JlekapcTBa NPOTUB CTapeHUS:
MUbI N peanbHOCTb
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Pe3tome

Ha OaHHbIU MOMEHM Hem ouembei,
Jiekapcmea, sumamuHa, MUuHepara,
20pMOHasibHou 0obaskKu, He cyuiecmayem
yripaxHeHuU, U0208CKUX 03, npasusibHou
gusriocopuu unu ocoboz2o obpasa KU3HU,
Komopble 00CMOBEPHO CrioCObHbI
3ameorniumes cmapeHue 4esrio8ekKa.







doHTaH monogocTtu. Lucas Cranach the Elder, 1546.



Elizabeth Bathory
1560 —1614

CornacHo nereHgam,
BeHrepckaga rpadonHs
EnnsaeeTta batopu
ybuBana mosnoabix
OeBylleK (4eBCTBEHHULL?),
YTOObI C MOMOLLUBLIO UX
KPOBW COXPaHUTb CBOIO
MOJ1040CTb.




Charles-Edouard Brown-Séquard
1817 — 1894

Lapnb-Oayapa bpoyH-
Cekap nonaran, 4To
NHBEKLMN SKCTPAKTOB N3
CEMEHHUKOB XXMNBOTHbIX
MOTrYT U3Ne4YnUTb MHOIMe
donsndeckme ctapyeckume
Heayru.

OH npoBepun gencrene
«Brown-Séquard Elixir» Ha
cebe 1 Hawen, 4YTo MeTona
paboTaeT!
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http://en.wikipedia.org/wiki/Charles-%C3%89douard_Brown-S%C3%A9quard



LEE—

: '(' [~ https.//www.google.com/search?q=nekapcreo+oTr+crapoctn&ie=utf-8&oe=utf-8&aq=t&ris=org.mozilla;ru:o
GG O SIE "NnekapcTeo oT cTapocTi” EE “

Mowuck HapTHHKK HoBoCTH Bugeo KapTl Eulé - MHCTpYyMeHTEI NouCKa

Peayneratoe: npumepdo 1 300 000 (0 |5-_>

Peknama no sanpocy "nekapcTeo ot crapoctu” (D
Bopkba co ctapeHuem - OMONo¥eHWe opraHuama

wWWww scienceagainstaging org/ ~
Hayka B bopebe co cTapeHuem.

NekapctBo ot ctapoctH | PMA HoBocTu
ria.rufstudies/20131223/085925993 hitml =

NekapcTeo ot ctapocT. 15:1923.12 2013 {obHoeneno: 12:50 30.12 2013 JHukona
Ryrywknnd 4937302, BoamoxeH Av 3NMKCUP BEYHON MONOAOCTH?

YUEHLle CO3NANK NeKapCcTBO OT CTAPOCTH
ont by/newsfour news/00112311 =

21 gex. 2013 r - [pynna aBCcTpanWACKKX W aMepPUKAHCKNX YUEHLIX BEIACHWAA NPUYKHEIL,
3anyckawLe Npouecc CTapeHuA Ha KNeTouyHoM YpoBHe W paspabotana ...

EHDMH}KEHEIJI:I CO30a0T NekapcTBO OT CTAPOCTH ! E,HD[}DBEIH AH3IHb ...
www.aif_ru/health/life/1007693 -~

BuowH#eHepel Co3gakwT NnekapcTeo oT ctapocti. 16:02 26/10/2013. Anena
LHmmmrirmiaiim i rmes - ogam mmmme s foaiTn D memmen ~ Blad D IO mmmmiam mma s —




Y10 Takoe ctapeHue?

Anna Vasinova, Aunc



TexHn4dyeckoe onpeneneHue

« CTapeHne cucTemMbl — 3TO YBESTMYEHUE C
TE4YEeHNEM BPEMEHN BEPOATHOCTU OTKA3a
CUCTEMBbI.

bunonormnyeckoe onpeaeneHune

« CTapeHue opraHmama ecTb ocriabnenHme c
TEYEHNEM BPEMEHMN E€ro XU3HEHHbIX
doyHKUMN, npoucxoadllee gaxe B
Hanbdonee 6raronpUATHLIX ONS XKU3HU
YCIOBUSIX, U MOBbILLAKOLLEE BEPOATHOCTb
CMEpPTU C BO3PaCTOM.



CTapeHune aBTomMobunen

[ToNIOMKW, Ha TbICAYY aBTOMOOUNEN

Pannen pro tausend Fahrzeuge

EZ Untergrenze Obergrenze
2004 12,5 70,0
g | 2005 7,0 59,0
%’ 2006 6,0 47,5
3 | 2007 3,0 36,5
~ |2008 2,0 25,3
2009 1,0 14,0

[laHHbIe cTaTucTuku knyba aBTontobutenen NepmarHmm (ADAC) 3a 2009 .

http://www.adac.de/ _mm/pdf/Pannenstatistik 2009 74031.pdf



CTtapeHune rpaxkgaH Poccum

ED(:I'IDDHEEDACTED
Bo2pAcTHEIE KOAhBHMUMEHTEl CMepTHOCTH 2a 2009T.

