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AHHOTanus

BBegeHue. PyKOKCAaHTUH - OJUH M3 OCHOBHBIX NpeJCTaBUTeNeld MOPCKUX KapOTUHOU/IOB, NMPOSBISIOIIUN
IIUPOKUHA CHEKTP OHOJIOTMYECKOH aKTHBHOCTH, BKJIIOYAs TeponpoTeKTOPHbIA 3¢dekT. CaMbIM 4YacTbIM
HMCTOYHHUKOM (PYKOKCAHTHHA B MUIEBOH MPOMBINLJIEHHOCTH SIBJSIOTCS JMAaTOMOBbIe BOJOPOCIH (HalpHUMeD,
Phaeodactylum tricornutum). llesb ucciezoBanus — 0606IeHHEe U aHAIU3 JJAHHBIX 0 MEXaHU3MaXx Iepomnpo-
TEKTOPHOTO JielcTBUA QyKOKCaHTHHA. MaTepHasibl U MeTOABI. [Ipe/icTaB/ieH aHaIN3 My6JINKalMi HaydHbIX
HcceloBaHUH, pa3MelleHHbIX B 6a3ax gaHHbix PubMed, E-Library, Google Scholar, ScienceDirect, UpToDate,
a Takke 0630p Hay4yHOU JiuTepaTyphl 3a nepuof ¢ 2017 no 2022 rof. OTpaxkeHbl pe3yabTaTbl NPUMEHEHUs
dyKOKCaHTHHA Ha KyJbTypax KJIETOK XKHUBOTHBIX U YeJIOBEKA, T/ie penapar nposiBUJI ce6s1 B Ka4yeCcTBe MOTeH-
[MaJIbHOTO reponpoTeKkTopa. Kputepuu BKJIIOYEHNS: TPUOPUTET OTAABAJICH 0630pHBIM U OPUTUHAJIBHBIM CTa-
ThSIM, B KOTOPBIX OBIJIM NPE/ICTABJIEHBI JJaHHbIE 0 pe3y/IbTaTax NpUMeHeHUs GpyKokcaHTUHA. KittoueBble cioBa
NpY MOMCKe My6IMKaLUi: GYKOKCAaHTHH, TepONPOTEKTOP, OKUCIUTENbHBIN CTpecc, ropMe3uc. Pe3ysibTaThl U
o6cyxaeHue. [Ipy yrny6ieHHOM U3Yy4YeHUU CTPYKTYPbl PyKOKCAaHTHHA Oblja BbisiCHEHA ero ¢papMaKoAuHa-
MHKa KaK MOTEHIIMaJbHOTrO JIeKapCTBEHHOT0 IpenapaTa. MHOXeCTBO MOJIOKUTENbHbIX GapMaKoJOrudecKux
3¢ dekToB GyKOKCAaHTHUH peasu3yeT Ojarofapsi HaJMYUI0 B XUMUYECKOU CTPYKTYpe a/lJIeHOBOH cBsi3u. Mexa-
HU3Mbl QYKOKCAaHTHHA OKa3bIBAIOT BJIMSIHHE HA OKHUCJIWTEJbHBIN CTPecC U CTapeHHe OpraHM3Ma Ha pa3HbIX
YPOBHAX OpTaHU3aLUU (MOJIEKY/ISIPHOM, KJIETOYHOM, TKAaHEBOM, OPTraHHOM). YXyAIeHHEe 3PEHUs] HepeKo
CTAaHOBUTCS MPOGJIEMON MOXKUJIBIX JIIOJEN U SBJSETCS OJHUM U3 CBOWCTB CTapeHUs opraHusma. ['umoresa o
TOM, YTO GYKOKCAHTHH peasu3yeT repornpoTeKTOPHbINA 3 PeKT 3a CUeT UTONPOTEKTOPHOTO NOTEHIMaA IPU
OKHUCJIUTEJIbHOM CTpecce MpruobpeTaeT HAUOOJIbIIYIO MOMYAAPHOCTb. [eponpoTeKTOpHOE AelicTBUE GYKOKCaH-
THHA Ha BECb OPraHMU3M CBSI3aHO HENOCPEACTBEHHO C AuddepeHnaTbHON IKCIIpecCuel reHOB U U3MeHeHHUsI-
MU aKTUBHOCTH MOJIEKYJ/ISIPHBIX My Tel. [Ipu TpaHCcKpunTopHOM aHanu3se 3pPekToB PyKOKCAaHTHUHA OYEBU/HA
aKTHUBALUsl MEXaHU3MOB, CBSI3aHHBIX C TOPMe3UCOM. 3aK/adeHue. ViccieoBanrsa nokasanu 3GPeKTUBHOCTD
MCII0/Ib30BaHUsI YKOKCAHTHHA B KauecTBe TepaneBTHYECKOT0 Cpe/iCTBa JJis JieueHH s 3a60/1eBaHUH, aCCOLUU-
POBaHHBIX C MPOLECCOM CTApPEHMUSI.
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Abstract

Introduction. Fucoxanthin is one of the main representatives of marine carotenoids with a wide range of
biological activities, including a geroprotective effect. The most common source of fucoxanthin in the food
industry is diatomic algae (e.g., Phaeodactylum tricornutum). The aim of the work was to summarize and
analyze the data on the mechanisms of geroprotective action of fucoxanthin. Materials and Methods. An
analysis of scientific research publications from PubMed, E-Library, Google Scholar, ScienceDirect, UpToDate
databases is presented, as well as a review of scientific literature for the period from 2017 to 2022. The results
of fucoxanthin use on animal and human cell cultures, where the drug proved to be a potential geroprotector, are
reflected. Inclusion criteria: priority was given to review and original articles that presented data on the results
of fucoxanthin application. Key words in the search for publications: fucoxanthin, geroprotector, oxidative stress,
hormesis. Results and Discussion. In-depth study of fucoxanthin structure revealed its pharmacodynamics as a
potential drug. Many positive pharmacological effects of fucoxanthin are realized due to the presence of an allene
bond in the chemical structure. The mechanisms of fucoxanthin influence oxidative stress and aging at different
levels of organization (molecular, cellular, tissue, organ). Deterioration of vision is often a problem of the elderly
and is one of the properties of the aging organism. The hypothesis that fucoxanthin realizes a geroprotective
effect due to its cytoprotective potential under oxidative stress is the most popular. The geroprotective effect of
fucoxanthin on the whole organism is directly related to the differential expression of genes and changes in the
activity of molecular pathways. In the transcriptome analysis of fucoxanthin effects, the activation of mechanisms
related to hormesis is evident. Conclusion. Studies have shown the effectiveness of fucoxanthin as a therapeutic
agent for the treatment of diseases associated with the aging process.
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BBEJIEHUE B 6asax gaHHbIX PubMed, E-Library, Google Scholar,

UcTounnkoM GyKOKCaHTHHA BsIOTCs Gypble Bo-  ScienceDirect, UpToDate, a Takxe 0630p Hay4HO#M Jiu-

nopocnau [1, 2, 3]. HekoTopble U3 HUX, BKJIOYasl cap-
raccyM (Sargassam fusiforme), 1aMuHapHIO AMOHCKYIO
(Laminaria japonica), yaaaputo nepucryio (Undaria
pinnatifida), maguny TeTpactpomarudeckyto (Padina
tetrastromatica), ynorpe6Jssitorcs B H0ro-BocTounou
A31u 1 eBpOIEeNCKUX CTpaHax.

