NATOPU3SUNONTOINMNIA HEPBHOT
CUCTEMA

Mpo¢. ap 3opuua JosaHoBUh



CAAPHKAJ NMPEOABAA

[MaTodun3monormja aemeHuuja
MaTopumnsnonormnja bona
[MaTodunsmonormja ennnencuje
Mopemehajn KpBHO-MOXAaHe bapujepe
Xnapouedanyc

Mopemehaju cBectu

[Mopemehaju cnaBama
[MaTodmsnonorunja genpecuje
[MaTodmsnonormja wmnsodppeHuje



OEMEHUMWJE

hedunHnuymja:

[JemeHuymnja je cuHapom rnobanHor n nporpecnsHor owTehera
CTeYEeHUX KOFHUTUBHUX CMNOCOOHOCTU (NPU O4YBAHOj CBECTU), Y KOME CY
nocebHo owTteheHe cnocobHoCcTM Nnamhera, yyera, ancTPaKTHOr

MULL/bEHA, OPUjeHTauUje N npoLeHe BUAHO-NPOCTOPHUX O4HOCa.



Mopena pemeHumja

AnuxajmepoBa 6onect (60% cBux aemeHuUuja)
BacKynapHa aemeHumje
emeHumja ca JlesnjeBum Teqimma

dpoHTOTEMNOpPanHa agemeHumja (Pick-oBa 6onecr)
[pyre nemeHumnje



AnuxajwepoBa bonecr

= AnuxajmepoBa 60nect nma NocTeneH NoYeTak ca NPorpecrjom
(06buyHO nocne 65. rogmMHe CTapoCTU, MAKO MOKE NOYETU U paHunje)

" HopmasiHO nNponagartbe KOrHUTUBHOT GYHKUMOHUCAHa Y CTApOCTH je
MHOrO cnopuje, nocteneHuje n soam bnaxnm owrteherwnma.



O6anumu Anuxajmepose aemeHumje

1. HacnepHu obnuk (panHm 06auK): peaak, jas/ba npe 65. roamHe
KNBOTA

[lpeHOCK ce ayTO30MHO AOMMHAHTHO U YINaBHOM je Y3POKOBaH
MyTalMjama reHa 3a amu10MaHU NPEKYCOPCKU npoTenH (Ha

21. xpomo30Mmy), reHa 3a npeceHnimH 1 (Ha 14. xpomo3omy) U
npeceHnnnH 2 (Ha 1. xpomo3omy)

2. CnopaguyHu 06nukK (KacHm o6a1mMK): jaB/ba ce nocne 65.
roauHe

daKTopu prU3nKa 1 reHcKa npeamucnosmnumja



Anuxajmeposa
bonecr

Entorhinal Cortex

Hippocampus

* [lenoBu Kope KOoju OKPY*KYjYy XMNOKaMNYC, a KOju npunaaajy
€HTOPUHAJIHOJ, NePUPUHAZIHOj U NAPAXUNOKAMMNANHOj permju
(MeamjanHmn TemnopanHu 106yc), UMajy BaXKHY y/10Ty Yy T3B.
AeKnapatnBHoj memopujn (ynamhusamy YnmeHmnua n gorahaja)
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" Y no4yeTKy je 3axBaheH eHTOPMHANHU KOPTEKC, NPo/1as 3a XMNoKamnyc, a
KacHWje 1 noapyyja moxaaHe Kope (Kao WTOo cy OHe OAroBopHe 33 je3uk,
pacyhuBarbe 1 ApyLUITBEHO NOHalake). Ha Kpajy, MHOra apyra noapyyja cy

mo3ra owteheHa.

\

Cingulate cortex \
' —Praecuneus

Subgenual area =3

Hypothalamus — ' :
' -~ )
Amygdala—/ | \ Hippocampus
Entorhinal cortex — \—— Perirhinal cortex

Moppyuyja 3axBaheHa
Anuxajmeposom b6onewhy



Mporpecuja u cragnjymm Anuxajmepose
bonectu

Parietal
Frontal cortex
M cortex

l:n:to’rhmal lcn;!mral Entorhinal

cortex cortex ) e

Midbrain Midbrain
Occipital
1 obe

Stages I-11

Stages III-IV Stages V-VI



[1Be rnasHe Teopuje AnuxajmepoBe bonectu

* Teopuja amunoungHe * XonuHepruyka
KacKape: Teopwuja:

