBAIOT HA HEOOXOAMMOCTh META0O0IMIECKOMN MMOMICPIKKH
JTAHHOTO 3BCHA CUCTEMBI HECTICIIU(PHUCCKON PE3UCTCHTHOCTH JIJIsl KOPPEKITUH PA3BUBAIOIINXCS HAPYIICHHUH.
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Cunapom unreMun-penepdys3un IedeHrn — ITO
CIIOXHBI KOMITJIEKC MaTOJIOTMYECKUX U aJJalTUBHBIX
peakuuii opraHu3Ma, BKIIOUYAIOIINX KackaJ MeTado-
JIMYECKUX, UMMYHOJIOTHYECKHX U MOP(OIOrHIeCKIX
n3MeHeHu# [1—2], pa3BUBaOIMMXCA B Pe3yabTaTe
penyuupoBaHUs KPOBOTOKA B OpraHe ¢ Mocleny-
IOIIMM €ro BoccTaHoBIeHueM. [Ipekpaiienue mo-
CTYTUICHUS KUCIIOPOJa MPUBOAUT K MHBEPCUU MeE-
TaboJyiu3Ma ¢ a3pOOHOIr0 OKUCIIEHUS Ha TIIMKOJIM3,
SABJISIONTUNACS MeHee 2Heprodd(peKTUBHBIM, UYTO
COIIPOBOKJAETCS 3HAUUTENILHBIM CHIKEHUEM CHH-
Te3a AT® B TKaHAX U HAKOIUICHHEM HEJOOKHCIICH-
HBIX MPOAYKTOB. JlanpHelnas penepdysus neueHu
HEpEJIKO CTAHOBUTCS IPUYMHOM 3HAYUTEIBHOTO TO-
BPEXKICHUS IeNaTOLUTOB, SHIOTENNS KalluJUISIpOB
U DTUTEIUS KETYHBIX IPOTOKOB.

BenymuM naTo0MOXUMHUYECKHM MEXaHU3MOM
Pa3BHUTHUS CHHIIPOMA HUIIEMHUHU-penepy3un meueHu
SIBTISIETCS. OKUCIIUTENBHBINA cTpecc. JlucOanmanc Mex-
Ty TKaHEeBOI MOTPeOHOCTBIO B KUCIOPOJIE U JI0CTaB-
KOM, a Takke pe3Koe BO3pacTaHHe ero MaplyaibHOro
JABJICHUS B TKAHU MEUYEHH IMOCJIe BOCCTAHOBJICHUS
KPOBOTOKa CO3JAIOT OJIarompusTHBIC YCIOBUS IS
o0Opa3oBaHus CBOOOIHBIX PAJUKAIIOB (CYNEPOKCH/I-
aHMOHA, MEePEKUCH BOJIOPO/a, TUAPOKCHIILHOTO pa-
JuKaga). 3TO B CBOKO OYepeb MPUBOIUT K aKTHBA-
IIUH TIPOIIECCOB MEPEKUCHOTO OKUCIICHUS JTUMHIOB,
KOTOPOE BEJIET K AIbTEPAllMU KIETOUHBIX U CyOKIIe-
TOYHBIX MEMOPAHHBIX CTPYKTYP T€naTonuToB [3—7].
[IpencraBnenre o MexaHU3Max IMPOLECCOB, COMPO-
BOXKJAIOIIMX CHHAPOM HILEMHUH-penepPy3uu mneve-
HU, MOKET CTaTb OCHOBOM ISl pa3pabOTKH HOBBIX
HAayYHO OOOCHOBAHHBIX METOJUK, MO3BOJISIOIINX
YIIyYIIUTh KaueCTBO TPAHCIUIAHTALIMOHHBIX U JIpY-
TUX OONIMPHBIX OTEpaIliii HAa OpraHax renaToOwIn-
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apHOM CHCTEMBI, a TAK)K€ CHU3UTh PUCK Pa3BUTHUS
IIOCJIEONIEPALIMOHHBIX OCIIOKHEHUH.

Lenpro HACTOSAIIEr0 MCCIIEAOBaHUS OBLIO U3Y-
YeHUe M3MEHEHHI aKTHBHOCTHU HEKOTOPBIX (epMeH-
TOB AHTHOKCHJIQHTHOM 3allIUTHI B JUHAMHKE Pa3BHU-
THUS UIIEMUYECKH-penep(y3HOHHOTO MOBPEXKICHHS
IIEYEHU y KPBIC.

MATEPHWAJ1bl U METOADI

HccnenoBanue npoBeaeHo Ha 95 Genbix He-
JTUHEWHBIX MOJIOBO3PETBIX KPbICaX-cCaMI[aX Maccoil
240—280 rpamm. VcmbiTyembie 1ab0paToOpHBIC JKU-
BOTHBIE COJIEPXKAITUCh Ha 0aze y4eOHO-IPOU3BOICT-
BeHHOTO oTaAena (BuBapus) ®I'BOY BO KyoI'MY
Munsnpasa Poccuu. Bee nccnenoBanus npoBoau-
JUCh B cooTBeTcTBUU C «[IpaBunamu, npUHATHIMU
B EBpOIEiCKoi KOHBEHIIMU 110 3alIUMTE IT03BOHOY-
HBIX )KUBOTHBIX» (CTpacOypr, 1986) u Obu1u 07100-
PEHBI JTOKaJIbHBIM 3TUYeCKUM KomuTeToM OI'BOY
BO Ky6I'MY Munsapasa Poccun (mpotokomn Ne 51
oT 23.05.2017 r.). Bce MaHUMyJIAIUH TPOBOIMITUCH
noj obmieit anecresueit 3onermwiom 100 («Virbacy,
Opanmus) 10 MI/Kr BHYTPUMBIIIIEYHO.

