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Llenbio paboTHI SIBJISLIOCH MCClIe0OBaHME YPOBHSI TKAHEBBIX aHTUOKCUIAHTOB Y TPeX OJU3KOPOICTBEHHBIX, HO
Pa3INYAIONINXCS TT0 9KOJIOTUYECKUM 0COOCHHOCTSIM BUIOB ceMeiicTBa Canidae — eHOTOBUIHOI cobaku (Nyc-
tereutes procyonoides), nucuuibl (Vulpes vulpes) u necua (V. lagopus) Tpex BO3paCTHBIX IPYIII: HENIOJOBO3pEible
(0.5 net), monosospenswie (1.5—3.5 roga) u crapetotue (4.5—5.5 net). [Nokazana BugocneunGuUIHOCTh HEKO-
TOPBIX U3yYEHHBIX MTOKa3aTesieil — 6ojiee BBICOKME YPOBHU Ol-TOKOMheposia B IeYeHU 1 TTOUYKaX Y eHOTOBUIHBIX
cobaK 1 TMecloB, aHTMOKCUIIAHTHBIX (hepMEHTOB B MOYKax y IeclioB, a Takke riyratuoHa (GSH) B neuyeHwu,
MOYKax 1 CepIIle y JUCUIL TIO CPAaBHEHUIO C APYTUMU BUJAMU. Y CTAHOBJIEHO, YTO Y U3YYEHHBIX BUIOB KUBOT-
HbIX aHTUOKCHUIAHTHAs 3alllMTa OPTaHOB OTJINYAETCSI OTHOCUTEJIbHOM cTabuibHOCTBIO. [1pu cTapeHun y eHo-
TOBUIHBIX COOAK MPOUCXOAUT yBEJIMUYEHUE YPOBHS PETUHOA B CEpIlie, Y JIMCUIL] 3HAYUTEIbHbIE U3MEHEHMUS
MpeTeprieBaeT TOJAbKO aKTUBHOCTb CyNEPOKCUIIMCMYTa3bl B TToukax U conepxxanue GSH B nmeyeHu u cepilie.
V meciioB 3TOT MPOILIECC COMPOBOXKIAETCS YBEMUEHUEM COAECPXKaHUS PeTUHOJA B TeYeHU U ToKodeposia B
noykax, a Takxke cHuxkeHreM ypoBHst GSH B moukax. [Tomrmo 3Toro, orMevaercsi BIUSIHUAE 110JIa HA aHTUOK-
CHMIIaHTBHI OPTaHOB TECILIOB. Pe3ynbTaThl McClieq0BaHUsI, KaK U JaHHBIE, TTOJyYeHHbIe Ha IPYTUX BUAAX KUBOT-
HBIX, CBUIETETLCTBYIOT O TeTEPOXPOHHOCTH BO3PACTHBIX M3MEHEHWI aHTUOKCUIAHTHOM 3alllUTHl B OpraHax
XUIITHBIX MiIeKonmuTatomux. [Tpyu 3ToM YpoBHU OTHUX aHTMOKCUAAHTOB YBEJIMUMBAIOTCS, TOTIA KaK IPYTUX —
CHMXAIOTCSI, XOT$I, 110 BCEeit BUIMMOCTH, B LIEJIOM CUCTEMa He CHUKAeT CBOei (hyHKIIMOHAJIbHOCTU. DKOJIOTO-
dusrosornyecKue YepThl, IPUCYIIME Pa3HbIM BUIAM XUBOTHBIX, BEPOSITHO, OMPENEISIOT afalnTUBHBIN MO-
TEeHLIMAJ BUAA U BIUSIOT Ha U3YYeHHbIe MOKa3aTe I aHTUOKCUIAHTHOM 3alIUThl TKAHE OpraHOB XXMBOTHBIX
B IMO3IHEM ITOCTHATAJILHOM OHTOT€HE3e.

Knrouesvie crosa: Vulpes vulpes, Vulpes lagopus, Nyctereutes procyonoides, aHTUOKCUIAHTbI, BATAMUHBI, TTO3THUIA

TOCTHATaJIbHBIN OHTOTEHE3, CTapeHNE, TOMEOCTa3
DOI: 10.1134/50044452919010108

BBEJAEHWE

B ocHoBe BeiiBHHYTOI JI. XapmaHoM B 1956 1. [1]
CBOOOTHO-PaANKAJIbHOM TEOPUU CTAPEHUSI JIEXKUT MO-
JIOXKEHUE O TOM, YTO C BO3PacTOM B pe3yJibTaTe YXyIi-
1ieHus: PYHKIIMOHAJIBHOTO COCTOSIHUSI MUTOXOHIPUIA
MOBBIIITACTCS 00pa3oBaHNe aKTUBHBIX (hOPM KHCIIOPO-
na (ADK), u HapsiLy ¢ 3TUM CHUXKAETCSl HaJeXKHOCTb
CUCTEMBI 3HIOTEHHBIX aHTUOKCUIAHTOB. DTU Mpoliec-
Chbl MPUBOIAT K OKUCIUTEIbHBIM TTOBPEXIAECHUSM KJle-
TOUHBIX CTPYKTYp, BKJIIOUasi MepeKMCHOE OKMCIIEHUE
qunuaoB (ITOJI) meMOpaH, MHaKTHUBaLIO (EepMEeH-
TOB, OKHMCJIeHHe OenkoB m moBpexneHusa JHK, gro
CIoCcOOCTBYET Pa3BUTUIO BO3pACTHBIX natojioruii. [To-
KazaHo, yTo npoaykuusg APK yBeamnumBaeTcs BO MHO-
TMX CTapelolnX TKaHsAX [2], Torma Kak M3MEHEHUs
YPOBHSI OKMCIUTEIbHBIX TOBPEXIEHUIN MaKpomoJe-
Ky [3—5] 1 aHTHOKCHIAaHTOB [2, 4, 6, 7] B mIporecce
OHTOTeHEe3a pa3InuyvaloTcs.
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OO0beKkTaMu OUOTEPOHTONOTMUECKUX HCCIeIoBa-
HUI SIBJISIIOTCSI, B OCHOBHOM, J1JaDOpaTOpHBIE KMUBOT-
HbI€, OJHAKO U3MEHEeHUS (DU3NOJIOTMIECKUX (PYHKIINI
B TpOIlecCe OHTOreHe3a 3HAUUTEILHO BapbUPYIOT KaK
BHYTPM BUJIOB, TaK 1 Mexkay HUMH |5, 8]. Mcrionb3oBa-
HUE HEMOMAEIbHBIX O0OBEKTOB CIIOCOOCTBYET BBISIBIIC-
HUIO MEXaHU3MOB, PETYJUPYIOIINX CTapeHUE B TeHe-
TUYECKU T€TEPOTr€HHBIX MOIYJISIUSIX TOJITOXUBYIIAX
BumoB [9]. CyliecTByeT JUIllb HECKOJIBKO padoT, Mo-
CBSIIIIEHHBIX BO3PAaCTHBIM MOIU(DUKALIVSIM YPOBHS aH-
TUOKCUIAHTOB y aukux [10] miau moMamrHuX KUBOT-
HBIX, HCIIBITHIBAIOIIMX BIWSHWE BHEIIHMUX YCJIOBUMA
cpensrl [11].

