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ITpoBeneHo cpaBHeHHE coaepKaHHUSA NUMO(PYCHHWHA — «IUTMEHTAa CTApEHUS» — B UYETHIpEX OpraHax
KpBICH! (TI€YEHb, MMOYKH, CEPIIE, MO3T), & TAKXKe, A CPABHEHUS, B CyCIIEH3UU «TEHEH» MUTOXOHAPUN
nedyeHu. JlokazaHo, 4TO B cilyyae MEYEHHU JHUNO(YCIHH, MOTIOMAMIOMUNA yIbTpaQHOIETOBBIH CBET
npu 360 HM u Quyopecuupyromuii npu 460 HM, UMeeT B OCHOBHOM IOCTMHUTOXOHIPHUAIBHYIO
npupoay. [lokazaHo, 4TO HauWMEHbIIeEe coAepkaHHEe TuUNodycluuHa Habmomaercs B ceplue, Npu
3TOM KOJIMYECTBO JHNO(YCHMHA B OCTAJBHBIX OpraHax, pacciuTaHHoe Ha 1 Mr Oenka, IpUMEpPHO
coBnajgaer. Ha oCHOBaHMM CHEKTpalbHBIX NAHHBIX M H3MEPEHHS BPEMEHH >XHU3HH BO30YXIECHHOTO
COCTOSIHHS TIPEATIOJAraercsi, YTO 3HAYMUTENbHBIH BKIaZ B (UIYOPECHCHLIHIO JIUMO(pyCIUHA OPraHOB
BHOCSIT OCTaHKH CTapblX MUTOXOHAPHHA — IIOCTMHUTOXOHIPHH, COAEpKAIIUX MOCTMHTOJHUIIODYCIHUH.
[MTomumo ¢ayopecuupyromero nunodyciuHa BO BCEX OpraHax 0OHapyXHBAIOTCS HedIyopecuupyro-
mue O0ETKOBbIE arperaThl, HANOOJIbIIEe KOJTMIECTBO KOTOPBIX IPUCYTCTBYET B CEpJIle, a HAUMEHBIIIEE —
B neueHdu. Cpeanu HUX 3HAYUTENbHYIO JOJIIO COCTABISAIOT KOBAJIEHTHO CIIMTBHIE arperatsl, HE pas3py-
maembie feTepreHToM. C MOMOIIbI0 YMEPEHHOTO HarpeBa TOMOT€HATOB YKa3aHHBIX OPTaHOB MOJIY4EH
tepmonunodycurH. Haumenpineil ciocoOHOCTBIO K ero o0pa3oBaHHIO 00J1ajiaeT TOMOTEHAT cepala,
a HamOOJIbIIEH — rOMOTEeHAT MO3ra. 3HAYUTEIbHBIH BKJIaJ B TEPMOJIUIOPYCIMH TOMOTEHATOB OPTaHOB
BHOCST, IO-BUIUMOMY, TEPMOMHUTONHIIO(PYCHHH U3 MeMOpaH MOBPEXIECHHBIX MUTOXOHIApHUi. B ¢op-
MHUPOBaHHH TEPMOJUNO(PYCIUHA AaKTHBHO YYaCTBYIOT apOMaTH4YECKHE OCTATKH — TUPO3UHBI U TPHII-
ToaHbI.

Kniouesvie crnosa: cmapenue, nunogycyun, mumox onopuu, 6eikogvie azpezamul, (ryopecyeHmuas cnex-
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CrapeHue — CcIOXHBIH OHMOTOTHYECKHI MpO-
11ecC, MPEACTAaBISIONUA COO0H COBOKYNMHOCTh Ha-
PYILICHUH KIETOYHBIX U MEXKKJIETOYHBIX MEXaHHU3-
MOB CaMOPETyJAlNH, HAKOIUJIEHUS MeTaboimde-
CKHUX TIOBpPE&XJEHUH B KJIETKaX M CIABUTOB HEHpoO-
rymopanbHoi perynsinuu [1]. Knerka nperepneBaer
SHAYUTCIbHBIC NCTCHEPATUBHBIC U3MCHCHHA, B 4Ya-
CTHOCTH, IPOUCXOJUT HApYIIEHHE CTPYKTYPHl H
(GYHKIMM MUTOXOHAPHUH, YTO MPUBOJHUT K COKpa-
HIeHUI0 TeHepauuu sHepruu. CTpYKTypHBIE H3Me-
HCHHA B pAa3JIMYHBIX KJICTKAaX NPU CTapCHUU BECbMa
pa3HOOOpa3Hbl: B HEKOTOPHIX KJIETKAaX YBEITUYUBA-
€TCS YUCIO sNep, U3MEHSIOTCS pa3Mepbl MUTOXOH-
IpUil, TOSABIAETCS HU3IHUIIHAS IIEPOXOBATOCThH JH-
JOTITa3MaTUYeCKUil ceTH W HaOIfogaercs yBelnude-
HHEe 4ynciaa pubocoMm [2].