KontponpHas rpynna (rpynmna 1) 6buta npen-
CTaBJIeHa KUBOTHBIMU (1 = 12), y KOTOpBIX 3abupa-
Jach KpoBb B oObeme 150 MK W3 KayaaabHOM
mmoJioi BeHsI uepe3 5, 10 u 15 MuHyT mocie ocyie-
CTBJICHUS JIAMIAPOTOMUU. 2-51 KOHTPOJBbHAS TpyMIa
(rpymma 2) 6pU1a mpecTaBiieHa >KUBOTHRIMU (12 = 10),
y KOTOPBIX 3a0upanack KpoBb B 00beMe 150 Mk
13 KayJTanbHOM 1oJoi BeHsl uepes 5, 10, 15 u 20 mu-
HYT COyCTs 15 MUHYT mociie OCYLIECTBICHHUS Jiaria-
poromuu. KuotHble 3-i1 Tpynmsl (n = 15) mocne
CPEIMHHOM JIanapoTOMHUH MOABEPTaIUChH MEPEKATHIO
aHaJiora TIEYeHOYHO-/IBEHAIIIATUIIEPCTHOM CBS3KU
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(ITAC) Ha 15 MuHYT C ocyIIeCTBICHUEM 3a00pa Kpo-
BU yepe3 5, 10 u 15 MuHyT nocne Havana UIIeMHUH
B oO0bemMe 150 MK U3 KayJajdbHOW IMOJION BEHBI.
JKuBotnsie 4-i1 rpymmel (n=14) moaepraauce 15-
MUHYTHOMY niepexxartuto anajuora I1JIC ¢ 3a6opom
KpoBHU B oO0beme 150 MK U3 KayJaabHOW TOI0M
BeHbl uepe3 5, 10, 15 u 20 munyt peniepdys3un. [
OIIEHKM M3MEHEHUN Ha OpPraHHOM YpOBHE OBLIU
chopMUpOBaHbI 4 aHATOTUYHBIE TPYTIIIHI, Y KOTOPBIX
MIPOM3BOAMIICS 3a00p 00pasia neuenn maccoi 0,15—
0,20 r. KonTponsHas rpynmna (rpynna lm) Osuta
npeacTaBieHa XuBOTHbIMU (n = 10), y KOTOpBIX
3abupaiics obpaser| nmeuenu yepes 5, 10, 15 u 20 mu-
HYT I0CJI€ OCYIIECTBJICHHUS JaapOTOMUU. 2-51 KOHT-
ponbHas rpynmna (rpymnmna 2m) Obuia mpencTaBlieHa
#HUBOTHBIMU (1 = 10), y KOTOpBIX 3abupascs obpa-
serr meyenu depes 5, 10, 15 u 20 muHyT crycts
20 MUHYT MOCJE OCYIIECTBJICHHS JIallapOTOMUMU.
Kusotnsie 3n rpymnimsl (n = 12) mocne cpeTuHHOMI
JanapoTOMUU MOABEPraJIUCh MEepPEekKaTUIO aHaiIora
[TJIC na 20 MuHYT C OCyIIecTBIEHHEM 3a0opa 00-
pasua neyenu uepes 5, 10, 15 u 20 MUHYT UIIEMHH.
JKuBotasie 411 rpynmsl (n = 12) moasepranuch 20-
MUHYTHOMY TiepexaTuto anajora [1/IC ¢ 3a6opom
ydacTka nedenu gepes 5, 10, 15 n 20 munyt pe-
nepdy3uu.

Takum o0pazom, ObUTH CPOPMHUPOBAHBI TPYIITIHI
YKUBOTHBIX, OMOJIOTHUECKUI MaTepuall KOTOPBIX 3a-
Oupascs B TeueHrue 5S—20 MUHYT UIIEMHUYECKOTO
nepuoja u 5—20 MHUHYT penepdhy3uOHHOTO MEpHO-
Jla ¢ UHTEPBAJIOM 5 MUHYT. Tak Kak KpOBb U NIeUeHb
HEOJIHOKPATHO 3a0UpalIiCh Y OJTHUX U T€X JKUBOT-
HBIX, JIJIs1 OIICHKH BIUSIHHSI KPOBOIIOTEPH U TIOBPEXK-
JICHUS TIEYEHU BCIIEJICTBUE €€ YACTUYHOM pe3eKLnHy,
ObLTH CPOPMHUPOBAHBI aHAJIOTUYHBIE TPYIITHI KOHT-
POJIBHBIX KPBIC.

JInd OUeHKM M3MEHEHUN aHTUOKCHIAHTHOMU
CHCTEMBI OTIPENENSUId aKTUBHOCTU CYTIEPOKCHUINC-
myTasbl (COJ), xkatanassl (KAT) remonm3zara 3put-
POLIMTOB U TOMOT€HAaTa MeueHH U OOLIYI0 aHTHOK-
CHUJaHTHYIO akTuBHOCTH (AOA) B roMoreHare Ie-
yeHn. AkTuBHOCTh KAT ompenensiau mo ckopoctu
YTUIM3AIMU TIEPOKCHa BOJOPOIa, KOTOPYIO PEru-
CTPUPOBAIIX IO MOMJIOLIEHUIO cBeTa Ipu 260 HM [8].

EXPERIMENTAL PHYSIOLOGY

AxtuBHOCT, COJl ompenessuiu 1Mo CTENeHu TOp-
MOYKCHHSI ayTOOKHCIeHUus KBepreruHa [9]. OO6-
myro AOA omnpenensimu metonoM FRAP (Ferric
Reducing/Antioxidant Power), BBoAs B U30BITKE
nonsl Fe’" u dporomerpudeckuii peareHT — 2,2’-
munvpuani [10]. B romorenare neyenu onpenensuiu
KOHIIeHTpanuio 6enka metoaom bpandopna ¢ kpa-
cutenem Kymaccu [11], pacuer aktuBHOCTH (hep-
MEHTOB ¥ KOHIEHTPAIUU [NTyTaTUOHA IPOU3BOIMIN
Ha 1 rpamm Oenka roMoreHara.

PesynbraTel uccnenoBanusi oopabaTeiBaam cTa-
TUCTUYECKH C UCIOJIb30BAHUEM CHUCTEMBI CTaTUCTU-
yeckoro aHanm3a Stat plus LE. Jlanubie nmpencras-
nsu B Buae meawansl (Me), 25-ro m 75-ro mep-
cenruiieit (p0,25/p0,75). C yuerom kputepusi ManHa-
YUTHU pErUCTPUPOBAIM M3MEHEHHUS TMOKa3aTesen
y J)KMBOTHBIX Pa3HbIX TPy, Kputepui Buikokcona
WCIIOJIB30BAJIM JIJISl OLIEHKU Pa3JIMuMid TTOKa3aTesen,
MOJTyYEHHBIX y JKUBOTHBIX OJHOM T'PYIIIBI, JOCTO-
BEPHBIM CUHATAIH pazinuuue npu p < 0,05.

PE3YJIbTATbl U OBCYXXAEHUE

[Ipu aHanu3e MOTyYEHHBIX TaHHBIX BBISBICHO
HanOoJiee BhIpAXKEHHOE YBEJIMUYECHHE KaTala3HOU
AKTUBHOCTH 3PUTPOLIMTApPHOM B3BeCH K 10-i1 MuHyTE
UIIIEMHYECKOro Nepruosia — B 2 pa3a, o CPAaBHEHUIO
C TIEpHOIOM S-MHHYTHOTO Tiepexarus anasora [1/1C.
[Ipu 5TOM B cpaBHEHHH CO 3HAUEHUSMHU KOHTPOJIS
KaTana3Has aKTUBHOCTH MIPU MEpeKaTUH aHaJIora
ITJC B Teuenue 5 MuHyT ObUTa CHUXKEHA Ha 14%.