ITocKoJIbKY pa3BoAMMEBIE B HEBOJIE TTPEACTaBUTENN
ceMmeiictBa Canidae — eHoToBHAHAasI cobaka (Nyctereu-
tes procyonoides), nucuna (Vulpes vulpes) n neceu (V. la-
gopus) He yTpaTUJIN CE30HHOCTU OMOJIOTUYECKUX PUT-
MOB (pu3noIoTNYeCcKUX (PYHKIINI (B TOM YMCIIC TUHb-
KU, pa3MHOXEHNS U OOMEHA BEILIECTB), BbISIBJIEHHBIE Y
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HUX 3aKOHOMEPHOCTU MOTYT OBbITh DKCTpaIoJMpoBa-
HBl Ha OOMTAIOLIMX B MPUPOAC MpeacTaBUTEICH TaH-
HbIXx BUAOB [12]. [ToMumo 3TOTO, BUABI ChOpMUPOBaA-
JIUCh B Pa3/IMYHBIX 9KOJIOTrO-reorpadpruieckux ycaoBu-
X, YTO JeJaeT WX WHTEPECHbIMU OOBEKTaMU
WCCIeOBaHMS B TIJIaHe U3YYeHUs (PU3UOJI0T0-OMOXU-
MUUYecKUX amanrtanuii. Jlucuila xapakrepusyeTcs ca-
MBIM OOIIIMPHBIM apeajioM OOUTaHUS IO CPAaBHEHUIO C
IpyruMu BuaaMu 13 otpsina Carnivora, mecelr siBJisieT-
CS1 BBIXOIIEM M3 CYPOBBIX YCJIOBUI BBICOKMX IIWPOT,
Toraa Kak poJivMHa €HOTOBUIHOU coOaku, B NPUPOE
BIajatoleii B 3MuMHUI coH, — BoctouHast A3us. Ono-
MalllHEeHHBII MpeACcTaBUTENb 3TOT0 Xe ceMelicTBa —
cobaka Canis familiaris — sIBAseTCs1 UaeaJbHOI Mome-
JIbIO CTapeHMsI, HO MCCJIeI0BaHMUSI BO3pACT-aCCOLUM-
POBaHHBIX M3MEHEHUM aHTUOKCUIAHTOB y 3TUX XKU-
BOTHBIX TTPOBOJISITCS MPEXKIIE BCETO C LIEIbIO U3YyYEHUS
HelipoliereHepaTuBHbIX 3a00JIeBaHUA.

Panee HaMu ObLIO TTOKa3aHO, UTO Yy TECLOB nedu-
HUTHUBHBII TPOMWIbL aKTUBHOCT aHTHOKCUIAHTHBIX
depmeHTOB cyrnepokcuaaucmyTassl  (COH) (HD
1.15.1.1) m katanasel (H® 1.11.1.6) dhopmupyeTcs yke B
paHHEM ITOCTHATaIbHOM OHTOTeHEe3¢ U B TaIbHEHUIIIEM
(K 4.5-neTHEMyY BO3pacTy) ero M3MeHEeHMI He HaOJIr0-
naetcs [7]. OnHako cpaBHUTEJIbHO-BUIOBBIE UCCIIENO-
BaHMSI MIOKa3aTesieil TKaHeBO aHTMOKCUIAHTHON 3a-
IIUTHl B MO3JHEM MOCTHATAJIBHOM OHTOTEHE3e XMUIII-
HBIX MJIEKOITUTAIOLIUX paHee He MPOBOAWINChL. BBUIY
HEIOCTaTOYHOI M3y4eHHOCTH BIMSHUS BO3pacTa Ha
TOMEOCTa3-MOAIEPXKMBAIONINE CHUCTEMBl Y XUIIIHBIX
MJIEKOITUTAIOIIIUX, LIEJbI0 HAILIETO UCCIeT0BAHUS SIBU-
JIOCh U3yYeHE YPOBHSI HEKOTOPHIX aHTHOKCHUIAHTOB B
TKaHSX Y eHOTOBUIHBIX cO0aK, JIMCHUIL M TIECIIOB TPEX
BO3PACTHBIX I'pyIIN: HeroJioBo3penbie (0.5 1eT), moiao-
Bo3pednble (1.5—3.5 roga) u craperomue (4.5—5.5 ner).

MATEPUAII 1 METOINKA

WccnenoBaHus BBIMOJIHEHBI HA HAYYHOM 000pYI0-
BaHMU lleHTpa KOJUIEKTUBHOTO MoJib3oBaHMs Deme-
paJIbHOTO HCCJIeNoBaTeIbCcKOro 1eHTpa “Kapeabckuid
Hay4YHBINM LIeHTp Poccmiickoii akamemMun HaykK” ¢ CO-
OJoIeHNEM MEXKIYHApOIHBIX MMPUHIUIIOB JMpekTn-
BBl EBpocorosza 2010/63/EU o ryMaHHOM OTHOIIIEHUUN
K >KUBOTHBIM W MpaBWJI MPOBeNeHUs pabOT C UCIOJIb-
30BaHMEM DKCITEpUMEHTATBHBIX XKUBOTHBIX [ 13].

OObeKTaMU MCCIeN0BaHUS SBUINCH MPEICTaBUTE-
Ju cemeiictBa Canidae eHoToBUIHBIE coObaku ( Nyctere-
utes procyonoides), nucuubl (Vulpes vulpes) n mecubl
(V. lagopus) Tpex BO3pacCTHBIX TPYIII: HEIIOJIOBO3PEIbIe
(0.5 ner), nosoBo3penbie (1.5—3.5 neT) u crapewiye
(4.5—5.5 ner). 2KUBOTHBIE comepKaIMCh Ha OOIIEXO-
39ACTBEHHOM pallMOHE COIJIACHO pPEeKOMEHIAlUsIM
IUIST 3TUX BUAOB, Bola mpenocTasisiiack ad libitum.
OOMeHHas SHeprus BbIYUCIsIaCh HA OCHOBE TabIMu-
HbIX 3HAYE€HU U NMUILEBbIX UHTpearueHTOB. CocTaB NMu-
mu 661 ciaenyomuM (r/418 kXX oOMeHHOU 3Hep-
Tn): MsicHBIe cyorponyKTel (5—10), KocTHEIE Cy0-
nponyktel (6—10), peioHass Myka (15—20), peIOHBI
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dapir (3—5), 3epHoBbie (14.5—15.5), oBomu (8—10),
cyxue npoxku (2), xxup (1—2). K ocHoBHOMY paliioHy
no6asisin 15 mr ButamuHa E Ha 3BepsI.