Oco0eHHO OTYETNMBEIC U3MEHEHUS B IMpOIlecce
KJIETOYHOTO CTapeHUs MPOSBISAIOTCS B HAKOTUICHUHU
«BHYTPHUKIETOYHOTO Mycopa» — B BHIE TpaHyll
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munodycuuna [3,4]. KonudectBo numodycuuHa B
KJIETKaxX YBEIIMYMUBACTCS HE TOJIBKO IPU CTapECHUH
OopraHu3Ma, HO TaKXe MPH MaTOJIOTUIX U aTpodun
opraHoB. HakomineHue GobIIOr0 KOJTUYECTBa JH-
nodycuruHa B TKaHAX MpUAAET UM OypbIid mBeT [5].
HanGonee noaBep>XeHHBIMH HAKOIUIEHUIO JIHIIO-
¢dycuuHa SBISIIOTCA IOJITOXHUBYIINE HENENSIIHecs
CHenraln3upoOBaHHbIE KJIETKU: HEHPOHBI, Kapauo-
MHOIUTBI U Jp. (COOTBETCTBEHHO HMMeE€EM HeHpo-
nunodycunH, Kapauoaumnodpycuud u 1.4.) [6]. Oc-
HOBHBIE (AKTOPHI, KOTOPHhIE O0YCIOBIMBAIOT MO-
ABJICHHE NunodycuuHa B KJIETKax, A0 CHX IOP B
JIeTaJsAX HEU3BECTHBI, HO CUUTAETCS, YTO BAXKHYIO
pPOJb UIPAaOT MEPEKHCH JUIUIO0B, BO3HHKAIOLINE
noj AeiictBueM cymnepokcuna [6,7].

B pesynbraTe 4pe3smMepHOTO HAKOIUICHHS Kie-
TOYHBIX MOBPEKJICHUH U BHYTPUKIETOYHOTO MY-
copa NpH HEAOCTATOYHOM AKTUBHOCTH JH30COM H
nmpoTeas (a TakXke MPH MaTOJOTHIECKUX IPOIIeccax)
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MMEHHO MHUTOXOHJIPHUHU B IMEPBYIO Ouepenb Aerpa-
IUPYIOT B TpaHynsl JunodycumHa [8—12]. Ilpm
3TOM, B OTJMYHUE OT MOCTMUTOXOHAPHUU, KOTOPHIE
0OBIYHO BHYTPH KJIETKU pa3pymalTcs IpoTea3zaMu
n nu3zocomamu [10,13], rpaHynIBl MOCTMHTOXOHJ-
puanpHOTO NumodycruHa He paspymatoTes. [loct-
MUTOJIUNO(QYCUHH — TUIO(PYCHUHOBEIH Mycop, 00-
pa3oBaBIIMKCA B KJIETKaX M3 MOCTMUTOXOHIAPUH,
T.€. U3 CTapblX MUTOXOHJAPUN, YTPAaTUBIIUX CBOU
¢yukuuu. [Ipomecc MUTOXOHAPHATBLHOW Aerpaja-
IIUH COMPOBOXKAAaeTCs 00pa3oBaHMEM MHOXKECTBa
MEXOETKOBBIX W IJHMHA-OETKOBBIX KOBAaJICHTHBIX
cmuBoOK [8]. B coctaB moctmMutoaumnodyciuaa, mo-
MHMO JEHATYPUPOBAHHBIX OENKOB, BXOMIAT OKFC-
JICHHBIE JIUMUIBI W JIpyrue BemectBa [14-16].

Panee B mameit nabopatopum Ha mporpeBae-
MOMW CYCNEH3UH MUTOXOHJPUN M3 MEYEHU KPBICHI
OBLIO TPOJEMOHCTPHPOBAHO BO3HHKHOBEHHE 3a-
METHOTO KOJIMYECTBa JTUMO(yCIHHA B OTCYTCTBHE
JIN30COM, TIPOTEa3, 3K30TEHHBIX MPOOKCHAAHTOB H
npunynutenbHoi aspauuun [8]. Takoit numodyc-
LIHUH, 00pa3yloumuics U3 MUTOXOHAPUN B pe3yib-
TaTe YMEPEHHOTO HarpeBaHUs U30JUPOBAHHBIX HIIH
BHYTPHUKJIETOYHBIX MHUTOXOHIPHUH, YOOOHO Ha3bI-
BaTh TepMoMmuronunodycuuaoMm. Ero cBoiicTBa
(monoca mornomeHuss npu 360 HM, mojoca TOJy-
O0oro m3mydeHus mpu 460 HM W 1Ip.) TIOXOXKH Ha
CBOMCTBA MHUTOJHUMO(DyCIHA, comepXkamerocs B
MHTOXOHJIPHUSIX HCXOJHO.

Ocrancss OTKPBITBIM BOIPOC O TOM, KaKOB
BKJIaJ] IOCTMUTOXOHAPHAILHOTO MEMOpPaHHOTO JTH-
no(yclurHa B CyMMapHbBIN KJIETOYHBIN JTUTTOQYCIHH
MEYEeHU U Ipyrux opraHoB. Kpome Toro, momMumo
¢yopecuupylouiero aunogycuuHa, B cTaperouux
KJIETKax HaKalJuBaroTcs HeIyopecuupyronue ar-
peratbl, B KOTOpPBIX MHOTHE OENKH OKa3ajlHuch
NPOYHO CIIUTHI Oe3 oOpazoBaHus ¢uyopecuupyro-
mux muddoBex ocHoBanuil [8]. I[losTomMy 1ensi0
NaHHOW pabOThl SBUJIOCH CpaBHEHHE HCXOJIHOTO
YPOBHSA (QIyOpeCIUPYIONIEro JUIOo(PycnuHa U He-
(bayopecupyrmux OEeTKOBBIX arperatoB B YETHI-
pex opraHax 3peibIX KpbIC (IeYeHb, MOYKH, CepIe
W MO3T), a TaKXe TeIIoBash WHAYKIHS JHUIOdYC-
nuHa (TepMoiHnodycuuHa) U Heduyopecuupyro-
IIMX arperatoB IMyTeM YMEPEHHOro0 HarpeBa ro-
MOTEHAaTOB 3TUX OPTraHOB.

