IlaTouzunojioruja crapema

Hpodd. ap Oaruna Muxa/sesuh
dakyarer MeTUINHCKNX HAYKA
MHCTUTYT 32 HATOJIOIIKY (PU3NOJIOTH]Y



Canp:xa) npeaaBama

Jleunuija crapema

OO0JuIy cTapema

OMKe mporeca crapema

Teopuje o crapewy: €BOIYTUBHE U MOACPHE

MonepHe Teopuje crapemwma: CucreMcke u ‘hennjcke
TEOpH]E€ CTapeHa

[IpomeHe oprana v cucrtema opraHa TOKOM CTapema
Y CIEITHO CTapekhe

[IpeBpeMeHo crapeme - [Iporepuja



JlebuHMIIN]a cTapema

° YHHBEpP3aJIaH OMOJIOIIKH Ipouec, mpupoaHa ¢gasa
y )KHUBOTHOM ITMKJIYCY CBaKe JEIUHKE, KOJU CE
3aBpiaBa cMmphy

* CBeOOYXBATHO, HUPEBEP3UOUIHO U MPOTPECUBHO
TEJICCHO MpOoIajame Koje ce gorala TOKOM >KHBOTA

* II0jJaBa MPEeBEeP3UMOMIHMX IPOMeHa y henujama,
TKMBUMA U OpraHuMa



Crapeme

* Hacranak OpojHHX HpOMEHA Kako Y MOP(OJIOIIKO]
Tako U y (pM3HOJIONIKO] OpraHu3alvji OpraHu3Ma

 CMameHhe MAKCHMAJHOI BUTAJHOI KANIAIMTETA U
oa0pamMoOeHe COCOOHOCTH OpraHu3Ma OJ CBHUX
o0JIMKa cTpeca

* [loBehame maToPU3NOIOMIKNX U OMOXEMHU]CKHUX
[IPOMEHA KOJ€ YMHE MPEeaUIO3UIINjy 3a Pa3Boj
XPOHUYHHUX 00J1eCTH



Crapeme

* [IaToaHaTOMCKHM - IIPOLIEC CTapeHa IPJICTABba
nosehame exkcrpanesyJapHor y ogJHoCy Ha
MHTpALCTyJIapHU AE0 CYCICTaHIIE

* MeTa0O0JIMYKHM ACHEKT - UHBOJIYTHBHE IPOMEHE Y
CCHHU]YMY IIPEACTaBJba]y MPEIOMUHALU]Y
KaTa00JIMYKHX NMPOLIEca y OJJHOCY Ha aHAOOIHNYKE

* KpajibHU PE3YJITAT IPOoIEeca CTapeHha - YMHOKABAHE

(bHOPO3HUX M KOJIAr€HUX €JIeMEHaTa M MOCTEICHO
cMamerme 0poja BUcCOKoAU(pepeHTOBaHUX hesuja



I1a0J0 IIukaco

,He 3aHnMajy Me Heurje roJuHE.

Jbyay k0jd MM rOBOpPE KOJIMKO MMAa]y

roJyHa cy OJICCaBH.
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Kapakrepucruke crapema

IIporpecuBHOCT
YHHUBEP3AUTHOCT

IIpoMmeHe y MOp(hOIONIKO] ¥ (PH3HUOIOIIKO]
OpraHu3LU]u

CMambEeHhe MAKCUMAITHUX (DYHKIIMOHATHHUX
KararureTa

[Ipeaucno3uiinja 3a HACTaHAK XPOHUYHUX OOJIECTH



Bpcre crapema

e buosoIko
e [Icuxomomko
* CouyjajaHo




‘Crapemse je 31paB/be”

* [IocTeneHO CMamkEHE XOMEOCTATCKE PE3EPBE

www.shutterstock.com - 35460508




XPOHOJIOLIKE KATEropuje Crapux

* Munahu crapu (65-74 roguna)
* Cpenme crapu (75 no 84 roguHa)
* Crapuju ctapu (mpeko 85 roguHa)




HajayxKu ;KMBOTHHM BEK y CBETY:

Jyxxna Kopeja (mpoceuno 90 roanna)
Cunramyp (onpoceyno 83,1 roguHa)
Janan (rmpoceyHo 83 roauHe)

[IImanuja (mpoceyno 82,8 roanHa)

[IIBajuapcka (mmpoceuHo 81 roauHa)

Y CpOuju mipoceyan KMBOTHM BeK: 73,7 roauHa



Hajayroseunuje ocode Ha CBETY

AKana Kaaman (21.02.1875- 4.08.1997), IIupoemon Kumypa (19. 04.1897 - 12.06.2013),
’KUBOTHH Bek 122 roaude u 164 nana ’KUBOTHH Bek 116 romuna

https://sr.wikipedia.org



Teopuje crapema

* EBonyTHBHE TeopH]e CTapema
* MojepHe TeopHje cTapema:
v’ CHCTEMCKE TEOpHje

v’ hemmjcke Teopwje.