DYyKOKCAaHTHH - 3TO IUIMEHT, UMEWIHUHA opaH-
JKEBBIH I]BET, HAa J10JII0 KOTOPOT0 MPUXOAUTCSA GoJslee
10 % oT mpejnoJsiaraeMoro 061ero NpoM3BOJCTBa
KCaHTOQUJIJIOBBIX KapOTUHOUJ0B B npupoe. [JaH-
HBbIA NUIMEHT sIBJIsieTCsl HauboJsiee pacnpoCcTpaHeH-
HbIM. CaMbIM 4YacTbIM HCTOYHHUKOM QYKOKCAHTHHA
B MHLIEBOH MNPOMBILIJIEHHOCTH SBJSIOTCS JHATO-
MoBble Bozopocau (Hanpumep, Phaeodactylum
tricornutum) [1, 2].

llesb uccneioBaHus - 06061IeHNe U aHAIU3 JjaH-
HBIX O MeXaHHW3MaX T'epONpPOTEKTOPHOro JeHCTBUS
byKOKCAaHTHUHA.

MATEPHAJIbBI U METO/JbI

B JfaHHOW cTaThe MPUBOAUTCSA aHANU3 IyOJIH-
KallMil Hay4dHbIX MCCJIe[0BAaHUMN, MpeJCTaBJIeHHbIX

TepaTypsl, AaTupyemoit ¢ 2017 o 2022 rogel. 0630p
OTpakaeT pe3y/IbTaThbl MPUMeHeHUs (YKOKCAaHTHHA
Ha KyJbTypaxX KJIEeTOK >KMBOTHBIX U 4esoBeka. [Ipu
MOMCKe HAy4YHbIX NyOJUKALUA NPUOPUTET OTAABaIU
0030pHBIM CTATbSIM U CTAThsM, U3yYaIOIIUM Y3KOHA-
IpaBJIeHHOE pUMeHeHue pyKoKcaHTHHA. KitoueBble
CJI0Ba MPU MOKCKe MyOauKaluuii: yKOKCaHTUH, repo-
NPOTEKTOP, OKUCJIUTENbHBIN CTPECC, TOPMe3HC.

PE3YJIBTATBI 1 OBCYXJEHHUE

MouekynsipHasi CTPYKTypa (QyKOKCaHTHHA YHU-
KaJIbHa TeM, UTO BKJIIOUAET B Ce0s1 a/lJIEHOBYIO CBS3b,
alleTU/IbHYI0 TPYNIy WU CONPSKEHHBIM KapOOHUJ C
5,6-MoHO03m0KCHA0M. Cpeayt 700 U3BECTHBIX TPUPOJ-
HbIX KapOTUHOW/JOB XMMHUUYeCcKasg CTPYKTypa TOJBbKO
40 colep>XUT a/lJIEHOBYIO CBA3b. JlaHHad CBA3b Haje-
JisieT GYKOKCAHTUH CBOMCTBOM CBOGOAHOW pajiMKa-
JIOMOIVIOLIAK0Iel aKTUBHOCTU. M3BECTHO, YTO aHTHU-
oKcuZaHTHasA QyHKIUS PYKOKCAaHTHHA peasu3dyeTcs
3a CYyeT MOIVIOUIEHUS CUHIVIETHOTO MOJIEKYJISIPHOIO
KHCJI0pO/ia ¥ CBOGO/IHBIX pafiikaioB. OgHako QyKoK-
CaHTUH HEe MMeeT CTAGUJIbHOTO COCTOSIHUS M JIETKO
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paspyluaeTcs Ipy Bo3JeHCTBUY HarpeBaHus1, BO3/yxa
Y ocBellleHUs [2, 4].

@®yKOKCAaHTUH 006J1aZlaeT CUJIbHEUIINM aHTUOKCU-
JIAHTHBIM JlefcTBHEM, YTO MOATBEPXKJAIOT UCCIe/0-
BaHWUS in vitro. 3To CBOMCTBO 06yCI0BIEHO HATMIHEM
B CTPYKType QYKOKCAHTUHA YHUKAJIbHOU a/lJIeHOBOU
CBSI3U M KUCJOPOJAHBIX GYHKIMOHANIbHBIX rpyni. Ta-
KO€e MOJIEKYJISPHOE CTPOEeHHEe XapaKTepPHO [Jisi HEOK-
CaHTHHA, JUHOKCAHTHUHA, HO UMEET OTJINYHUs OT MHO-
»KeCTBa OCTaJIbHBIX KAPOTHHOUIOB [5].

[ToMMMO aHTHOKCU/AAHTHOU QYHKIIMHM, GYKOKCAH-
TUH 00J/1a/laeT LIUPOKUM CIIEKTPOM JIPYTHX CBOKCTB.
B 3HauuTeIbHOH yacTu cTaTel 0 QYKOKCAaHTHHE eCTh
JlaHHbIE O €ero MPOTHUBOOIYX0JEBOM, IPOTUBOBOCHA-
JIUTEJIBHOM W aHTuUnpoJsudepaTuBHoM 3ddexTax [
1,2, 3,4,5].

MHorue ucciefoBaHUs MOKa3bIBalOT 3¢deKTHB-
HOCTb HCIOJIb30BaHUSl QpYKOKCAHTHHA [JJisl JIeYeHHs
3a60/1eBaHUH, CBA3aHHBIX C HapylleHUeM QYHKLUH
OpPraHOB 3H/I0OKPUHHOU CUCTEMBI. ITO BO3MOXKHO 6J1a-
roziapsi CroCOGHOCTH (PYKOKCAaHTHMHA U3MEHSTb aK-
TUBHOCTb pasobmatoiiero 6esnka 1 (UCP1)-Tepmore-
HuHa [6]. Pazobujatoniuii 6es0K GbLI BIEpBble 06HA-
PY?>KeH B MUTOXOH/APUSX aIUTIOIUTOB OYPOU 2KUPOBOU
TKaHU. ITOT GeJIOK Hy>KeH MJIEKONUTAIOIIUM, BraJia-
IOLIUM B CIISTYKY, 1 HOBOPOXK/IEHHBIM /151 IPOAYKIUU
Tera [6].

MHoro4yucieHHble HCCIeLOBaHUSA IOKa3bIBAIOT,
4TO PYKOKCAaHTHH 3HAUUTEJbHO yBeIndnuBaeT pocdo-
punupoBaHue ajjeHosuHMoHopochaT (AMP)-3aBucu-
Mol nmpoTenHKHHa3bl (AMPK) u cHU>KaeT aKTUBHOCTb
anetua1-KoA Kap6oKcuasbl B pPeryyisiiud CHUHTe3a
YKUPHBIX KUCJIOT. JlaHHBIF KAPOTUHOU/L TAKXKe MOXKET
CIOCOGCTBOBATD JIUNOJIU3Y B NEePHUCHUHYCOUAIbHbBIX
KJIeTKax nedyeHu MTo, MHAYLIMPOBAaHHBIX OJIEMHOBOU
KHCJOTOW U UHTUOUPOBATh JunoreHe3 yepes Sirtl/
AMPK-nyTh (cupTyuH-aJleHO3UHMOHOdochaT-3aBU-
cuMasi TMpOTeMHKHWHa3a). McciemoBaHue mnokasaso,
YTO Yy 3KCIIEpUMEHTA/IbHBIX XKUBOTHBIX, NOJY4aBIINX
bYKOKCAHTHH, U3MEHUJICA JIMIUHBIN NpodUib Kpo-
BY, @ UMEHHO CHM3WJIOCh KOJIMYECTBO OOIIEro XoJe-
cTepuHa, Tpuraunepuznos, JIIIHIT [6]. PesyiabraThl
3THUX MCCJIeJOBAHUM CBU/IETEBLCTBYIOT O BO3MOXKHON
KOppEeKLUH MeTabo/JMYecKHXx OHOMapKepoB cTape-
HUS C NIOMOIIbI0 QYKOKCAaHTHHA.