METO/JbI MCCIEAOBAHUNA

WccnenoBaHust BBITIOJHEHBI Ha TOMOTEHATaX
opranoB 15-tu kpsic (Maccoir okosio 200 r) TUHUHU
Wistar. [Teuenb, MOYKH, CepAlle U MO3T KUBOTHBIX
noMemiany B neasHyto cpeny 10 MM tpuc-pocdarta
(pH 7,3), npomaBnuBanu yepe3 mpecc U romore-
HuzupoBanu B aucnepratope Ultra-Turrax Tube
Drive (IKA WORKS, Inc., 'epmanus), Bcneacraue
9ero MPOUCXOIOWIO MOYTH MOJHOE pa3pylieHue

YAIIJIBITUHA, BEKIIIMH

TKaHell W KpynHBIX 4dacTul. [lomydeHHBIH romo-
renat neHTpudpyrupoamu npu 1000 o6/mMuH B
TeYeHHe 3 C, B pe3yjibTaTe 4ero OBICTPO OCeAau
KpYIHBIE Hepa3pylleHHbIE YaCTHUIBI, KOTOpPbIE OT-
OpaceiBaiu. 'oMorenat w3 cymepHaTaHTa pacda-
COBBIBaJ M Ha JIbpAy B mpobupku tuna Eppendorf
mo 1 Mi, 3aMOpakMBajiu U XPaHHIA B MOPO3WIb-
HOH kamepe. [locine pa3smopaxuBaHus TpoOBI Hc-
MOJIB30BaIN ISl OTBITOB.

OpakIuoo «TeHe» MUTOXOHApHUH (6e3 BHYT-
PEHHETO COJIEPKUMOTO) MOJYydaly U3 NEeYeHH KPBIC
npu temnepatype 2°C B TO#l ke THMIOTOHHYECKOH
cpene (10 MM Tpuc-docdar, pH 7,3) 6e3 caxapossl
nu OJTA; ocranbHble ycnoBHUs OBIIM KakK IpH
BBIJICTICHUN OOBIYHBIX MUTOXOHApUH [17]. Jns ato-
ro cHavajga MeHTPHPYTUPOBAIH HCXOTHYIO OOIIyIO
cycnensuto Ha neHTpudyre J2-21 (Beckman, CIILIA)
npu 1000 g B Teuenune 10 MuH, B pe3yabTaTe 4ero
ocaxJanuch (M 3aTeM OTOpAachHIBalWCh) KIETKH WU
JIpyrue KpymHble dacTHIbl. Jlajmee cymepHaTaHT
MOBTOPHO IEHTPHUPYTUpOBald B TEUCHHE 15 MHUH
npu 5000 g, B pe3ynbpTaTe 4Yero oOcakJajuch B
OCHOBHOM TEHHM MHUTOXOHAPHUH, KOTOpbIE 3aTeM
cycneHaupoBanu B Toil xe cpene (9 ma Ha 1,5 mu
ocanka), pacdacoBbIBald Ha JbAy B HPOOUPKH
Eppendorf mo 1 mu, 3amopaxkuBanum u B HoOCIe-
IYIOIEM MCIIOJb30BaIy Uil ONBITOB. B pe3ynbraTe
3aMOPO3KH—Pa3MOPO3KH TE€HH MHUTOXOHAPHH pas-
pBHIBAINCH, T.€. IMOJydJauch MeMOpaHHBIE ¢par-
MEHTHI.

Bce mpoObI BEIpaBHHUBAIH 110 COJIEPKAHUIO Oel-
ka (0,35 mr/mn). KonmnenTpamuio Oenka ompene-
nsau Y ®-skenpecc-meroqoMm [18]. benkoByro Tu-
PO3HH-TPUNTO(PAHOBYIO B TOJYOYIO JTUITO(QYCIIHHO-
BYI0 (IyOpECHEeHIHIO NEeTEKTUPOBAIU B YCIOBHIX
pacTBOpEHHsS] TOMOTeHaTa JeTepPTeHTOM I0JeIui-
cynbdatom HaTpus. benkoByio THpo3uH-TpUNTODha-
HOBYIO (uIyopecueHnnio Bo30yxnanu npu 275 HM,
a yunoycuuHOBy0 — npu 360 HM.

Jna akTuBanmum mpouecca oOpa3oBaHUS JIUIO-
¢dbycrimEa B TOMOTEHATaxX in Vitro WCIOJB30BaIU
JUIATENbHBIM YMEPEHHBIH HarpeB, B pe3ylbTaTe 4e-
ro mojydanu tepmoiunodycuuH. i 3TOoro pas-
O6aBnenHeie B 10 MM Tpuc-pochatHoM Oydepe
(pH 7,0) romoreHaThl, IOMELICHHBIE B CTEPUIbHBIC
repMeTnuHble npobupku tuna Eppendorf, Harpe-
BaJii U BbIAepXuBaiu 3 4 wiu 24 4 npu 60°C B
tepmomreiikepe TS-100 («Bektop-bect», Poccus).

[dns mpenoTBpalieHus 3arpsi3HEHUS TOMOTEHa-
TOB MHKPOOpPraHM3MaMH IMPOBOJHIN CTEPHIIH3A-
LUI0 U TepMeTu3auuio npodupok. Konrpons ot-
CYTCTBHsI 3arps3HEHHS HPOBOIIIM C MOMOUIBIO
ONTHYECKON MHUKPOCKOIHUU.