EBOJIyTHBHE TeopHje cTaperna

e 3acHoBaHE Ha /lapBMHOBOj TEOPHJH CBOIYILIU]C
IPUPOJIHOT ogadupa

* Paznmka y 1y>KMHM )KMBOTa OMOJIOIIKUX BPCTa
3aCHMBA CE HA MPOLIECMMAa MYTallMje U CeJIeKIMje
reHa



EBOJIyTHBHE TeOpHje cTapemna

Teopuja nporpamupane CMpTH yClIe[ OrpaHUYCHOT
Opoja neoba comarckux henmja (Weissman-oBa
TeopHja)

Teopuja akymynanje myrauuja (Medawar-oBa
TEOpHja)

Teopuja aHTarOHUCTAYKE TJIEUOTPOIIE

Teopuja HeMHBeCTHpama y COMaTcKe hemnuje



August Weismann

‘CMpT HacTyma jep ce
HCTPOIIICHO TKUBO HE
MO2K€ BEUHO
CaMOOOHAB/HLATH U 300T
OrpaHMYCHE CIIOCOOHOCTHU
pacra jep ce
hennje Mory genuTy camo
oapehenu Opoj myra.”




Teopuja nporpamMmupane CMpTH

IIocTojame reHa YK/bY4€HHX y CTapebe

CBaka BpcTa uMa oapeheHy MaKCMMAJIHY TYKHUHY
KUBOTA

Jlena myroxkuBehux poauTesba M cama uMajy JIyr
KABOT

CinnunHa AYKHHA KHUBOTAd MOHO3UT'OTHHUX 6HH33HaHa

IlocTojame crenm(pUIHAX MeXaHH3aMa
nporpaMmupaHe CMPTH paJy YKiIambamka CTapux U
HENOTPEeOHMUX YJIaHOBA IOITyJIalKj€ KaKo Ou ce
0CJI000IM0 MPOCTOP U PeCypcH 3a Miiahe



Teopuja akymynanuje Mmyrammja

Medawar —crapeme je HyCIPOAYKT NPUPOIHOr 01a0Mpa

JKuBHUMO TOIMKO AYro ja OU ce penpoayKOBaJIM, HAKOH Yera
OpOJHM CIOJBAIIBLY U YHYTPIIEBU (PAKTOPH Y3POKY]Y CMPT.

Il TeTHe MmyTanmje ekcnpumupane y miaahem nooy MOI'Y
OUTH IIPUPOJIHUM OJa0UPOM OJCTPaAH-€HE W3 FeHOMA, 32
Pa3JIMKY OJl OHUX €KCIPHUMHUPAHHUX Y CTapH]eM JI00y, HAKOH
PENPOYKIIH]E

Hutchinson-Guilford-oBa nporepuja: 00JI€cCHUIM )KUBE OKO
12 ronguHa ¥ He MOT'Y IIPEHETH CBOje MyYTHPaHe IreHe Ha
cneache resepanuje

Hacynpot, mopoauuna AJjmxajMepoBa 00J1eCT: 0C00¢ KO
KOJUX €KCIIPECH]a MyTalll]€ MOIPUMa MAaTOJIOUIKE pa3Mepe TEK
y cTapujeM 100y MOr'y JaTH MOTOMCTBO Ipe Hero mro 00oJie



Teopuja aHTArOHUCTHYKE IIJICHOTPOIIE

* Teopuja "minaruhem kacuuje* Georga Williamsa 3acHuBa
CC Ha JBE MPETIOCTABKE:

* Onapebhenn ren moxe numatu epekar HE CAMO Ha jeaHo
CBOjCTBO HETO Ha BUIIIE

* OBH IUICHOTPOITHN €(PEKTH MOTY JIEJIOBATU HA CTENEeH
npujaroheHocTu jeauHKe Ha CYNIPOTHE (AHTArOHMCTHYKE)
HAYMHeE.

* V ciy4dajy nocrojama ''cyko0a mHTepeca resHa' npupoaHu
0/1a0Hp je YBeK y kopHucT MJjale 1o0u.

* Hnp. Heku reH noBehasa yrpaamy Kaiaujyma y KocTu. OBakaB I'eH uMa
MO3UTUBAH €(eKaT y paHOM KUBOTY (CMambyj€ pU3UK 011 (PpaKkTypa

KOCTH]Y) a KaCHHJ€ MOKE MMaTu HeratuBaH edekar (moBehaBa pusuk o
OCTE€0apTPUTHCA).



Teopuja HeMHBeCTHPaKHA Y COMATCKE
heauje

* IIpUPOJHA CEIICKIM]a (PaBOPHU3Y]C MaHbe
HHBECTHPaIbe OpraHu3aMa y oJp:KaBambe U

onmopaBak coMarckux heamja v TKMBa y OJIHOCY Ha
HEOI'PAHMUYEHO ITPEXVIB/bABAIGE monux
heauja.




MoaepHe Teopuje cTapemha

* Cucremcke Teopuje:

v ImyHCKa TeopHja

v Heypoennokpuna teopuja
v’ Teopwuja cTpeca

* heaujcke Teopuje:

v’ Teopuja pelIMKaTUBHE CTAPOCTH (TEOopHja TEIOMEPA)
v’ Teopwuja rpemke

v MUTOXOHIpHjCKa TEOPH]ja

v’ Teopuja c1000IHMUX paauKaia

v TeopHja HaKyIJbarba IITETHUX MaTepuja



HUMyHCKa TeopHuja cTapemna

Ilopemehaju y KOHTPOJH UMYHOJIOIIKOT CHCTEMA

CMmamelhe CIIOCOOHOCTH Pa3IMKOBamha COICTBEHUX OJ
CTpaHMX aHTUT€HA

CMmameme npoaykuuje 1L-2

Cmamene ekcrpecuje IL-2 pernentopa Ha MeMOpHjCKUM T
aaM@onuTUMa

IToBehamwe oTropHoct CD8+ T nuM@ornuTa Ha allONTOTUYHE
CUTHAaJE

[ToBehamwe ogHoca namehy CD8 + u CD4 + T numdonura
Cmameme aktuBHOCTH NK henmnja
Cmameme QpyHkuuje b mumdonura