OO0pa3upl TKaHEe OpraHOB OTOMPAJIN B IIEPUO/I, I/Ia-
HOBOTO 32008 XKMBOTHBIX Ha 3BepodepMe, OpraHbl 3a-
MOPaXKMBAJIU U XpaHWIK 10 aHanu3a npu —25°C. B 06-
pasLax re4yeHu, oyeK v cepaua Obuiv poaHaIu3upo-
BaHBbI coZiepXKaHue Ol-ToKoheposia h peTUHOJa METOJIOM
BB2XKX [14], akTMUBHOCTU aHTUOKCUIAHTHBIX (DEpMEH-
toB COJl u Kartajia3bl, a TakKXe colaep>kaHue BOCCTa-
HoBieHHoro rayratuoHa (GSH) — criektpodoTomeT-
PUYECKU.

XpomaTtorpaduyeckoe pazaeieHue O-Tokodepoaa
U pEeTUHOJIA OCYIIECTBISIJIM Ha MUKPOKOJOHOYHOM
KUIKOCTHOM XpoMaTorpade “MumnxpoM 6” ¢ yiasTpa-
(GUOIETOBBIM AETEKTOPOM, DJIIOEHTOM CJIYKUJIa CMECH
rekcaHa ¢ usonpornaHonoM (98.5:1.5). xs mocrpoe-
HUS KaJauOpOBOYHBIX KPUBBIX MCHOJb30BAJIM CTaH-
JapTHBIE paCTBOPBI PETUHOJA U (l-TOKO(pepona (“Sig-
ma”, CIIIA).

st onmpenelieHrs aKTUBHOCTU aHTUOKCUIAHTHBIX
¢depMeHTOB U collepxKaHUs OejIKa TOMOTeHaThl TKaHel
roroBmwiu B 0.05 M docdatHoM OydepHOM pacTBope
(pH 7.0). ITocne uentpudyruposanus pu 6000 g B Te-
YyeHue 15 MUH B MOJYyYEeHHbIX CyTllepHAaTaHTaX CIEKTPO-
¢GoTOMETPUIECKU U3MEPSUIN aKTUBHOCTH (DEPMEHTOB:
CO/l — o MmomupuIpOBaHHON aIpeHOXPOMHOIT Me-
Tonuke [15], a Kataja3zbl — MO KOJIWYECTBY Pa3I0KEH-
Hoit H,0, [16]. 3a 1 yca. en. aktuBHOCTH CO/I TIprHM-
Majii KOJIMYEeCTBO (bepMeHTa, CIIOCOOHOE 3aTOPMO-
3UTh PeaKLNIO aBTOOKUCIEHUS angpeHanHa Ha 50%, a
3a | ed. akTUBHOCTU KaTajla3bl MPUHUMAJIN KOJIMYe-
ctBo MkmoJb H,0,, paznoxeHHoii 3a 1 muH. Coaep-
XaHue Oejka orpenensiia 1mo merony Jloypu [17] ¢
HCIIOJIb30BaHMEM B Ka4eCTBE CTaHAApTa OBIYBETO ChI-
BOPOTOYHOTO aJIbOyMHHA. YOeIbHYI0 aKTUBHOCTD aH-
TUOKCUIAHTHBIX (DEPMEHTOB PacCUYMUTHIBAIM Ha 1 Mmr
Oenka.

Conepxanne GSH onpenensiu mo meromy DiuiMa-
Ha [ 18] u BeIpaxkayin B MKMOJIb/T TKaHU. [J1s1 aTOTO ro-
TOBMJIM TOMOTeHaThl TKaHei opraHoB B 0.02 M BJITA-
Na,, nociyie ueHTpudyrupoBaHus (B TeyeHue 15 MUH
npu 5000 g) k cynepHataHTaM mobasisiu 50% TXY
TSI OCcaxkKIeHMSI OEJIKOB, 3aTeM BHOBB LICHTPUQPYTUPO-
Basin (15 muH mipu 3000 g). B moaydeHHBIX cylepHa-
TaHTaxX Tocyie nmob6asieHus 0.4 M Tpuc-6ydepHoro
pacTtBopa u peakTuBa DiamaHa (pH monHo# peakim-
OHHoOI1 cMecu cocTapisii 8.0) ciekTpooToMeTpUye-
cku (A = 412 um) onpenensui yposeHb GSH.

ITonyyeHHBIE TaHHBIE OOpaOdATHIBAIIN OOIIECTIPUHSI -
TBIMU CTATUCTUYECKUMU METOJAMU, UCTIOJIb3YSI MTaKEThI
nporpamMm MS Excel u Statgraphics. 71 onieHKY BIusI-
HUS PaKTopoB “Bua”’, “Bo3pact” M “TIon” Ha M3ydeH-
Hble MOKa3aTeJu MPUMEHSIIU OTHO- U MHOTO(haKTOP-
vl aHanu3 (ANOVA / MANOVA). Cratuctudecku
3HAYMMBIMU cumnTanu pasamuus ¢ p < 0.05.
Ne 1
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Taomuna 1. AKTUBHOCTb aHTUOKCUIAHTHBIX (pepMeHTOB (M + s.e.m.) B TKaHSIX OPTaHOB TPeX BUIOB COOAYBMX PA3HOTO BO3-

pacrta

AxtuBHOCTb CO/I, y.€. /MT Oenka

TxaHu opraHoB
By >KkMBOTHBIX Bospact, roapr; n
Ileuyenn Tlouku Cepuaie
EnoroBuaHasi cobaka | 0.5(n=14,7 4,7 ?) 4.75 £ 0.61 2.35+0.19 3.05+0.42
1.5-35rn=9,25,79) 3.84 £ 0.65 2.84 £ 0.20 1.73 £ 0.34
Jlucura 0.5(m=13,9) 1.86 £ 0.19 1.75 £ 0.21 3.10+0.35
1.5-3.5(n =10, ?) 2.07 £0.32 4.94 + 1.50 HO
45-55mn=28, %) 2.13£0.15 1.44 + 0.20* 2.33+0.49
[Tecen 05(n=16,6,10%) | 2.10£0.27 (¢: 1.48 £ 0.12; | 3.54 = 0.31 (¢:3.85 £0.51; | 2.56 £0.37
9:2.47 £0.38) 2:3.35 £ 0.40)
1.5-35m=18,4,14 ?)| 2.30 £0.16 (: 1.80 = 0.27; | 3.05 £ 0.27 (v: 4.61 £ 0.20; | 2.24 +0.38
2:2.4510.17) 2.60 = 0.22)
45-55(m=11,55,62)| 1.79 + 0.15% (¢: 1.72 £ 0.08; | 3.93 = 0.26" (¢: 4.21 + 0.34; | 1.69 £0.07
?:1.87 £ 0.31) 2:3.69 +£0.37)
AKTHMBHOCTb KaTayasbl, y.¢. /MI Gejika
TxaHu opraHoB
By JKMBOTHBIX Bo3spacT, roasl; n
ITeuensn IMouku Cepmie
EnoroBuaHasi cobaka | 0.5(n=14,7 4,7 ?) 9.84 + 1.09 1.35£0.13 0.46 +0.09
1.5-35n=9,2s,79) 10.71 = 1.49 2.09 £0.34 0.22 £ 0.05
Jlucuna 0.5(n=13,9) 4.37 £ 0.40 1.23 £ 0.08 0.37 £ 0.05
1.5-3.5(n =10, ?) 3.72+0.43 3.64 + 1.38 HO
45-55n=28, %) 4.51£0.21 1.42 £ 0.09 0.31 £0.03
[Tecen 0.5(n=16,6,10 %) 4.71 £0.36 2.83+0.48 (¢:3.73 £0.87; | 0.37 £0.04
2:2.30 £ 0.52)
1.5-35mn=18,4,14 %) 4.84 +0.30 2.23+£0.29 (¢:3.67 £ 0.42; | 0.31 £0.04
?:1.83 £0.27)
45-55(m=11,57,6 %) 5.42 £0.53 3.02 £ 0.44% (o: 3.80 £ 0.39; | 0.37£0.05
2:2.24 +£0.64)

