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C 1enpro JanbHEHIIETo pa3BUTHS NPEACTABICHUI 0 MEXaHM3MaX (JOPMHUPOBAHMS CApKOIICHUH TIPH CTAPECHUH
ObUIO MPOBEJCHO CPAaBHUTEIBHOE WCCIICJOBAaHUE COJACPKAHUS  TPOAYKTOB CBOOOJHOPAIUKAIHHOTO
OKHCJICHHUs OEJKOB W JIMIHMIOB B MHTOXOHAPHUAIBHON M IMOCTMHUTOXOHIpPUANbHOW (pakumu OenpeHHOi
MBIIIIIBI KPBIC, HAXOIAIIMXCS Ha Pa3HBIX ATallaX OHTOI€HEe3a. Y CTaHOBJIEHO, YTO B 12-MecS4HOM BO3pacTe B
MUTOXOH/IPHAILHON (DpakMy MBIIIIBI CyIIecCTBeHHO Bo3pactaer cojepkanue 110, TBK-peaktuBHBIX
BEIIECTB M KapOOHWIMPOBAHHBIX OenkoB. K 24-MecsuHOMY BO3pacTy MOJOOHAs CUTYAIMsl COXPaHICTCS.
Conepxxanne TBK-peakTHBHBIX BeUIECTB M KapOOHWIMPOBAHHBIX OEIKOB B ITOCTMHTOXOHIPHAIHHOM
¢pakiy OeAPeHHON MBIIIIBI Y KPBIC OT 1,5- 10 24-MeCsIIHOTO BO3PAcTa OCTAETCS OAWHAKOBBIM.
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3 MEeTOI TOIANBIIOTO PO3BHUTKY YSABJICHH NPO MeXaHi3MHU (popMyBaHHS CapKOIEHIi MpH cTapiHHI Oyio
MIPOBEICHO MOPIBHSUIBHE JOCIHTIHKEHHS BMICTY IPOAYKTIB BITEHOPAIUKAIBHOTO OKHCIICHHS OLIKIB 1 JMigiB y
MITOXOHAPIaNBHIN 1 TOCTMITOXOHpIANBHINA (Ppakiii CTETHOBOrO M'si3a IypiB, IO 3HAXOIATHCS Ha Pi3HHUX
eTarax OHTOreHe3y. BcraHoBieHo, mo y 12-micsigHOMY Billi B MIiTOXOHIpiadbHIA (pakimii M's3a iCTOTHO
3pocrae Bmict 11O, TBK-peakTuBHUX pedoBHH i KapOOHiTbOBaHHUX OiIKIB. JJo 24-Mics4HOTO BiKy mojiOHA
cutyaris  30epiraetecsa.  Bmict  TBK-peakTuBHHMX  pedoBHMH 1  KapOOHUTBOBaHMX  OUIKIB B
MOCTMITOXOH/IpiaNbHIA (pakuii crerHoBoro M'siza y miypiB Big 1,5- 1o 24-MicsIMHOTO BIKY 3aJIMIIAETHCS
OJTHAKOBHM.
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Where is takes place change of composition and function of muscle tissue during ontogenesis. The mass of
skeletal muscle and its strength gradually decreases to senescence. This is typical manifestation of special
condition called sarcopenia. Arising of sarcopenia at senescence is global problem for aging individuals, as
sarcopenia restricts mobility of aging human and provokes appearance various concomitant diseases and as
result brings to decrease of life quality and death. According to many epidemiological investigations, the
manifestation of sarcopenia arises after 50 years old. About half of 80 years old individuals have severe
manifested sarcopenia. In spite of wide spread this condition at aged population till up to date we don’t
clearly know about its pathogenesis. It retards creation of new effective approaches to treatment and
prophylaxis sarcopenia.
At present time we know about various reasons bring to development of sarcopenia at senescence. The
pivotal role among them have disorder of hormonal regulation of metabolic processes in muscle tissue,
inhibition of muscle cells responses to action anabolic steroids, arising of mitochondrial dysfunction in
myocytes, increase of apoptosis of muscle cells etc. Oxidative stress has important role in the pathogenesis of
sarcopenia too. However there are many contrary data concern manifestation of oxidative stress in skeletal
muscle at aging in modern literature.
For this reason the purpose of this work is comparatively investigation level products of lipids and proteins
free radical oxidation in mitochondrial and postmitochondrial fraction of femoral muscle homogenate of rats
with different ages.
Thirty male Wistar rats were used. All animals were divided into 3 groups: 1 — 1,5-months-old (pubertal
rats); 2 — 12-months-old (maturated adult rats); and 3 — 24-months-old ones (aged rats).
Rats undergo decapitation. Then has been extirpated femoral muscle. Later this muscle was undergoing
homogenization. Mitochondrial and postmitochondrial fractions of homogenate were obtained by method of
differential centrifugation. In both mitochondrial and postmitochondrial fractions was determined
concentration of TBA-positive substances (substances which react with 2-thiobarbituric acid), protein
carbonyls and Shiff bases. Determination of fluorescence performed at excitation wavelength equal 360 nm
and emission wavelength equal 430 nm.
Obtained results undergone statistic analysis by method Wilcoxon-Mann-Whitney.
It has been shown that concentration products of lipids and proteins free radical oxidation increases in
femoral muscle during ontogenesis. This change takes place only in mitochondrial fraction of muscle. There
aren’t the same changes in concentration products of free radical oxidation in postmitochondrial fraction of
skeletal muscle homogenate. The same changes may be resulted from age-dependent modulation of the
processes of free radical oxidation in mitochondria, or disorder structure of inner mitochondrial membrane,
or changes function of mitochondrial enzyme antioxidant systems.
The results obtained indicate that concentration of protein carbonyls, TBA-positive substances, and Shiff
bases in mitochondrial fraction of femoral muscle of adult rats sharply increase compared the same
parameters at pubertal rats. The resembling situation takes place in muscle mitochondria from aged rats. It
should note that concentration of Shiff bases and value of index Shiff bases / TBA-positive substances in
mitochondria of femoral muscle from aged rats is less compared adult ones.
The evaluation of obtained data brings to conclusion that maximal rate processes of free radical oxidation in
mitochondria of skeletal muscle typical for adult maturated rats. That leads to increasing concentration end
products of lipids and proteins free radical oxidation (protein carbonyls and Shiff bases) in muscle
mitochondria on this stage of ontogenesis.
The increasing concentration end products of lipids and proteins free radical oxidation point out formation of
age peculiarities in the condition of process utilization of endogenous aldehydes. So these cytotoxic products
of metabolism don’t involve in enzyme catalyzed reactions of their catabolism at aged rats. They use
predominately in non catalytic reactions coupled formation adducts with proteins, nucleic acids and other
nucleophils. As result formation of these adducts develops dysfunction of muscle cells, which predetermines
appearance of sarcopenia.
Unlike old rats, carbonyl products of lipids and proteins free radical oxidation in mitochondria involve in
enzyme catalyzed reaction of their catabolism at adult ones. That has pivotal role in the defense of muscle
cells against injury by oxidative stress.
There is unchanged concentration of free radical products of lipid and protein (protein carbonyls and Shiff
bases) in postmitochondrial fraction of femoral muscle throughout explored period of ontogenesis. Moreover
value of the index Shiff bases / TBA-positive substances decreases in postmitochondrial fraction of adult and
old rats muscle. This change may point out for increasing of efficiency endogenous aldehydes utilization in
enzyme catalyzed reactions at these ages’ groups of rats. The basis for formation this changes may be high
efficiency functioning of enzyme system which takes part in defense myocytes from cytotoxic carbonyl
products of free radical oxidation, antioxidant enzymes and enzyme systems of cell reparation in cytosol of
muscle cell. However these assumption needs in special experimental testing. Perspectives proceeding of this
investigation are coupled with this way explorations.
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BBEJIEHUE