CMameBe aKTUBHOCTU MOHOIIUTA



HeypoeHI0KpHHA TeOpHja cTapemha

Crapeme HacTaje 300T PYHKIMOHATHUX
nopemehaja HepBHe KOHTPOJIE€ U €eHAOKPHUHHIX
OJATrOBOPA OCOBHHE XI/IHOTaJIaMyc XI/IHO(l)I/IBa KIIe3 ]2,

* Pesynrar: quchyHkiuja
€HJIOKPUHMX KJIe31a U
HBUXOBUX IIUJBHUX OpraHa.

* Heku HayuyHuim cmarpajy

12 J€ Y XHI0TAJIAMYCY

CMEIITEH ,PUOJIOIIKH caT*

KOJ KOHTPOJIOIIE OpP3UHY CTapeha.



HeypoeHaoKkpHrHA TeopHUja cTapemha

* CMameme KOHIIEHTPAIMje XOPMOHA (XOPMOH pacTa,
MEJIATOHOH, AEXUAPOECIUAHAPOCTEPOH)

* Koj ’keHa CMamkeme U IPECTaHAK OBapHjaIHE
CEKpelHje IPOorecTepoHa U €CTpOreHa

* Koa MyImikapana cMamemhe TECTOCTEPOHA

* CMameme KOHICHTpAIMje HEYPOTPAHCMUTEpPAa
(momamMuH, HOpaJapeHAIMH, CepOoTOHHH, ['ABA,
all€THJIXOJIMH)

* (pM3HO0JI0OMIKA MHBOJYHHja MO3ra: CMakbCHhe Opoja 1
PEaKTUBHOCTH HEYPOHA, CMalkhCHE CHMHAICH, HoBehaHa
JTa0MJITHOCT XUIOTAJIaMO-XUIO(U3HE OCOBUHE Y
OJICOBOPY Ha CTPEC



Teopuja crpeca

* CMmameme CIIOCOOHOCTH OpraHu3Ma Jia TOJICPHIIE
cTpec

Santrock, Adolescence. Te Copyright © 1008 McGraw -+l Companies, Inc. AN Rights Reserved

Seyle's General
Adaptation Syndrome

§ |
| Normal level of
resistance to stress

Resistance to stress

Stage 1 Stage 2 Stage 3
Alarm stage Resistance Exhaustion

.
—

Time



heimjcke Teopuje cTrpeca

* HaKyIlbamke olTehema Koja J0BOJE 0 HOCTEIICHOT
CMamHBamba (DYHKIM]E U CIIOCOOHOCTH Ac00e henuja

v’ TeopHja perUIMKaTHBHE CTAPOCTH (TEOpHja TEIOMEPA)
v’ Teopuja rpemke

v MUTOXOHIpHjCKA TEOPH]ja

v’ Teopuja cI000IHHX paauKaia

v’ Teopyja HakyIUbama IITETHUX MaTepHja



MexaHu3Mu hejaujckor crapema

* Ocum mro pazanuure henuje pa3nuuuTo Op30 crape
OHE CTape W Ha pa3IuyuTe HAYMHE:

* IHocTrMuToTCKE (K0 IITO je TO BehnHa MUIIMhHUX 1
HEpBHUX helinja) cTape yriiaBHOM 300r
Banhesmjckux u heaujckux omrehema koja ce
BPEMCHOM aKyMyJupajy

* Murorcku akTuBHE hemje 300r reHcke
HECTAaOMIIHOCTH TPOHIEH-A TeJoMepa.



Teopuja heaujckor crapema

* CkpahuBame TejI0Mepa, Mapkepa hearjckor crapema
* ‘PeIVIMKATHBHO CTapewe”

(Hayflick-oB mumur)

Leonard Hayflick



Teaomepe

3amTHTHE CTPYKTYPE Ha KpajeBUMa JUHECAPHUX
XpOMO30Ma; CIIpE€UaBamke (Py3rje KpajeBa XpomMo3oMa

(TAGG)

Perynaumja henujckor nukinyca u oapehuBame
KananureTa aeooa henuje (‘heaunjcku cat”)
JlnHaMU4YHE CTPYKType Koje ce aelie: ckpahuBame

NYKHHE Ca CBAaKOM Ae000M (HEMOryhHOCT CHHTE3€
HoBe /IHK Ha kpajeBuMa xpomMo3zoma)

Rheanjcko ctapeme y ciydyajy 10CTU3AKA
KPUTHYHE AYy:KMHe (‘TepMUHAJIHA aeJienuja’)

Yosek nma 46 xpomoszoma u 92 tenomepe



Telomere shortens as cells divide

Telomere Shortening

Cell

Telomeres, end caps that
protect the chromosome




Teaomepase

Penaparopuu PHK eH3umu 3a oOHaBIbamke
TeoMepa

Koaupane cy Tp21 renom Ha 3. XxpoM0o30MYy

IloBehame ayKuHe TeoMepa 101aBAHEM
XEKCAaMEPHUX ITOHOBAKA

‘on-off” pyHKIIMOHMCamE Tenomepasza (IIPEBPEMEHO
CTapeme KoJ mepMaHeHTHOr off cTtagnjyma)