IMpumevanue (3mech 1 B TabauIe 2): *, # _ prustHue BO3pacTa M MoJia COOTBETCTBEHHO nocToBepHO (ANOVA) B TOM XXe opraHe y OTHOTO
u Toro xe Buaa npu p < 0.05; HO — Mokazartesib He ornpeaessuii. B ciydasix, rie BbISIBJICHO T1O0CTOBEPHOE BIMSIHUE T0J1a, TPUBEICHBI pe-

3yJbTaThbl OJId 000MX ITOJIOB.

PE3VJIBTATHI

B pesynbTaTe TIpoBeIeHHBIX UCCISIOBAHUI BHISIB-
JIeHa BUIOCTEHU(PUIHOCTb YPOBHEH M3ydyeHHBIX aH-
THOKCcUIaHTOB. Cpenn McClIemOBaHHBIX BUIOB Oolree
BbIcoKas akTuBHOCTh COJI 3aduKcupoBaHa B IIEYCHU
y eHoTOoBHAHOI cobaku (ANOVA, p <0.001), akaTana-
3bI — B TIEYEHN €HOTOBUIHOM COGAKM, a TAKKe B TTOY-
kax rmecua (ANOVA, p < 0.001) (ta6x. 1). Conepxanue
ToKO(Meposra OBIJIO BHIIIE B TIEYSHU U MTOYKAX ¥ €HOTO-
BUIHBIX CO0aK M IecoB, 4yeM y Jmcuil (ANOVA, p <
<0.001 u p < 0.05, coorBeTcTBEeHHO) (Tabi. 2). bonee
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BbICOKMIT ypoBeHb GSH xapakTepeH 1j1st BceX n3ydeH-
HBIX OPTraHOB JIMCHUII ITO cpaBHeHUIO ¢ mecuamMu (ANO-
VA, p <0.001) (ta6u. 2). He BbISIBJIEHO 3HAUMMBbIX MEX-
BUIIOBBIX PA3JIMYMil B YPOBHE PETHUHOJIA B TKAHSX TPEX
ncciaegoBaHHbIX BUIOB (ANOVA, p > 0.05) (tab6:. 2).

IToka3aHa TKaHe- U BUIOCTIEIU(PUIHOCTh BO3paCT-
HbIX UBMEHEHM I U3yUYEeHHBIX oKa3aTeseit (Tabi. 1, 2, 3).
B 1a6n. 3 orpaxkeHbl pe3yiabTaThl MHOTIO(AKTOPHOIO
IUCIIEPCMOHHOIO aHalM3a II0 BIMSHUIO (haKTOpPOB
“Bo3pacTt” 1 “moy1” Ha U3ydeHHBIC ITOKAa3aTe I TOIBKO
B CJIy4Jastx, KOTJa BIUsSHUE (paKTOpOB OBIJIO CTATUCTHU -
Ne 1
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Taomuna 2. ConepxaHre HU3KOMOJIEKYISIPHBIX aHTHOKCHUIAHTOB (M + s.e.m.) B TKaHSIX OPraHOB TpeX BUIOB COOAYbMX pa3-

HOro Bo3pacrta

PetunHOJ, MKT/T TKAaHU

Bun XKBOTHBIX

Bospacr, ronsr; #

TkaHu opraHosn

ITeueHb ITouku Cepaoue
EnotoBunmHas cobaka | 0.5 (n=14,7 0,7 ?) 10.68 + 3.24 19.61 + 6.62 0.31 £0.11
1.5-3.5(n=3,12,2%9) 20.28 £5.22 193.40 £ 163.08 0.97 £ 0.13*
Jucuma 0.5(m=12,79) 35.34 £ 30.97 202.87 £ 54.89 0.44 £0.10
1.5-3.5(n=5,°9) 10.94 + 7.04 383.57 = 189.89 0.51 £0.20
4.5-55m=17,7%) 2.64+ 1.79 275.16 + 122.87 0.46 £ 0.14
IMecen 0.5(n=8,25,67%) 10.79 £ 5.17 190.76 £ 54.52 0.26 £ 0.13
1.5-3.5(n=5,9) 0.38 £ 0.05 153.75 £ 13.66 0.23 +£0.06
4.5-55(mn=2,9) 44.58 £ 8.11* 337.91 + 258.79 0.81 £0.01
o-TokodepoJt, MKT/T TKaHU
TxkaHu opraHoB
Bun XKBOTHBIX Bospacr, roasr; #
Ileuyenn ITouku Cepmiie
EHoToBunHas cobaka | 0.5(n=14,75,7 ) 35.91 + 16.57 112.12 £ 28.18 8.83 £ 1.51
1.5-35n=3,15,2%) 17.71 £ 2.93 65.34 £ 29.79 1.75+£ 0.04
JIucuua 0.5(m=12,79) 11.93 = 0.65 20.48 £ 3.59 5.96 +0.82
1.5-3.5(n=5,9) 12.56 = 0.48 10.26 = 2.43 3.96 £ 1.10
4.5-55(n=28,?) 12.22 £ 0.97 24.68 +7.28 5.44 £ 0.85
IMecen 0.5(m=16,6c,10 %) {22.19 £3.30 (:27.96 £ 95.72 + 24.04 19.00 = 4.41 (v: 23.68 £

1.5-35(m=11,44,7%?)