Omnpenenenue conepxkanHusi nunodycuuaa (1o
BO3TOpPaHUIO TONyOOH (uyopecueHuun) U Ipyrux
arperupoBaHHBIX OENKOB (MO MAIEHUI0 TUPO3HH-
TpuUnTo(HaHOBOW (IIyopecHeHIInN) B TOMOTEeHAaTax

BUO®U3UKA Tom 64 Brim. 1 2019
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OpPraHOB TPOBOJAMJIM C TMOMOINBIO CHEKTPOIyO-
pumerpa Cary Eclipse (Agilent Technologies,
CIIA) B 0OOQHOCAHTHMETPOBBIX KBapIIEBBIX KIOBE-
tax npu 20°C.

[MockoapKy TpH JIUTEIBHOM YMEPEHHOM Ha-
IrpeBaHUM BO3HUKAJa TaKKe arperamusi 4acTHll ro-
MoOreHaTa, NPUBOIAMAS K JOMOJHUTEILHOMY CBe-
TOpAaccesHUI0, TO KOJUYECTBEHHbIE HU(PHI MO CO-
Jep>KaHUI0 JUNnodycuuHa MBI MOJy4Yaldd B YCIO-
BUSIX PACTBOPEHHSI TOMOI'EHATOB AETEPreHTOM [0-
Jenwicynb(paToM HaTpus, KOTOPBIH pas3pyliaer
MeMOpaHbl U MOYTH IOJHOCTHIO AEC3UHTETPUPYET
HEKOBaJICHTHBIE OENKOBBIC KOMILIEKCH. [Ipu aTom
Tuno(yClHH JEeTepreHToM He paspymiaercs, Tak
Kak B HEM MEXJy JCHATYPUPOBAHHBIMH OelKaMH
UMEIOTCA JOBOJILHO NMPOYHBIE XMMHYECKHE CBSI3H,
KaK MUHUMYM — KOHbIOTaThl MHU((OBBIX OCHOBa-
HUl, Qayopecuupyromue B roayooi odmactu. Jo-
OaBieHUE YKa3aHHOTO JE€TEpTeHTa K roMoTeHaTaM
(mocne 3aBepuIeHUs] HHKYOaIK) PEe3KO YMEHbBILAIO
BEJIMYHMHY CBETOPACCEIHMSI M YCTPAaHAIO THUHAAIb-
peneeBcKUi TuUnoxpomusM [19], yTo mMmo3BOJIAIO
HaJIeKHO H3MEPATh Majble KOJIMYecTBa Junodyc-
[MHA 110 MHTEHCUBHOCTU ero (uyopecreHnnu (Ha
(dhoHE CpaBHUTENHHO OOJBIIUX KOHIICHTPAIHH 00-
mero Oemka).

JIOTIOJIHUTENBHO K 3TOMY NMPOBOJIUIN U3MEpe-
HHSI BpPEMEHHU >KU3HH BO30YXIEHHOTO COCTOSHHS
(t) nunodycnuHa GazoBO-MOIYIALMHOHHBIM METO-
oM [18] mpu nmomou cnexktpodayopumerpa SLM -
4800 (ISS, Inc., CIIIA). Yacrota MOAYNSAIUHA CO-
craBisna 30 MI'u. Hdns ycunenust cnab®oil numo-
GbycrmHOBOHW (IIyopeceHIIUE HCIIOJIB30BaTN 3ep-
KaJbHbIEe KlOBeThl [18].

OOpa3oBanue HeDIYOPECHUPYIOUIUX CIIHBOK
MeXy OelkaMu IeTeKTupoBaiu (mocie o0padboTku
1%-m pacTBOpOM noaeuuicyibpara HaTpus) Ha
cnektpodoromerpe [13-5400 YD («IIpomdkonady,
Poccust) mo M3MEHEHHIO CBETOpAacCesiHUus — ONITH-
gecKod mIoTHOCTH oOpasmna mpu 700 HM, Tae OT-
CYTCTBYIOT NOJIOCH mornomeHus. CTOUT y4uThI-
BaTh, YTO B ITOM ClIy4ae ONTHUYECKas IIOTHOCTh
npu 700 HM SKBHBAJIEHTHA PAaCCEHBAHMIO, TAK KaK
B 9TOW 00JIaCTH HE MPOUCXOIUT MOTIIOMEHUS CBETa
HUKaKUMH W3 OPUCYTCTBYIOLIMX B o00pasue Be-
mectB [19].

O06paboTKy MaHHBIX MPOU3BOIUIN C MIOMOIIBIO
nporpamMmbl Sigma Plot 12.5. 3navenus B rpadu-
Kax W Tabiumax SBISIOTCS YCPEIHCHHBIMH JaH-
HBIMH IO BCeM 3KcmepuMeHTaM. Jlns aHaiam3a Aoc-
TOBEPHOCTH HaOIIOMAaeMBIX pa3IMYUi HCHOJIB30-
Bajld HemapaMeTpuyecKue KpuTepuu BuikokcoHa
u ManHa—YutHu. CTaTUCTHYECKH 3HAYUMBIMHU
cuutanu pasznuuus npu p < 0,05. Bee crnekTpsl
MpHUBEACHBI 32 BBIUYETOM (POHOBOrO crekrpa Oy-

dbepa.