Pe3ysbTaThl aKCepUMeHTaJbHbIX HCCIe0BaHUH
MOKAa3bIBAKOT, YTO PYKOKCAHTHUH MOXET B OyAylleM
cTaTh 3QPEKTUBHBIM CpPeACTBOM NPOPUIAKTUKU U
JiedeHUsl 0XKMPeHUs], caxapHoro guabeTa U MeTaboJIu-
4YecKoTro cuHpoMa [7].

Hy>XHO OTMeTHUTb, YTO (QYKOKCAHTHUH SBJSETCS
’KUPOPACTBOPUMBIM, TO €CTb JJIf NOIJIOLIeHUs MO-
JIeKyJIbl QYKOKCAaHTHHA TPeOyTCs KUPHbIE KHUCJIO-
Tbl. B pesysbraTe rufposiv3a NulleBapUTeNbHBIMU
depMeHTaMy, JIMNa30i U 3CTepa3od xosecTepUHa B
YKeJIYZJ0YHO-KUIIEYHOM TpaKTe PYKOKCAHTHUH MyTeM
JleallUTUIMPOBAaHUsl NpeBpauaeTcs B (YKOKCAHTH-
HoJsl. OH BcacblBaeTCsl B KHUIIEYHUKE U IEePeHOCUTCS
yepe3 TUMpaTHYECKUE COCY/Ibl AHATIOTUYHO KUPHBIM
KHUCJIOTaM U >KUPOPACTBOPUMBIM BellecTBaM. B me-
YeHU INyTeM KOPOTKOLeNOYeyHOH JeruaporeHasbl/
peAyKTasbl BblENAETCA aMapyCUKCaHTHH A. BbuLio
HOJTBEPXK/EHO, YTO B IJIa3Me HAaXOAATCS 3TH MeTabo-
JIUTHI [2, 7, 8].

[TockonbKy GYKOKCAaHTUH MOXET MeTaboJIU3UPO-
BaThCA /10 PYKOKCAHTUHOJIA B KeJTy[0YHO-KHUIIIEUHOM
TpakKTe U Jajee [0 aMapyCHaKCaHTHHA A B MeYeHH,
HeOoOXOAMMbI HCCJEIOBAHUSA in Vitro ¢ Mcmosb3oBa-
HUEM MeTaboJIMTOB GYKOKCAHTUHA [Jisl JIeTaJbHOTO
M3y4yeHUs] MeXaHW3MOB GJIArONPUSATHOrO JeHCTBUS
dyKOKCaHTHHA Ha OpTaHU3M [6].

Tak kak GYKOKCAaHTHH HMEET >KUPOPACTBOPUMYIO
MIPHUPO/LY, €ro BCAChIBAHUE MPOUCXOAUT TAKUM Ke 00-
pPasoM, KakK U ¥ > KUPOPACTBOPHUMbBIX BUTAMUHOB, NIPeU-
MYI[eCTBEHHO B TOHKOM KHIIIeYHUKe, a6Cop6IHs OCy-
IIECTBJISIETCS B IPOKCUMaJIbHOM oT/ieie [7].

Bpemsa anumuHauuu (T%2) y ¢ykokcaHTHHOJIA
Y amapycuakcaHTuHa A pasHoe - T = 4,5 yaca u
T% = 6,7 4acoB COOTBETCTBEHHO C y4€TOM IlepopaJib-
HOTO BBeJleHUs. BpeMs 3jiMMUHaUY U3 TKaHeHl Me-
Ta6oJIMTOB GyKOKCAaHTHHA oTyiMvaeTcsl. KoHneHTpa-
1S B TeYeHH 060UX META0O0JUTOB COKPATUJIACh OT-
HocuTesbHO GbicTpee (T = 2,5 yaca), B moukax oHO
coctraBuisio T% = 6,3 yaca y ¢pykokcanTruHosa u 10,1
yaca AiJ1s aMapycrakcuaHTHHa A. BoJibilie Bcero aiu-
MUHALUSA 3aHAN0 B )KUpoBoH TkaHu (T = 16-25,5
yaca) [2, 3]

ToT ¢aKT, YTO PYKOKCAHTHUH MOXKET J0CTATOUYHO
OBICTPO METAb0JM3UPOBATHCS KaK MepOpasbHO, TAK
Y NyTeM BHYTPUBEHHOU UHBEKIUH, CBU/ETENbCTBY-
eT 0 ¢papMaKoJOru4ecKo aKTUBHOCTH caMoro ¢y-
KOKCaHTHHA.

Ouenka 6e3omnacHOCTHA GQyKOKCAHTHUHA Obla 0Ka-
3aHa 3KCIIepUMEHTAJIbHO. MbllIaM OZJHOKPATHO MEepo-
paJibHO BBOAWIM GYKOKCAaHTHH B fo3e 1000 u 2000
MT /KT Macchl TeJa, YTO He 0Ka3bIBAJIO TOKCUYECKOTO
addekra. [lepopanbHoe BBemeHHe QYKOKCAHTHUHA B
no3ax 500 u 1000 mr/kr B TeueHue 1 Mecslja He Bbl-
3bIBAJIO MOBPEXJAEHUN MEYeHHU, OYEK U CesIe3eHKH.
JTO uccleloBaHUE HAa 3KCIEPHUMEHTA/bHBIX XKUBOT-
HBIX CBU/IETEJbCTBYIOT O TOM, YTO BBeJileHHe PYKOK-
caHTHHA 6e301aCHO U JJaHHbBIHM Ipenapar He 06/1aaeT
TOKCUYHOCTBIO [3].

B mocsiegHue rojbl GYKOKCAHTUH AaKTUBHO HU3Y-
4yaeTcsl B KayeCTBe reponpoTekTopa. [IpoBejieHHbIE
WccefoBaHusl 0 6e30MacHOCTH (GYKOKCAaHTHHA OT-
KpBIBAIOT MEPCIEKTUBY €ro NpUMeHeHHs B KaueCTBe
JIEKApCTBEHHOTO IpernapaTra, BO3/EeHCTBYIOLIEro Ha
OuOMapKephl CTapeHUs YesioBeka [9].

BroMapkephbl cTapeHuUsl NpeJCTaBIAsAIT 0601 06-
IUH KauyeCTBEHHBIM U KOJIMYEeCTBEHHBIA UHJUKATOP
QYHKIIMOHAJNILHOTO COCTOSIHUSI 4eJIOBEKa, HUMEHHO
3TUM OHH OTJIMYHBI OT PAKTOPOB PUCKA KOHKPETHBIX
BO3paCT3aBUCUMBIX maToJsioruil [9]. Knaccudukanus
6MOMapKepPOB CTPOUTCS HAa OCHOBE CTENEHHU HX CBA3U
C OCHOBHBIMHU MAaTOPU3UOJOTUYECKUMU U TeparneB-
TUYECKUMHU TpolieccaMu. buomapkeps! tTuna 1 orpa-
KaroT 3PPeKT TOW WU UHOU TepanmeBTUYECKOW HH-
TepBeHIMU, HAl[pUMeD, IpueMa reporpoTexktopa [9].
BroMapkepsbl Tuna 2 BBICTYIIAIOT B KaueCTBE Cyppo-
raToB U OTPAXXAIOT BEPOSTHOCTD yCIexa BbIOPaHHOU
Tepanuy Ha OCHOBE 3KCTPAIMOJISLIUU JOKA3aTeNbCTB,
MOJIYYEHHBIX B XOJle WUCCIEeZJ0OBAaHUU CBSI3U JIAHHOTO
MapKepa U TSXKeCTH TOTO UJIM MHOTO 3abosieBaHusd [9].