B mpouecce nHAMBUAYATBHOTO PAa3BUTHUS MPOUCXOAUT U3MEHEHHE COCTaBa MBIIIEYHONW TKAHU U €€
(GyHKIMOHATBHOM aKTUBHOCTH. Tak, B IMO3AHEM OHTOTE€HE3¢ B OpraHU3ME MOCTEIEHHO
yMeHbIIaeTcsi 00Ias Macca CKEJETHBIX MBI U MOHMXKAETCS CHJIa MBIIIEYHOTO COKPAIICHHUS.
[TogoOHOrO pojia CABUTH SBJISIOTCS XapaKTEPHBIM NposiBieHHeM capkorieHuu [1]. BosHukHoBeHue
3TOrO COCTOSIHUSA IMPH CTapeHHH — OJHA U3 IJI00AbHBIX MPOOJIEM MOXKHUIOTO HAaceleHUs, T.K. ee
MIOSIBJIEHUE OIPaHUYMBAET MOOMIIBHOCTD UEJIOBEKA U MPEAOIPENEISIET BOSHUKHOBEHHUE 1IEJIOT0 psjia
COIYTCTBYIOIIMX 3a00J€BaHMM, a 3HAYMUT, CIOCOOCTBYET MOHMKEHHIO KadecTBa €ro XU3HU U
YCKOpSIET HACTYIUIEHHE CMepTH [2, 3].