BUO®U3UKA Tom 64 BpII. 1 2019

PE3VIJIBTATBI 1 OBCYXJEHUE

Panee B Hameit mabopatopun ObLIN IPOBENEHBI
OTBITHl MO MOJYYCHUIO TEPMOMHUTOIHIOPYCIUHA
HENOCPEJCTBEHHO HA CYCIIEH3WH OYMIIECHHBIX IIe-
4yeHOYHBIX MUTOXOHApuUH [8]. [Ipu 3TOM B KauecTBe
cpenbl BBIJENEHUS M XpaHEHUS MUTOXOHIPUH uc-
monb3oBaicsad Oydep, comepkammuii caxaposy H
OHTA. IIpumenenue caxapossl 1 O/ITA aBnsercs
OOIMEePUHATHIM, TaK KaK OHH CTa0MIH3UPYIOT CO-
XpaHHOCTh MUTOXOHIApuUM [20]. OmHako HemaBHO
MBI BEIICHUIH, 9T0 DI TA 3amemiser oopa3oBanue
TepmonunodycnmHa, a caxapo3a — yckopsieT (maH-
HbI€ HE MPHUBOJATCS), MOITOMY B JaHHOW pabote
NpU TOMOTEHHM3allMM OPTaHOB W WX HWHKYOAllUH
ucnonb3oBanu 0ydep 6e3 DATA u caxapo3ssl, yTo-
OBl HE BJIMATH HA 00pPa30BaHUE TEPMOJIUIIOPYCIIMHA
B X0J€ MHKYOaLHH.

OngHUM H3 BaXXKHBIX CBOWCTB JIHUMOQyCIMHA SIB-
JSETCS €ro MHTEHCHBHas (IIyopecUueHIUsi B Tojy-
0011 obnactu mpu Bo3OyxIeHUU B OnmxHer YD-
ob6nactu [18]. 3ameTHOE KOTMYECTBO JUNO(YyCIUHA,
¢ryopecuupytouero B paiione 460 HM, 00Hapy-
JKUBAeTCd MCXOOHO B TOMOTEHAaTax BCEX YETHIPEx
opranoB (tabiu. 1), T.e. y 3penbIX KPBIC B IICYCHH,
MoYyKax, cepAlle W MO3Te YK€ ecTh HeOOJbIIoe
KOJIMYECTBO JHUMO(YyCUHHA, JAETEKTHPYEMOE BBICO-
KOYYBCTBUTEIBHBIM CHEKTPO(IyOpUMETPHUIECKIM
METOJIOM, HO HE OOHapyXWBaemMoe C IOMOIIHIO
ONTHYECKON MHUKpocKonuU. CTOUT OTMETUTH, YTO
KOJINYECTBO HEPACTBOPHUMBIX KOMIIOHEHT B 00pa3-
e MpeHeOpeKUMO Majlo U He BHOCUT Pa3HOCTHOTO
BKJaJa B u3MepeHue (QayopecueHIuu o0pasmos.

Bo Bcex romorenarax HeOOJILIION BKIax B
HCXOJHYIO TONYOyI0 (QIyOpecHeHIInIO B IMPUHITUIIE
mornu gaBath Takxke HAJIH u HAJI®H. Onnako
MOCKOJIbKY KaXXJblii TOMOTEHAT 00pabaThiBaiu Je-
TEPreHTOM JIMIIIL Yepe3 TPU yaca MHKyOanuu (mpu
60°C B onbITax ¢ HarpeBoM U 6°C — B KOHTPOJBHBIX
ombiTax 0Oe3 Harpea), To HAJIH u HAJI®H
yCIEeBalld 3a 3TO BpPEMS IOJHOCTHIO OKHUCITUTHCA
no Heduyopecrupytomux HAJl w HAJL® (manabie
He mpuBoasATcs). [loaToMmy romybas dayopeciieH-
oS TpUHAJIEXKAIAa HCKIIYUATEIBHO JUIOdYC-
LAHY.

Ha puc. 1 npuBeneHbl CHEKTPbl U3JIYYEHUS B
roayooi o6acT TOMOTEHaTa MO3Ta KPBICHI, TOJI-
HOCTHIO Pa3pyIICHHOTO0 U PACTBOPEHHOTO IPH IO-
MOIIKM AOACHWICYIb(aTa HATpUsA. AHaJIOTHYHBIC
JIUMO(PYCIMHOBBIE CIIEKTPHI IMOJYUYEHBI JISI TOMO-
reHAaTOB TICYCHHM, MOYEK M CepJlla, IPUYEM B ITHX
Tpex opraHax oOHapyXHBaeTCs TaKXe WHTCHCUB-
Hasi mojnoca (QuaBuHOBOU (uryopecueHuu (mpu
525 HM, NaHHBIE He MpHUBEIeHBI). B romoreHare
MO3ra TaKO# MOJOCHl HET, T.€. B MO3re YpPe3BbI-
JaifHO Majio (JIaBOMPOTEHHOB. DTO 0OJerdaer jae-
TeKIuio HelposunodycnuHa. B ocraabHBIX CITy-
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YAIIJIIBITUHA, BEKIIIMH

Ta6mmma 1. KoandecTBO HATHBHBIX OCNKOB W JHUMNOGYCIHMHA, H3MEpseMoe M0 HMX (IYOPECICHIIMH, 10 U IOCIe

TEIUIOBOM MHKyOamuu romoreHatoB npu 60°C

Fopouex | Fo, 349 % |Fop, 2449 % |[Fygucex. |[Fg, 349 % | Fpg, 244 %

Tenu MX neuenn| 326 248 | 24 | 172¢* | 47 | 339 39,1 | 15 | 50,2% 48
Meucns 336 248% | 26 | 190* | 43 | 313 | 39,7% | 27 | 67,8* 116
Mouxu 333 179% | 46 | 140% | 58 | 253 | 31,7* | 25 | 68,5% 170
Cepre 319 27% |29 | 183* | 42 | 139 165 | 19 | 222% 60
Mosr 321 190* | 40 | 135% | 58 | 245 | 453* | 85 | 1093* 346