Bucoka TenoMepa3zHa aKTUBHOCT Y. '€pMHUHATUBHUM
henujama, creMm hennjama, enuaepMaaIHuM henujama
KOXKE

CrajiHO aKTHMBHE TEJIOMEPA3E Y MAJTUTHUM
(becmpTHHM) henujama



Hayflick-oB (penomen

Orpannden Opoj aeoda hennja y mpuMapHo]
KyaTypu ((pertanne heauje y in vitro ycnosuma 40-60
yTa)

CkpahuBame TenomMepa 10 KpUTUYHE TA4KeE,
Hayflick-oB jiumur

3acraBibame ge00e hennja y modyeTHoj ¢aszu
uHTep(daze (1eo00eHo crapeme)

CMmameme 0poja reHa yKJbydeHHUX y penapaiujy
HK

Crapeme heamje vy MHIYKIM]A allONTO3€E




I eHeTCKe TEeopuje

Teopuja rpemke
N3memwena crpykrypa AHK xox crapux

HacTaHak TpaHCKPHUIIIMOHUX U TPAHCJIALMOHUX
nopemehaja

Hakyrbame NpoTerHa KOJU He AeJaYjy HpaBUIHO
Bozichu nmopemehajy dyHkmuje



Teopuja rpemke
JIHK ce Moxe oropaBUTH TOKOM BpEMEHA, ajld Yy

cTapo] henuju Ta) KanamuTeT j€ OrpaHUYEH.

To noBoaM A0 aroONTO3€ MW MAJIUTHE
TpaHcpopMaluje

Crape hemmje: arpoduja, cMameHa QyHKIM]A U
aronTo3a

['yourak henmnjcke dynkumje nokpehe: xumneprpodujy
U XUMEpILIa3n]y MPpeocTaanX hemnuja.



Teopuja cio00aHNX paaukaia

 Harman D. Aging: a theory based on free radical
andradiation chemistry. J Gerontol. 1956 Jul;11(3):298-300.

02 ;»e +2H> H,0, e-+H? -e +H*

H0 20
0, + 0y~ 4 2H*—»Hy0, + O, | Superoxide dismutases

HyO, + Hy0, — 2H;0+ O, } Catalases

Hy0, + RH2 — 2H,0 + R} Peroxidases



Teopuja ciiod00aHUX pagukajia

* Cio00aHM pagMKaJId = MOJICKYJIH KOJ€ CaIpiKe
jeJlaH HEeCIIapEeHH, BUCOKO PEAKTHUBHM C€JICKTPOH,
pearyjy ca pa3JInuyuTHM MaKpOMOJEKyJama

* H3Bopu c1000gHKUX paauKaa:

PECIIUPATOPHU JIaHALl Y MUTOXOHApPH]amMa, (paronurosa,
CHHTE3a IpocTarianiuna, quroxpom P-450, He-
eH3uMcke peakuuje O,, Jorusyjyhe 3pademe



Teopuja ci1000aHUX pagukaia

MHTEeH3UBUPAHA NMPOAYKIHja CI000JHUX paJuKalla
y3 CMambemh€ KallalluTeTa AaHTHOKCHIATUBHE

3alITHTE Ca CTAPCHEM

7 KOHIIEHTpalMje CIO00IHUX paJvKanay opraHuma
IIOMaK y PeJIOKC cTaTycy henuje

T oKcuJaTUBHOT omTehema TkuBa

| byHKIIMja cucTeMa 3a yKJlambambe OITEheHUX NPOTEHHA
| Tonepanja Ha cTpec



Teopuja ci1000aHUX pagukaia

Omreheme hennjckux MakpoMoJieKyJa ACI0BakHEM
CI00OJHUX paauKaia

Jnnvan:

JIunuaHa nepokcuaanuja (MaIOHIWIACXU, 4 -
XUJIPOKCHU-2-HOHEHO, F2-n3ompocTanu)

HykiieMHCKe KHCeJInHe:

MyTanyje u aciaenuje jeJapHe 1 MUTOXOHAPHjaTHE
JTHK

IIporennu:

[IpoMeHe y CEKyHIapHO] U TEPIIMJEPHO] CTPYKTYpPH
IpOTEHHA



MuUTOoXOHApHjaJTHA TEOPHja CTaApPeHha

Harman D., 1972. rog.

AxymyJganuja myraumja muroxosapujaiane JJHK
Mytaimuje mutoxonapujanae JJHK 10-20 myrta gemnthe
Hero myTtandje Hykineapae JIHK

OJCYyCTBO MPOTEKTUBHUX XHMCTOHCKHUX IIPOTCHHA;
penapanuja epuxkacHuja Ha HUBOYy HykJjeapHe /THK

Ilypeme ejleKTpPOHA ca JIaHIla IPEHOCA €IEKTPOHA U
OpOAYKIM]ja CI000AHUX pajaukajia; omreheme
muToxoHapujaaHe JIHK u cmameme pyHKIHje
MHUTOXOHAPHjA Ca CTAPECHEM



MurtoxoHjapuje

DNK P nbozomi —
ST alWe i metnks speljasnja membrana * cTBapajyATP nyrem
' / Unulresng membrang  phopeca oxcuaaTHBHE
-, medumembransk  ocopunanuje Koju
- prostor yK/by4yje peaykuujy O,
(mpuMa 4 eJIeKTPOHA) 10
HO
e« % AKo O, npumu camo 1
WM 2 eJIEKTPOHA HACTAjY
O,* naun H,0,, koju mory
npehu y apyre o0jmke
POC (HO¥)

."lﬁ
ATP.smta‘a" ~ !