Mpoickoe HIceNeHKWE CEMBECKOR HACEMNEHWE
EOSRacT
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Ecnun c TeyeHnem BpeMeEHN BEPOATHOCTb
OTKa3a n3y4yaeMoun CUCTEMbI HE pacTeT,
9TO — HecTapeLllas cucrtema.

ATOMbI, B TOM YUCIiEe U PaANOaKTUBHbLIX

ANIEMEHTOB. BEPOATHOCTb pacClaga KOHKPETHOIO
dTOMa HE 3aBUCUT OT €ro BO3pacTta

MOJ'IeKyJ'IbIZ BEPOATHOCTb BCTYIJIEHNA B XUM.

peakunio Ui pas3rnoxXeHmnd He 3aBnCcuT OT
BO3pacCTa MOJIEKYIJIbI.

— - *_ CTeknsiHHble Npobupkm (?)
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HecTapetowiaa cucrtema




Crtapetouiasa cucrtema

BbipoxaeHHasa cuctema:
BepoaTHOCTbL OTKasa
pacTteT no mepe
noBpexaeHud
napannenbHbIX Y3MoB.

Curnan

Bpems



BepOﬂTHOCTb MOJIHOIO OTKa3a CUCTEeMbI

CTapeHune BbIpOXOEHHbIX CUCTEM
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BO3paCT Cnctembl, yCrioBHbie eaUnHULUbI



Teopusa HageXXHOCTU
(Reliability theory)

* Cucrema, cocrtosLLas U3 HecTaperoLmx
9NEMEHTOB, «MNOAKMHOYEHHbIX
napannenbHo», byaeTt ctapeTb No Mepe
BbIXO4a 13 CTPOS 3TUX SNEMEHTOB.

* B KOHLE KOHLIOB, KOrga Kofim4ecTBO
«MOAKMNYEHHbIX NapannenbHO» 3JIEMEHTOB
oovnaeTt Ao KpUTUYeCKoro MMHUMMyma,
CUCTEMA CTaHeT HeCTapeloLLEN.

LEONID A. GAVRILOV, NATALIA S. GAVRILOVA, The Reliability
Theory of Aging and Longevity, Journal of Theoretical Biology,
Volume 213, Pages 527-545,



Bce cnoXxHble cucTemMbl, coaepxallme
«NOOKMHYEHHbIE NapannenbHO»
9NEMEHTbI, NoABEPXKEHbI CTapEHNIO.

B Ha4yanbHbLIN MOMEHT BPEMEHU Yy TaKOW
CUCTEMbI €CTb «3anac NMPOYHOCTNY,
KOTOPbIN YMeHbLLIAaeTCcs C Te4eHNEM
BPEMEHU U3-3a ClnyYanHbIX NOoBpeXaeHnn.

B pe3ynbTate co BpeMeHeM pacTeT
BEPOATHOCTb OTKa3a CUCTEMbI.



Teno yenoseka

- Opranbl
«MNOAKIHYEeHbI
nocnegoBaTenibHO»

* KneTtkun opraHoB
«NOAKMNIYEHbI
napannernibHO»

http://longevity-science.org/Reliability-Theory-2006.ppt



HecTapetowiasa cuctrema?

+ peMOHTHasA opuraga

Cuncrtema He cTapeer, Noka
1) ObecrieyeHa NPUTOKOM SHEPTUN
2) MoxeT nony4yaTtb «3an4actn» U3BHE



MoxeT nu Halle Teno
Hay4YNUTbCS «YUHUTb» CEDSA N He
OonyckaTb HAKOMMNEHUS
NnoBpeXaeHNn?
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Bcem XnBblM opraHmamam Heobxoamm
MPUTOK SHEPTNN N OOMEH MaTEPUEN C
OKpYy>KaloLLlen cpeaon.

Takum obpasom, Npu HanM4Ynn AOCTYMNHbIX
MCTOYHMKOB SHEPrUn U MaTeEPUN, XX1UBoe
CYLLLECTBO TEOPETUYECKN MOXKET BOBCE HE

cTapeTb.

EcTb nn Tomy npmmeps!?



UenoBek

CTapeHune oTCcyTCTBYET
B HavanbHbIW nepuoa

(MpnmepHOo Ao
CtapeHue rpaxaaH Poccum

BoapacTHLIE K03hDMUMEHTE! cMepTHoeTH 3a 2009r.
BO3 paCTa ) ropoAcKoOe HaceneHwe CENLLKOE HACeMEHUe
BOINAcT
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OK.

* HO MOXeT nun XXnBoe CyLLECTBO HE
cTapeTb coBceM? TO eCcTb He Ha
HavyanbHOM 3Tane XM3Hu, HO BCHO XN3Hb?

BeposTHo, aa.



HecTtapetowine opraHn3mobl

Lo 2 Kane6 ®uHy (University of
Southern California Andrus

Gerontology Center):

KHUra «Longevity,

senescence and genome»
University Of Chicago Press

| (1990)

http://www.calstatela.edu/centers/cinqa/seminar09_spring.php

CyLLlecTBYIOT OpraHn3mbl, KOTOpbIE
CTaperT UCKNIYUTESIBHO MEOSIEHHO, a
BO3MOXHO, 1 BOBCE HE CTapeloT.