IMpumeuanue. TuposuH-TpunTodanoBas ¢iayopecueHuus (Bo3OyxaeHue 275 HM, uznydenue ot 290 mo 390 M) m aunodyc-
nuHOBast (uyopecueHnus (Bo3oOyxnenue 360 M, uznyderume oT 400 mo 480 HM) m3mepenbl npu 20°C mocie pacTBOpEHUS

roMoreHatoB B 1%-M pacTtBope nojaenuicyibdarta HATPUS;
BBIYETOM BKIaja (IaBUHOBOW IOJIOCHI, COJEpKaHHE Oenka
BBIpDQXKEHBl B OTHOCHTENBHBIX eguHHUNax; * — p < 0,05.

gasx BBEIYATAHHE BKJaga (IAaBUHOBOW TIOJIOCKHI
MPOBOJAMIN MaTEMaTHUYECKH: ISl 00pas3ioB IMOJ-
Oupanu KOHUEHTpauuio (IaBHHMOHOHYKICOTHA
TakuM 00pa3oM, 4TOOBI €ro MUK coBmagan ¢ (ua-
BHHOBBIM IIMKOM T'OMOTreHaTa, IIOCI€e Yero M3 Mak-
cuMyMa (QIIyopecleHIUH JTUMO(pyCIHHA BHIYATATU
BENMMYUHY (IyopecreHnuu ¢GaaBHHA B OTOH IKe
TOYKE.

Copepxxanue nunodyciuHa B pa3HbIX OpraHax
HE OJMHAKOBO, OCOOCHHO €ro Majo B CepAale —
MpUMEpPHO BABOE MeHbIe (Tabi. 1).

B cycnen3uu TeHel me4yeHOUYHBIX MUTOXOHIPUM
cojiepkaHue TUIMO(YCIUHA CPABHUMO C COJEpIKa-
HHEM B TOMOTEHATe IedeHH (Ha Mr Oenka), TO
€CTh MOYHO TPEINOJ0XKUTh, YTO B MEYEHU JHUIO-
dbycruHE 0o0pa3yercs MPEeuMYIIeCTBEHHO W3 MEM-
OpaH MHUTOXOHIpHI. BHyTpeHHee conepKuMoe Mu-
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WHTeHCHBHOCTD (UTyOpPECLEHLIMH, OTH. €.

550 600
JlnvuHa BOJTHBI, HM

400 450 500

Puc. 1. Cuoextpsl auno¢ycuuHOBON (IIyopecieHIInI
TOMOTEHATa MO3Tra KPBICH: HCXOIHBIH (/), OCIE Tpex-
gacoBoif nHKyOanuu romorenara npu 60°C (2) u mocie
24-yacoBoil MHKYOAIMy Mpu TOH ke Temmepatype (3).
CHeKTphl U3MEpPEHBI MOCIe PACTBOPEHHUS TOMOTEHATOB
B 1%-M pacTtBOpe moxenwicyiabgarta HaTpus. JauHa
BOJHBI BO30OyxneHus — 360 HM.

muppsl M0 JTUMO(YCIUHOBONH (UIyOpecleHINN IPHBEICHBI 3a
Bezae 0,35 mr/mu. 3HA4YEHUs] MHTEHCUBHOCTH (IIyOpecleHIUN

TOXOHJIpHHA HE JaeT CYIIECTBEHHOIr'o BKiaja. DTo
cornacyercs ¢ TeM, uto JJHK u PHK nHe yyactByroT
B oOpas3oBanum nunodycruna [8].

TpexuacoBoil mporpeB roMoreHaTa Mosra npu
60°C BBI3BIBAET yBEIMYEHHE COAEPIKAHUSA JIUIO-
¢ycumHa Ha 85% OTHOCHTENHHO HCXOJTHOTO YPOB-
HsI, a 24-gacoBoii — B 3,5 pasa (puc. 1, Tabmn. 1).
DTOT TEepMOJHUNO(PYCHUH CHEKTPaIbHO CXOJEH C
TeM, KOTOPbI 00pa30BHIBAJICA B MEYEHHU, a TAKXKE
B CYCHEH3UM TEHEH MEYEHOUYHBIX MUTOXOHIPUH.
M oxHO npeAnoJIOKNUTb, YTO OH HMMCECT B 3HAYHU-
TEIbHOW CTENEHHM MUTOXOHJAPHUAJBbHYIO MNPUPOLY,
T.€. 3TO B OCHOBHOM TEPMOMHTOJIUIO(YCIIUH.

AHanoru4yHbIE JaHHBIE IO 00pa30BaHHIO Tep-
MoJumo¢ycurHa IMOJyYeHbl Ha TOMOTEHaTaX II0-
4yek, cepana u medeHu (tabu. 1). MHTEpecHO, uTO
Xy’Ke BCEro TepMOTUITOPYCITUH 00pa3yercs B cep-
e, a Jydllie BCEro — B MO3re M IOYKax.