[IpoBeileHHbIE KCCIE/JOBAHUS CBU/IETENBbCTBYIOT O
TOM, YTO F€PONPOTEKTOPHOE JieHCTBHE QYKOKCAHTH-
Ha MOXET OBbITh CBSI3aHO C MPOI[eCCOM ropMesuca [3,
10]. Teopust ropMe3uca ONUCbIBaeT BApHaHThI OTBETA
Ha olpe/ieJieHHbIe [103bI Bo3/elcTBUs. Teopus pabo-
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TaeT Mo OHOJIOrHYecKoMy 3aKoHy ApHaTta - llysbia,
COTJIACHO KOTOPOMY CJIabbli pa3/ipayKUTeEJb CIIOCOGEH
MPUBECTHU K BO36YK/IEHUIO, CPEJIHUH — K CTUMYJISIIIUY,
CUJIBHBIA — K TOPMOXXEHUIO0 U MaKCUMaJIbHbIM — K Ma-
paJiM3aluu KU3HeesaATeJbHOCTU. CTUMYy/IMpYylolue
ropMe3uC COeJJMHEeHUsI BbICTYNAT WHHUIMATOPAMHU
aJJalTUBHON  CTpecc-peaknud, o6ecrnedynBaoLien
dbopMHpOBaHUE YCTOWYMBOCTHU KJIETOK. AKTHBALMS
KJIETOYHBIX MEXaHW3MOB 3aI[UThI B OTBET HA YMEPEH-
HBIH cTpecc jaeT 6J1aroTBOPHOE BJAUSHHE Ha MIPOJ[0JI-
JKUTEJbHOCTD }KU3HU U 37j0poBbe [10].

TopMes3uc CBsI3aH C aKTUBAllMel KWHA3 W TpPaHC-
KPUNTOPHBIX (GAKTOPOB, KOTOpPble CHOCOOHBI BbI3bI-
BaTb 3KCIPECCHI0 TEHOB, KOAUPYIOIIMX AHTHOKCH-
JlaHTHble GepMeHThI, 6esKu BoccTaHoBaeHus JIHK,
6eJIKU MMMYHHOI'0 OTBETA U APYyTrye LUTONPOTEKTOP-
Hble ¢akTophl [3]. TakuM o6pazom, 3¢ PeKT noAX00B,
KOTOpbIe COTJIACHO MUMEKLIMMCS JAaHHbIM YBeJIUYH-
BaIOT MPOJIO/DKUTENBHOCTD U3HU, TaKHe KaK IpUeM
OYKOKCAaHTHHA, MOXKET OBITh 0OYCJIOBJIEH 3alyCKOM
MexaHU3MOB ropmesuca [3, 10].

B cBsA3M Cc BO3MOXXHOCTSIMHM (QYKOKCAaHTHHA KaK
reponpoTeKTOpa OTPOMHBIA UHTEPEC BbI3bIBAET HUC-
clefloBaHKe yueHbIX U3 TaWBaHbCKOW MeMOpUabHOU
6osibHULBI Makkell. B pa6oTe uccieayeTcs UTONpo-
TEKTOPHBIN NOTeHIUaT GPyKOKCAaHTHHA IMPH OKHC/IHU-
TeJbHOM cTpecce. YacTb MCC/ieloBaHMSA U3y4yaeT CTa-
peHHE 3MUTENUATbHBIX KJIETOK MUIMEHTA CETYATKU
[J1a3a, Kak in vivo, Tak u in vitro [11].

YXypuieHue 3peHusi HepeJKO CTAaHOBUTCS MpobJie-
MOW MOXUJIBIX JIIOJe! U ABJSETCS OAHUM U3 CBOWCTB
crapenus opranusma. C Bo3pacToM GpOTONPOTEKTHB-
Hasi CIOCOGHOCTb MWUTMEHTHOIO 3MUTEJNHs CeTyarT-
KU 3HAYUTEJbHO CHIDKAETCS, a TaKXKe HaOJ0aeTcs
aTpodusi anuKaJbHbIX MUKPOBOPCUHOK U TpPOrpec-
cupylouias norepsi kiaetok. OKUCIUTENbHBIA CTpecc
SIBJISIETCSI aKTUBATOPOM IIOJIHOW OCTAHOBKH MPOJIU-
depanuu u noppexaenus JAHK [9, 11].

OaHUM U3 HauboJiee 3HAYUMBIX ITPOILECCOB B CTa-
PEHUU CUUTAIOT HAKOIJIEHUE MOCAE[CTBUN JJIUTEb-
HOr'0 BO3/IeMCTBUS OKUCIUTENbHOTrO cTpecca [4, 9].
OCHOBHBIMM UCTOYHUKAMU OKHCJIUTEJIBHOIO CTpecca
SABJISIIOTCA aKTUBHbIe ¢opMbl Kuciaopoga (APK). B
npoliecce MepeKnCHOr0 OKHUC/IeHHs aKTHBHbIEe (op-
Mbl KHCJIOPOZA BbI3bIBAIOT 06pa30BaHHE THJpOIIe-
pokcuzios [IHK, 6enkoB, tunuzos [9]. [IpousBouMble
muToxoH/ipusamu ADK paccmaTpuBalTCs B KauecTBe
OJTHOT'0 M3 OCHOBHBIX (PAaKTOPOB, YyCUIUBAKOLIUX BHY-
TPUKJIETOYHBIA OKUCJIUTEJNbHBIN CTpecc, — Hapylle-
HUe 6ajslaHca MeX/ly MPOAYKLHel CBOOOJHBIX pasiu-
KaJIOB 1 MeEXaHU3MaMH{ aHTHOKCUAHTHOTO KOHTPOJIS
[9]. MonararT, 4TO HUCTUHHOM NPUYMHOW OKHUC/IU-
TEeJIbHOT'O CTpecca sBJisseTcs He npoaykius ADK kak
TaKOBasl, a HapylleHUe GasaHca MeXAy UX 06pa3oBa-
HUEM U yaaseHueM. KoHIleHTpaluyu HernocpeaCcTBeH-
HO aKTUBHBIX GOPM KHCJI0PO/A B TKAHSX COCTABJSIOT
10-8-10-11 M. YpoBHu ADK B TKaHSX MOABEPrawTCcs
3HAYUTEJbHBIM KOJIeGaHUSAM I0J, BO3/JeiCTBUEM Me-
Tab0IMYeCKUX U PU3UO0JIOTUYECKUX COCTOSTHUM. [103-
TOMY CaMU 110 ce6e aKTUBHbIE GOPMBI KUCJIOPOJA He
MOTYT C/IY>KUTb HaJIeXKHbIMU GMOMapkepamu [9].