J. Dev. Biol. 56: 479-487 (2012) IE INTE -,ﬂk-,ib-,.t [RNAL OF
10.1387/1jdb.113461dm

www.intjdevibicl.com

Hydra, the everlasting embryo, confronts aging
DANIEL E. MARTINEZ*"' and DIANE BRIDGE?2

'Dapantment of Biology, Pomona College, Claremont, California and
“Department of Biology, Elizabethtown College, Elizabethtown, Pennsylvania, US4 TR

ABSTRACT Existing data imply that the cnidarian Hydra vulgaris does not 1::
In contrast, the related species Hydra oligactis shows increased mortality
rioration following sexual reproduction. Hydra thus offers the chance to
in lifespan in members of the same genus. Adult Hydra possess three we
populations, one of which gives rise to both somatic cells and gametes.
Hydra vulgaris raises the question of how these stem cell populations
periods of time. Investigation of the roles in Hydra of proteins involved in
in other organisms should provide insight into this issue. Proteins of partic:
Hsp70 family proteins and the transcription factor FoxO.

KEY WORDS: germline, stem cell, heat shock, FoxO, insulin

http://etc.usf.edu/clipart/53600/53652/53652_hydra_vulgar.htm
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Hydra: vulgaris v oligactis

Hydra vulgaris

L Hydra oligactis
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boriomHasa AmepuKkaHcKas
yepenaxa (Yepenaxa braHouHz2a)
Emydoidea blandingii




[ peHNnaHOCKUN KUT




CocHa ocTucTasa MeXxropHas
COCHa JoJIroBeYHas

http://diglloyd.com/blog/2011/20110715_1-PhotoTourBristlecones.html



CocHa ocTucTasa MeXxropHas
(cocHa gonroseyYyHas)

www ViccnepoBaHua oepeBbeB

| BO3pacToMm oT 23x o 4713 net
nokasanu, 4YTo Ans Takux
NPU3HAKOB, KakK:

* BbI)KMBAEMOCTb MblfbLibl

i - BeCc cemsaH

" * BCXOXECTb CEMSIH

Does bristlecone pine * Habop Buomacchl noberamu
senesce? o

Lanner RM, Connor KF. * 4acrtoTa MyTalmun

Exp Gerontol. 2001 (4-6):675-85. KOppensuum ¢ BO3pacToMm

aepesa He 0bOHapyXXnBaeTCs.
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[[onbIn KynanbLMK

(Heterocephalus glaber)




[ onbin 3emMneKkon

[‘onbin 3emnekon (Heterocephalus
glaber) oTkpbIT B 1842 E. Pronnenem.
ObuTtaeT B BOCTOYHOMN AppuUKe.
QycouunanbHoe XUBOTHOE.

OaHo coobLwecTBO COCTOUT U3

~100 ocoben, Bkntovaga uapuuy u ee
1-3x myxen . OcTanbHble — congaThbl
(camubl, 75%, n camkmn, 25%). Camkm B
NPUHLUMMNE CMNOCOBOHbLI K MOMOBOW XXWU3HW, HO HE
MCMOJSIb3YIOT 3TY BO3MOXHOCTb, TaK Kak
NOCTOSIHHO TPETUPYIOTCH LiIapULEN.




[ onbin 3emMneKkon

33

b

Mortality rates (qx)

{ 5 1t 15 20

Age (years)

Figure 5. Age-specific mortality rates of naked mole-rats in captivity.

Buffenstein R. Journal of Gerontology 2005, 60(11):1369-77.
The naked mole-rat: a new long-living model for human aging research.



* Pa3Hble opraHn3ambl CTapetoT No-pas3HoOMY,
B TOM YMCINEe — C pa3HOM CKOPOCTbLIO

* HekoTopblie opraHn3mbl, Mo BUANMOMY,
BOOOLLIE HE CTapeloT.

Hem xe oripeaerdeTcad MexXaHn3mM
CTapeHNA XKUBbIX CyI.I.I,eCTB?



CTapeHue Kak reHeTU4eCcKu
KOHTPOJIMpyeMbIN NPOLIECC.



[] POAOITKNTEJIbHOCTb XXU3HU
HEKOTOPbLIX MPDNMAaTOB

Data taken from

http://pin.primate .wisc.edu/aboutp/phys/lifespan.htmi
(Primate Info Net),

Wisconsin Primate Research Center (WPRC) Library
at the University of Wisconsin-Madison.
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Oxunpgaemas npoaoIKUTENbHOCTb
XXWU3HU, roabl
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Bua npumaros YenoBek pasyMHbIN

3onoTmucTonneynmn TamapuH



 Ha cerogHALWHMN OeHb MaKCUMarbHas
OOCTOBEPHO 3aperncTpupoBaHHas
NPOOOJIKUTENBHOCTbL XXNU3HU YernoBeKa
cocTtaBngeT... 122 roaa!
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http://www.grg.org/JCalmentGallery.htm

Jeanne Louise Calment (21 February 1875 — 4 August 1997)



* A MakKcumarbHas NPOAOJTKUTEIIbHOCTb KN3HW
MITEKOIMMNTarLWero CoOCtaBliderT...

| 211 ner.