FOdeo
F1 deo <~

/

knste



Teopuja HaKYIUbaKA INTETHUX
IPOTEUHA

I'Mko3uanuja u OKCUaAATHBHA omuTehema
IPOTEUHA

['muko3zunanuja (Maillard-oBa peakmuja) Be3uBame
peaykyjyhux mehepa (rmyko3e uind (pyKTo3e) 3a
aMUHOTPYII€ MPOTEHHA MEXaHU3MOM HYKJI€O(HIHE
aunuje

Yrpaama rivko3WIMpaHuX NPoTenHa y 0a3alHy
MeMOpaHy Kanmujiapa v M3MEHa CBOJCTBAa TKHBA

HemoryhHocCT a/1eKBaTHOT YKJIakbhamkha NPOayKaTa
IJIMKO3WJIALM]E€ ACJCTBOM JIM3030MAJIHOT CUCTEMA



Teopuja HAaKyIUbaKbA INTETHUX
IPOTEUHA

Healthy Cells

Protein Protein

Modification Turnover
Carbonylation
ko Synthesi
lyca sis
lomerization Deg:adation
Oxidation
Racemization
|l| IIl
Young
Aged Cells JProtein
Protein
Modification i
Cart 1ati De‘gr‘adatbon
Deamination
Glycation =
lomerization
Oxidation
Racemization
EE

Oid



ReaujcKu MeXaHU3MH 32 0TKJIAKhaHe
INTETHUX NMPOTEHHA

 Cucrem YOMKBUTHH IpoTea3omMu. IIporeazomu
MOTY Jia BpILIC pa3rpajikby MPOTEHHA CaMO Kajia Cy
IPOTEUHN Y MOHOMEPHOM OOJIMKY M BE3aHU 3a
yOHMKBHUTHH.

* Ayrtodaromurosa



AyToharonurosa

* KaraOoJmyku npouec pasrpajame hemnjckux

KOMIIOHEHTH IIYTEM ayTo(arozoMa v JU3030MAJTHUX
eH3uMa

* ['maBHU nyT penukIanMpama hejaujckux
KOMIIOHEHTH Yy yCJIOBUMa CTpeca

 CMmameme crnoco0HOCTH ayTrodaruje ca roguHama
(OKCHIATHBHHUM CTPECOM HHAYKOBAHO OINTEheHe
JTM3030MaJIHUX IPOTEHHA YKJbYUYEHUX Yy ayTodarujy)



IlpoMeHe y cTapemny

* hemmjcke mpomeHe
 JlereHepaThBHE BaHhEIM]CKE IMIPOMEHE




Reinjcke npoMeHe y cTapemy

* Arpodmuja, |pyHkuuje u ryourak heauja
(aronTo3a)
* IToBehana oceT/bMBOCT I'€HETUUKOI MaTepH]jalia,

MHTpPLICIYJApHUX NpOTerHA 1 henujckux MemoOpaHa
Ha IITEeTHE (paKTOpe

* IloanoxknocT MyTanujama



Banhennjcke npomMeHe y crapemy

* |cuHTe3a, a fpa3rpaama KoJareHa (XeMHjCKU
cTaOWIaH ¥ PUTHJAaH, Mamker CTeICHA
PaCTBOPJHBUBOCTH)

 I'yOuTak eacTuHa, M3MEHA CTPYKTYPE
MPOTEOTJIMKaHa - (hopMHUpame 0opa

* ATpoduja ckejqeTHux Mmumuha, | Tonyca u
KOHTPAKTHJIHE CIIOCOOHOCTH IJIATKMX MumIuha



Banheanjcke npoMeHe y crapemy

AkymyJiangja JUNO(QyCurHA y CeKYHAAPHUM
rpaHyJjamMa Jim3030Ma

CruMmyranuja cMHTe3e MeJIaHuHA Y B 3pademem y
MEJIAaHOLIUTUMA

AKyMyJianMja MeJIaHMHA y hennjama Koxke,
MEJIaHO30MHMa 1 MellaHo(opama (opmupame
nera)

Jucrpopuuna Kagauupukamuja 3110Ba KPBHUX
CyJ10Ba U apTEePHOCKJIEPO3a



JInmo(pycumn

LLTAPAYKH“TIATMEHT KOJU c€ aKkymyimpa y Behoj
KOJIMYMHM Y OCTMHUTOTCKHAM AYyroKuBehum
heanjama (KapIHOMHUOLIUTH W HEYPOHU )

[IpucyTtaH y jeTpH, cpity, HEypOHHUMA

CacTaBJb€H O/ YHAKPCHO MOBE3AHUX NMPOTEHMHA U
JINIHAA

Jaje xkyrTo-cmelhy 00jy henmjama

Hakynspame nunodyciyHa yciaea HEIOTITYHE
Aerpaganyje MpoTeHHa, JUIIMIA U OITeheHnX
opraserna.