B ycioBusix crpecca o6pasoBanue ADPK 3Ha-
YUTEJbHO YCUJWBaeTcs. Tak, MOBBIIIEHHWE YPOBHSA
npousBozacTBa APK npoucxoguT npu HU36GbITKE WU
HexXBaTKe KUCJ0PoJia (TUIIOKCUU), BOCNAaJIeHUU, BO3-

JleVICTBUM BBICOKHX TeMIlepaTyp, 3axBaTblBasi NpaK-
THUYEeCKH BCe NaTOJIOTUYeCKHe COCTOSIHUS OpraHu3Ma
[9, 10]. OkucauTeNbHOE NOBPEKJEHUE MUTOXOH/[PHUH,
BkJIIO4as nospexzenue ux JJHK, aBasgercsa ogHuM u3
OCHOBHBIX MEXaHHW3MOB CTAapeHMUs, a TaKKe COIPOBO-
YKJA0LMX ero 3abosieBaHUH. Ha passiMuHbIX Mozies1sx
cTpecca 6bLIO MOKa3aHO, YTO J0JIIOBPEMEHHBIH W3-
ObITOK aKTUBHBIX GOPM KUCJOPOJAA CBUAETEbCTBY-
€T O CpbIBE a/IalTUBHBIX MEXaHU3MOB U ONOCPEAYET
pasJiMyHble NMPOsIBJIEeHUs OBpeXJalollero feicTeus
3KCTpeMasbHBIX pakTopos [3,9, 10].

Benyiell npUYMHON yXy[LIEeHNUS 3pEeHUsl y MOXKHU-
JIBIX JIIOZlel Ha AaHHbIM MOMEHT CYUTAIOT BO3pacT-
HYI0 MaKyJIIpHYI0 JlereHepalyio. 3a6o/ieBaHue Helo-
CPe/ICTBEHHO CBSI3aHO C OKHCJIUTEIbHBIM CTPECCOM Y
MOXKUJIBIX Jitozel [11].

[ usydeHus samuTHoro adpdexra PpykKokcaH-
THHa NPOTHUB JiereHepaluyd CeTYaTKH, BbISBAHHOU
AOZAaTOM HATpHsA, 3KCIEePHUMeHTAJTbHbIX >XKMUBOTHBIX
eXeJlHEBHO 00pabaThiBaid (YKOKCAHTHHOM Iepes
NpUMeHeHUeM Mo aTa HaTpUd B TeYeHHUe OJJHOU He-
Jenu. ['eHepanys akTUBHBIX GpOpM KHCI0poJa B CET-
yaTKe KpbIC, 06paboTaHHOUW HoZaTOM, OKa3aJjach
3HAYMTEJIbHO BbIllle N0 CPaBHEHUIO C TPYNIoOH 6e3
HWozmata HaTpusa. Takxke OblI HCCIeLOBAaH YPOBEHb
BO3PACTHOW MaKyJ/IIpDHOM lereHepallly B TKaHAX CeT-
YaTKU. YPOBEHb MaKyJIOAUCTPOPUHU B TTIa3HON TKAHU
B rpynre iojiaTa HaTpusl O6blJI 3HAYHUTEJIBHO [TOBbILIEH
[0 CPaBHEHUIO C TPynnoi 6e3 06paboTKH, HO 3HAYU-
TeJIbHO CHU3UJICS B TpyINax, IpeJBapuTeJbHO 06pa-
6oTaHHbIX 10 Mr/kr dykokcanTuHa [11].

YTo6bl UI3YYUTb UHTUOUPYIOIee BIAUIHNIE QYKOK-
CaHTHHA in Vivo Ha KJIETOYHYO CEHECLIEHIIUIO, )KUBOT-
HBbIX Npe/iBapyUTeJbHO 06pabaThiBalrd PpYKOKCAHTU-
HoM B fi03e 10 Mr/kr 1 pa3 ZieHb B TeYeHUEe HeJeJlu.
[lepen o6paboTKOM HoOAaTOM HATpHUs HCCAe[0BAIU
TUCTOJIOTHUYECKHEe U3MeHeHMUsl ceT4yaTKHU. JlocToBep-
HO M3BECTHO, 4YTO 6eTa-rajJakTo3u/jasa, JIM30coMaslb-
HbIA THAPOJHUTHYECKUH (epMeHT, MpeBpaujaloLuiui
JIaKTa3y B Ta/laKTO3y, XapaKTepeH [iJIs CTaperlux
kJeTok [11].

@PepMeHT 6GeTa-rajlakTo3njasa JIOKaJIU3yeTcs B
JIN30COMax U y4acTBYeT B pacllell/IeHHH U lepeBapu-
BaHUHU JIM30COMAJIbHON CUCTEMOH KJIETKH IVIMKOIPO-
TEUHOB U IVIIOKO3aMUHOTJIUKaHOB [9]. B HOpMe aTOT
6es1ok feTekTUpyeTcs npu pH = 4, ogHaKo B cTapbIX
KJIeTKax 0Ka3aJloCh, UTO 3TOT GeJIOK JleTeKTUPYyeTCs
npu 6oJiee BBICOKOM 3HayeHUU pH = 6, YTO BBI3BaHO
HakoIlJIeHHeM OObIYHOM rasakrtosuzasbl. Takoi Ge-
JIOK CTaJld Has3blBaTb CTapeHHe-aCCOLMHMPOBAHHOU
6eTa-rajgakTo3ua3oi. [loBbllieHMe ee YPOBHS MoO-
YKET OTPaXaTb KaK QYyHKIIMOHAJbHBIN BO3PaCT OJHOU
KJIETKH, TaK U COCTOsSIHMEe TKaHU, opraHa 1 61oJIoru-
YyeCcKHU Bo3pacT yesioBeka [9].

VHTeHCHBHAs OKpackKa CeHeCLeHT0-aCCOLMUpPO-
BaHHOM 6eTa-rajakTo3u/a3bl 6bL1a APKO BbIpaXkeHa y
3KCIepUMEHTAJIbHBIX KHUBOTHBIX, UHAYLMPOBAHHBIX
M0JaTOM HaTpH4, B CDaBHEHUU C KOHTPOJIbHOH IpyIl-
noit 6e3 iogara. MogaT HaTpUsA BbI3bIBAJ TXKesei-
UIYI0 JereHepaluio ceT4aTKH, JaHHbIN 3¢ PeKT Obla
noJiaByieH QyKOKCAaHTUHOM. Y )KHBOTHBIX C JlereHepa-
1yel ceTYaTKU OblJIO0 O6HAPYXEHO 3aMeTHOe yBeJIu-
YyeHHe KoJsindecTBa GOTOPELENTOPOB U yIJIOTHEHHUE
Hapy>KHOW 060JI0YKH IJ1a3a B CPAaBHEHUHU C )KUBOTHBI-
MU, He MoJy4aBIIUMU GyKOKCAaHTUH [11].
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3HayUTe/NbHbIE yAy4dllleHUs] CBOMCTB U TUCTOJIOTU-
YeCKUX U3MEHEHWH HaGJ/IIofau Mpu 06C/eJ0BaHUU
Ipynmbl )KUBOTHBIX, MoJaydnBmnX 10 Mr/kr ¢ykok-
CaHTHHA, [10 CPAaBHEHMUIO C I'PYIIION )KUBOTHBIX, 06pa-
60TaHHbIX HoZaToM HaTpus [11].