BrninssHne KOHKpEeTHbIX reHOB
Ha cTapeHne YenoBeka

* Ecnu ctapeHue reHeTn4yecKku
OEeTEPMUHMNPOBAHO Y YenoBeka, TO
M3BECTHbI J11 FeHbl, 3a HEro oTBeYarLwme?



BnuaHne reHoOB Ha cTapeHue.
[lporepusa — yckopeHHoe

CTapeHne
Cungpom BepHepa (Werner |
syndrome): nporepus
B3POCIbIX. YCKOpPEHHOEe
CTapeHne HaynHaeTcs nocne
NogpoCTKOBOro rnepuoaa.

WS patient age 15 yrs | WS patient age 48 yrs

3aboneBaHne BbI3BAHO MyTaLUAMU MO rEHY
WRN, koaupytowiemy oanH ns 6enkos
penapauun (?) HK. YacTtoTa BCcTpevyaemocTu
okono 10~-10°.

MnniocTtpauus BasaTa ¢ http://wilsongen677s10.weebly.com/




CunHapom
XaT4YMHCOHa-

[ ungopaa
(OeTckaga nporepus)

CBs3aH c MmyTaumemn reHa
LMNA, kogupytoLiero 6enok
namMmuH A, y4acTeyoLLNN B
John Ta| popMUpoBaHNM MeMOpaHLI
- | kneTo4yHoro agpa. Yacrtota
BCTpe4YyaemMocTun 3abone-
BaHUA — okono 107,

2001. John Tacket (1988 — 2004): The
Progeria Research Foundation’s First
Youth Ambassador

http://www.progeriaresearch.org/



Hacnenyetca nu gonroneTtune y
nogen?

B cpegHem ntoan, poanuTernin KoTopbIX
npoxunun 6onee 81 roga, camu NPoOXunm no
KpanHen Mepe Ha 6 net bonblie TeX, Ybi
poauTenun ymepnu, He goxms oo 60-netug.

(Abbott et al., Amer. J. Med. Genet. 1978. Vol. 2., 105-120)



UccnepoBaHnAa Ha OnM3Helax: MakCMMyM OHa
TpeTb BapnabenbHOCTN B O0OLLLEN CMEPTHOCTU
MOXeT ObITb 00yCcrnoBfieHa reHeTUYECKUMMN
doakTopamu, Torga Kak noyYTu BCe ocTaribHble
pasnnyna cBa3aHbl C pakTopamm OKpyKatoLlen
cpeabl.

(Ljungquist et al., J Gerontol A Biol Sci Med Sci. 1998, 53:M441-6).

[1ns Takoro npuaHaka, kak pocT, okoJio 65%
BapuabensHocTn obycnoBnNeHoO reHeTUYECKU; B
cnydae 1Q reHbl moryt otBeyaTthb 3a 40-80%
BapnabenbLHOCTH.



Caenornanaits elegans

_ L1 larvae

adult
C. elegans =——_

B

Mongkoldhumrongkul N et al. J. R. Soc. Interface
doi:10.1098/rsif.2009.0364




[ToBpexnaeHune reHa age-1 (daf-23)

CpeaHsas NpoaoIKNTENTbHOCTb XKU3HU
yBenuiunacb Ha 70%

MakcmnmanbHas NpoAoIIKNTENTbHOCTb XXU3HU
yBenunumnacb Ha 105%

He3HaunTenbHoOe BNUsiHWE Ha NNOgOBUTOCTD,
ONUTENbHOCTb PENPOAYKTUBHOIO nepuoaa,
CKOPOCTb pPa3BUTUS.

YBennyeHHasa noaBUXKHOCTb
[loBbliWweHHaa yctonuneocTtb K H,O,, YO n to.



DyHKUNA reHoB age\daf —
COKpallaTb XXN3Hb?

* BepoaTtHee Bcero, reHbl age n daf Hy>XHbl 4ns
nogasneHns peakumm Ha ctpecc. B
HOpMarsbHbIX YCNOBUAX OHN cOeperarT pecypchbl
opraHuama, a B yCNnoBUAX CTpPecca OTKIYalTCs,
n npoucxoaut mMoounmsaumna pecypcos Ans
BbXKMBAHMUSL.

* B cmewaHHbIx nonynauusax C. elegans B
YCIIOBUAX YepeaoBaHUAa N30bITKa NULLM U
ronogaHns 9T npoansrowme Xm3Hb MyTauum
ObICTPO BbITECHAKTCH ANKUM PEHOTUMOM.



Mus musculus




* OcHOBHas oTnNUYMUTENbHAYA
yepTa KapJIMKOBbLIX MblLLEN
(dwarf mice) nuHUM Ames —
nedeKT nepegHen gonu
rmnodusa un, Kak creacresume —
KpanHe HU3KUN YPOBEHb

3
\

ropmoHa pocta (GH).

F
."i




nature

scientific correspondence

Negurve 384, 33 (07 MNovember 19963, doi10.1038/354033a0

Dwarf mice and the ageing process

SIR — Factors affecting longevity are
complex and poorly understood. We have
found that Ames dwarf mice (df/df), which
are small and deficient in growth
hormone (GH), prolactin and thyroid-
stimulating hormone (TSH), live signifi-
cantly longer (P<0.0001) than their
normal siblings. Hereditary dwarfism in
mice may provide a valuable model for
studying the ageing process.