CornacHO JaHHBIM SMUAEMHOJIOTHYECKUX HCCIEI0BAaHUM, MPOSIBICHUS CAPKOIEHUU Y YeIOBeKa
BO3HUKAIOT yxe mociie 50 net, a k 80 rogam oHa B 3HAYUTEIHHOW Mepe BBIpakeHa Oojee 4eM y
MIOJIOBUHBI MOXKUJIBIX JitoieH [4]. HecMOTps Ha CTOJb MHUPOKOE PacCHpOCTPAHEHUE 3TOTO COCTOSIHHUS,
MEXaHU3Mbl €ro pa3BUTUs BCE €LI€ JAANEKU OT I[OHMMAaHUS, YTO 3aTPyAHSAET pa3padOTKy
3¢ (}HEeKTUBHBIX MOAXOA0B K MPOQHUIAKTUKE CapKONEHHH U ee jiedyeHuIo. CyllecTByeT T0CTaTOYHO
MHOTO TPHYWH, NPHUBOIAIIMX K PA3BUTHIO CApKONCHWHM TpU CTapeHuu. Ee sTuosorus
MHOTOo(aKTOpHA U J0 KOHIIa He u3ydeHa [5, 6]. Ocoboro ynoMuHaHHs CpeIy MPUUUH CAPKOIICHUU
3aCITyKUBAIOT: HapylLIeHHUE TOPMOHAJIBHOM perysiiuu MeTadoJiu3Ma MBIIIEYHOW TKaHH,
W3MEHEHHE OTBETa MBIIICYHBIX BOJIOKOH Ha JeiicTBHe aHaOOJMKOB,  MUTOXOHIpHUAIbHAS
mucyHKIMS B MHOLIMTAX, YCHJICHHE anornTo3a W MHorue npyrue [7, 8]. Ilpeamonaraercst Takxke
Ba)KHAs POJIb OKCUJIATUBHOTO CTpecca B BO3HUKHOBEHUU capkomneHuu [4, 9]. OgHako cBeaeHUs o
IPOSIBIEHUM OKCHUJATUBHOIO CTpecca B CKEJIETHBIX MbIIIAX @pPU CTapEHUU JIOCTATOYHO
nporuBopeuuBbl [10, 11]. VYuwurbiBag 3TO, LENbI0 HACTOSIIET0 MCCIEI0BAHUS SIBUJIOCH
CpPAaBHUTEIHHOE H3y4YCHHE YPOBHS IIPOIYKTOB CBOOOJHOPAIUKAIBHOTO OKHCIICHHUS OCIKOB H
JUNHUI0B B MUTOXOHJAPHAIBHON M MOCTMHUTOXOHAPUATHHON (hpakiuu OeIpeHHON MBILIIBI KPBIC,
HaXOJAIIMXCS Ha Pa3HbIX dTanax MHAUBUIYAJIbLHOTO PAa3BUTHSL.

MATEPHAJIbI U METO/bl UCCJIEJOBAHUA

B pabore ucrnonb3oBanu 30 kpeic camiioB JuHHHA Buctap. JKuBOTHBIX aenuiav Ha 3 BO3paCTHBIC
rpynmnsl: 1-1,5-Mecsunbie (KpBICHI B BO3pACTE MOJIOBOTO cO3peBaHus); 2—12-MecsuHbie (B3pOCIbIe
TIOJIOBO3pEIbIC); 3—24-MecsUHbIe (CTaphIe).