45-55(n=10,45,6°9)

+3.15; 2: 18.74 £ 4.72)

23.18 = 4.80 (v: 33.16 &
+ 3.66; 9: 17.48 £ 6.44)

28.14 + 1.76% (+:29.35 £
+2.56; ¢:27.17 £2.59)

155.15 = 43.01

221.59 £+ 29.98*

+7.56; ¢:16.19 £ 5.51)

25.07 £ 5.58 («:43.57 =
+4.96; 15.81 + 5.61)

30.72 +5.74% (¢:39.23 £
t+ 1.46; ¢:22.21 £ 10.18)

GSH, MKkMoJIb /T TKAaHU

Bun XKUBOTHBIX

Bospacr, roapr; #

Tkanu opraHoB

[TeueHn IMoukn Cepnue
JIucuua 0.5(m=5,79) 17.92 + 0.57 27.00 = 1.23 24.76 £ 1.48
1.5-3.5(n =28, %) 12.10 £ 1.36 15.78 = 3.79 16.51 £ 2.21
45-55(mn=2,%) 18.70 + 0.74* 25.72 £ 1.88 23.11 = 0.20*
Mecer 0.5(n=13,47,99) | 14.35+2.08 (¢: 7.87 + | 13.51 = 1.93 (: 7.96 = |16.83 + 1.88 (o2 12.20

1.5-35(n=12,4,8%)

45-55(=9,57,47%)

+0.39; 9: 17.22 + 2.45)

13.66 £ 1.94 (-: 8.28 &
+0.16; ?: 16.35 £ 2.41)

11.31 £ 0.52% (o: 11.03 &
+0.91; ¢: 11.65 = 0.44)

+0.44; 16.28 + 2.33)

11.66 = 1.99 (:7.45 £
+0.29; ¢: 13.76 £ 2.73)

4.67 + 0.40% (o1 4.78 +
+0.74; 9: 4.53 +0.25)

+1.28; 19.15 £ 2.39)

16.27 £ 1.96 (5: 10.84
+0.23; 2: 18.98 = 2.43)

12.70 +0.30% (o1 12.65 +
+0.36; ¢: 12.75 + 0.55)

BO3pacTHEIe M3MeHeHUs1 ypoBHd GSH B medyeHu u
cepilie: CHIDKEHHE ImoKa3aTelrsl B Bo3pacTe 1.5—3.5 ner
0 CPAaBHEHMIO C HEMOJIOBO3PEIBIMU OCOOSIMU U JaTb-
Heiilee ero nmoBelleHue K 4.5—5.5 romam (tab:. 2, 3).

YeCKU 3HAYNMBbIM. Y eHOTOBUIHOM COGAKM BBLISIBICHO
yBeJIMUCHNE YPOBHSI peTUHOJA B CEPALIE C BO3PACTOM
(tabm. 2, 3). ¥ aucuibl 3a¢pMKCHUPOBAHBI CHUKCHNE
aktuBHOCTH CO/I B moukax (ta6:a. 1, 3) u V-oOpa3Hbie
Ne 1 2019
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Taomuna 3. Pesyastatet MANOVA no BiIustHUIO (pakKTOpoB “Bo3pacT” M “Ioji” Ha UCCleayeMble TToKa3aTeJId B TKAHSIX CO-

Gaybux
Bun IMokazarenn Txkanb Paxrop df F P Cua )
Bapuanuu BJIMSTHUS, M

EnotoBunnas | CopepxxaHue perunHoda | Cepaie Bospact 1 6.18 0.027 32.18
cobaka

JIucnna AxtuBHocTh COJ1 IMoukn Bospact 2 4.95 0.014 26.13

Conepxanue GSH Ilegyensn Bospacrt 2 7.44 0.008 55.35

Cepaue Bospact 2 4.35 0.038 42.06

TTece1r AxtuBHoCcTh CO/], ITeueHnsn ITon 1 5.71 0.022 11.72

IMouku ITon 1 9.87 0.003 16.68

AKTUBHOCTb Katasiasbl | [Touku Tlon 1 12.31 0.001 23.10

ConepxaHue [leyeHb ITon 1 4.49 0.043 11.83

oi-Tokodeporna TTouxku Bospact 2 3.79 0.035 17.65

Cepaue ITon 1 9.23 0.005 21.01

ConepxaHue petrHoda | [TeueHb Bospact 2 15.64 0.001 66.63

ITon 1 6.23 0.030 1.33

Conepxanue GSH INeyenn Tlon 1 9.90 0.004 22.05

[Mouku Bo3spact 2 5.41 0.011 20.24

Tlon 1 6.32 0.018 11.82

Cepaue Ilon 1 7.10 0.013 17.22

Y mecnia HaGMIODaeTCs YBEIMUYCHNE YPOBHS pETUHOIA
B IIEYEHU U TOKO(dEpoIia B IIOYKaX, a TAKKe CHUKEHIE
conepxanus GSH B moukax (TabJ. 2, 3). [ToMmumo 3T0-
TO, Yy TIeciia 6610 OOHAPYKEHO BIMSHHE IT0J1a Ha BO3-
pacTHble W3MEHEHWS WM3YYeHHBIX aHTHOKCHUIAHTOB
(Tabma. 3).

OBCYXIEHUE

BunoBas cnemu¢uka n3yyeHHbIX oKasareseid. B xo-
JIe 1ccaeqoBaHUsS HaMU ObLIM BBISIBJIEHBI BUIOBBIC
pa3anyuvs B YPOBHSIX M3YYEHHBIX aHTUOKCUIAHTOB Y
OIM3KOPOJCTBEHHBIX MpeacTaBuTelieit cemeiictBa Ca-
nidae. Ileclbl 1 €eHOTOBUIHBIE COOAKHM XapaKTepH30-
BaJIMcCh 0oJiee BHICOKMM YPOBHEM aHTUOKCHUIAHTHBIX
¢depMeHTOB U BUTaMMHa E B meyeHW U MOYKax IO
CpaBHEHUIO C JIMCUIIAMU, UTO, BEPOSITHO, CBSI3aHO CO
cnerduIecKMMU repecTpoiikaMmy ooOMeHa BeIllleCTB y
9TUX BUIOB, KOTOpblE HAOIIONAIOTCS B OCEHHE-31M-
HU TIepuoj oaroToBku K 3umMe [19]. Tak, u3BecTHO,
YTO KakK B MIpUPOJE, TaK U B YCIOBUSIX HEBOJIU Macca
HaKanjiuBaeMoOu XHUBOTHBIMU OCEHbIO XKMPOBOI TKa-
HU YMEHbIIIAeTCS B PSIY EHOTOBUIHBIE COOAKM — Mec-
bl — aucuisl [20, 21]. bonee BbICOKUI ypOBEHb aHTH -
OKCHUJAHTOB Y MePBbIX IBYX BUIOB, OUEBUIHO, CITOCOO-
CTBYIOT 3alllUTe OT TNOTEHIMAJIbHO BO3MOXKHOIO
noBeIilieHus ypoBHs [TOJI.