[lupoko U3BECTHO, YTO NEPEKUCH BOJOPO/A SIBJIS-
eTCsl MOIIHBIM UHJAYKTOPOM CTapeHus U MOBpexJe-
Hus JIHK. 3tor addexT peanusyercs mocpeicTBoM
pa3JIMYHBIX CUTHAJbHBIX KacKaZloB 4Yepe3 OKHC/IU-
TeJbHBIN cTpecc [9, 11]. [Ipu crapeHuu 6asaHc 06-
pasoBaHUsI U PaACXOJ0BAHUS MepeKUuced U JPYyrux
NPOAYKTOB NMEPOKCUAHOTO OKUCJAEHUS HapyllaeTcs,
YTO NPUBOJUT K HU3MEHEHUI0 GU3UKO-XUMHUYECKHUX
CBOHCTB MeMOpPaHHBIX GEJKOB W JINIHJOB, U3MEHe-
HUIO aKTUBHOCTHU MeaMOpPaHHO-CBSI3aHHBIX pepMeH-
TOB, HapyLIEHUIO NMPOHUILAEMOCTH MeM6paH (B TOM
YyHcJie IPOTOHOB M MOHOB Ka/ibliMsi) U YMEHbIIEHUIO
3JIEKTPUYECKON CTaOUIBHOCTH JIMIIUAHOTO OHCJIO0S
MeM6paH. KpoMe ToOro, ycujieHHe MpoIeccoB MepoK-
CUJIHOTO OKHCJIEHUSI CIIOCOGCTBYET HU3MEHEHHIO CO-
CTaBa U CTPYKTYPHI JINTIONPOTEMHOB CHIBOPOTKH KPO-
BU 1 Pa3BUTHUIO runepxosiecrepuHeMun [9].

[ uccnefoBaHUs CTeNeHU 3alUThl, 0becrnevu-
Batolleiicss QyKOKCAaHTUHOM, OT HHAYLHUPOBAHHOIO
OKHUCJIUTEJIbHOT'O CTpecca U KJIETOYHOI0 CTapeHUs U
noBpexaenus JIHK kjeTkr NUIrMeHTHOrO 3MUTeNUs
CceTyaTKU NpeJBapuUTeNbHO 06pabaThiBaii (QyKOK-
CaHTUHOM B TedyeHue 24 yacoB. KiieTouHoe cTapeHue
OLIeHMBAJIM C MOMOIIbI0 aKTUBHOCTU GeTa-rajakTo-
3ujasbl. Jlos11 MHTEHCUBHOCTU 6eTa-rajakTo3u/1a3bl
3HAYUTEJbHO yBEeJWYUIACh B KYJbTypax KJIeTOK CeT-
YaTKH, 06paboTaHHBIX EPEKUCHI0 Boopoaa. OHAKO
B KJIETKaX, KyJIbTUBUPOBAHHBIX C Jo6aBjieHHEM Py-
KOKCaHTHHA /10 BO3/leCTBUS NepeKUCH BOJ0PO/ia KO-
JINYEeCTBO 6eTa-rajakTHU3a/a3bl 3HAUUTETbHO yMEHb-
LIMJIOCh. ITOT pe3y/bTaT M03BOJISIET CLeaTh BbIBO/,
4YTO QYKOKCAHTHH CIOCO6EH HMHIMGHUPOBATh CTapeHUe
Ha KJIETOYHOM YPOBHE, UHAYLIUPOBAaHHOE NEePEKUCHIO
Boziopoza [11].

JlaHHOe ucciiefloBaHMe MOKa3bIBAaeT, YTO (PYKOK-
CaHTHH OKa3blBaeT LIUTONPOTEKTOPHOE JIeHCTBHE Ha
JlereHepalyI0 KJIeTOK CeTYAaTKU B MOJEJISIX KUBOT-
HbIX U KYJIbTUBUPYEMBIX KjeToK. [I[puemM ¢ykokcaH-
THHA 3HAYUTEJIbHO MO/aBJIAJ reHepalio aKTUBHBIX
dopM KHCI0pOJa, CHUXKAJI YPOBEHb MaKyJI0AUCTPO-
buMn ¥ yBesMYUBaJ CKOPOCTb MUTOXOHJPUATBHOIO
MeTabosiM3Ma NpPU MOBPEXAEHUSAX KJIETOK, BbI3BaH-
HbIX OKUCJIUTENbHBIM cTpeccoM [11, 12].

Celiyac 6oJibllIoe BHUMaHHUE YZEJSEeTCs BbISCHE-
HUIO MOJIEKYJIIPHBIX MeXaHU3MOB TepOIpOTEKTOp-
HOM aKTUBHOCTH QYyKOKCAaHTHHA, KOTOpasi BO3MOXKHA
6s1arofapst cekBeHHpoBaHUo o61eit PHK. 06 atom
CBUJIETEJILCTBYET HCCIelOBaHME HOBOCHOUPCKUX
y4eHbIX [3,5].

Myx apo30duJ HaUWHAas C IepPBOTO JIHS XKU3HU CO-
JlepKasiv Ha ;PO KEeBOU cpeJie, KOpPMUJIN APOXKIKEBON
Maccod ¢ QYKOKCAaHTHHOM B KOHI[eHTpanuu 1 MKM.
CornacHO mpejbIAYLIMM HCCAe[J0BaHUSAM JJ03UPOB-
ka 1 MKM sBJsieTcs HauboJiee yJa4HOU, TaK KaK MpU
rcnoJsib3oBaHUU 1 MKM ¢ykoKcaHTHHA ObLI NOJY4YEH
6oJiee BhIpaXKEHHBIN reponpoOTEKTOPHBIN 3G PEKT, 10
cpaBHeHHIO ¢ no3upoBKo# 0,3 u 0,5 MkM. KoHTpoJib-
Has rpy1mmna noJydasa JpoXKKeByIo nacTy 6e3 QpyKok-
CaHTHUHA. MyX nepecaXuBaJIu Ha CBEXYI0 CpeJy iBax-
Jibl B HepeJto [5].

C nomoubio cekBeHHpoBanua PHK 6b11u nosyye-
HbI IpodUIK IKCIIpeccuy 12 Thicad reHoB. B pe3yiib-
TaTe NMPOBEJIEHHOI'0 UCCJIEJOBAHUS ObIJIIO BBISIBJIEHO
57 reHoB, KOTOpbIe /AlOT JOCTOBEPHYIO PeaKLUIo B
OTBET Ha 00paboTKy ¢ykKoKCaHTUHOM. CTOUT 3aMme-
TUTb, YTO BJHsHUE QPYOKCAHTHHA HAa YPOBEHb 3JKC-
IpPEeccHy I'eHOB Yy CTapblX MyX 3HAUUTEJbHO BBIILE,
4yeM y MOJIOJbIX. YTO MOXET 4eTKO CBUJETeJbCTBO-
BaThb O HAJMWYUU TepONpPOTEKTOPHOTO JelcTBUA Py-
KOKCaHTHHa [3, 5].

Cpesu mpeJfCTaBJEHHBIX MOJIEKYJASPHBIX NyTeH,
WHJYLUPOBAaHHBIX peakuued ¢ QyKOKCaHTHHOM,
HabJ/II0a/IuCh TOJIOXKUTEJIbHble pe3y/IbTaThbl, CBf-
3aHHble C NPOJOJDKUTEJBHOCTBIO >KU3HH, BKJIIOYas
MAPK u curnanbnble nytu Hippo. [locie nposegen-
HBIX HCC/IeJOBaHUM C y4yacTHeM Jpo30QUJbl ObLIO
BBISICHEHO, YTO PYKOKCAaHTHH CIIOCOGEH YBEJIUYHUBATD
IPOJOJIKUTENbHOCTD )KU3HU. ONKChIBAIOTCS MOJIOXKH-
TeJibHbIe 3Q(EKTHI HA IOKOMOTOPHbIE QYHKIUH, AK-
TUBALUIO 3KCIIPECCUU TeHOB CTPECCOYCTOMYHUBOCTH y
apo3oousl [3].