JIunogycuux

OMerame (PYHKIIMOHHCAKkA CUCTeMa YOMKBUTHH-
IPOTEa30MHU

OmMeTame 1porieca ayroarmje Be3MBambeM
HOBOCHUHTETUCAHUX JIM3030MAUIHUX €H3UMA

Moxe na 3ay3me 40-75% 3anpemune henuje u
JTOBEE JI0 AIOITOo3e

Mosxe 11a 10BeIE 10 OKCUAAlIMje MPOTEenHA U
IePOKCUIALM|e JUIMIA



IlpoMeHe oprana u cucreMa opraHa
TOKOM CTapema



Crapeme 1 MHTEIPUTET KOXKe




Crapeme U MHTEIPUTET KOXKe

Tama, cyB/ba, HA0OOpPaHA KOKA
N3MEHCHE MUTMEHTAIIH]E

PaciiojaBame 1epMoenuaepMasiHe
rpaHuie

CMmameme 0poja KanWJIapHUX IETJbU
CMmameme Opoja MeJIaHOLMTA

Cmameme 0poja JlanrepxaHcoBux
hennja

[Tag omOpamMOeHe CIIOCOOHOCTU
IloBehame TPAHCIAPEHTHOCTH KOXKeE

(‘mucT manupa')



Crapeme U MHTEIPUTET KOXKe

ATpo(duja aIOKPUHMUX M JIOjHUX
AKJ1€3/1a YCIIE]l CMAmbEHE J
BACKYJIApU30BAHOCTHU /

| £
I'yOuTak ejlacTUHA, CMAKBEHE P
(pJIEKCHOMITHOCTH KOJAreHUX . 4
' &
BlIaKaHa-popMupame Oopa u T g
CMAaKEHE PACTETJBUBOCTU \‘\
YcnopeHo 3apacrame paHa \I |

['yOuTak MejlaHOLMTA M3
(hosruKyJIa 11aKe



Crapeme U MHTEIPUTET KOXKe

IToBehana mepmMeadMJIHOCT KOXKe U CMAKEHO
OJCTPaKUBAKE CYIICTAHIIA

IIopemeha) peryaanmje Temneparype, J0KaIHO U
IEHTPAIHO

[ yOuTaKk mOTKOKHOI MACHOI TKHBA

CMmamene 0poja U OCETJBUBOCTH pPelenTopa 3a JOIUP
1 TIPUTHCAK

CMambEeme CEH30pHE MEPLENIN]E YCIIET CMambeha
Opoja HEPBHUX 3aBpIIIETaKa



Crapeme ¥ BUJ

Poxmpaua

IIpeawa ouna xomopa

OYHO COYHMBO

[unujapau mutmuhu

Mpexmaua

3ane0pambe U CMAEHE
3200JbEHOCTH

dopmupame arcus senilisa

CMmameme BEJIHUHHE U
3anpeMuHe 300T
3a71e0Jpbaba COYMBa

IToBehame onanecieHuje

CMmameme eJIAaCTUYHOCTH

Cmameme NMpeYHnKa
3eHulIle, aTpoduja Muiinha

Cmameme Opoja mranuha
U HepBHUX hennja

ITosehame acTurmarnzma

bes ytunaja Ha Buj

Moryhunoct noBehama
UHTPOKYJIApPHOT MPUTHCKA

Moryha katapakra;
nopemehaju pedpakuuje
Cmameme akoMo 1a1ije Ha
OJIM3HUHY

CenunaHa MHO3a, CMalkCH
Opoj TpemnTaja

IToBehame MUHUMAITHO
HEOMXOHE KOJTUUYUHE
CBETJIO CTH



Crapeme u cayx

HpeBe3nOnIIHO, CEH30HEYPAIHO OlITeheme ciayXa Ko
ctapux ocooa (Presbycusis)

MymKapuH BUIIIEC OTONEHU O]1 )KE€Ha

['yOurtak ce jaBjba y BUIIUM (ppeKBeHLIAMA 3BYKAa
ITocne 60 rogune: npoodneM ca ciryxom uzHag 4 000
Hz
OpekBeHna HopmaiaHor ropopa: S00-2 000 Hz.




Crapeme U TaCTPOMHTECTUHAJIHHU TPAKT

« CMmameme 3yOHe riiehu v J1eHTuHAa
* TloamoKHOCT Kapujecy

* [lapagoHTonaruja v ryourak 3yoa
* CMmameme calluBallnje :
* CMmamemhe MOTHIMTETA JeAbaKa U JKEeIyla
* XunoxJjoxuapuja

* CMmameme ancopnTuBHE MOBPIIMHE HPeBa, MOTUJINTETA
Y JIOKAJTHE [IUPKYJIaIu]e

 KoncTumamuja

* CMmamene Opoja xemaTouyMTa U CIIOCOOHOCTH
pereHepaiyje

* CMameHe er30KpUHe M EHIOKPHUHE CEKpelnje
IMaHKpeaca



IloBehame pu3uka o nmojase:

KpBapemwma u3 JUreCTUBHOI TPAKTa
KonopektaiHor KapuuHoma
JIUBEPTUKYJIIO3€E

Oncrunanmje

Jlnjapeje

MHKOHTUHEHIIH]C
XenartoOuinrjapHux 000JbeHma

KapirHoma rmaHkpeaca



PDeKaJTHA MHKOHTHUHEHIU ]| A

Cmameme
peKTAJIHE W
aHaJIHe
ceH3almje

AHOpEKTAaJIHA
omirehema Ko
XUpPYpruje v
paaujumje

IHopemehaju

eTHOJIOTHja cunkTepa

CrpykrypaJ
Ha omurehema

noaa
KapJuue



Crapeme U KapAMOBACKYJIAPHU CHCTEM

KopoHapHa aTepockJjiepo3a

PurugHoCT apTepuja ycien CTpyKTypaTHuX
IIPOMEHA KOJIAT€HA 1 €J1aCTUHA- CUCTOJIHA
XUIEePTEeH3Mja