Heo6xoammo oTMETHTh, YTO U3MEHEHHS AKTUB-
HOCTH PacCMaTpUBaEMOro (pepMeHTa B KOHTPOIBHOM
rpynIe >KUBOTHBIX B TEUEHHE KaK HIIEMUYECKOTO
HepuoJia, Tak U penepPy3uoHHOIO HE OTMEYAIOCh.
JlanbHelee pa3BUTHE UIIEMUIECKOTO U penepdy-
3MOHHOT'O MEPHOJIa XapaKTePHU30BaJIOCh BHICOKUMHU
CTaOWIBHBIMU 3HAYCHUSMU KaTala3HOW aKTUBHOCTH
SPUTPOLUTOB Ha ypoBHE 10—12 MMOIBL/(IXMUH),
U TONBKO K 20-if MHUHYTE BOCCTAHOBJICHUS KPOBO-
TOKa OBLJIO OTIPENIETICHO elle HeOOIbIIoe YBeIUe-
Hue ¢epMeHTaTUBHON akTUBHOCTH Ha 10—20%, oT-
HOCHUTEJIPHO 3HaYEHUN aHAJIOTHYHOTO MOKa3aTels
Opu Tpeapaymux 3abopax KpoBH. AKTHBHOCTH
CYNEepOKCUITUCMYTa3bl IPUTPOLIUTOB Kojebanach
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B OoJIee MIMPOKKX TIpeieNiaX, U €€ U3MEHEHHs He BCer-
Ja ObUTM TaKUMU OJHO3HAUHBIMM, KaK U3MEHEHHS
AKTUBHOCTH KaTaJla3bl.

K 5-it munyTe nmemun aktuBHocts CO/l apur-
pouuTapHOii B3BecH cHMkanach Ha 10%, 3aTem aHa-
JIOTUYHO W3MEHEHHIO KaTala3HOi aKTMBHOCTU OBLIO
onpeneneHo ysenndenue B 1,9 paza. B nanbHeiiem
otMmeyaics poct aktuBHoctu CO/J] eme Ha 20%
K 15-if MUHYTE UIIEMHUH U OTHOCUTEIBHO HU3KHUE
3HAYEHUs aKTUBHOCTU JaHHOTO ()epMEHTa B SPUTPO-
LMTapHON B3BECH K 5-i MUHYTE€ BOCCTAHOBJICHHS
KpPOBOTOKa — TOJIbKO B 1,5 pa3 mpeBbIlIAIONINe
KOHTpOJbHBIE IUQPHL. B 1emom penepdy3noHHbII
MEPUO XapaKTepUu30BaiIcs Oojiee HU3KUMHU 3HAYE-
HusaMu aktuBHocTH CO/] mo cpaBHeHHIo ¢ nepuo-
JIOM HILEMUU U, TOJBbKO K 20-if MuHyTE pernepdy3uu
HaMETWIOCh YBEJIMUEHHE aKTUBHOCTU JTAHHOTO (ep-
MEHTA JI0 3HAYECHHI MOKa3aTessi S-MUHYTHOM HIlIe-
muu (Tabn. 1). OueHka COOTHOIICHUS aKTUBHOCTH

KAT/CO/l nokasana nojaep:aHue ero Ha ypoBHe,
OJIM3KOM K €IMHUIIC B TEUEHHE BCETO MEePHOIa UIIIe-
MHH, YTO MOXKET XapaKTepPHU30BaTh BMECTE C JIAHHBI-
MU 00 yBEIMUYEHUHU aKTUBHOCTH 000HX (pepMEHTOB
B 2 pasa aJanTHBHbIC H3MEHEHUS, HAlPaBICHHBIC
Ha TIOATOTOBKY K Pa3BUTHIO OKUCIUTEIBHOTO CTpec-
ca B MEPHOJ] AKTUBHOTO BOCCTAHOBJICHHUS KPOBOTOKA.
B kakoii-To crenenu takoit 3¢ PeKkT MOXKET OBITh
00yCJIOBTICH YCHJICHUEM aKTHUBHPYIOIIETO BIUSHUS
cynepokcuaHoro aHnoH-pagaukaia Ha CO/l u nmepok-
cuna Bogopoaa Ha KAT BBumy o01iero oTHOCUTENb-
HOTO YBEJIMYCHUS HANIPSDKEHUS KUCIOPOa B KPOBH
MPY BBIKJIIOUYEHUH TIEYEHU W3 CHCTEMHOTO KpPOBO-
toka. [lepuon penepdy3un xapakrepuszyercs: yBeu-
yerreM cootHomenus KAT/CO/] no 1,5—1,9 enu-
HUII, YTO CBUJETEIHCTBYET O MPEUMYIIECTBEHHOM
TeHepaIuy MePOKCHIa BOJIOPOa U BO3MOKHO CHU-
KEHHOU PE3UCTEHTHOCTH K 00pa30BaHUIO Cymep-
OKCHJIHOT'O aHUOH-PaJNKAaIA.

Tabnmya 1
U3mMeHeHus akTUBHOCTU (PEePMEHTOB aHTUOKCUAAHTHOW 3aLLUTbl S3PUTPOLIUTOB
npu nwemum-penepdysum neyeHm kpbic (Me(p0,25/p0,75))
Mepwnog, Bpewms, K-KAT, KAT, mmonb/(n4muH) K-CO/J, oTH.en. CO/L, oTH.en.
MWH. MMOJb/(NYMUH)
Nwemnsa 5 5,29 4,56* 30,2 27,8*
(4,86/5,65) (4,28/4,89) (28,6/32,6) (25,4/28,9)
10 5,08 10,26*" 33,0 51,8*"
(4,72/5,44) (9,18/10,60) (31,3/33,7) (47,0/54,3)
15 6,02 10,30* 35,7" 61,3*"
(5,55/6,34) (9,83/10,79) (32,2/36,8) (55,5/63,9)
Penepdyaus 5 5,33 11,45* 32,4 47,3*"
(4,95/5,70) (10,57/11,80) (30,4/34,0) (45,6/50,1)
10 5,25 11,09* 31,1 40,0*"
(4,85/5,5,77) (10,78/11,80) (30,2/33,5) (37,4/45,0)
15 5,40 11,84 34,5 38,9*
(5,02/5,82) (11,48/12,35) (31,6/36,8) (37,3/43,5)
20 5,23 13,06*" 33,5 48,3*"
(4,90/5,56) (12,40/13,85) (30,8/34,8) (44,5/50,4)
lNpymeyaHne: * — cTaTUCTMHeckn 3Haunmble oTamyms (p < 0,05) OT COOTBETCTBYIOLLLErO NoKa3aTensi KOHTPONbHON rpynmbl; * — CTaTUCTUYECKN

3HaumMmMble oTamyms (p < 0,05) mexay AByMS nokasaTensiMu, onpeaeneHHbIMU ¢ 5-MUHYTHBIM MHTEPBAIOM MweMumn-penepdyanu.
0O603HayeHus: KAT, COL, — akTMBHOCTb GepPMEHTOB KpbIC OnbITHbIX rpynn; K-KAT, K-CO/[, — akTMBHOCTb (PEPMEHTOB KOHTPOJIbHBIX MPYM.