Kppic nexkanmuTHUpoBaiu, H3BJIEKAIM OEIPEHHYIO MBIy ¥ HEMEIJEHHO NOMEIlaln ee B
oxnaxaeHHsli 0,9% pactBop xusopucroro Harpus. M3 oOpasua TkaHM NHpU MOMOIIM MeEToja
Qg depeHIHanbHOr0 HEeHTPUPYTUPOBAaHUS BBIIEISUIM MUTOXOHIPUU M MOCTMUTOXOHPUATBHYIO
¢pakuuu. B ocHOBY ¢pakinoHUpoBaHUs OBUI TMOJOXKEH MeToi [12] ¢ omucaHHBIMH HIKE
MogudukausiMu. Kycouku MbIIeyHOW TKaHM TIIATENBHO H3MeNbYaliu HOXHULAM. Hasecky
MBIIIEYHOMN KalllUIlbl CMENTUBAK U3 pacyeta 1 : 3 (Macca:00beM) ¢ COIEBOM Cpelioi, cojepikalei
0,05 M Tpuc, 0,005 M cynbdpara maraust u 0,001 M DATA (pH 7,4) u romoreHu3upoBaiu B
TedeHrue 3 MHUHYT B CTEKIIHHOM romoreHusarope Ilorrepa—DnbBereiima ¢ Te(IOHOBBIM
nectukoM. ['omoreHar ¢uibTpoBanu uepes3 4 cnos Mapiau U neHtpudyruposaau npu 1000 g B
teuenue 10 munyT. B padore ucnonszoBanu nuentpudyry PC-6 (CCCP). CynepHaTaHT IEpEHOCUITN
B YMCThIE IIEHTpU]YKHbIE MpoOUpku U  1eHTpudyruposanu npu 10000 g B Teuenue 20 MUHYT.
HagocanouHyio KUAKOCTb UCIIOJIB30BATIM B Ka4e€CTBE MOCTMUTOXOHAPHAIbHON (ppakuun. Ocaaok
JBaXK/bl MPOMBIBANIH B cpene romorenusanuu npu 10000 g B Teuenue 20 MUHYT U UCTIOJIB30BAJIU B
KayecTBE MUTOXOHJpHabHON (pakuuu. Bce mpouenypsl mo (pakunoOHMPOBAHUIO TOMOIE€HATa
MbIIbl  poBoguin ipu 4 - 5°C. TIpucyTCTBHE MHUTOXOHAPUIM B MUTOXOHIPHAIBHON (paKiuu
MOATBEPKIATIOCh pe3ylbTaTaMU HCCIIEIOBAaHUS AKTUBHOCTH UX HHAUKATOPHBIX (EPMEHTOB
(LIMTOXPOMOKCH/Ia3a U CYKIIMHATACTHIPOreHa3a).

B MuToxoHapuanbHOH M MOCTMUTOXOHJPHANBHOM (pakuuu OeApeHHOW MBIl ONpeaAesIu
coJiepKaHue BEIECTB, JAIOMIUX MOJIOKUTEIbHYIO peakIuio ¢ 2-Tnodapoutyposoii kucnoroit (TBK-
peakTuBHBIX BeriecTB) [13], xapOoHMIMpoBaHHBIX OenkoB [14], a Takke QIFOOPECIIUPYIOIINX
NpoAyKTOB MeTabonu3Ma Tuna mudqQoBbx ocHOBaHUN. M3Mepenue (roopecieHInu BhITOTHSIIN
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IpU JJIUHE BOJHBI BO30YXACHHS, COOTBeTCTBYIomieii 360 HM W  [UIMHE BOJHBI  JIMHCCHH,
cootBercTByromier 430 am [15]. Conmepkanue 6enka B mpobdax onpenensiiau mo metony O. Lowry et
al. [16]. CnekrpodoToMeTprUecKHe WCCIICIOBAHMS BBIONHSIIM Ha crekTpodoromerpe CD-46
(JIOMO, CCCP), a dmoopumerpuueckne Ha ¢aoopumerpe DJIFOOPAT 02 ABJI® (Jlromdkce,
Poccus).

[Tonmy4yeHHbIE pe3ysbTaThl MOJIBEPraJid CTATUCTUYECKOH OOpabOTKE C MCIOJIh30BAHHEM ITaKETOB
npuknaaaeix nporpamm Excel u «SPSS Statistics 17,0», ¢ moMompio HemapaMmeTpuueckoro MeToa
Wilcoxon-Mann-Whitney. Paziauuus Mexay JaHHBIMH CYMTAIM JOCTOBEPHBIME Tipu P<0,05.