The lifespan of an individual depends
on genetic and environmental influences.

15007
1.300f
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Age at death (days)

body size of adult animals is approxi-
mately one-third of normal.

We maintained normal and dwarf mice
in a conventional environment (not ‘barr-
ier’ or specific-pathogen-free), fed lab
chow and tap water without restriction.
We checked daily for survival and general
health 28 normal and 34 dwarf mice that
were born during July and August 1992,
Dwarf mice lived much longer than nor-
mal mice, with the difference in average
lifespan being more than 350 days for
males and more than 470 days for
females (P<0.0001). Two dwarf
females reached the remarkable
age of four years. These findings
are particularly striking because
b Ames dwarfs exhibit some charac-
teristics of reduced immune func-
! tion'. Snell dwarf mice, which
are deficient in the same three
hormones as Ames dwarfs owing
to a mutation on another chromo-
some, live longer than normal

are a valuable model for studying the

mechanisms responsible for the ageing

process and for setting the species-specific

limits of survival.

Holly M. Brown-Borg

Kurt E. Borg

Departments of Physiology and
Pharmacology & Toxicology,

University of North Dakota School of
Medicine and Health Sciences,

Grand Forks,

North Dakota 58202-9037, USA

e-mail: holly. brownborg@
medicine.und.nodak.edu

Charles J. Meliska

Department of Psychology,

University of Southern Indiana,

Evansville, Indiana 47712-3593, USA

Andrzej Bartke

Department of Physiology,

Southern lllinois University School of
Medicine,

Carbondale, lllinois 68901-6512, USA

Aminoacylation
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Longevity in male and female normal and Ames dwarf
mice. Each point on the graph represents an individual
animal surviving to the specific age indicated versus
the percentage of animals deceased per group.

Dwarfs live longer than normal mice regardless of gen-
der (P<0.0001). ) |




* CyLLEeCTBYIOT reHbl, 3aMmeanatoLwmne nnu
YCKOPSAIOLLNE CTapeHMeE.

* ECTb nn yHMUBepcarnbHble reHeTU4Yeckme
MeXaHNU3Mbl CTapEHUS — MOKa OCTaeTCs
OTKPbITbIM BOMPOCOM. ECTb HECKOSBKO
BEPOATHbIX KaHAMOATOB (MHCYINH\
|GF-1kackag, anekTpoH-TpaHCcnopTHas
Lenb)

* B npouecce nHamBmnayanbHOro cTapeHus
YyerioBeka porib PakTopoB OKPY>KatoLLEN
cpeabl 3aMEeTHO BblLLE, YEM POJib FrEHOB.



«[ eHbl cTapeHusa»

* YCKOPAIOT CTapeHne, cokpallatoT
NPOAOIIKUTENBHOCTL XXU3HW (HEratuBHbLIN

9O PEKT)

 [laloT 9BOMIOLMOHHbIE NPENMYLLIECTBA,
nepeseLUMBaOLLNE MUHYCbI OT
YCKOPEHHOro ctapeHusa (Mo3nTUBHbLIN

9O PEKT)






Evolution. (1957), 11, p398-411

PLEIOTROFPY, NATURAL SELECTION, AND THE
EVOLUTION OF SENESCENCE!

GeorceE C. WiLLIAMS

Michigan State University

Received February 26, 1957

Senescence is a widespread phenome-
non, but it has been largely neglected hy
non-medical biologists. This neglect may
be attributed to a number of causes. One
is that the process seldom presents itself
to students of natural populations, since
recognizably senile individuals are not of-
ten found in the wild. Another, perhaps,
15 an emotional difficulty associated with
aging, a situation that was hardly helped
by the early clinical association of senes-
cence with sex hormones. Another is
the existence of theories that have gained
tacit acceptance, despite their conceptual
obsolescence and poverty of factual sup-
port. The most injurious of these is the
identification of senescence with the
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form the much simpler task of merely
maintaining what 1s already formed.

It is true, of course, that some parts of
organisms do literally wear out. Human
teeth, for instance, show wear similar to
that of any tool subjected to friction, but
this wear is no more a part of senescence
than is the wearing away of replaceable
epidermal cells, The senescence of human
teeth consists not of their wearing out but
of their lack of replacement when worn
out.

August Weismann (1891) was the first
biologist of the evolutionary era to ad-
vance a theory of senescence. He believed
that organisms must inevitably show a
decline analogous to that of mechanical
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3aBUCUMOCTb BEPOATHOCTMU

Pa3MHOXEeHMd OT BO3pacTa
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[ UMOTETUYECKUU NPpUMEP

* Heknn reH MoxeT yBenunyneaTtb NPOYHOCTb
KOCTEeW B FOHOCTU 3a c4yeT bonee
MHTEHCUBHOW KanbUndpunkaumm, ogHako B
CTapOCTU BbI3bIiBaTb KanbLUMdUKaLUIO
KPOBEHOCHbIX COCY0B CO BCEMMU
BbITEKAOLLMMKM npobnemamm ang
cepaeyHo-cocyancTou CUCTEMBI.