DepMeHTHl aHTUOKCHUIAHTHOM 3aIIUTHI TKAHU
MEUYEHU NPETEepreBaii B OCHOBHOM H3MEHEHUS
B CTOPOHY IIPOTPECCUPYIOLLETO CHUKEHHS UX AKTHB-
HocTU. VIHTEepecHO Takke OTMETUTh, YTO AKTUBHOCTh
KAT xOHTpONBHBIX KHUBOTHBIX CHUKAJach 10 3Ha-
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YyeHui nourtu B 1,5 pasa HUKE UCXOAHBIX. Y KpBIC,
MOJIBEPraBUIMXCS UIIEMUHU-penepy3un, KaTanazHast
aKTUBHOCTb TKaHW NIEYEHU CHIKanach K 10-if MuHyTe
umemuueckoro nepuoaa Ha 20% u k 20-ii MuHyTE
TOrO e nepuoa emie 6oaee yem Ha 20% 1o cpas-
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HEHHIO C MPEIbIIyIIMMU 3HAYEHUSIMU paccMaTpH-
BaeMOro MoKazaresi, OJTHAKO B IIeJIOM MTOKa3aTeNln
aKTHBHOCTH KaTajia3bl B JaHHBIN MEPUO/]] IOBPEXKIe-
HUSI TIEUEHU COOTBETCTBOBAIM KOHTPOJIBHBIM 3Haue-
HUsAM. BelpaxkeHHOe cHMXeHue akTUBHOCTH KAT
B cpeaHeM B 1,5—2 pasza mo CpaBHEHUIO C KOHT-
POJBHBIMU 3HAUYEHUSAMU OBbLIO ONPENESICHO Y KHUBOT-
HBIX B TIEpHOJI pernepy3uu.

AxtuBHOCTH, COJ] TKaHM MEeYEHU KPBIC KOHT-
pOJIBHOW TpYyINIBl HE MpeTepreBaia M3MEHECHUU
BO BPEMEHH TIPH 3a00pe KPoBH 0€3 MOJEITUPOBAHUS
ureMun-penepy3un. Y KUBOTHBIX OMBITHBIX TPYIIIT
oTMedaNioch cHmxkeHue aktuBHoctd COJ[ meyenun
Ha 15% K 5-i1 MUHYyTE UILIEMUU C TaTbHEHIIIUM CHU-
KEHUEM aKTUBHOCTHU (epMeHTa emle Ha 15% k 20-ii
MUHYTE MILIEMUUYECKOTO MopaxkeHus oprasa. [lepuoy
penepdy3un XxapaKTepU30BAIICS 3HAYCHUSIMH aKTHB-
Hoctu COJI B mipesienax KOHTPOJIBHBIX UG B TEUE-
HUE 5—15 MUHYT moclie BOCCTaHOBJIEHUSI KPOBO-
TOKAa CO CHIDKEHHEM aKTHUBHOCTH (epMmeHTa K 20-ii

MUHYTE Ha 25% OTHOCUTENLHO KOHTpOJIA (Tali. 2).
Cootrnomenne aktuBHOCTH KAT/COJI romorenara
TICYCHU B HMIIIEMIYECKUI TIEPHUO]T XapaKTEPH30BATIOCH
3HAYCHUSIMH, Om3kuMH K equaute (1,2—1,6 equ-
HUIIBI), C HEOOIBITUM MpeobiaaHueM KaTarazHOM
aKTUBHOCTH. DTO, BO3MOKHO, HEOOXOIMMO IS Yac-
TUYHOTO BO3BPAIICHUS aKTHBHBIX (POpPM KHCIIOpoa
B IICTTb TIEPEHOCA DJIEKTPOHOB B YCIIOBUAX CHIKCH-
HOTO MapITUATHLHOTO JIABJICHHS KUCIIOPO/ia B HITIEMH-
3UPOBAHHOW TKaHU W oOecmeunBaeT Oosee ddek-
TUBHOE ITPOTEKAHUE SHEPTETHIECCKOTO META00IM3Ma.
B nepuon penepdysun coorHomenune KAT/COL
CMEIIAeTCs B CTOPOHY Mpeo0aaHusl aKTUBHOCTH
CO/L (0,5—0,8 equum). B manHbIi nepro/; BpeMeHH
pe3Koe yBENMUYEHHE OKCUTEHAINH TIEYSHU COMTPOBOXK-
JaeTcs TUIEPIPOAYKITEH CBOOOHBIX PaJNKaJIOB,
B MEPBYIO OuYepeab MPOAYKTa OJHOIIEKTPOHHOTO
BOCCTAHOBJICHUSI KUCIIOPOJIa — CYMEPOKCUIHOTO
AHUOH-paUKana.

Tabmya 2
U3meHeHns akTUBHOCTU HPEepPMEHTOB aHTUOKCUAAHTHOW 3aLunTbl MEeYEeHU KPbIC
npu ee uwemun-penepodysum (Me(p0,25/p0,75))
Mepwnop, Bpewms, K-KAT KAT, K-CoJA, coa,
MWH. MMOJIb/(NXMUHXT 6erka) MMOJIb/(NXMUHXT 6erka) OTH.en./r 6enka OTH.en./r 6enka
Nwemnsa 5 2,71 2,52 12,5 10,7*
(2,35/2,90) (2,30/2,78) (11,8/12,8) (10,2/11,1)
10 2,17" 2,01" 11,6 9,0**
(2,02/2,42) (1,79/2,20) (11,4/12,0) (8,4/9,6)
15 1,88 2,39 12,0 9,7*
(1,60/2,03) (2,00/2,48) (11,7/12,4) (9,2/10,0)
20 1,88 1,72° 11,8 9,1*
(1,59/2,02) (1,54/1,95) (11,5/12,3) (8,8/9,4)
Penepdysus 5 2,31 1,41*" 11,7 12,4"
(2,01/2,56) (1,23/1,59) (11,3/12,1) (11,7/12,8)
10 2,17 1,61* 11,8 11,8
(2,00/2,41) (1,43/1,72) (11,5/12,1) (11,5/12,2)
15 1,83" 0,80*" 12,0 12,2
(1,60/1,97) (0,73/1,05) (11,6/12,3) (11,8/12,5)
20 1,94 1,23* 11,5 8,5*"
(1,64/2,10) (0,95/1,36) (11,3/11,9) (8,0/9,0)
lMpymeyaHme: * — cTaTUCTUYECKN 3HaYMMble oTn4dms (p < 0,05) OT COOTBETCTBYIOLLLErO NokasaTenst KOHTPOJIbHOM rpynmbl; * — CTaTUCTUYECKU