ITocKOJIbKY XKMBOTHBIE COAEPXKAJIUCh HA OJHOM U
TOM XK€ paloHe, BUTOBLIE pa3INYUSI YPOBHS BUTAMU-
Ha E, oueBnaHO, CBSI3aHBI C OCOOCHHOCTSIMM HaKOTLJIE-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

HUSI 3TOr0 HyTpMEHTa y pa3Hbix BUmoB [21]. s opra-
HU3Ma MJeKonuTalonux BuTaMuH E KpaiiHe BaxeH,
MMOCKOJIbKY, SIBJISISICH MOIIIHBIM aHTUOKCUAAHTOM, OH
3allMIIaeT MEMOPaHbI KJIETOK XKMBOTHBIX OT TePEeKHC-
HOIT necTpyknuu [22]: ipu ero aeduinTe mocTyraio-
IMe C NUIIEeHA OKWUCICHHbIE TMOIWUHEHACHIIIEHHbIE
JKUPHBIE KUCJIOThI BBI3BIBAIOT aHEMUIO U pa3pylleHUe
SPUTPOLIMTOB, 3aJE€PXKKY POCTa, NEMUTMEHTAIUI0 BO-
JIOC, MBIIIEYHYIO TUCTpOodUI0 U cMepTh. OTMEUaloT,
YTO YpOoBeHb BUTaMuHa E B rneyeHu TUMUYHO TOJISIp-
HOTO BUla — MECIa, HO HE JIMCUILIbI, KOPPETUPYET C CO-
JiepXkaHueM Xupa B 3ToM opraHe [21]. bonee Beicokuit
ypoBeHb GSH B TKaHSIX JIMCUIIBI IO CPAaBHEHUIO C Iec-
110M, BEPOSITHO, OIpeesieTcss 00jee BBICOKUM YPOB-
HeM MeTaboau3Ma y Buaa [23].

Hapsiny ¢ 3TM He BBISIBJIEHO TOCTOBEPHBIX MEXKBU -
JIOBBIX pa3an4vii B ypOoBHE peTHHOJa B TKaHsax Cani-
dae, 4TO corylacyeTcs ¢ OTMEYeHHBIMU paHee [24] oco-
OEHHOCTSIMM MeTab0JIM3Ma 3TOTO BUTAMWHA Y U3YYCH-
HbIX BuIoB. Od4eHb BBICOKOE (IO CpaBHEHUIO C
JIPYTMMU BUAAMU MJICKOITMTAIOIIMX) COAEpKaHUE pe-
THOJIAa B Moykax Canidae cBs3aHO C 3KCKpELUEil eTo
6obIIoro Kommdectsa (1o 60% exxeaqHeBHOTO MOTpe6-
JIEHUSI) C MOYOI B LIEJISIX BO3MOXHOM 3aIllUTHI OT MH-
TOKCHKAIIMY BUTAMUHOM A.

Bo3pacTHble HM3MeHEHHS] H3YyYEHHBIX IOKa3aTeJIeid.
JlaHHBIE 110 BO3paCTHBIM MU3MEHEHUSIM YPOBHEM aHTH -
OKCHUJIAHTOB Y YeJIOBeKa U APYyTUX BUAOB MJIEKOIIUTAIO-
II1X JOCTATOYHO IIPOTUBOPEYUBEBI, UTO OOYCIOBJICHO
HeJILIM psaagoM (aKTopoB (BHUOOBOW NPWHAIICKHO-
Ne 1
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CThIO, ITOJIOM, BO3PACTHBIM IMANAa30HOM HCCJIeI0Ba-
HUI, TeM, KaK1ie OpTraHbl UCCIIenyIoTCs, 1 ap.). OTMe-
YaloT JIMO0O OTHOCUTEIBHYIO CTAOMIIBHOCTh MOKa3aTe-
JIeli aHTUOKCUIAHTHOM 3allIMTHI B TeUeHUE XU3HU [4,
7], nmbo cMellIaHHBINA MAaTTEPpH BO3PACTHBIX M3MEHE-
HUI — yBeJIMYEHME YPOBHS OMHUX U CHUKEHUE APYTUX
[2, 6]. Pe3yabraThl HalllEro MCCIeI0BaHMU, IPOBEIECH-
HOIro Ha XMIIHBIX MJIeKOnMTaromx cemeiictsa Cani-
dae, TakKe CBUIETEILCTBYIOT O TeTEPOXPOHHOCTH BO3-
PACTHBIX U3MEHEHMWI U3YYEeHHBLIX aHTUOKCUIAHTOB B
Me4YeHU, MOYKaxX U Ceple.

YV eHOTOBUAHOI COOaKU HE BBISIBJIEHO U3MEHEHUIA
M3YyYEeHHBIX ITOKa3aTesieii, KpoMe YPOBHS PETUHOJA,
yBeJIMYEHNE KOTOPOIro B CEPAlle MOXET paccMaTpu-
BaTbCSl KaK adalTUBHBLIA MeXaHW3M, HaIlpaBJIeHHBIN
Ha ITIOBBIIIEHUE PE3MCTEHTHOCTU JIMIIMAOB MeMOpaH
KJIETOK MMOKap/a K ITepeKMCHOMY OKUCIeHUIO. Takas
0COOEHHOCTH peTUHOJIA 1 3(HPOB peTUHMJIA OblJIa TT0-
Ka3aHa paHee Ha KpbIcax [25].

VY nucuibl He 3a(pUKCUPOBAHO BO3PACTHBIX U3MeE-
HEHMI ypOBHS KaTaja3bl 1 BUTAMUHOB, HO OTMEYCHO
nocrereHHoe cHKeHue akTuBHocT CO/I B moukax u
V-o0pa3Hoe u3meHeHue ypoBHsI GSH B medyeHu u
cepaie. JlaHHbIE YaCTUYHO COIJIACYIOTCSI C pe3yJibTa-
TaMM OPYTUX KCCIENOBaHUiII, B KOTOPBIX ITOKA3aHO,
YTO C BO3pacToM y KpbIC akTUBHOCTb CO/I B meyeHU U
noukax cHrkaetcs [3], Torma Kak conepxkanue GSH B
MEYEeHN OCTAETCSI OTHOCHUTEJILHO CTA0OMIBHBIM B Tede-
HUE TIOCTHATAJILHOTO OHTOTeHe3a, a AaKTUBHOCTU
GSH-3aBucnMbIX (hepMEHTOB yBEeIMUMBAIOTCA [6].

MaxkcuMaibHbIE BO3pacTHbIE M3MEHEHUS HU3KO-
MOJIEKYJISIPHBIX aHTMOKCUIAHTOB OBLIM OTMEYEHEI Y
necua. B otiuyune ot eHOTOBUAHOI cOOAKM U JIUCHULIBI,
y 3TOro BHJA C BO3PACTOM BBISIBJICHO YBEIIMYCHUE
YPOBHSI PETUHOJIA B IEYeHU 1 TOKO(EpoJia B IIOYKax, a
Takxke cHmXeHMe comepxanus GSH B moukax, dto
MOXET CBMACTEIILCTBOBAThH OO0 AKTUBHOM Yy4aCTUU
GSH B aHTMOKCHMITAHTHOM 3allIUTe TKAHW, B TOM UM CJIEe
M B peaklysIX pereHepalliid aHTUOKCUIAHTHBIX BUTA-
muHOB C 1 E. B To ke BpeMs y Ieclia cocTossHue ep-
MEHTAaTUBHOTO KOMITIOHEHTA CUCTEMBI aHTUOKCUIaHT-
HOI 3alIIUThI OCTAETCSI JOCTAaTOYHO CcTaOMIbHBIM. Ha-
MU HE BBISIBJICHO JIOCTOBEPHOIO BJIIMSIHUS BO3pacTa Ha
aktuBHOCTh CO/I B opraHax meciia, YTo COTJIacyeTcs C
pe3yJibTaTaMU IPYTUX MCCIEOOBAaHUI, B KOTOPHIX aK-
TuBHOCTH Kak COJl, Tak M KaTaja3bl He MEHSJIach C
BO3pacToM y KpkIC [4].