[loaTOMy ecTb OCHOBaHUSA CYJUTh, YTO GYKOKCAH-
THUH HAa OpPraHU3MeHHOM ypOBHE YBeJUYHUBAeT Mpo-
JIO/DKUTENbHOCTb KU3HH, UTO CBSI3bIBAETCA C JUb-
depeHLMaNbHON 3KCIIpeccHel TeHOB U U3MeHEeHHeM
aKTHBHOCTH MOJIEKY/APHBIX yTeH [3].

s onjeHKHY BJMSAHUS YKOKCAHTHHA Ha NMPOJ0JI-
YKUTEJBbHOCTb KU3HU Apo30¢uibl nouaydyaau 1 MkM
npenapara, 4YTo IPUBOJUJIO K YBEJUYEHHUIO CpeJiHel
NPOJOJIKUTENBHOCTH )KU3HU CaMLOB Ap030dHUJIbI HA
14,9 % u camok Ha 6,2 % 10 CpaBHEHUIO C KOHTPOJIb-
HOWU I'PYIIIOH, He ToJiydaBilel sedeHue [3].

Tak kak AOCTOBEpPHO M3BeCTHO, 4TO ¥ Drosophila
melanogaster 70 % reHoB MMeIOT MOJIOBYIO JUMOD-
GHYI0 3KCIPECCUIo, YTBEPXKAEHUE O TOM, YTO TaKoe
pasnuurve B 3¢deKTe NPOJOIKUTENbHOCTH KU3HU
3aKJII0YaeTCsl B reHax, CLeNJIEHHbIX C [10JIOM, HeT oc-
HOBaHwui [7, 13].

[Iponiecc crapeHus u PpU3NOJIOTHYECKOE 370PO-
Bbe HENOCpeJCTBEHHO CBSI3aHO C Pa3MHOXEHUEM,
YCTOWYHUBOCTBIO K cTpeccy, epTUIBHOCTBIO, mapa-
MeTpaMH CHa U OT[bIXa, a TaKXKe QYHKIUAMU Key-
JOYHO-KHIIeYHOro TpakTa [3, 5, 8]. Bce aTu acnek-
Tbl OLlEHUBAJIUCh aBTOPAMU CTATbHU [/l BbISIBJIEHUS
MOJIHOT'O CIIEKTpa CBOMCTB QYyKOKCAHTHHA KaK repo-
MpOTeKTOpa.

JlI1 OLleHKH IJIOZOBUTOCTHU CaMOK PAa3HOro BO3-
pacTa cofepkajy ¢ MOJIOABIMU CaMLAMHU AJIs CHapH-
BaHUs B TeyeHHUe 24 yacoB. /I 06beKTUBHOHN OLleH-
KU U3MEHEeHUH NJI0J0BUTOCTH U PePTUIBHOCTH OJJUH
pa3 B HeJeJII0 BeJICS MO/CYeT KOJUYEeCTBA SN, OTJIO-
»KEHHBIX caMKaMU 3a 24 4aca. /l1s oleHKU pepTUIb-
HOCTH TOJCYUTHIBATIOCH KOJUYECTBO B3POCJ/BIX MYX,
pasBuBLIKXCcs yepe3 10-15 gHell nociie BbLIYIIEHUS.
Bcero 66110 oneHeHO 50 caMOK /151 KaX/A0I0 3KCIIe-
pUMeHTa/NbHOr0 KpuTepus [3]. Y caMoK, [oj1yyaBIIKX
dyKOKCaHTHH, HAabJII01a/I0Ch 3HAYUTENbHOE YBeIuYe-
HUe COOTHOLIeHUs MeX/Jy GepTUIbHOCTBIO U IJI0J0-
BUTOCTbI0. YCTAaHOBJIEH CTUMYJUDPYIOLUN 3ddeKT B
no3e 1 MKM dyKokcaHTHHA Ha MJI0JL0BUTOCTb [3].

B kauecTBe GH3MOJIOrMYECKOI'0 MapKepa cTape-
HUA Apo30oduiibl OlleHHBa/lach KUIIe4YHas NMpPOHHUIA-
eMoCTb. OyHKIMI0 KUIIEYHOW MPOHUIAEMOCTH OIle-
HuBaau y 10-HezmenbHbIX Jpo3odui. KoHTposbHas
M 9KCIepUMeHTaJlbHas TPYINIbI BblJEPKUBAIUCh HA
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OKpallleHHOH cpeie B TedeHHe 16 yacoB. OKpallieHHas
cpeJia 6bl1a U3rOTOBJIEHA HA OCHOBE JIPOXKeBOH cpe-
Jibl ¢ TpuMeHeHueM 2,5%-ro MeTH/IEHOBOTO CHHETO.
Myxu € NOBBILIEHHON KUILIEYHON NPOHUIAEeMOCTBIO
OKpalIMBaJUCh B CMHUH uBeT. HecMoTpsi Ha repo-
NpPOTEKTOPHOE JelcTBHe (PYKOKCAaHTHHA y 060HUX
[10JI0B, 3HAYUTeEJIbHOE YiIy4llleH’e 6apbepHOH PyHK-
MM KHUIIeYHHMKA HabJ0JjajJoch TOJIBKO Yy CaMILOB
Zipo3oduiel. [lockobKY MOBbILIEHHE MTPOHUIIAEMO-
CTH KHULIEYHHUKA CONPOBOX/AAETCSI BBICOKUM PUCKOM
CMEPTH, NMOJIYYeHHBIH Pe3ybTaT MOXET CBUETE/b-
CTBOBAThb O 6OJIbIIEH NPOAOKUTENBHOCTH XKU3HU Y
camI1ioB [3, 7].

JMHaMUKy BO3pacT3aBUCHMBIX H3MEHEHWH .Jio-
KOMOTOPHON aKTHUBHOCTHM OLlEHHBAaJX y Apo30u
pasHoro Bo3spacra (1, 4, 6 Heziesb). Bblo ycTaHOBIIE-
HO, YTO PYKOKCAHTHUH YBEJUYMBAJ CYTOYHYIO aKTHB-
HOCTb MOJIOZABIX caML0B Ha 10 % W CHM>KaJl aKTHB-
HOCTb B3POCJBIX 0cobel Ha 13 %. Takyke OTMeYEHO,
9YTO QYKOKCAaHTHH yBeJUYUBAET IPOJO/KUTENbHOCTD
NepHO/I0B Me/IJIEHHOI'0 CHA B TeYEHHE BCETO HOYHOTO
BpeMeHH [3, 7]. [IpeososieHre BO3pacTHBIX Hapylle-
HUI CHa SIBJISIETCS OAHUM W3 KPUTEPHUEB YAydlleHHUs
KayeCcTBa U POJOKUTENbHOCTH KU3HU.

Hawnb6osiee 3Ha4UMBIM GaKTOPOM B CTapeHUH Op-
raHusMa sBJisieTcs cTpecc. BausaHue dykokcaHTHHA
Ha BBDKHMBAEMOCTb MYX B YCJIOBUSX OKHUCIUTETBHOTO
CTpecca U B yCJI0BUSIX TUIIEPTEPMUU TaKXKe ObIJIH Olle-
HeHbl [3].

J1 cpaBHeHMs] JMHAMUKU BBDKHMBAHHUS MYX, 06-
paboTaHHBIX (QYKOKCAHTHHOM, OBLIM MOCTPOEHBI
JIMHUU perpeccuy Ho cpejHell cTeneHU BbDKHBaHUSA
JUIsT 00euX 3KCIEPUMEHTAJbHBIX TPYIT B KaXJ0H
BO3pacTHOM rpymnmne. Kak B KOHTPOJIbHOH, TaK U B 3KC-
NEPUMEHTANIBHON rpynnax HabJo[anach BbICOKas
OoTpULaTe/JbHAs 3aBUCHMOCTb MeXAY CTPecCcoyCTOH-
YHUBOCTbIO U BO3pacToM [5].