3Ha4MMble oTanymsa (p < 0,05) mexay AByMSsl nokasaTensiMu, onpeaeneHHbIMU C 5-MUHYTHbIM MHTEPBAIOM MLLIEMUK-penepdy3nn.
0O603HayeHys: KAT, CO, — akTMBHOCTb GePMEHTOB KpbIC OnbITHbIX rpynn; K-KAT, K-CO/[, — akTMBHOCTb PEPMEHTOB KOHTPOJIbHBIX MPYM.

HccnenoBanue o0Iell aHTHOKCHIAHTHOM aK-
TUBHOCTH TOMOI'€HATa MEYEHU KOHTPOJIbHBIX KHU-
BOTHBIX TTOKA3aJI0 COXPAHEHHE €€ B TEYEHUE BCETO
skcniepuMenTa Ha ypoBHe 0,08—0,10 mr/m Buta-

EXPERIMENTAL PHYSIOLOGY

muHa C (IPUHSATOTO 3a CTAaHIApT) B Iepecyere
Ha | rpamm Oenka romoreHnara. B umemuuecku-pe-
nepy3uOHHBIN TIEPHOJT 00IIas aHTHOKCHIAHTHAS
AKTUBHOCTh CHMYKAETCA YK€ K 5-ii MUHYTE UIIEMUU
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B 2 pa3a u coxpansercst Ha ypoBHe 0,04—0,05 mr/n
ButamuHa C B mepecuere Ha 1 rpamm Oenka roMo-
reHaTa B TEYCHHE BCETO HKCIepUMeHTa. B MoMeHT
penepdy3ur MOKHO OBLIO ObI 0XKHUIATH CYIIECTBEH-
HBIX U3MEHEHUH, OJTHAKO BEPOSITHO, YTO YCHIICHHE
B 3TOT MEPUOJI CBOOOAHOPATUKAIBHBIX MPOLECCOB
YPaBHOBEIIMBAJIOCH CHA0KEHHEM aHTHOKCHIaHTAMH
U3 KPOBH.

3SAKJTIOMEHUE

[omyueHnHble pe3ynbTaThl HOAPOOHO ONMHUCHIBA-
IOT U3MEHEHUS! aKTUBHOCTH (DEPMEHTOB HEPBBIX
JIMHUN aHTUOKCHUIAHTHOM 3aIllUTHI U OOIIEH aHTH-
OKCHJIAHTHOM aKTUBHOCTHU Ha CUCTEMHOM U OpraH-
HOM YpPOBHsIX B TeueHHe 20 MUHYT HIIEMHUYECKOIO
HOBPEXICHHS IIEYEHH! U B PaHHUI penepgy3uOHHbIH
nepuon.

20-munyTtHOE Tiepexkatue [1JIC c menpro BbI-
KJIFOUEHHs NEYE€HH U3 CUCTEMHOIO0 KPOBOTOKA IIPH
OIlEpaTUBHBIX BMEIIATENbCTBAX WM IPEKpaALICHUE
KPOBOCHA0XEHHs JaHHOTO OpraHa BCJEICTBHE JIPY-
I'Mx NpuuyuH B TeueHue 20—30 MUHYT ABISIOTCA
Hau0oJee akTyaJlbHbIMU BPEMEHHBIMU ITPOMEKYT-
KaMU M3y4eHUs (PyHIaMEHTAIbHbBIX ¥ KIMHUYECKUX
aCIIEKTOB UIIEMHYECKU-penep(y3nOHHOTO TOBPEX-
JIEHU NeYeHU. B 3T0 BpeMs opraH coxpaHseT xKu3-
HECIIOCOOHOCTB, U €Ille BO3MOXHO €ro COXpaHeHHE
IpU BOCCTAHOBJICHMH KPOBOTOKA, a IyTeM MeTa0o-
JMYECKOro BO3JECUCTBUS Ha HanOoJee YyBCTBUTEIb-
HBIE 3BEHBS [1aTOr€HE3a BO3MOXKHO IIPEIOTBPAIICHUE
pa3sBUTHSA NIEYEHOYHON HENOCTAaTOYHOCTH B MO3HUE
cpoku penepdy3un. Pe3ynbTaTsl HACTOSIIErO HCclie-
JIOBaHUs MOKa3ajau Pojb U3MEHEHUH aKTHUBHOCTH
KaTanasbl U CYNEPOKCUITUCMYTa3bl KPOBU U TIEYEHU
B TE€YEHUE PacCMaTPUBAEMOTO MATOJIOTHYECKOIO
npotiecca. Tak, moka3zaHo pa3BUTHE AuUcOaNaHca co-
otHoueHus: aktuBHoctu KAT/CO/] npu pa3sutun
UILIEMUYECKU-penep(y3MOHHOIO CHHPOMA CO C/IBU-
I'OM JAHHOTO COOTHOILEHMs B CTOPOHY Mpeodiaa-
HUS KaTajJa3HOW aKTUBHOCTH Ha CUCTEMHOM U CyTIEp-
OKCHUJAMCMYTAa3HOM Ha OPraHHOM YPOBHAX IOCIIE
BOCCTaHOBJIEHHS] KpOBOTOKa. Kpome Toro, ormeuaercst
YBEIMYEHNE aKTUBHOCTHU HCCIIETYyEMBIX ()EPMEHTOB
SPUTPOIUTAPHOU B3BECH, OCOOCHHO B MIIIEMUYCCKUAN
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MEepUOJ, U TEHJAEHIUU K MPOTPECCUPYIOIIEMY CHU-
KEHUI0 aKTUBHOCTH ITUX K€ (EPMEHTOB B TKaHHU
MEeYCHU. DTO yKa3bIBA€T HA BO3MOXXHOCTH OICHKH
(YHKITMOHAILHOTO COCTOSIHUSI CUCTEMBI OKHCITUTEIb-
HO-BOCCTAHOBUTEIILHOIO TOMEOCTAa3a KUBOTHOTO NpU
UIIeMHYECKU-penepdy3nOHHOM TOBPEXKICHUU Tie-
YeHH, a BMECTE CO CHIDKEHHOM OOIeH aHTHOKCH-
JIAHTHOM aKTUBHOCTBIO ITOKA3LIBAET HEOOXOIUMOCTD
MeTaboIMYeCKON MOAIEPKKH TaHHOTO 3BEHA CHUC-
TEMBbI HecTIeIU(PUIECKON PE3UCTEHTHOCTH.