PE3YJIBTATBI U UX OBCYKJAEHUE

Kak BuaHO m3 Tabn. 1, B 12-mecsyHOM BO3pacTe B MUTOXOHIPHAIBHOW (pakiuu OeapeHHOM
MBIIIIBI KPBIC MOBBIIMIACTCS COAEPIKaHUe KapOOHWIMPOBaHHBIX O0enKkoB, TBK-peakTHBHBIX BelecTB
U UQPPOBBIX OCHOBAHUM, 10 CPABHEHHUIO C AaHAJOIMYHON BETUYMHON Yy 1,5-MECSUHBIX HKUBOTHBIX.
VY 24-mecsauyHbIX KpbIC KOHIEHTpanus mup(GOBBIX OCHOBAHMN OKa3bIBaeTcs B 8,5 pa3 HUXKe, a
KapOOHWJIMPOBAHHBIX O€JIKOB - COOTBETCTBYET TAKOBOM B MUTOXOHJAPHIX MBIl Y B3POCIBIX
KUBOTHBIX. B Toke Bpems conepkanne THK-peakTHBHBIX BEIIECTB — IOHMKAETCA 1O €TI0 YPOBHS
y KpbIC 1,5-Mecs4HOro BO3pacra.

Tabmuma 1 — Conepxanne kapoonmmmpoBanabix 0enkoB (Kb), ThK-peaktuBabix Bemects (TBK+)
u muddoBeix ocHoBanuil (IIO) B MuTOXOHApHAIBbHON (Gpakiuu OEIpPeHHONW MBIIIIBI KPBIC
pasHoro Bo3pacta (M+m;n=5-6)

Bospact Kb TBhK- 1o 11O /TBK+
(MKMOTB / pEaKTUBHBIC (amoub /
MT OerKa) BEIIEeCTBA MT OemKa)
(MKMOJIB /
MT OeKa)
1,5 mec 0,77+ 0,12 0,16 £0,03 0,49 + 0,06 3,8+ 0,3
12 mec 1,90 £ 0,27* 0,23 £ 0,02* 0,94 £ 0,03* 4,2+ 0,3
24 mec 1,20 + 0,39 0,09 +0,01 1,08 £ 0,05* 12,4 £ 22%

[pumewanue: *-P < 0,05 x 1,5 MmecauapIM

OOHapyXeHHbIE BO3PAaCTHBIE CJIBUTM B COAEpPXKAHUM MPOAYKTOB CBOOOJHOPAAUKAIBHOTO
OKHCJICHUS JIMITUJO0B U OEJIKOB B MUTOXOHAPHAIbHON (PpakIK cep/iedHOM MBI Y CTapbIX KPbIC
COIPOBOXAAIOTCSI TIOBBIIIEHUEM BEJIWYMHBI HMHJIEKCAa COOTHOLIEHHUS MHU(QPOBBIX OCHOBAHUHN U
TBK-peaktusnsix BeniectB (ILIO/TBK+) B 3,3 pa3a, mo cpaBHEHMIO C TAKOBBIM y HBOTHBIX 1,5-
MECSYHOTrO Bo3pacTa. Ilpu 3TOM BelMYMHA JAHHOTO ToOKaszaTels y 24 MeCSYHbIX >KMBOTHBIX
CTaHOBUTCS B 3 pa3a BBILLIE, YeM y 12-MeCAYHBIX KPBIC.

B noctmuToxoHapuansHON ppakuuy 6eApEeHHOM MBIIIIBI BCEX HCCIEA0BAHHBIX BO3PACTHBIX TPYIII
KpBIC coJiepKaHue KapOOHUIMPOBaHHBIX 0eKkoB M TBK-peakTHBHBIX BEIIECTB MOAJIEPKUBAETCS HA
OJINHAKOBOM ypoBHE (puc. 1).

B 10 Xe BpeMs y 24-MecA4yHBIX KHMBOTHBIX cojiepkaHue IMH((OBBIX OCHOBAHHM B JaHHOU
cyOkneTouHON (pakuuu oka3biBaeTca Ha 52% Hmxke, yeM y 1,5-mecsunbix Kpeic. [Ipu sTom
BennunHa nHaekca [IHO/TBK+ y B3pOocCiibIX KUBOTHBIX CTAHOBUTCS CYIIECTBEHHO HMXe, yeM y 1,5-
1 24-MecsiuHBIX KpbIC (puc. 2).