YcnopeHo npuiarohaBame Ha

- "7 = ’
IIPOMEHE KPBHOT MIPUTHCKA- "?ﬂ’f;’}f’
U3MEHbhEeHa 0apopelenTOPCKa - '.-

IloBehame KOHIICHTpaI]€
KaTeX0JJaMHMHA Y IJIa3MH 3
CMambEHY OCETJHUBOCT
B-aapeHepruyKux perenTopa




Crapeme M peCnUpaTOPHU CUCTEM

['yOuTak e1acTUdHOCTH CTPYKTypa PECIUPATOPHOI CUCTEMA
CMmameme pecnipaTopHe NMOBPIIMHE W pa3MEHE racoBa
ITag mapuujajgHor NPUTUCKA KMCEOHUKA

[IoBehame oTmopa cTpyjamy Bazayxa

Ilopacr pe3uayajsHOr BOJIyMEHA

Ocudukanmja pedapa u purkJaHOCT I'PYIHOT KOIIIA

[TommoxxHOCT MH(eKIMjama




Crapeme 1 YPUHAPHU TPAKT

Cmameme Mace 0yOpera (cortex)

CMmameme 0poja PYHKIMOHAJIHUX He(poHA
ATpoduja riioMepyJIapHUX Kanujaapa u yBpTame
MHTEPI00YIapHUX apTepHr]a

CMamembe peHAJHOT IMPOTOKA KPBU U BeJIMUNHE
rjomMepyJscke puarpanmje

ITopemehaj TyOyapHe peancopmimje
CMambeHmhe KOHIICHTPAIMOHE U JUITYIIMOHE CITOCOOHOCTH
OyOpera



Crapeme 1 YPUHAPHU TPAKT

CMamehe TOHYCA U eJIaCTUYHOCTH ypeTepa, MokpahHe
OeluMKe U yperpe

CMamehe Kanalnurera oenmmiKe

P L

HemnoTmnyHo mpaxmeme OeInKe LYY O |
= - A i
YdecTajio MOKpeme 1 ",, [ FT\," |
"-.\ ‘ | / ...,‘ v"n‘:"

ckpahen mepuon u3Mely HaroHa u MOKpewma | \ 6>

YpuHapHa MHKOHTHHEHIU]A T \




YpuHapHa HHKOHTHHEHIIM]|a

* ¥Yi3pouu:

v’ Vpunapue ua}eKIuje

v’ Vperpanna oncrpykiuja (Xumneprpoduja mpocrare)

v ATpodHuUHU YPETPUTUC/BATUHUTUC (KO KE€HA Y MEHOIAy3H)
v XunepakTUBHU JETPY30p MOKpahHe Oennke

v' TIpeBenuky BONyMeH ypvHA (IMYpPETHIM, AJIKOXOJI, YHOC BOJIE,
nujadeTec NHCUIIUAYC, AUja0eTeC MEIUTYC)

v' Jarporenu (aHTHXOJIMHEPTUIIN, aHAJITETHIIH, AJIKOXOJ,
AHTUIICUXOTHULY, TUYPETHLIN )

v' Heyposomika (KOTHUTHBHA) 000Jb€Ha; MYITHILIA CKIEPO3a,
AJtiixajepoBa 00yeCT



Crapeme M eHIOKPUHHU CUCTEM

HcTpollieHOCT CUMITATUKOAIPEHATIHE OCe M HeMOryhHocCT
a/ICKBAaTHOI 0JArOBOPAa Ha CTpeC

ATtpoduja u pudOpo3a MITUTACTE KIEIAE

Yemrha mojaBa XumoTupeose (CMambeme CEKPEI]e THPOKCUHA
u TSH)

Cvmameme oarosopa Ha aejctso PTH- xunokaniujemuja
ATpoduja aapeHaJTHOI KOpTeKca

CMmambeme MeTad0JIndYKe eJIMMUHALIMje KOPTHU30JIa Y JETPU U
OyOpe3nMa

CMmambeme CEeKpelrje aApeHAJTHUX aHAporeHa



Crapeme U penpoOAYKTUBHHU CHCTEM

Menonay3sa

Cvameme QyHKIHje jajHUKA U CEKPEIIH]e OBapHjaTHUX
XOpMOHa

ATtpoduja yrepyca ¥ BaruHaJaIHOT €IUTENa
MHBoMyIIMja TKUBA JI0JKU

[Tag 1uOuma

Atpoduja Tecruca
ATEPOCKIIEPO3a TECTUKYJIAPHOT
BaCKyJapHOI KOpUTa

CMamEelhe CEKPEIIN]je TECTOCTEPOHA
beHUrHa xumnepmJjia3uja nmpocrare



Crapeme M HEPBHHU CUCTEM

"®u3nosomka' MHBOJYLUHja MO3ra
Cmamene Opoja HeypoHa ((dpoHTaiHe Xemucdhepe)