Panee OBUIO ITOKa3aHO BO3pPacTHOE YBEIUYECHUE
ypoBHS BUTaMuHa E B TKaHIX y XUITHUKA APKTUKA —
MOJIIPHOTO MeABeIsl, YTO, IO MHEHUIO aBTOPOB, SIBJIsI-
€TCs OTpaXeHMEeM M3MEHEHMS pallMOHAa Y B3POCIIBIX
ocobeil u/um CBSI3aHO C HArpy3KOM IMOJUTIOTAHTAMU
[10]. Pe3ynbraThl APYTUX UCCIENOBAHUMI TaKKE CBUIE-
TEJILCTBYIOT O HAKOIUICHUM ToKodepoja B opraHax
crapeomux Kpbic [4]. Tokodepo 3amuiaeTr MeMopa-
HbI KJIETOK OT MEPEKUCHOM AeCTPYKIMU U HEMOCpe/I -
crBeHHO B3amMmozeiictByeT ¢ ADK. CoBMecTHO ¢ ac-
KopOaToMm BuTaMuH E cImocoOCTByeT BKITIOUECHHIO Ce-
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JIeHa B cocTaB akTuBHOTO LieHTpa I'TIO, Tem cambiMm
aKTUBU3UPYSd (DEepMEHTATUBHYI0O AHTUOKCUIAHTHYIO
3amuTy. BeposiTHO, yBeluMueHUE B TKaHSX IIECLIOB
YpOBHSI ToKodepoJiia, KOTOPBI obiamaeT MeMOpaHO-
CTaOMIM3UPYIOINM 3P(PEKTOM U CITOCOOHOCTHIO KO-
HOMUTH MOTpeOJICHUE KUCIOpoAa KJIETKAMU B MUTO-
XOHIPUSIX, HOCUT aJaNTUBHBIN XapaKTep, TOCKOJIbKY C
BO3pacTOM TKaHecnelU(pUIeCKr YBEIMUUBAETCS YyB-
CTBUTEJILHOCTh MEMOpPAHHBIX JIMITUAOB K INEePEeKUCHO-
MY OKHCJIEHHIO [22].

SAK/IIOYEHUE

HecMmoTpst Ha TO YTO YHUBEpPCAJbHBIX MEXaHU3MOB
cTapeHUs He CYIIECTBYeT OKMCIUTEbHEIE TIOBPEXKIIE-
HUs KJIETOIHBIX CTPYKTYpP, HAaOIIOMAIOTCS TIPAKTHIe-
CKM Y BCEX XKMBBIX OPTaHU3MOB 32 HEMHOTUMM UCKJTIO-
YeHUSIMH, TAKUMH, B YACTHOCTH, KaK TOJIBIIM 3eMJICKOIT
(Heterocephalus glaber). Bun xapakTepmu3yeTcsl BBICO-
KUM YPOBHEM OKHCIMTEJBHOIO CTpecca W Hapsiay ¢
STHM BBICOKOM MPOIOJIKUTETLHOCTBIO XXU3HU [26].

PaznuuHble KOMOMHALIMM MHOXKECTBA MEXaHU3MOB
BO3PAaCTHBIX HAapyIIEHUI MOTIYT 3aMETHO OTJINYaThCs
JIPYT OT Ipyra MeXIy TAKCOHAMU Y NaKe WHOTIA Cpenu
Gm3Kux BuAoB [26]. HekoTophle 13 HUX HAOIIOOAIOT-
CSI TOIBKO y OOHOIO WJIM HECKOJBKHUX OJIM3KOPOI-
CTBEHHBIX BUAOB, UMEIOIINUX ONpeaeaeHHYIO (U31O0-
JIOTUYECKYIO YSI3BUMOCTh WM IIOJBEPrarolIuxcs
BO3JIEMCTBUIO CXOOHBIX 3KOJOTMYECKUX (PaKTOPOB.
OO0HapyXeHHbIe HaM1 MEXXBHUIOBBIC PA3TAYMS U3YYCH -
HbIX MTOKAa3aTeJIei, 110 BCEU BUAUMOCTH, SIBJISIIOTCS OT-
paXXeHHEeM 3BOIIOLIMOHHO CJIOXUBIIMXCS B3aMOOT-
HOIIICHWIT MEXIy OpraHM3MOM M Cpedoil OOUTaHUS Y
pa3HBIX BUAOB. YHUKaAIbHONH OCOOEHHOCTHIO €HOTO-
BUIHOI CO0AKU SIBIISIETCSI CIIOCOOHOCTh BUa BOagaTh
B 3UMHUI COH, B CBSI3Y C Y€M [IJISI 9TUX KMBOTHBIX Xa-
pakTepHBI 00oJiee 3HAYUTEJIbHbIE CE30HHBIEC KOJIeOaHUS
MAacCHI TeJia 110 CpaBHEHMUIO C JIUCULIeid 1 neciom. JIu-
cuIla, UMEIOIIAasl OYeHb OOIIMPHEBIN reorpadudecKuii
apeay 1 KOHKYpHUPYIOIasi Ha ero CeBEpHOil rpaHUlIe ¢
MEeCIIOM, TUIIMYHO MOJSIPHBIM BHAOM, HECMOTpSI Ha
HEKOTOphIe IIPEUMYIIECTBA, BCE K€ YCTyIlaeT eMy B
aJanTauusx K xouony [27].

BospacTHble M3MeHEHUs] aHTUOKCUIAHTOB B TKa-
HSIX XKMBOTHBIX, B YACTHOCTM HAaKOIUIEHVE BUTAMUHOB
U TIOBBIIIEHNE AKTMBHOCTU aHTUOKCHUIAHTHBEIX (ep-
MEHTOB, TMO-BUIUMOMY, SIBJISIIOTCSI KOMITEHCALIMOH-
HBIM MEXaHU3MOM, YPaBHOBEILIMBAIOIIM CBSI3aHHBIM
C BO3PAaCTOM OKMCIIMTEIbHBIN CTPECC U MPeaCTaBIISIO-
UM CO0OIi caMOperyJIMpyeMylo 3alllUTHYIO ajariTa-
LIMIO.