AHalli3 MOJYYeHHBIX PE3YJIbTaTOB YKa3bIBAET HA TO, YTO B MPOLECCE OHTOTE€HE3a B CKEJIETHOU
MBIIIIIE TOBBIIIACTCS COJEPKAHUE TMPOAYKTOB CBOOOJHOPAIUKAIBHOTO OKHCICHUS OCJIIKOB H
munuaoB. opMUpOBaHUE MOJOOHOTO CBUTA XaPAKTEPHO AJII MUTOXOHAPUIN MBIIIEYHBIX KIETOK U
HE XapaKTEepPHO ]IS KOMIIOHEHTOB MX TOCTMUTOXOHAPUATBLHON (Ppakiuul (IIMTO30J51 U MHUKPOCOM).
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ITo Bceli BEpOSTHOCTH 3TO CBSA3aHO C BO3PACTHOM MOAYJISALIMEH MPOLIECCOB panKaioo0pa3oBaHus B
MHUTOXOHJAPHSX, U3MEHEHUEM CTPYKTYpbl BHYTPEHHEN MUTOXOHIPHAIbHON MEMOpPaHbl U COCTOSHUS
CHCTEM MX aHTUOKCHIaHTHOM 3aimuThl [17 — 19].
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Puc. 1. Conepxanune xapoonmmmpoBanHbix 0eskoB (Kb), TBK-peakTHBHBIX BEIIECTB
(TBK+) u mmddoBeix ocHoBanuii (ILIO) B mocTMHUTOXOHAPHANIBHON (Gpakun
OepeHHON MBITIIIBI KpbIC pa3Horo Bo3pacta (M = m; n =5 — 6). Conepxxanue Kb u
TBK + — B MkMoab /mr Oenka; IIIO — B HMOJb /Mr Oelika.

*- P <0,05 k1,5 MmecsTuHBIM

HccnenoBanus mnokasaiu, 4YTO B MUTOXOHAPUANBHON (QpaKkuuu OEIPEHHON MBIIIIBI Y B3pPOCIBIX
MIOJIOBO3PENIBIX KPbIC 3HAYMTEIBHO BO3PACTAET COJepkaHHWE KapOOHMIMpPOBaHHBIX OenkoB, THK-
pPEaKTUBHBIX BeleCTB W IHU(P(GOBBIX OCHOBAHUN, MO CPAaBHEHHIO C TAKOBBIMHU Y >KMBOTHBIX
ny0epTaTHOTO Bo3pacTa. AHAJIOTMYHAs, HO B MEHBIIEH Mepe BbIpa)KEHHasi CHUTYyallusl BOSHUKAET U
y cTapbIX KpbIc. [Ipy 3TOM B MUTOXOHIpUAX O€APEHHON MBIIIIBI CTAPBIX KUBOTHBIX OKA3bIBAETCS
CYIIECTBEHHO HUXKE coziepikaHue In(p(OBBIX OCHOBAHUH, a Takke BennuuHa uaaekca 11O/ TBK+,
4YE€M y B3pOCIBIX KpBIC.

BcecTopoHHMii aHanu3 OOHAPYXKEHHBIX CABHIOB IMO3BOJISET AyMaTb O TOM, YTO BO B3POCIOM
MOJIOBO3PENIOM BO3pacTé B MHUTOXOHAPHUSAX CKEJIETHBIX MBIIII HMEET MECTO MaKCHMallbHas
CKOpPOCTh TIPOLIECCOB PAJUKAIOO0pa30BaHMs, YTO OTpPakaeT BO3pacTaHUE YPOBHS KOHEYHBIX
MIPOJIYKTOB CBOOOAHOPAINKAILHOTO OKHUCJIEHUS (xapOOHMIMPOBAHHBIX 0enKkoB nu
GbroopecupyomuX MPOAYKTOB TUIA (P POBBIX OCHOBAHU).

[locnegHee oTpa)kaeT MOSBIEHUE BO3PACTHBIX OCOOCHHOCTEM B YTHJIM3AlMM KapOOHMIJIBHBIX
MPOAYKTOB CBOOOJHOPAAUKAIBLHOTO OKUCIEHHs. OHU 00YCIOBJIEHBI TEM, YTO Y CTapbIX KPbBIC 3TH
LUTOTOKCUYECKHE TPOIYKTHl MeTadoJin3Ma HE BOBJIEKAIOTCS B (epMEHTATUBHbIE IYTH HX
yTWIW3alMK, a MCHOJB3YIOTCS MPEUMYIIECTBEHHO B HEKATAIMTUYECKUX peakuusx Ui
oOpa3oBaHMs aIJyKTOB C OelKaMH, HYKJIEHMHOBBIMH KHCJIOTaMU M JPYTUMHU HYKJI€O(UIbHBIMU
monekynamu [20, 21]. CnenctBueM 00pazoBaHus MOAOOHBIX aJYKTOB CTAHOBHUTCS ()OPMUPOBAHUE
TUCPYHKIIMHM MBIIIEYHBIX BOJIOKOH, YTO B CBOIO OUE€PEJlb, MOXKET MPENONPEeNIATh BOSHUKHOBEHUE
CapKONEHUHU. B oTimMume OT cTapbIX KpBIC, Y B3POCIBIX MOJIOBO3PENbIX KUBOTHBIX KapOOHUIIbHBIE
MPOJYKTHI CBOOOTHOPAIUKAILHOTO OKHUCICHHS! IUTUI0B U OETTKOB B MUTOXOHIPHSIX BOBJIEKAIOTCS B
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(dbepMeHTaTUBHBIC TYTH KaTabonu3ma [22], 9To UrpaeT BaXKHYIO POJb B 3AIIUTE MBIIICYHBIX KIETOK
OT MOBPEKACHUSI IPH OKCUJITATUBHOM CTpecce.