HeypoaereHepaTuBHU npouec CMarbeH HUBO

NOKPEHYT NaTO/IOLWKOM aueTUNXONUHA Y

aKymynaumjom ammaonaHmnx npedPpPOoHTA/IHOj KOpU —>

nJ1aKoBa KOrHUTUBHM nopemehaju
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Xunotesa amuaonaHe Kackaae

B ammnongHu nentua - uenakbe aMmuaougHOT NPEKYCOPCKor
npotenHa (AlM) B cekpeTasHMM nNyTem

AMUNIONZHU NPEKYCOPCKU NPOTEUH —TPaHCMEMDBpPaHCKK
MUKONPOTEUH BarKaH 3a PacT U NPeXMB/baBakbe HEYPOHa.

dusumonowku: AMM ce uena ,HeaMmmNONZOreHMM" nyTem,
AenoBakbem O U y-CeKpeTase.

Kop Al akTnsumpa ce B—cekperasa ("amunounaorenu nyt")—> B
amunonaHu nentug (AB42) Koju ce cactoju U3 aena
TpaHCMeMbpPaHCKOr IOMEHa U KPaTKOT eKCcTpaLenynapHor
dbparmeHTa
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Heyponatonoruja AnuxajmepoBe bonectu

1. CEeHUNIHU NN1IAKOBM - OBa/IHE MUKPOCKONCKe ne3unje y BaHhenujckom
NPOCTOPY MO3ra, Ca LLeHTPaIHUM MPOTEMHCKUM je3rpom
cacTaB/beHUM 0f, PMbpunapHoOr npoTenHa, B-amuaongHor nenTnaa,
KOje je OKPY*eHO ANCTPOPUYHMM HEPBHUM 3aBpLUELIMMA.

2. HeypodunbpunapHu CHONOBM - IOKANN30BaHA Y HEYPOHMUMA,
CaCTaB/beHA YINABHOM 04 XeNMNKaAHUX PunameHara
xunepdpochopunmcaHor Tay NnpoTemHa.

Tay NpoTeUH ce HOPMAHO Haa3M y aKCOHMMA Be3aH 3a MUKpPOTYybyne
04, U3Y3eTHOTr je 3Hayaja 3a CMHANTUYKY TPAHCMUCH]Y

e Xunepdocdhopunaumja Tay npotrenHa A0BOAMU A0 pa3rpagtbe

MMKpOTYbyna n nopemehaja cuHancwm.
12



Teopuja ammnounaHe Kackage

Alzheimer's Disease
- 3 Healthy Neuron

» Gamma-secretase
L Complex

Gamma-secretase » » :
‘}

Complex R ® ‘
® Healthy ® Kl
‘. ® Microtubule "
Rl
»
.. .. Disintegrating Microtubule Healthy
.o Mitochondrion
LR
Kl
)
e
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HeypodubpunapHu
CHOMNOBM

CeHUNHM
ni1aKkoBsu

Alzheimer cells

healthy celis
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Healthy Alzheimer’s
Brain Disease

Al Pb
Cd metal

g~
Zn Fe"" overload

amyloid-f3
plaque
formation

inflammatory
response

tau tangle
formation
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Xunortesa ammnaonaHe Kackage

B amunonaHu nenTua noactmye:

* EeKCUMUTOTOKCUMYHOCT (Ca HaKyn/batbeM Kasiunjyma y HeYypOHUMA)
* OKCUAATUBHM CTPEC

* CTBapaHbe a30THOI MOHOKCKAA

* MPOMEHEe XOMeOoCTa3e MeTana

* cMmambere ATP

* cMambere GpynaHocTu membpaHa

* M3MEHEe LUUTOCKeNneTa

* 3ana/beHCKe npouece

Pe3ynTtaT: ANCPYHKUMja CMHAMNCKU, aNONTO3a AN HEKPO3E N CMPT
HeypoHa.
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NATO®PU3NOJTIOTUIA BONIA

BOJ1 je HenpwujaTHaA ceH3auuja KOja Y MO3aK ANPEKTHO AOHOCHK
obaBellTera O CTakby OpPraHM3mMa U HEeroBom OAHOCY Ca
OKOJIMHOM.