Teopusa aHTaroHNCTUYECKOWU
NNenoTponun

* CyLLEeCTBYIOT reHbl, OKa3sbiBatoLLme
NONOXNTENbHbIN 3 EKT B Havane
XXU3HW, HO BPEOOHOCHbIE B 3pENIOM
BO3pacTe 1 NO3XKe.

» Takue reHbl ByayT COXpPaHATLCS
eCTEeCTBEHHbIM O0TOoOpoM. B pesynbTaTe C
BO3PAaCTOM XWU3HEeCrnocobHoCTL byaeT
nagaTb, T.€. OpraHna3m byaeT cTapeTb.



bopbba
CO CTapeHUeM

http://www.geekfill.com/2011/10/24/battling-death-to-the-death-gif/



bopbba co ctapeHuem.
[MToaxoAabl:
N3meHeHUe nporpaMmmbl —

'eHeTUYecKkaa mogudnkaums




bopbba co ctapeHuem.
[MToaxoAabl:

EcTecTBeHHas perynsauus nporpaMmmMmbi—

OrpaHu4yeHne KAaNOPUMNHOCTU NMUTAHUA
(OKM)



PROLONGING THE LIFE SPAN 407

THESE TYPICAL RATS ARE BOTH 900 DAYS OLD
THE ONE ON THE LEFT GREW RAPIDLY AND ‘‘NORMALLY’’ TO MATURITY WHILE THE PHYSIOLOGI-
CALLY YOUNG ANIMAL ON THE RIGHT WAS RETARDED IN GROWTH AND FORCED TO MATURE SLOWLY.

McCay, C. M.; Crowell, Mary F. Prolonging the Life Span.
The Scientific Monthly, 1934, Volume 39, Issue 5, pp. 405-414



OKTI1: BnnsaHue Ha
NPOAOIMKNTENBHOCTb XU3HN MbILLEWN
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J. Nutr. April 1, 1986 vol. 116 no. 4 641-654




[lpogneHne XXn3HM ¢ NOMOLLbHIO
OorpaHN4YeHns KanopumnHOCTU
NMUTaHNS OOHAPYXKEHO V.

[MpocTeninx * HacekoMbIx
KonoBpaTok  [laykoB
HemaTton  PbID

BoasHbix 610X « XOMSIKOB



Y MbILLEN U KPbIC, MOMUMO
NpoaneHna XXN3HWU, orpaHNYeHmne
KanopumMHOCTU NUTAHUSA

« 3ameandeT pa3BuUTue XPOHUYECKOMN
HedoponaTnm (0OOQHOro U3 OCHOBHbIX
cTapyeckmx 3abonieBaHnUi 3TUX XKUBOTHbIX)

 [penaTcTBYET Pa3BUTUIO HEKOTOPbIX
OPYrMX BO3pacTHbIX MaTtosiorMn, B TOM
YMCne N 3roKa4YeCTBEHHbIX OMyXOnen.



OKIl Ha makakax - pe3ycax

CALORIE RESTRICTION DIET

Canto, 25

Although a senigr citizen the average rhesus monkey
lifespan in captivity is 27 — Canto, above, is aging fairky
well. Outwardly, he has a nice coal, elastic skin; a smooth
gall, upright posture and an energetic demeancor, His
bioodwork shows he i3 as healthy as he locks.

Human equivalent Meals prepared by Mike Linksvayer, 38

Breakfast formeniod Lunch 1cfu
soyboans and garks korakhy and carols

Dinner vegan sausage, kake.
tomato sauco and sakad

MCIMKEY MENLI
— Dally calories —
445 885

Monkeys also recene an apple
cach day.

HLIMAN MENU
—— Daily calorieg =——
2,000 3,000

Boverages, snacks and
diegsens nol shown. Diet varies
according 1o body lype. sex
and activity laval

NORMAL DIET

Owen, 26

He gets more food, bul Owen, above, isn'l aging as well,
His posture has been affected by arthritis, His skin is
wrinkled and his hair is falling cut. Owen is frail and moves
skowly. His bloodwork shows unhealthy levels of glucosea
and friglycendes

Diet of an average, active human male of 38

Phivos by Jim Wilsos and Tony Ceicolar The New Yark Times and Lass Klove for The New York Times
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‘ En, ckonbKo xoTen

http://www.nytimes.com/2009/07/10/science/10aging.htmi



A Kak HacdeT nogen?

o

http://www.salon.com/2006/11/22/cr_diets/singleton/



* [1lpoaneHne Xn3Hm yenoBeka NyTem
OrpaHN4YeHna NUTaHNAa CTPOro He
nokasaHo (1 Bpsaa nu oyget!)

o Xn3Hb Brporosfiogb seCbMa HENPUATHA,
HEN3BECTHO, KAKOBbl MOTYT ObITb
coumnalibHble MNocrieacrBnA

* Haumnatb OKI1 ontumanbHO cpasy nocrie
OKOHYaHUSA rPyaHOro BCKapMIIMBaHUSA, YTO
Hen30eXXHo Bbi3blBaeT 3aMeasieHHoe
pa3BUTUE



Kpome Toro, 3To onacHo.






Ho.