IO /TBK+

16

14 -

12 -

10 -

Bo3spact

1,5 mec 12 mec 24 mec
Puc. 2. Bemnunna wunnekca IIIO/TBK+ B mocTMUTOXOHApPHAIBHOH (pakiuu
OepEHHOI MBIIIIBI KPbIC pa3sHoro Bo3pacta (M £ m; n =5 - 6). *-P<0,05 x
1,5 MecSIYHBIM

B noctMuToXOoHApUaNbHONW (GpakuK MBIIIEYHON TKaHU Ha MPOTSKEHUU UCCIIE0BAaHHOIO Meproia
OHTOT€HE3a MOJICPKUBAETCA CTA0WIbHAS KOHIIEHTpAalMsl NPOAYKTOB CBOOOJHOPAAMKAIBHOIO
OKHCJICHUS JIMMUJO0B U O6eKkoB. bonee Toro, y B3pocibIX M CTapbIX KPBIC CYIIECTBEHHO MOHMKAETCS
3Hauenue wunHzaekca HIO/TBK+, uro Moker oTpakaTh MOBBILIEHUE y HHUX 3()PEKTUBHOCTU
YTUIM3AIMU KapOOHWIBHBIX MPOIYKTOB CBOOOHOPAJINKAIBHOIO OKHCICHHS B COOTBETCTBYIOIIMX
(depMeHTaTUBHBIX peakuusax. B ocHoBe ¢opMupoBaHus NOJOOHOTO CABUTAa MOXKET JIekKaTh
BbICOKast H(PPEKTUBHOCTh (DYHKIMOHUPOBAHUSA y HHUX B IIMTO30J€ MBIIIEYHBIX KIETOK
(epMEHTAaTUBHBIX CHUCTEM 3alUThl OT KapOOHWIBHBIX MPOAYKTOB CBOOOJHOPAAUKAIBHOIO
OKHCIIEHHs, (EPMEHTOB AHTHOKCHJIAHTHOM 3alllUThl, a TaKXe IPOLECCOB, CBA3aHHBIX C
KaTabonM3MOM O€JIKOB, TOJBEPTHYTHIX  KOBaJeHTHOW wmomudukanuu [22]. Bmecte ¢ Tem,
BbICKa3aHHbIE MPENOJI0KEHUs TPeOYIOT CHEIMaIbHOM SKCIEPUMEHTAIbHOM mpoBepku. C 3TUM
CBSI3aHbI IEPCIEKTUBHI MPOIOJKEHUS UCCIIEIOBAHUN JAHHOTO UCCIIEOBAHMUS.

BBIBO/IbI

1. B wMuToXoHApuanbHOM ¢pakuuu OEIpPeHHON MBIIIIBI B3POCIBIX U CTapblX KpPbIC
yBenuunBaetcs conepxanue 1110, TEK-peakTuBHBIX BelecTB, KapOOHUIMPOBAHHBIX OEJIKOB
u BenuunHbl uHAekca [IIO/TBK+, mo cpaBHEHUIO ¢ TaKOBBIMHU Yy >KHBOTHBIX MyOE€pTaTHOTO
BO3pacTa. Y CTapbIX XMBOTHBIX HAKOIUJICHHE MPOIYKTOB CBOOOIHOPAAMKAILHOTO OKHCICHUS
BBIP2KEHO B MEHBIIEH Mepe, YeM Y B3pOCIIBIX.
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10.

11.

12.

13.

14.

15.

Conmepxanne  TBK-peakTuBHBIX  BemleCTB U KapOOHWJIMPOBAHHBIX  OEIKOB B
MMOCTMUTOXOHJPHAIBHON (pakiuu OeIpeHHON MBIMIBI  KpbIc OT 1,5- 10 24-Mecs4yHOTO
BO3pacTa HE U3MEHAETCS.