Jng yTodHeHus MpUPOABI TEPMOIUIOPYyCIHHA
B Pa3HBIX OpTaHaX MBI U3MEPIITH OCIKOBYIO (TPHII-
To(paHOBYIO M TUPO3WHOBYIO; BO3OYXKJaeHHE 275 HM)
¢diyopecueHuu TOMOTEHATOB JI0 U MOCJe UX TPEeX-
yacoBoro nporpesanus npu 60°C. ITockoabky Tep-
MOJUNOGYCIHH BO3HUKAET 3a cueT 00pa3oBaHUs
KOHBIOTaTOB MHU(P(OBBIX OCHOBAHHIA, TO B ClIydae
y4acTus B 3TOM TPUNTO(AHOBBIX U THPO3HMHOBBIX
OCTATKOB [IOJKHO HAONIONAThCA CHIDKCHHE UX
¢ayopecuenunu. [lelicTBUTENBHO, TPUNITO(GAHOBAS
U THPO3WHOBAS (IyopecIeHIns OeIKOB TOMOTe-
HaTa MO3Ta MoCje TPEXJ4acoBOTO MPOTpeBaHUS IPHU
60°C camxanace Ha 40% (puc. 2, Tabn. 1). Crous
CUJIBHOE MMaJICHHE 03HayaeT, uTo B (POPMHUPOBAHUU
TepmonunodycumHa ydactByer mpumepHo 40%
OeNKOB TOMoOTeHaTa. M HTEHCHBHOCTH OENKOBOU
(dayopecueHIMK NpH CYTOYHOM IMporpese (mpu
60°C) cuu3unack Ha 58% OTHOCUTENBHO HCXOIHOTO
YpOBHS. AHANOTHUYHBIE NaHHBIE MOJTYYEHBI IS TO-
MOTEHATOB TEYEeHH, MoYeKk U cepnama (tadum. 1).

[Ipu »TOM Ba)XHO OTMETHUTH (PaKT 3aMETHOTO
MajJeHns] ONTHYECKON TMIOTHOCTH B yIbTpaduoie-
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Tabdmumua 2. Onruyeckass MIOTHOCTh JAETEPTEHTHBIX TOMOTEHATOB OpTraHOB Mpu 275 HM HCXOJHO M TOCie
TEePMOMHKYOALIUK TOMOTEHATOB

Oprasn Wcxonno Harpes 3 u Harpes 24 u
MX neueHu 0,70 0,62* 0,52%*
Ileuens 0,71 0,59* 0,50*
TTouku 0,72 0,52 0,47*
Cepaue 0,72 0,66* 0,50%*
Mosr 0,75 0,60* 0,44*

[pumeuanne. Copepxkanue Oenka Bezme 0,35 Mr/mi, Hcmonb30BaHAa OJHOCAHTHUMETPOBAs KIOBETa, 3HAUEHHUS ONTHYECKOU
MJIOTHOCTH BBIPaKCHBI B OTHOCHUTENBHBIX enamHMuax; * — p < 0,05.

Tabanma 3. Bpemsi )ku3HU BO30YXKAEHHOTO COCTOSIHUS JIMIOQYCIHHA

J0 B II0CIC TepMOI/IHKy6aHI/II/I TOMOI'CHATOB

Opran Tyuexe HC T3 o HC To4 4> HC
Tean MX mneuenu 6,8 £ 0,5 11,6 £ 0,5* 14,3 £ 0,5%
Ileuens 79 £ 1,5 10,4 + 1,5%* 6,8 £ 0,5%
ITouku 6,4 + 1,5 83 £ 1,5 4,6 £ 0,5%
Cepaue 6,4 £ 1,5 81+ 1,5 6,4 £ 1,5
Mosr 6,6 £ 0,5 9,2 + 0,5*% 11,1 £ 0,5*

[Mpumeuanue. JlauHa BOJIHBI BO30yxaeHus 360 uM, usnydenus — 460 HM. M3MepeHO mocie pacTBOPEHHsS TOMOTCHATOB B

1%-M pactBOpe momenmicynbdara HaTpus, * — p < 0,05.

TOBO# 00JacTh crmekTpa mpu 275 HM (THe MmMoTIio-
IIAI0T TPUNTO(GAHBl W THUPO3WHBI) NpPU HArpese
Bcex oOpasmoB (Tabm. 2). DTOoT (akT O3HaYaerT,
YTO TPUNTO(AHBI U THUPO3MHBI KaK-TO XMMHYECKH
M3MEHSIOTCA (pa3pymiarTcs). JDTO eme pa3 Moj-
TBEpIKJAeT Halle MPEAIOJIOKEHHE O TOM, YTO apo-
MaTHYECKHE OCTATKU OENKOB aKTHBHO y4YacTBYIOT
B 00pa3oBaHWU TepMOJUINODyCUHHA.

D a30BO-MOYIAMMOHHEIM METOJOM MBI H3Me-
puIIH BpeMs JKHU3HU BO30YXJIEHHOTO COCTOSHUA (T)
TUNoQycirHa U TEPMOJIUNO(YCIMHA pa3HBIX Op-
raHoB (tabu. 3). Oka3anoch, YTO UCXOJHOE BpeMs
JKU3HU JUNO(YCIMHA HE CHIBHO pa3iudaercs y
BCEX TOMOTEHATOB, YTO T'OBOPHUT O CXOJCTBE JIH-
nodyciyuHa pa3HBIX OPraHOB.

[Mockonpky T IUMOQYCIUHA CYCIIEH3UH TeHeH
MEYCHOYHBIX MHUTOXOHJPHH HE CIMIIKOM (B Tpe-
nenmax OMUOKM H3MEPEHHS) OTIHUYAeTCA OT T JIH-
nmodyciuHa ToMOTeHara rnedeHu (tabi. 3), To 3TO
ele pa3 CBUIETENBCTBYET B IOJI3Yy TOrO, YTO B
MeYeHn JTUTO(YCIIHH 00pa3yeTcs MpenuMyIIeCTBEH-
HO U3 MeMOpaH MUTOXOHIPUH.