BEOJ1 je HAMBMAYaNaH M cybjeKTMBaAH A0XKMB/baj MOAYNNCAH
OU3UO/IOLLKNM, MCUXONOLWKUM U ApYyrmm dakTopmuma (MpeTxoaHo
NCKYCTBO, KYATYypa, CTpax).

Y wupem cmucay ,,6on je cBe OHO WITO BONECHUK KarXKe Aa ra
6onn®.
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Mopena 6ona

[Mpema Tpajarby: akKyTHU (Tpaje A0 TP meceua) U XPOHUYHKN bon
(Tpaje Hajmarbe 3 meceLa)

[pema noKanM3aLmMju: COMaTCKKU U BUCLEepanHu 6on

[Mpema natoreHe3n: HOUMULLENTUBHU (NocneanLLa akTUBaLuje

HoUMLUEeNnTopa, yrnaBHOM MHPIAMaATOPHM) U HeyponaTcku 6on
(owTehere nnm obosbere nepmndepHoOr NN LeHTPaHor
HEPBHOI CMCTEMA)

[pema eTMoNOoruju: HeMaaurHm U MaaurHm 6on

[Mpema MHTE3UTETY: IaK, YMEPEH 1 TexKaK bon
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ComaTtcKku bon

ComatcKku 6on je owTap, jacHO IOKaNM30BaAH, KOHCTATaH,

HMje npaheH npaaunjaymnjom
KAMHUYKK npumepu:

* Jlauepauuje, NOCEKOTMHE, abpa3unje, KOHTY3UMje KOXKe, ONMEKOTUHE
KoXKe (xemunjcke, TepmunyKe)

e Koctu, 3rnobosun, mmwmnhu (nospeae, 3anasbeme)
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BucuepanHm 6on

BucuepanHu 6on (cpue, nnyha, racTpOMHTECTUHANHU TPAKT, NAHKPeEaC,
jeTpa, mokpahHa beluka, nta.)

* TYN, cnabo nokanunsosaH, Andy3aH, HeyrogaH, yecto pactyher
NHTEH3UTETA

* npaheH npagujaymnjom y gpyra mecra
* npaheH Hagparkajem cMmnaTUKyca M napacMmnaTuKyca

KAMHWUYKM npumepu:

bony abgomeny (aneHANUMTUC, NAHKPEATUTMUC)

bony rpyamma (akyTHM MHPAPKT MMOKapaa)
bybperkHe Konnke
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PednekroBaH 6on

21



Heyponatcku 6on

Y3poKoBaH npumapHum owteherbem
NN 0bo/beHEM COMATOCEH30PHOT
cMcTema

KapaKTtepulle ce:

NO3UTUBHUM CEH30PHUM CMMNTOMMMA
(cnoHTaHu 60n0BK, anoanHWja,
Xxunepanresmja, aucecresnje, napecrtesmje)
n

HeraTUBHMUM CEH30PHUM CUMOTOMMMA
(xmnoecTtes3unja, aHecTe3unja, xmnoanresuja,
aHanresmnja).

[MocpenoBaH nepudpepHnm u
LEeHTPANTHUM MEXaHN3MUMA
(He3aBMCHO oA eTuonoruje):

XnnepekcymtabuaHocT
CeH3uTM3auMmja
CmarbeHa MHXMBUTOPHA KOHTpONA



Heyponartcku 6on
NepudepHn HeyponaTcKkun 6on

OunjaberecHa HeyponaTtuja
NMocTxepneTnyHa HeyponaTtuja

HIV HeyponaTuje

KomMmnieKkcHU permoHanHmn 60/HN CUHOPOM
MexaHu4Ke HeyponaTtuje

daHTOMCKM Bon

[locTTaymaTCKe HeyponaTuje

Heyponatunje nsassaHe Ma/IMrHUM
obo/berbem NN XemmnoTepanmjom




Heyponartcku 6on
LleHTpanHu Heyponatcku 6on

Bon HakoH uepebpoBacKkynapHor
NHCYNTA

Bon Koa mynTunae cKnepose u
[MlapKMHCOHOBe H6onectun

KomnpecusHa mujenonatmja Koa,
CMMHA/NIHE CTeHO3e

[locTMcxemuyHe U nocTpagmjaumoHe
MUujenonaTuje




Heypodusmonorunja 6ona

N3mehy mecTa aenoBatba HOUMLENTUBHOT CTUMYAYCA M Nepuenuunje
6ona, AelwwaBajy ce KOMNAEKCHU HeyPOoPM3MONOLLKKN NpoLecu —
HOLIMLIENLMIA