YBehame cy0apaxHOMAAJIHOI MPOCTOPA U MOKIAHUX
KOMOpa

Axymynamuja aunodycigHa, IPUCYCTBO CEHUJIHMX IIJIaKOBa
(30HE AereHepalje Hepana), HeypouOpuIapHUX Tpaka
(IereHepaTuBHE MPOMEHE Yy NMPOTEUHCKUM BJIaKHUMA
HEYpOHA) '




Crapeme M HEPBHHU CUCTEM

* (MDYHKIHUOHAIHE IPOMEHE:

v TloBehame mpara 3a 00J1 yciie[ HeyponaTHje 1 IPOMEHa Y
Ne0JbMHU KOKHOI HA0opa

v' Ilopemehaj Tepmopery.amnuje ycien ciiadbema nepudepHe
[ApKYJaluje, maja 0a3aaHor MEeTa00au3Ma U CTPYKTYypaTHHUX
IIPOMEHA KOXKE

v' 3mena o0pacua cnaBama (paHo Oyheme; yTHiaj KopTu3oia
1 XOpPMOHA pacTa)

v’ Jlenpecuja u JeMeHIHja (IIpOrPECUBHO IPOIALALE
KOTHUTHBHUX (DYHKIIH]A)



Crapeme 1 MUIIHhHO-CKeJIETHHI
CHUCTEM

I'youtak mummhHe Mace u cHare (capKoIeHH]a)

['yOutak KomraHe Mace U CMambEeHE CTEIEHA
MUHEpAIU3AIN]€ KOCTH]Y

OcTteonopo3a u (ppakType

CMabLCIHE
o

CMamelhe TeJIeCHE BUCUHE )

it
TS

(koMIpecHja KHYMEHOI ¢Ty0a)
[loBehawe purngHoCTH

3rJIO0HE XPCKABUIIE

CMmamelhe 00MMa MoKpeTa

Normal Osteoporosis

IToBehame mpeBajicHIIC 0CTE0APTPUTHCA



CeHuniiHa ocTeonoposa

noBehanm ryourak komrane mace 300T
nopemehene paBHOTEKE M3Mel)y nmpolieca pa3rpagmbe
M IIpolieca CTBapama KOCTU

Mexann3zaM ryOMTKa KOCTH Yy CTApPOCTH -
HeaocTaTak BUTamMuHa Jl/kaauujyma

XunosurammuHo3a Jl (xponuuna OyOpexkHa
MHCY(UIIA]EHIIN]a U CMakbEHO M3JIaralkbe CyHIly KOJ
CTapHX)

Hemocrarak KajauujymMa: CMambeH YHOC, CMambECHA
aIriCopIIMja, HEAOCTAaTK €CTPOreHa (KO KEHa),

CEKYHIApPHU XHUIIEpHapaTUupEOUIn3am



Y CIIEIIHO CTapeme

* CTapeHkE y3 0JICYCTBO 00JIecTH, 0€3 pa3Boja
HECIIOCOOHOCTH, y3 BUCOK HMBO MEHTAJIHHUX H

MCUXOJIOINKMX (PYHKIMja U U3PAKECHY COLH]ATHY
AHT KOBAHOCT.

* YcrnopaBame Mpoleca crapema:
v’ PenoBHa (pu3HuKa aKTHBHOCT
v CMameH YHOC KaJlopHja y MCXPaHH



[IpruMmeHa nmocrynaka Koju 4yBajy (OYHKIIH]Y
M KBAJIATET KUBOTA

IIpekua nmyniema 1 yHOCa alIKoXoJia

Kopekija Bu3yelIHuX U ayAUTUBHUX JiedeKara
BakuuHanuja mpoTuB I'pyia, THEYMOKOKa M TeTaHyca
Y3umame 1500 mg Ca u 400-800 1.). BuTamuHa /|



IIpeBpeMeHO cTapeme-nporepuja

- Werner-oB CUHIpPOM
- Hutchinson-Guilford-oB cuaapom
- Down-oB cuaapom



Werner-oB CHHAPOM

AyTO30MHO-PEIIECUBHO 000JbEH:E (8. XpOMO30M)

HaromunaBame Aesenyja U MyTaiyja y BUCOKO MUTOTHYKUM
hennjama

OuekuBaHa ay>kuHA )XUBOTa 44-4°7 roguHa

Crapayku u3riej ocoda y TpuaeceTUM ToguHaMa




Hutchinson-Guilford-oB cunapom

Tpunecerak 000JI€IMX y CBETY
MyTtanuje Beher 06poja reHa
(yrBphene mytaije 73 reHa)
bp30 Oopame koxke

Y CTapavyKy U3IJIe JeIe

Maiu pact, reHepaM3oBaHa
ajonenunja, IMCTPOOUIHOCT
HOKTH]Y, KACHH]€ MOJIHO

ca3peBame




Down-oB cuHApOM

* Tpuzomuja 21.xpomo3zoma
* Ckpaheme TenomMmepa y henrjamMma HIMyHCKOT CUCTEMA

* Pa3Boj HEYpOIATOJIOMIKUX MPOMEHA KapaKTEPHUCTUUYHUX 3a
AnixajMepoBy 6onect 1pe 50.roguHe )KuBoTa




‘CBaKo xejm 1a sKMBHU 1Yo, aJIM HUKO He JKeJIn 1A
Oyae crap*

Jonathan Swift (1667-1745)