HNHTepecHo, 4TO BpeMs KU3HU T TEPMOJIHUIIO-
¢ycumHa, U3MEPEHHOE TO0ClIe TePMOWHKyOanuu, B
HEKOTOPHIX o0pasmax BHINIE, YeM HCXOJHOC 3Ha-
gyeane. OCOOCHHO CHIBHO (IPUMEPHO BIBOE) T
BBIPOCIIO B ciiyyae 24-4acoBOro mnporpeBa TeHeu
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MHTOXOHJIPHI NEYEHN U roMoreHara Mo3ra. Mox-
HO MPENOJ0XUTh, YTO JHOO0 TepMoJuno(yCcruH
B pa3HBIX OpraHax IOMajaaeT B pa3HO€ MHUKPOOK-
pyXeHHue, UiIn e BO3HHMKAEeT BTOPOW LEHTp HU3IYy-
YeHUs] — C BBICOKUM T.
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Puc. 2. CnexkTpsl 0enKoBO# THPO3UH-TPUNTO(HAHOBO
(yopecueHIMM TOMOTEHAaTa MO3ra KpBICBI: HCXO[-
HBIH (/), TTOCIe Tpex4acoBO MHKyOaIlMy roMOTreHaTa
mpu 60°C (2) u mocne 24-yacoBOoil HMHKyOauuu HpH
Toi ke Temmepatype (3). M3MepeHo mocne pacTtBope-
HUSI TOMOTEHaTOB B 1%-M pacTBope noxenmicynbdara
Hatpus. JnuHa BOJHBI BO3OYXIeHHS — 275 HM.
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Tabmuna 4. OnTuyeckas MIOTHOCTH npo6 mpu 700 HM

YAIIJIIBITUHA, BEKIIIMH

Opran Hcxonno Yepes 3 4 Yepes 24 4
Teau MX mneuenn 0,009 0,028* 0,054*
ITeuens 0,003 0,014* 0,061%*
[Touku 0,006 0,027* 0,050*
Cepaue 0,012 0,020* 0,055*
Mosr 0,010 0,026* 0,046*

HpI/IMCLIaHI/Ie. COHBp)KaHI/IS Oenka BE31C 0,35 MF/M.II, 3HAYEHHUS ONTHYECCKON IUIOTHOCTH BbIPAXXCEHBI B OTHOCHUTCIIbHBIX CAUMHUIIAX]

* _ p < 0,05.

I[OHOJ'IHI/ITGHI)HO Mbl TPOBOAUIIN H3MCPCHHUC
He(DIyOpecuupyrIMUX OETKOBBIX KOBAaJICHTHBIX
CHIMBOK, OTPEAENsIeMbIX 110 U3MEHEHUIO CBETOpac-
ceanusi npu 700 HM mocne paspylieHdus romore-
HaTOB geTepreHToM (tabi. 4). Oka3anaock, 4To BCe
OpraHbl 3peibIX KPBIC COAEpKaT HebOoJbIIoe KO-
JUYEeCTBO TaKWX OEITKOBBIX CIIMBOK. HamOompiiee
KOJHYECTBO MEKOEIKOBBIX CIIMBOK HNCXOJHO HUMCE-
eTcs B Cceplle.

[Tocne HarpeBa TOMOTEHATOB Pa3HBIX OPraHOB
BO BCEX HUX HAOII0ANOCh YBEIWYEHHUE CBETOpAaC-
CesHUs, HE YCTPaHSIEMOTr0 IEeTepPTeHTOM. DTO 03-
HayaeT, 4TO MPHU MPOTpeBaHUU 00pa3zyercs MHOTO
MPOYHBIX MEKOETKOBBIX CIIMBOK, a HE TOJBKO
mupGHOBEI OCHOBAHHUS JTUITOQYCIIHHA.
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Mitochondrial Lipofuscin and Thermomitochondrial Lipofuscin
in Organ Homogenates of Rats

A.V. Chaplygina and N.L. Vekshin

Institute of Cell Biophysics, Russian A cademy of Sciences,
Institutskaya ul. 3, Pushchino, M oscow R egion, 142290 Russia

We compared lipofuscin (age pigment) amounts in four organs of rats: the liver, kidney, heart
muscle, brain, and in a suspension of “shadows” of hepatic mitochondria. It has been proven that
in the liver lipofuscin, that absorbs UV at 360 nm and emits fluorescence at 460 nm, is predominantly
formed due to mitochondrial processes. The presence of the lowest amount of lipofuscin was found
in the heart muscle, but the lipofuscin level, calculated per mg of protein, in other tissues was
approximately the same. Based on spectral data and the measurement of the lifetime of the excited
state, it is assumed that a considerable contribution to the fluorescence of lipofuscin in various
organs belongs to mitochondrial lipofuscin. In contrast to lipofuscin, a fluorescent pigment, there
exist non-fluorescent protein aggregates in all organs: the highest amount of these aggregates is
detected in the heart muscle, and the smallest one in the liver. Among them, a significant proportion
are covalently cross-linked aggregates that are not destroyed by the detergent. Thermolipofuscin
was formed upon moderate heating of homogenates from the said organs. The level of thermolipofuscin
formation is higher in brain than in heart homogenate. Thermomitochondrial lipofuscin from the
membranes of damaged mitochondria appears to have significantly contributed to the formation
of thermolipofuscin in organ homogenates. Aromatic residues, tyrosine and tryptophan, are actively
involved in the formation of thermolipofuscin.

Keywords: aging, lipofuscin, mitochondria, protein aggregates, fluorescent spectroscopy
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