OUHAHCUPOBAHUE UCCJIEJOBAHUSA

Pabota BBITIONIHEHA TP MOIEPKKE TOCYIAPCTBEHHOTO 3a/1a-
Husl MuHucTepcTBa 31paBooxpanenust Poccuiickoit denepaivu
(ot 28.01.2015 1. 4. 1, pazgen 1) «OcymiecTBieHHe TPHUKIAI-
HBIX HayYHBIX HCCIICJOBAHHI, B TOM YHMCJIE POBEJCHNE JOKIIH-
HIYECKHUX HCCIIEAOBAHUN JICKAPCTBEHHBIX CPEICTB M KIWHH-
YECKHX HCCIIEJOBAaHUN JICKAPCTBEHHBIX TPEIapaTOBY.
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ACTIVE DYNAMICS OF THE ENZYMES OF THE ANTIRADICAL PROTECTION
AND THE GENERAL ANTIOXIDATIVE ACTIVITY BY THE DEVELOPMENT
OF THE EXPERIMENTAL ISCHEMIC REPERFUSION OF LIVER

K.A. Popov, .M. Bykov, G.A. Ermakova, 1.Y. Tsymbalyuk

Kuban State Medical University of the Ministry of Health of Russia,
Krasnodar, Russia

Abstract. The purpose of the study: to research the active changes in several enzymes of the antioxidative protection
within the dynamical development of the liver reperfusion in rats.

Materials and methods: the study has been performed on 95 white non-lineal male rats with the mass of 240—280 g divided
into groups, the biological material of which has been sampled within 5—20 minutes of the ischemic period and 5—20 minutes
of the reperfusion period with the interval of 5 minutes. To evaluate the changes of the antioxidative system the activity of the
superoxide dismutase, the erythrocyte catalase and the liver homogenate as well as the general antioxidative activity have
been determined.

Results: the performed study has demonstrated the imbalance development for the relation between the activity of catalase
and superoxide dismutase by the development of the ischemic reperfusion syndrome with the change of this relation to the
prevalence of the catalase activity on the systemic level and the superoxide dismutase activity on the organic level after the
circulatory restoration. Besides the increase in activity of the studied enzymes from the erythrocyte, meal by 2 times in comparison
with the control group has been determined especially at the ischemic period as well as the tendencies to the progressive activity
decrease of the same enzymes in the liver tissue. The general antioxidative activity in the period of ischemic reperfusion has
been decreasing to the fifth minute of ischemia by 2 times and has lasted on the same level (0.04—0.05 mg/1 of vitamin C
in terms of 1 gram of homogenate protein) during the entire experiment.

Conclusion: the received results have demonstrated the possibility for the evaluation of the functional state for the system
of oxidative restorative homeostasis in an animal by ischemic reperfusion of the liver against the background of the lowered
general antioxidative activity. It was marked also the necessity of the metabolic support of this link within the system of non-
specific resistance for the correction of the developing disorders.
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The hepatic ischemia-reperfusion syndrome is  nological and morphological changes developing as
a complex of pathological and adaptive reactions of a result of the reduced blood circulation within an
an organism including a variety of metabolic, immu- organ with its further restoration [1—2]. The cessa-
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tion of the oxygen supply leads to the metabolic
inversion from aerobic oxidation to glycolysis, which
is less energy efficient; the change is accompanied
by the sufficient decrease of the ATP synthesis
in tissues and the accumulation of the under-oxidized
products. The further liver reperfusion is often a
cause to the considerable damage of hepatocytes,
capillary endothelium and epithelium of the bile
ducts.

The leading pathobiochemical development
mechanism of the ischemia-reperfusion syndrome
of liver is the oxidative stress. The imbalance be-
tween the tissue necessity in oxygen and its delivery
as well as the rapid increase of its partial pressure
in the liver tissue after the circulative restoration
provides favorable conditions for the formation of
free radicals (superoxide anion, hydrogen peroxide,
and hydroxyl radical). In its turn that leads to the
activation of processes concerning the peroxide oxi-
dation of lipids which causes the alteration of cellular
and subcellular membrane structures of hepato-
cytes [3—7]. The idea of processes accompanying
the ischemic reperfusion of liver may become the
basis for developing new scientifically justified
methods, which allow improve quality of transplant
and other general operations on the organs of the
hepatobiliary system and also lowering the risk of
postoperative complications.

The purpose of the present research is to study
the active changes in several enzymes of the anti-
oxidative protection within the dynamical develop-
ment of the liver reperfusion in rats.

MATERIALS AND METHODS

The study has been performed on 95 white non-
lineal adult male rats with the mass of 240—280 g.
The test animals have been captivated at the educa-
tional training-and-production department (vivarium)
of the Kuban State Medical University of the Minis-
try of Health of Russia. All studies have been per-
formed in accordance with “The Rules Accepted
in the European Convention on the Protection of
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Vertebrate Animals” (Strasbourg, 1986) and has
been approved by the local ethical committee of
the Kuban State Medical University of the Ministry
of Health of Russia. (protocol N 51 of 23.05.2017).
All manipulations have been performed under the
general anesthesia by means of Zoletil 100 remedy
(““Virbac”, France) in proportion of 10 mg/kg intra-
muscular.