B mpouecce oHTOreHe3a MHUTOXOHIPUM CKEJIETHOM MBIl MPOSBISIOT  OONBIIYIO
nabWIbHOCT K (OPMUPOBAHUIO  OKCHJATUBHOTO  CTpecca, 4YeM  KOMIIOHCHTHI
MMOCTMUTOXOHAPUAIBHON (PPaKIIUH.
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HAJTHUPHUKU SIK EOEKTOP CTPECY TA IX BILJIUB
HA METAJIOJIITAHAHUU I'OMEOCTA3

€umenko 10.B., Kyukocbkuit O.M., bost B./l., bonnapiok O.A., OmenbsiHuuk B.M.
3anopizvkuii HayioHalbHUL YHIgepcumem

69600, Vkpaina, 3anopixcoics, eyn. Kykoscvkoeo, 66
olegk181@gmail.com

Bimomo, mo rinoramamo-TimodizapHO-HAJHUPHUKOBA CHUCTEMa BIUIMBAE€ HAa OUIBIIICTP TOMEOCTATHIHHX
NPOLIECIB, TPH [[LOMY MUTAHHS PO BIUIMB OKPEMHX OpPraHiB L€l CUCTEMH Ha METaJOJIiraHIHHH TOMeocTas3
Masio BUBYeHe. HajHUpKOBI 3ano3u sik edeKkrop cTpecy BIUIMBAIOTh Ha METANOJIraHIHUHA TOMEOCTa3
Oe3rocepe/iHbO, OCKIJIBKH aJPEHaIeKTOMIsl BUKIMKAE B KIITHHAX, L0 MICTATh XEJIaTOYyTBOPIOKOYI METaJH,
3HWKEHHs1 3Mmicty Zn 1 Mg Ta migBuienHs 3micty Cu. Crpoba ckoperyBaTd Iii 3MIHM BBEJICHHSM
aJ[peHAJICKTOMOBAHNUM TBapHHAM CHHTETHYHHMX aHAJIOTIB CTPECOBHX TOPMOHIB HE JI03BOJIIE Lie 3pOOUTH.
CnpoOu BIUIMBATH Ha MOKa3HUKH METAJOJITaHAHOTO TOMEOCTa3y FOCTPUM CTPECOM TaKOX HE MPHU3BOJNIN
JI0 HOpMaii3amii IUX MOKa3HHKIB. Yce Ie CBIAYUTH Ipo Te, Mo (YHKIIOHAJIbHY HEIOCTATHICTH OJHOTO 3
e(EeKTOpIB CTPECy MOXKYTh YAaCTKOBO CKOPET'YBaTH CBOEIO POOOTOIO iHIII, aje MpU MbOMY TOMEOCTAaTHYHI
MIPOLIECH, Y TOMY YHCIII METAJIONIraHJHUH TOMEOCTa3 MOPYIIYETHCS OE3II0BOPOTHO.

Kuouosi crosa: Zn, Mg, Cu, kiimunu, wo micmsams Xe1amoymeoproyi Memau, eqpexmopu Cmpecy, HaOHUPHUKU

HAJIMOYEYHUKU KAK D9OPEKTOP CTPECCA U UX POJIb B METAJIJIOJIMTAHAHOM
IT'OMEOCTA3E

Ewenro FO.B., Kyukosckuii O.H., Bosm B./[., bonoapiok O.A., Omenvanyux B.H.
3anopooicckuil HayuoOHATLHYLL YHUBEpCUME,
69600, Yxpauna, 3anopooicve, ya. Kyrkoeckoeo, 66
olegk181@gmail.com

I/IBBGCTHO, 4qTo FI/IHOTaJ'IaMO'FI/IHO(I)I/BapHO'HEI,HHOLIC‘IHI/IKOBaﬂ CHCTEMa BIHMSET Ha OOJBIIMHCTBO
TOMEOCTAaTHUICCKUX MPOUECCOB, IPHU 3TOM BOHNPOC O BJIHUAHUU OTHACIIBHBIX OPraHOB 9TOM CHCTEMBbI Ha
MCTaJ’IJ’IOJ’IHFaHILHBIﬁ roMeocTrad Majlo0 H3Yy4CH. Ha,Z[HO‘IC‘IHI/IKI/I Kaxk 3(1)(1)€KTOp CTpecCa BIIUAKOT Ha
METAJUIOJINTaHIHBIH TOMEOCTa3 HEMOCPECACTBCHHO, T.K. aAPCHAJIDKTOMMUS BbI3BIBACT B KJICTKaX, COACPKAIIUX
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