« Cam pakT TOro, 4Yto B psiae Criy4yaeB y
opraHm3mMa CyLleCcTByeT MexaHUn3M,
NO3BONAOLLNN B OTBET HA HEKUU CUTHan
3aMennnTb CTapeHune, ykasblBaeT Ha
BO3MOXHOCTb NMyTEM CUMYNALUN 3TOrO
CUrHana yBenuiuTb NpoaoSKUTENBLHOCTL
XU3HWN.

Camoe nHTepecHoe Bnepeau!



bopbba co cTtapeHuem.

[MToaxoAabl:
WHTepBeHUUA — NPpUMeHeHue BellecTB,
npepbiBalOWMX paboTy nporpamMmmbl
CTapeHUusl Ha NOCT-reHeTU4YeCKOM YpPOBHe
(MuTOoBUTaHDbIY)

*
TepmuH BBeaeH akagemukom B.I1. CKkynayeBbIM U COaBT. B KHUre
«XXun3Hb 6e3 ctapocTn», MockBa, dkcmo, 2013 r.



PanaMuuuH: nonbiTKa
«CUMYNMpoBaTb» OrpaHNYeHne
KanopumMHOCTU NUTAHUSA

« 1972 — BblgeneH n3 bakrepun Streptomyces
Sp., MONYYEHHBbIX N3 MOYBEHHbIX NMPO6 C
ocTpoBa [lacxw.
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Figure 2. Survival curves for control and rapamycin-treated mice, each site plotted individually. The p values reflect outcome of log-rank tests. The arrows at 270
days indicate the age at which rapamycin treatment was initiated.

J Gerontol A Biol Sci Med Sci. 2011 Feb;66(2):191-201.



MutoxoHapuansbHO agpecoBaHHbIE
aHTUOKCUOAHTHI



KXUBOTHasa KJeTKa

FAEn orMasma
NN30CoMa

AAPBLILLKO

pnbocoma
Be3VKyNa

MUTOXOHAP WA

LLie poX 0BaThIiA y
aHJonnaMmaTn4eCKnk

PETUKYYM

annapaT [onb oKy

rnapKnin
3HAoNNasMa TU4E CKUIA
PeETUKYNYM

http://dic.academic.ru/dic.nsf/ruwiki/136338



" MutoxoH M'pvwl -
kKneTtotilibie




, Hardcover) ISBN-10: 0721635849

Don W. Fawcett (1981

N3 atnaca «The Cell»,



CTpoeHne MUTOXOHOPUNA

e 2 MEMOpaHBbI.

* BHYTpeHHAA membpaHa MHOIoKpaTHO
cMopLleHa, 1 obpasyeT cknagku (KpUCThbl)

* benku, otBeyvarLlme 3a npouecc
OblXaHWsA, pacrnonoXeHbl BO BHYTPEHHEN
MeMOpaHe MUTOXOHOPWUN.



MuntoxoHapua — 3TO «KNETOYHbLIN
MoAynb obecrneyeHnsa sHeprnen»

Cyb6cTpaTbl AbliXaHuUs,
O, AP

AT®, CO,, H,0

MutoxoHApPUM OTBEYaKOT 3a npouecc
BHYTPUKNETOYHOro AbIXaHu!s -
OKUCJIeHUA NUTaTesibHbIX BelecTB
KMCNoOpoaAOM U UCNOSIb3OBaHUA
NOsTY4YeHHOU 3HEepPruun And CUHTe3a
AT® — yHnBepcanbHoOMU
«3HepreTU4eCKoun BantoThbI» XXNBOW
KIeTKM.




http://en.wikipedia.org/wiki/Electron_transport_chain
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MuToxoHOpManNbHbIN «MOPOYHBLIN KPYT»

Phospholipid
Cell Membrane

/ Protein

http //www aain. org/2009/09/02/what-|s -all-the-fuss-about-free-radicals/

Miquel, J., Economos, A. C., Fleming, J. and Johnson, Jr,
J. E. (1980) Mitochondrial role in cell aging. Exp. Gerontol. 15, 575-591



In MakCuMmanbHOM
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In ckopocTu obpa3zoBaHUA NnepekMcun Bogopoaa
MUTOXOHAPUAMM (HMonb H,O,/MMH X Mr benka
MUTOXOHAOPUN)

Mo A. Ox. llamGepTy n coaBtopam, Aging Cell. 2007 Oct;6(5):607-18.






ButamnHHasa Tpouua

H3C CHs CHs CHg
« ButamuH A S
(peTuHon)
CHj
HO
« ButamumH C HO. ~_:5__0

(ackopbunHoBas K-Ta) —

 ButamumH E
(d-a-Tokodepon)

HO



He paboTatoT!

» )Xupopacteopumblie ButamuHbl A n E B
NOBbILLEHHON 003€e BPeOHbI

 BooopactBopuMble aHTUOKCUOAHTbLI HE
OOCTUratoT OCHOBHOIO UCTOYHMKA
aKTUBHbIX dOOpM Kucnopoda —
MUTOXOHOPUMN.