The control group (Group 1) has been presented
by animals (n = 12) that have been sampled blood
in volume of 150 mcl from the caudal vena cava in 5,
10 and 15 minutes after the performed laparotomy.
The second control group (Group 2) has been made
up of animals (n = 10) that have been sampled blood
in volume of 150 mcl from the caudal vena cava in 5,
10, 15 and 20 minutes after 15-minutes-period after
the performed laparotomy. The animals of the 3rd
group (n = 15) after the median laparotomy have
been undergone the clamping of hepatoduodenal
ligament (HDL) analogue for 15 minutes including
the blood sampling in 5, 10 and 15 minutes after the
ischemia beginning in volume of 150 mcl from the
caudal vena cava. The animals of the 4th group
(n = 14) have been undergone the clamping of HDL
analogue for 15 minutes including the blood sam-
pling in volume of 150 mcl from the caudal vena
cava in 5, 10, 15 and 20 minutes of reperfusion.
To evaluate the changes on the organic level 4 groups
have been formed that have been sampled the liver
tissue in mass of 0,15—0,20 g. The control group
(Group 1p) has been presented by animals (n = 10),
that has been sampled the liver tissue in 5, 10, 15 and
20 minutes after the performed laparotomy. The
second control group (Group 2p) has been presented
by animals (n=10), that has been sampled the liver
tissue in 5, 10, 15 and 20 minutes after 20 minutes
after the performed laparotomy. The animals of the
3" group (n = 12) after the median laparotomy have
been undergone the clamping of HDL analogue for
20 minutes including the blood sampling in 5, 10,
15 and 20 minutes of ischemia. The animals of the
4™ group (n=12) have been undergone the clamping
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of HDL analogue for 20 minutes including the liver
sampling in 5, 10, 15 and 20 minutes of reperfusion.
Thus the biological material of the groups of animals
have been formed has been sampled within the period
of ischemia from 5 to 20 minutes and within the
period of reperfusion from 5 to 20 minutes with the
5-minute interval. Since blood and liver have been
sampled many times from the same animals, so for
further evaluation of the influence of the blood loss
and liver damage because of its partial resection the
analogical control groups of rats have been formed.

To evaluate the changes of antioxidative system
the activity of superoxide dismutase (SOD), catalase
(CAT), erythrocyte hemolysate and liver homoge-
nate as well as the general antioxidative activity
(AOA) in the liver homogenate have been deter-
mined. The CAT activity has been determined in
accordance to the utilization of hydrogen peroxide
that has been registered according to the absorption
of light by 260 nm [8]. The SOD activity has been
determined in accordance to the slowdown of the
quercetin self-oxidation [9]. The general AOA has
been determined by means of the FRAP method
(Ferric Reducing/Antioxidant Power) including the
excessive injections of Fe* ions and the photometric
reagent, namely 2,2°-dipyridyl [10]. In the liver
homogenate, the protein concentration has been
determined in accordance with the Bradford protein
assay including Coomassie dyes (Coomassie Bril-
liant Blue G-250) [11], the calculation of enzyme
activity and glutathione concentration have been
performed to 1 gram of protein homogenate.

The results of the study have been statistically
processed by means of the system of statistical ana-
lysis Stat plus LE. The received data have been
presented in form of a median (Me), 25" and 75™
percentile (p0,25/p0,75). Against the background
of the Mann-Whitney U-test the index changes have
been registered in animals of different groups while
the Wilcoxon signed-rank test has been used for eva-
luation of the difference in indices received from
animals of the same group, the difference by p <0,05
has been considered to be reliable.

EXPERIMENTAL PHYSIOLOGY

RESULTS AND DISCUSS

By the analysis of the received data, the most
expressed increase of the catalase activity in the
erythrocyte meal to the 10" minute of the ischemic
period has been revealed by 2 times in comparison
with the period of 5-minute-clamping of the HDL
analogue. Besides, during the comparison with the
control indices the catalase activity by the clamping
of the HDL analogue for 5 minutes has been lowered
by 14%. It is necessary to underline that the changes
in activity of the observed enzyme in the control
group of animals both during the ischemic and reper-
fusion period have been not detected. The further
development of the ischemic and reperfusion period
has been characterized by the high stable indices of
the catalase activity of erythrocytes on the level of
10—12 mmol/(I x min). Only to the 20™ minute of
the restored circulation the small increase of the
enzymatic activity by 10—20% has been observed
in comparison with the same indices by the previous
samplings. The activity of superoxide dismutase of
erythrocytes has varied within the greater limits and
its changes have not been that definite as by the
changes of catalase activity. To the 5" minute of
ischemia the SOD activity of the erythrocyte meal
has decreased by 10%, then similarly to the changes
in the catalase activity the increase by 1,9 times has
been detected. In what follows the increase of the
SOD activity by more 20% to the 15" minute of
ischemia has been detected as well as the relatively
low activity indices of this enzyme in the erythrocyte
meal to the 5" minute of the restored blood circula-
tion which has been higher than the control indices
by 1,5 times. In general, the reperfusion period has
been characterized by the lower values of SOD
activity in comparison with the ischemic period and
only to the 20™ minute of reperfusion the increase
in activity of this enzyme to the values of the 5-
minute ischemia has manifested itself (Table 1).

The evaluation of the activity proportion for
CAT/SOD has revealed it’s maintaining on the level
close to the one during the entire ischemia period
which may characterize (including the data of the

179



ITonoB K.A. u np. Becmnux PYV/IH. Cepusi: Meouyuna. 2018. T.22. Ne 2. C. 171—182

Table 1
The changes in the activity of enzymes of the antioxidative protection of erythrocytes
by the ischemia-reperfusion of rat’s liver (Me(p0,25/p0,75))
Period Time, C-CAT, CAT, C-SO0D, SOD,
min. mmol/(Ixmin) mmol/(Ixmin) rel.u. rel.u.
Ischemia 5 5,29 4,56 30,2 27,8*
(4,86/5,65) (4,28/4,89) (28,6/32,6) (25,4/28,9)
10 5,08 10,26*" 33,0 51,8*"
(4,72/5,44) (9,18/10,60) (31,3/33,7) (47,0/54,3)
15 6,02 10,30* 35,7" 61,3*"
(5,55/6,34) (9,83/10,79) (32,2/36,8) (55,5/63,9)
Reperfusion 5 5,33 11,45* 32,4 47,3*"
(4,95/5,70) (10,57/11,80) (30,4/34,0) (45,6/50,1)
10 5,25 11,09* 31,1 40,0*"
(4,85/5,5,77) (10,78/11,80) (30,2/33,5) (37,4/45,0)
15 5,40 11,84 34,5 38,9*
(5,02/5,82) (11,48/12,35) (31,6/36,8) (37,3/43,5)
20 5,23 13,06*" 33,5 48,3*"
(4,90/5,56) (12,40/13,85) (30,8/34,8) (44,5/50,4)
Note: * — statistically significant differences (p < 0,05) in comparison with the indices of the control group; * — statistically significant differences

(p <0,05) between two indices determined with the 5-minute-interval of ischemia-reperfusion. Abbreviations: CAT, SOD — the enzyme activity in rats
of the test groups; C-CAT, C-SOD — the enzyme activity of the control groups.

activity increase in both enzymes by 2 times) the
adaptive changes aimed at the preparation for the
development of oxidative stress during the period
of active restoration of the blood circulation. To
a certain degree such effect may be caused by the
increase in the activating influence of the superoxide
anion-radical on SOD and the hydrogen peroxide —
on CAT against the background of the general rela-
tive increase of the oxygen pressure in blood by the
liver release out of the systemic blood stream. The
reperfusion period is characterized by the increase
of the CAT/SOD proportion to 1,5—1,9 units which
indicates the primary generation of hydrogen perox-
ide and the possibly lowered resistance to the for-
mation of superoxide anion-radical.