HOUMUENLUWUIA obyxBaTa yeTnpun pmnanonoLlKka npoueca:
* TpaHcayKumja (peuentopwm)

 TpaHcmuUcHja (NpeHoWeHe MMMYACca KPO3 CEH30PHU HEPBHM
CUCTEM)

 Mopagynaumja (moandurkoBarbe TpaHCMUCHjE)
* Mepuenuuja (cno3Haja 6ona) pes3yntaT nHTErpaumje
NPEeTX0AHMX Npoueca
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PeuenTtopu 3a 60on (HounuentTopu) u
cTumynauumja

PeuenTtopu cy chobogHun HepBHU 3aBpLUELM

Hema cneuymnjanmnsosaHmx “peuentopa” 3a 6on

Hounuentopu oarosapajy Ha pasnmuunte CTUMynyce: MexaHUuKe,
TepMUUYKe U XeMujcke

[MocToje: mexaHoCeH3UMUBHU, XeMOCEeH3UMUBHU U
mepmMoceH3UMuUBHU peLenTopu 3a 6on

Hekun peuentopun oarosapajy Ha nojeamHe obinMke ctumynyca, A0K
Apyru (moaMumopanHu peuenTopu) ogrosapajy Ha cBa Tpu 0b6/1nKa
CTUMY/yCa

PeuenTtopu ce He aganTupajy (xmnepanresunja)

Jlokanu3sayuja: y KOXu nx UMa BULLIE HEro Y YHYTPALL UM
OpraHMma
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Ctumynaumja peuentopa 3a 6on

TkneHo owTtehere npatn owteherwwe henunja us Kojux ce ocnobahajy:
* H*, K"joHu

* WMHPNAMATOPHU MeanjaTopu: bpaaUKNHUH, XUCTAMMUH,
CEPOTOHWUH, LUNTOKUHM

* MeTabonntn apaxmaoHcke KucennHe (NnpoctarnaHanHM,
NPOCTAUUNKANHU, TOOMDOKCAH, NEYKOTPUEHM).

OBKM MHPNAMATOPHU MeanjaTopu CTUMYANLLY nepudepHe
HouuuenTope

AKTUBaUMja HoUMLenTopa AoBoAU A0 ocnobahamba:
- cyncTtaHue P (SP)
- nenTUuaa canyaHor KaauutoHuHy (CGRP)

PE3Y/NITAT: cmarbeH npar aktuBauuje n noeehaH ogrosop

HoUMLLeNTopa Ha cTumynyce
27



Ctumynaumja peuentopa 3a 6on

"N CGRP
&< Substance P

; Histamine Dorsal root
7 Bradykinin ganglion neuron
N/
5-HT — [
I Prostaglandin/ /
. I |'.“'~ . K+
\@ aC *1%:CGRP
W)t % 4 Substance P
0 0 {2 | Blood ®
0 ©/ vessel =
0 (= Spinal cord
: (o
K0\O(o \




HeypoaHatomuja 6ona

AdepeHTHHM nyTeBuU

LLHC (peTuKkynapHa popmaumja, Tanamyc, XmnoTanamyc,
NMMBUNYKKM cucTem, Kopa Mo3ra)

EdepeHTHM nyTeBun (YK/by4eHU Y pasnmumnTe buxeBnMopasiHe U

NCUXO0LWKe oAroBope Ha 60/, 0AroBOPHM 3a moaynaumnjy
ocehaja 6ona)



TpaHcmucuja 6ona

HeypoHu npBor peaa (npyumapHM HEYPOHU): NPEeHOCEe MMMY/IC OA
HoUMLUENTOPa A0 3a4bUNX POroBa KNUMEHE MOXKNHE.