[loslyyeHHBIH pe3y/bTaT OODBSACHSETCA BO3pacT-
HBbIM CHMKEHHEM QU3UO0JI0THUYeCKUX QYHKIUH U CHU-
J)KeHUeM CTPeccoycTOMYMBOCTH. HecMoTpsa Ha TO 4TO
bYKOKCAaHTHH U3MEHSJ CMEPTHOCTb MYX B CTpeCCo-
BBbIX YCJIOBUSIX, 3TOT pe3y/IbTaT He GbLI PeryJIspHbIM.
[losToMy 6bLI cAeaH BBIBOJ, YTO PYKOKCAaHTHH He
BJIMAET Ha BO3paCTHOE CHUXKEHHeE CTPeCccOyCTOWYMBO-
ctuy Apo3odu [3]. B HeKOTOPBIX HCC/IeJOBAaHHUSAX BCE
»Ke TOBOPUTCS O BJUAHUU QYKOKCAaHTHHA HA yCTOWYHU-
BOCTb K OKHUC/JUTEJBbHOMY CTPECCY, HO NIPU 3TOM €ro
BJIMSIHME HA YCTOWYMBOCTb MYX K T'OJIOAAHUIO U T'H-
NepTepMUHU He3HAYUTEJbHO [3, 5, 13].

TpaHCKpUIITOPHBIN aHaA/M3 NPOSCHSET MOJIEKY-
JIIpHbIe MeXaHU3Mbl JleMcTBUS (PYKOKCAaHTHHA Ha
BCeX YPOBHAX opraHusauuu [3, 5]. Hecmotps Ha To
YTO reponpOTEKTOPHbIN 3ddeKT He UMeeT 3aBUCH-
MOCTH OT [10J1a, y CAaML[0B OH BbI3bIBasI AUddepeHIiu-
aJIbHYI0 9KCIPeCcCUI0 G0JIbLIET0 YMCJIa [EeHOB, YeM Y
caMok. Y caM1oB QyKOKCAaHTHH OKasblBaeT HanboJiee
BbIPYKEHHBIN 3P PEeKT Ha IKCIPECCHI0 TEHOB PEeIJIu-

CITMCOK HCTOYHHUKOB

kauuu JHK, meTa6osnyeckre MyTH, OKUCJIUTENbHOE
docdopumpoBaHue.

CorylacHO TPaAHCKPUNITOPHOMY aHa/JIU3y MOXKHO
NpeANoJIOKUTb CBA3b reponpoTeKTOpHOro adpdexra
¢ niudpdepeHnMaIbHON IKCIPeEcCHed TeHOB, Y4acTBY-
IOIIMX B PErYJISLUU NPOLO/DKATENBHOCTH XKU3HHY, ay-
Todaruy, IMIMKOJIU3a, NIPOLECCOB TPAHCIALMHY, a TaK-
Ke C MPOoI[ecCaMH OKUCIUTENbHOT0 Gochopuinpona-
Hsl, allONIT03a, UMMYHHOI'O OTBeTa Ha IOBpEeX/eHUe
crpykrypsl JHK [3, 5].

B n3yyeHUU reponpoTeKTOpHON GYHKIUU QYKOK-
CaHTHHA OFPOMHYIO POJIb UI'PAeT TPAHCKPUIITOPHBIN
aHaJIM3, UIMeHHO 6/1arofaps eMy Mbl MOXKeM HanboJiee
JleTaJIbHO U3YYUThb MOJIEKYJISIPHbIE MEXaHU3Mbl JeH-
cTBUs QYKOKCAaHTHMHA Ha YpPOBHE BCEro OpraHM3Ma.
JddexT mpoAJieHHs KU3HU He 3aBHCeJ OT I0Ja, HO
y caMI0B Z1po30¢uIbl GYKOKCAHTHUH BbI3bIBAJ BbIpa-
JKeHHY0 JuddepeHMaNibHY 0 3KCIPECCHI0 60JIbIIETr0
yucsa reHoB. [IpoBesieHHOe HcCIef0BaHUE JOKa3bl-
BaeT BJMsIHHE QYKOKCAaHTHHA Ha 3KCIPECCHIO TEHOB,
y4aCTBYIOIIUX B CUTHAJIbHBIX Ny TAX [5].

B fpyrux uccjeoBaHUsX ObLIM IPeAIPUHATHI 110-
NBITKA OLEHUTD NOKa3aTeJu 3KCIPECCUU T'E€HOB M0/
BJIMSIHHEM BbICOKOKAa4eCTBEHHOW aAueThbl. CaMIipl U
CaMKHU Apo30duibl, MoJIydaBLINe JUETY, L1eMOHCTPH-
poBasin HauboJiee BBIPAKEHHYIO 3KCIPECCHI0 TEHOB
[0 CPAaBHEHHIO C pO30PUIaMH, MUTAIUMUCT HU3-
KoKauecTBeHHoO [13, 14].

3AK/IIOYEHHUE

CexBenupoBanue o6ueit PHK no3Bosiser caenars
BBIBO/L O BJHUSIHUM QYKOKCAaHTHHA Ha 3KCIIPECCUIO Te-
HOB, BOBJIEYEHHBbIX B Ba)KHeHIIHe NPOLEeCcChl, BKJIIO-
yasg MyTh PETYJASILUU TNPOAOKUTETbHOCTU KU3HHY,
ayTodaruo, rJIMKoJHU3, alolTo03, UMMYHHBIH OTBeT,
HeliporeHes. Cpe/iu BbISIBJIEHHBIX MOJIEKYJISIPHBIX MY-
Teld HanboJsiee aKTUBHO Ha BJMsHUEe QYKOKCAaHTHHA
OTBeYasIu MyTH, CBI3aHHbIE C NPOJIO/HKUTENbHOCTBIO
YKU3HU.

U3 aToro ciesnyeT, 4TO TrepoNpOTEKTOPHOE Jei-
cTBUe QYKOKCAaHTHHA Ha BeCb OPraHU3M CBSI3aHO He-
nocpefcTBeHHO ¢ fJuddepeHMaibHON 3KCIpeccuent
reHOB M M3MEHEHHUSIMU aKTUBHOCTH MOJIEKY/ISIPHBIX
nyTel. B xozie uccaejoBaHUS TaKKe ObLIO BBISICHEHO,
YTO NPU TPAHCKPUNTOPHOM aHaause 3PpdeKkToB dy-
KOKCAaHTHHA O4YeBH/IHA aKTUBAILUSI MEXaHU3MOB, CBs-
3aHHBIX C FTOPME3UCOM.

UccnepoBaHusa Nokasaly MOTeHLHan (YKOKCaH-
THHA B Ka4eCcTBe TepaleBTUYECKOTr0 Ipenapara AJs
JledueHHsl 3abo0JieBaHUM, HeNOCpPeJCTBEHHO CBfI3aH-
HBIX C NpolieccoM ctapeHus. OJHaKO HeCMOTPs Ha
OTCYTCTBHE TOKCHUYECKOTO JAeHWCTBUSA PYyKOKCAaHTHHA
B MCCJIe[JOBAaHUSAX Ha JIabOpaTOPHBIX )KUBOTHBIX, He-
00X0MMBbl KJIWHWYECKHe UCHBITAaHUA [JJIS Olpeje-
JleHHsl 6e30MacHOCTH MoTpebsieHUs GYKOKCAaHTHHA
YeJIOBEKOM.
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