The enzymes of the antioxidative protection
in the liver tissue have undergone changes mainly
to the progressive decrease of its activity. It’s inter-
esting to underline that the CAT activity in control
animals has lowered nearly to the indices by 1,5 time
less than the initial. In rats that have undergone
ischemia-reperfusion the catalase activity of the
liver tissue has decreased by 20% to the 10™ minute
of the ischemic period and by more than 20% to
the 20" minute of the same period in comparison
with the previous value of the studied index. In gene-
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ral, the indices of the catalase activity at this period
of the liver damage have corresponded with the cont-
rol indices.

The expressed lowering of CAT activity in aver-
age by 1,5—2 times in comparison with the control
indices has been revealed in animals at the reperfu-
sion period. The SOD activity in the liver tissue of
rats from the control group has not changed in time
by blood sampling without the modeling of ische-
mia-reperfusion. In animals of the test groups the
lowering of the SOD activity of the liver has been
determined by 15% to the 5" minute of ischemic
damage of the organ. The reperfusion period has
been characterized by the indices of SOD activity
within the limits of control indices in 5—15 minutes
after the restoration of blood stream including the
lowered enzyme activity to the 20" minute by 25%
in comparison with the control indices (Table 2). The
proportion of CAT/SOD activity of liver homoge-
nate at the ischemic period has been characterized
by the values close to one (1,2—1,6 units) including
the unreliable prevalence of the catalase activity. It
may be necessary to the partial return of active
oxygen forms to the link of the electron transference
in conditions of the lowered partial oxygen pressure
in the ischemic tissue and provides the more effec-
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tive running of energetic metabolism. At the reper-
fusion period, the CAT/SOD proportion has changed
towards the prevalence of the SOD activity (0.5—
0.8 units). At this period, the acute increase of the

liver oxygenation has been accompanied by the hy-
perproduction of free radicals, first of all — of the
product of monoelectronic oxygen restoration, namely
the superoxide anion-radical.

Table 2
The changes in the activity of enzymes of the antioxidative protection of rat’s liver
by its ischemia-reperfusion (Me(p0,25/p0,75))
Period Time, C-CAT, CAT, C-SO0D, rel.u./g SOD, rel.u./g
min mmol/(Ixminxg of protein) mmol/(Ixminxg of protein) of protein of protein
Ischemia 5 2,71 2,52 12,5 10,7*
(2,35/2,90) (2,30/2,78) (11,8/12,8) (10,2/11,1)
10 2,17 2,01" 11,6 9,0**
(2,02/2,42) (1,79/2,20) (11,4/12,0) (8,4/9,6)
15 1,88 2,39 12,0 9,7*
(1,60/2,03) (2,00/2,48) (11,7/12,4) (9,2/10,0)
20 1,88 1,72° 11,8 9,1*
(1,59/2,02) (1,54/1,95) (11,5/12,3) (8,8/9,4)
Reperfusion 5 2,31 1,41* 11,7 12,4"
(2,01/2,56) (1,23/1,59) (11,3/12,1) (11,7/12,8)
10 2,17 1,61* 11,8 11,8
(2,00/2,41) (1,43/1,72) (11,5/12,1) (11,5/12,2)
15 1,83" 0,80*" 12,0 12,2
(1,60/1,97) (0,73/1,05) (11,6/12,3) (11,8/12,5)
20 1,94 1,23* 11,5 8,5
(1,64/2,10) (0,95/1,36) (11,3/11,9) (8,0/9,0)
Note: * — statistically significant differences (p < 0,05) in comparison with the indices of the control group; * — statistically significant differences

(p < 0,05) between two indices determined with the 5-minute-interval of ischemia-reperfusion.
Abbreviations: CAT, SOD — the enzyme activity in rats of the test-groups; C-CAT, C-SOD — the enzyme activity of the control groups.

The research of the general antioxidative ac-
tivity of the liver homogenate in control animals has
revealed its restoration during the entire experiment
on the level of 0.08—0.10 mg/1 of vitamin C (taken
as standard) for 1 gram of homogenate protein.
At the period of ischemic reperfusion the general
antioxidative activity has lowered already to the
5™ minute of ischemia by two times and has been
maintained on the level of 0.04—0.05 mg/1 of vita-
min C for 1 gram of homogenate during the entire
experiment. At the moment of reperfusion the signi-
ficant changes could be expected but it is possible
that the increase of free-radical processes at that pe-
riod is balanced by the supply of antioxidants from
blood.

CONCLUSION

The received data describes the changes in the
enzyme activity of the first lines of the antioxidant
protection and the general antioxidative activity on
systemic and organic level in details during 20 minu-

EXPERIMENTAL PHYSIOLOGY

tes of ischemic liver damage and at the early reper-
fusion period. 20-minute clamping of HDL to ex-
clude the liver out of the systemic blood circulation
by surgical interventions or the break of blood supply
of the organ as a result of other reasons for 20—
30 minutes are the most urgent time periods for
studying the fundamental and clinical aspects of
ischemic reperfusion of liver. At that time, the or-
gan maintains its viability and it is still possible to
preserve it by the circulatory restoration; by the
metabolic influence on the most sensible pathogenic
links the prevention of the developing liver insuffi-
ciency at late stages of reperfusion. The results of the
present study have demonstrated the role of changes
in the activity of catalase and superoxide dismutase
of blood and liver during the observed pathological
process. So the development of imbalance of CAT/
SOD activity proportion by the development of the
ischemic reperfusion syndrome with the change of
the proportion towards the prevalence of the catalase
activity on the systemic level and of the superoxide
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dismutase on the organic level after the restoration
of blood circulation. Besides the increase in activity
of the studied enzymes in the erythrocyte meal
especially at the ischemic period has been deter-
mined as well as the tendency to the progressive
activity decrease of the same enzymes in the liver
tissue. This proves the possible evaluation of the
functional systemic state of the system of the oxi-
dative-restorative homeostasis in animals by the
ischemic reperfusion of liver; against the background
of the lowered general antioxidative activity it pre-
sents the necessity of the metabolic support of this
link in the system of the non-specific resistance.
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