B oTHOcCUTENIbHO KPYNHBIX TaKCOHAX, TaKMX Kak
NTULBI, MJIEKOIUTAIOIIWE, JIETY4YUE MBIIIU U CyM4a-
ThbI€, CYLLIECTBYIOT BIIOJIHE ONIPEAEIEHHbBIE 3aKOHOMEDP-
HOCTH MEXIY CKOPOCTBIO CTAPEHMS Y TAKUMU T10Ka3a-
TEJISIMU, KaK pa3sMep Tejia, YPpOBEHb CMEPTHOCTH U CKO-
pocTb MeTaboau3Ma. TeMIlbl CTapeHHus, OYEeBUIHO,
KOHTPOJIMPYIOTCS TeHETUYECKM, HO TaKUM 0O0pa3oM,
Ne 1
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4yTOOBI pearupoBaTh Ha AericTBUue oToopa [26]. O0beK-
Thl HAIllero MCCJAEIOBAaHMUS TakKKe pas3andaroTcsl I1o
YPOBHIO OOMEHa BEIECTB: JIMCHUIIA XapaKTepPU3yeTCs
0oJiee BLICOKMM METabO0JIM3MOM IO CPaBHEHMIO C IIeC-
oM [23], a mecell — 1Mo CpaBHEHMUIO ¢ €HOTOBUIHOM
cobakoii [19]. MakcuManbHasi MPOAOKUTEIbHOCTD
KM3HM VICCIIeNyeMbIX BUIOB B HEBOJIE JOCTUTAeT 7—
8 JIeT 1T eHOTOBUAHBIX cobaKk, 10—12 et mist ancui 1
8—10 et nys mecuoB. B mpuposie y eHOTOBUIHBIX CO-
0ak 3auKcHUpoBaH BBICOKMII YPOBE€Hb CMEPTHOCTH
cpedy HEIIOJIOBO3pENbIX 0cobeit M ocobeil crapiie
5 51eT, a cpeaHsIsI MPOOOIKUTEIbHOCTD KM3HU JIUCULL U
MEeCIIOB B €CTECTBEHHBIX YCIOBUSIX COCTABIISIET 3 roda
[27]. TlomoBO3peabIMU BCE XXKUBOTHBIC CTAHOBSITCSI B
9—11 mec., MakcuUMaJibHasI MIPOAYKTUBHOCTh €HOTO-
BUJIHOM COOAKM U Iecla MPpUXoauTcs Ha 2—3-JIETHUIA
BO3pacT, TOTa KaK JIMCHUIIA IIPUHOCUT OOJIbIIIE IIeH-
KoB B 3—5 et [7, 27]. K 5 rogaM XX1U3HU MMoKa3aTeau
BOCHPOM3BOACTBA IIeClla JOCTOBEPHO CHMKAIOTCS,
HO pEeNnpoayKTUBHAsI COCOOHOCTh COXpaHSETCS IO
6 ner [7].

PesynpraThl Hameit paboThI COTIACYIOTCS C JAHHBI-
MU IpYTUX UccaegoBaTeneii [2, 4] U cBUOETEIbCTBYIOT
O TeTEPOXPOHHOCTHU BO3PACTHBIX U3MEHEHUI aHTHOK-
CUIAHTHOI 3allIMTHI B OpraHaxX XMUITHBIX MJIEKOIIUTA0-
HIX: YPOBHU OJHUX aHTUOKCHUIAHTOB YBCJIMYMBAIOT-
cs, TOrga Kak OPYTMX — CHMXKAIOTCH, NPUA ITOM, IO
Bceil BUIMMOCTH, B LISJIOM CUCTEMAa He CHIXAaeT CBOE
(PYHKIIMOHAJILHOCTA. ACHMHXPOHHOCTh W3MEHEHU
(YHKIIMOHMPOBAHMSI pa3HBIX OPTAaHOB U CUCTEM C BO3-
pacToM MpPOAEMOHCTPHUPOBAaHA HAa OUKUX U JabopaTop-
HBIX MJIEKOITUTAIOIINX, a TAKKE Ha yeoBeke [9]. [Tomu-
MO 3TOTO, 3KOJIOTO-(OM3NOJIOTMUYECKUE YEepPThI, MPUCY-
IIMe pa3HBIM BUIAM SKUBOTHBIX, BEPOSITHO, OITPEIEIISIOT
aﬂaHTMBHbIﬁ MOTECHUIMAJI B1Ja U BJIUAIOT Ha BO3pacT-
HbIe 0COOEHHOCTY aHTUOKCUIAHTHOM 3aIIUTHI TKaHE
OpraHoB.

BJIIATOOAPHOCTHA

WccnenoBaHus BBITTOJHEHBI HA HAYYHOM 000pYHI0-
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Hacrosimast ctathsi He COOEPXKUT KaKUX-JIU0O HC-
CJeIOBaHUI C yYaCTHUEM JIIOJIEM B KaueCTBE OOBEKTOB
HUCCJIeIOBaHUIA.
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Age-Related Changes in the Tissue Antioxidant System of Canids

S. N. Sergina®#, V. A. Ilyukha“, I. V. Baishnikova“, and E. P. Antonova“

¢ Institute of Biology, Karelian Research Centre, Russian Academy of Sciences, Petrozavodsk, Russia

#E-mail: cvetnick@yandex.ru

The study was aimed at determining tissue antioxidant levels in three closely related albeit ecologically different
Canidae species: the raccoon dog (Nyctereutes procyonoides), the silver fox (Vulpes vulpes) and the blue fox (Vulpes
lagopus), aged 0.5 (juvenile), 1.5—3.5 (adult) and 4.5—5.5 (aging) years. Some tested parameters were found to
be species-specific: as compared to other species, raccoon dogs and blue foxes exhibited higher a-tocopherol lev-
els in the liver and kidneys, blue foxes were characterized by a higher activity of the antioxidant enzymes in the
kidneys, while silver foxes had higher glutathione (GSH) levels in the liver, kidneys and heart. The antioxidant
defense system in all organs of the tested species was distinguished by a relative stability. In raccoon dogs, the ret-
inol level in the heart increased with age, while in silver foxes it is only superoxide dismutase (SOD) activity in
the kidneys and the GSH level in the liver and heart that underwent significant alterations with age. In blue foxes,
aging was accompanied by an increase in the liver retinol and the kidney a-tocopherol levels as well as a decrease
in the kidney GSH level. Besides, sex differences were found in antioxidant levels in blue foxes. Our results are
consistent with the data obtained by other authors for other animal species, indicating a mixed pattern of age-
related changes in the antioxidant defense system of the carnivorous mammals. While some antioxidants increase
and the other decrease, the functionality of the whole system does not appear to be disturbed. Ecological and
physiological features of different mammalian species may determine the adaptive potential of animals, affecting
the tested indicators of the antioxidant defense system in the late postnatal ontogenesis.

Key words: Vulpes vulpes, Vulpes lagopus, Nyctereutes procyonoides, antioxidants, vitamins, late postnatal ontogen-

esis, aging, homeostasis
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