Kak 10CcTaBUTH
AHTUOKCHUAAHT
BHYTPb
MUTOXOHAPUHU



HoBbIM Knacc BeLWeCcTB — afpecoBaHHbIE B
MUTOXOHOPUN aHTUOKCHMAaHTbl SKQ

AHTHOKCHIAHT «uoH CKyJauyeBa»
(ocTaToK IIacToxuHona) TPHpeHmIpochonnn
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Hopoe Ha caiite

BEWOMEOQWULWHCKWWA NPOEKT

«AoHbl CKynavyeBa»

2 HoAadpa 2011

1 Hoafpa 2011 nof&, TenekaHan Poccka-2e - «BoNb W oM CKaYok.
NekapcTED 0T CTapOCTM: . Facckas o NpoekTe " oHel CRynaqYesa”
HaYWHEETCA & 17-M MHY ThI.

2 _I. ceHTAbpa 2011

1418 cenTalpa 2011 rogs B CMONSHCKE NPOWAS 7-1 MEKLYHSROIHS
KOHGEREHUM A < ARTHEHEIE SOpmEl KMCIOROLS, OKCHI 33073,
BHTHOKCHASHTE! M 310R0EEE YEN0ESkSs.

31 miad 2011

B MockEy No NpWaweHWn NPoekTa < MoHsl CRyNaqesas M
MockoECckom MocyNancT BEEHHO M YHHEERCKTETS W, b B NomMoHOCOES
C TREXIHEEHEIM BWSMTOM MpMEskaeT nayvpeaT HoSene s ckoM npemid9
no_xukakik AspoH Yexadoeep (Aaron Ciechanover].

Boe HOBOCTW >  EJ HOBOCTW B RES »

Camag aMOHIMO3HAA I[ENb HAIIET 0
ITpoeKTa — Co3IaTh Mpernapar,
HAPVIMAIONIT padoTy MporpaMMEL
CTApPEHILA.



YBenunyeHune cpeaHen
NPOOOIMKUTENBHOCTU XN3HW NOCIe
npumMmeHeHna SkQ nokasaHo ONA:

* ['pnodoB

* PaykoB

* [1nogoBbIX MyLLEK
* PbIb

e MblLLen



KOHTpOHbeIe U ONbITHbLIE MbILLUU

¥ U (A.Pazanoe)
% .. .. Hpuncron, CIIIA
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SkQ kak noTeHunanbHOEe NeKapcTBo
OT BO3PpaCTHbIX NaToNornm

e (O6palieHne KaTapaKTbl U peTUHONATUMU
e [peporBpalieHune noppoKkndosa

e 3amepnsieHne BO3PaCT-3aBUCMMOTO NOBpPEXKAEHUA
remaTonos3Tu4ecKom cuctembl

e [IpepoTBpaweHune obabiceHUa U NnoTepu ycos

e 3HauuTeNbHOE CHUXXEHNEe CMEepPTHOCTU OT MHeKuUumn

e 3amepanieHne oCcTteonoposa

e [lpepoTBpaw,eHne CHUXKeHUA NOI0BOU MOTMBALUU Y CAaML,0B

e [lpepoTBpawieHUe UCHE3HOBEHUA MEHCTPYA/IbHbIX LUKNIOB Y
CAaMOK

e YCcKOpeHUue 3aXKUBNEHUA PaH Y CTapbiX YXMBOTHbIX



IIpuMeHeHue riaa3HbIX kanejab SkQ B
BECTCPHMHAPHOU NPAKTHKE JJIS
JICYCHHUS PETHHONMATUHA

304 cod0aku, KOIIKH U JOLIAAH,

CTpaJaBUIde PETHHONATUAMMU, IOJTYYATH
kanau 250 nM SkQ1.

B 269 cay4yasix moiyyeH oYeBUIHBIN
IOJIOKUTEJIbHBIN 3PP EKT.

SkQ1 BepHyJ 3penue 66 us 96

CJCIIbIX ’KHNBOTHLIX.



Jletom 2012 r rma3Hblie Kanmnm Ha
ocHoBe SkQ nosBunuch B
anTekax



Pe3tome

Ha OaHHbIU MOMEHM Hem ouembei,
Jiekapcmea, sumamuHa, MUuHeparna,
20pMOHasibHou 0obasKu, He cyuiecmsyem
yripaxHeHuu, Uo208CKUX M03, rpasusibHou
gusniocopuu unu ocoboz2o obpasa KU3HU,
Komopble 00CMOBEPHO CrioCObHbI
3ameoriump cmapeHue 4esrioeeka.

Ho ona mnekonuTtarwwmux npoarieHme
XXU3HU N 3amMepJieHne CTapeHuns yxe
AOCTUrHYTO, KaK METO4aMN reHeTUYEeCKOM
UHXXeHepuKn, TaKk U C MOMOLLLIO
dbapmakosrniormn4yeckon nHtepseHumnu!




bopbba
CO CTapeHnem
npoaommkaerca!l -

http://www.geekfill.com/2011/10/24/battling-death-to-the-death-gif/
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 http://media.msu.ru/?cat=97
(Bupeo nekumn «XnsHo 6e3 ctapoctn»)

* goo.gl/lUWsrZU
(Cnangbl Kypca nekumnm «I .epoHTonornsa»
dakynbTeta OMOUHXKEHEPUN U
bnonHOopPMaTmKKN)

 http://skqg-project.ru/
(MpoekT «MoHbl Ckynadvesa)
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