BnakHa 3a 6on:

 A-6 BnaKHa MwujennHnsmnpaHa BnakHa, aebsbuHa 2-5 um,
6p3uHa cnposohera 12-30 m/sec

MpeHoce owTtap 6on

* CBnaKHa HemujennHnsmpaHa BnakHa, aebsbmHa 0.4-1.2
um, 6p3unHa cnposohera 0.5-2 m/sec
MpeHoce Tyn 60n

* A-B BnakHa MujennHusmnpaHa BNakKHa BeIMKOT gujameTpa
(noanp, Bubpaumnje, KpeTtarbe).
Hanase ce yrnaBHOM Yy KOXKW. BaXKHa 3a
3aTBaparbe ynasa boNHMX CUrHana 'y 3agrbe
POroBe KNYMeHe MOXAUHe



BnakHa 3a 6on

Dorsal root
ganglion

Sympathetic
postganglionic
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To spinothalamic
tract

TpaHcmucuja 6ona

Ad

C
To spinoreticular

tract

A-6 BnakHa (I u V namuHa) Dorsal horn..
of spinal cord
C BnakKHa (I namuHa)

HeypoHun npBoOr peaa rpaae
CMHAnce ca HeypoHMma apyror
peaa Koju npenase Ha CyrnpoTHY
CTPAHY KUUMEHE MOXANHE U
NPOjEeKTYyjy ce y MO3aK.

Presynaptic Primary afferent

terminal ,
ell body

Interneuron
Peripheral

fiber

Second‘order neuron

Mociceptor terminals



AHTeponaTtepanHu
cUcTem

CnuHOTaNaMMUKKN NYT: 0, KNUMEHe
MOXJMHe A0 Tanamyca

CNnUHOpPETUKYNAPHU NYT: O, KUNUMEHE
MOXAUHEe 40 peTuKynapHe dopmaumnje

CﬂMHOMEBEHLI,E(I)aI'IW-IHM nyT. o4 KN4MmeHe

MmoxanHe 00 NepnakBeNYKTa/lHE CMBE MaACe

periaqueductal
gray

spinomesencephali
tract

spinoreticular
tract

spinal |
ganglion

pain
and

temperature anterolateral syste

spinothalamic trac



TpaHcmucuja 6ona

HeypoHu Tpeher peaa: npeHoce
nHPopmauuje oA jegapa Tanamyca

Somat::ensory
[0 KOpe BEeIMKOT MO3ra u Corex
Anterior ‘ A

CYOKOPTUMKANHUX CTPYKTYpPA »

Hippocampus

CybKopTUKanHe CTpyKType
(npe cBera AMMBUYKKM cuctem):
eMOoLUMOHaNHe peaKkuunje Ha bon.

Thalamus

CnUHOoTaNaMUUYHU NYT U
COMATOCEeH30pHa Kopa:
npeno3HaBake I0Kann3saumje,
NHTE3nUTEeTa N KBanmTeTa bona



Descending Pain Modulation

projections from cortex
& limbic system

projections from
hypothalamus

periaqueductal
gray

locus coeruleus
(noradrenergic)

raphe nuclei
(serotinergic)

various reticular
formation nuclei

spinal
ganglion

pain and
temperature

convergence of pain afferents
and descending modulation in
the dorsal horn

Ascending Pain Pathway

spinomesencephalic
tract

spinoreticular
tract

anterolateral system
spinothalamic tract



Moaynauuja 6ona ,

v ._
Mopaynauuja ce goraha He CBUM HMBOMMA NPEHOCA v o
60na anu je Haj3Ha4YajHMja HA HUBOY 3aaHUX v,. " -
poroBa KMUmeHe MmoXauHe - e

UHTepHeypoHU 3a4HUX POroBa KNUMeHe
moxXauHe (substantia gelatinosa SG (namuna ll)

npumajy aecuefeHTHe MHXMBUTOPHE MMNYACE: PA'N;”R'X )

Jlnmbuukor cuctema (opbmuTanHm GPOHTaANIHM

KOpTEeKC,amuraane, Xunotasnamyc) ’ HYPOTHALAMUS
NepuakseayKTanHe cmee mace (meseHuedanoH)-

eHAO0reHn aHaNreTCKkM UueHTap “*C i
PetukynapHe ¢opmaumnje moxkgaHor crabna: o

Locus ceruleus-noHc (HopagpeHanuh- —OF— oo
NHXMBUTOPHO NpeKo a2 peuenTopa)

Nuclei raphe —npoagy»xeHa moxXanHa(cepoTOHUH- = l -

NHXUBUTPHO A paunINTAaTOPHO, 3aBUCHO OA
peuenTopa)

Pain
Stimulation




Moaynauunja 6ona-3agrun poroBu KUMMeHe
MOXAUHe

Nociceptive Modulation

AdepeHTHU HeypOH:

(O Substance P
* CynctaHua P

Primary
afferent

© Glutamate

* [hytamat
//////” ® crea * GABA
\\\\\ ® Glycine UHXN6UTOPHU
second order O opiates MHTEPHEYPOHM:
NEUron .......... @ Serotonin * Onuouau
© Norepinephrine * GABA
Cipsconding 211} NmDA channel * [numnH
pathway.......... 2 e
2RnCeus.com AecueneHTHU
HeypoH:
* Onnoupgm
* CepOTOHMUH
“Primary * HopapgpeHanuH

afferent

Inhibitory
Interneuron



Peuentopu 3a onnoungHe nenuae

Obnuk
Endogeni opioidi peuenTopa
Endorfini m H-mi (MO3aK, KNUMEeHa MOXKANHA)
Enkefalini ) 6-delta (mo3akK, KNUMeEHa MOXKAWHA
Dinorfini K K-kappa (mo3aK)
Endomorfini (?)

OnunonaHu nenTUaM ce Be3yjy 3a onnogHe peuentope Ha apepeHTHMM
HEeypPOHMMa.

e Pe3yntaTt: nHxMbuumja ocnobaharba HeypoTpaHcMmuTepa n 6aoKaaa
npeHoca BOIHUX CTUMY/TyCa
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"Gate-control"” Teopuja- Teopunja KOHTpONE
ynasa 60/1HUX curHana

Central

A-fibres —\;

- Action
—_ (Dl

From “Pain Mechanisms: A New Theory” by R.
Melzack and P. D. Wall, 1965, Science, 150, p.
975. Copyright 1965 by American Association
for the Advancement of Science.

C-fibres




CeH3utnsauuja nepudepHux
HOoUMUEenTopa 1 UeHTpasiHa CeH3UTU3aLuuja

[lyroTpajHu, NoHaB/baHU U jakn BOIHM HaapaXKkaju AoBoae A0
pPeBEP3NOUNHUX, a 3aTUM N NPEBEP3UDBUAHUX NPOMEHA Y
nepudepHoOm 1 LLeHTPA/THOM HEPBHOM CUCTEMY, KOjM 33 nocieanuy
NMajy U3MEHEH O0AroBOpP HEPBHOT CMCTEMA Ha BONHM HaApaXKaj

(ceH3nTM3aumnja nepudpepHUX HouMLUEeNTopa M LLeHTPaJIHA
CeH3uTU3auumja).
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MepudepHa ceH3nTU3aLUNja

NepudepHa ceH3UTU3ALUM]A: HOLULENTOPU NOCTAjy OCET/BUBU]N,
MMajy HUXKM Npar HagpaKaja, nosehaBajy jaunHy ogrosopa Ha bonHe
Apaxu noseharem dpekBeHUE NpaXKkera U UCNO/baBajy CNOHTAHY
aKTMBHOCT (noBehaHa eKkcnpecuja HaTPUjyMCKUX KaHana).

CeH3uTU3aUMja HOUMLENTOPA KAMHUYKN Ce UCNO/baBa NPUMAPHOM
Xunepanresujom.
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LleHTpanHa ceH3uTU3auunja

Mechanisms of Central Sensitization

[loHaB/baHa akTMBayuja C BaakaHa - i - 7
noBehaHa ppeKkBeHLa akTuBayuje *’
HeypoHa 3a4HUX POrosa KNUMeHe
MmoXxXauHe — aktmsauunja NMDA n AMPA
peuenTopa -~ Aenonapusaumja—> z‘a:"""‘ (
eKkcunTaumja

Presynaptically
= increased transmitter release

Mg summ

®
®
et .?. i HK-1
L TIMDA
/ ATT
| NAD
N IN A

“synaptic ef ficacy™ \\
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LleHTpanHa ceH3UTU3aALM]je ce KIMHUYKM UCNoJbaBa
Kao:

1. Xunepanresuja (nosehaH ogrosop Ha 60aHKN cTUMYNYC)

2. AnoguHumja (0oXnBsbaj 60na Ha AparkK, KOje HOPMAJIHO He
n3asunBsajy 6on)

Sensitization
Central Sensitizatio = 2
I Eeatiatn l 10 Hyperalgesia
Normal
8 F pain
%‘ response
g °f
£ Hyperaigesia —
.g 4 Heightened sense of
o pain to noxious stimuli
2F Allodynia -
Pain resulting from
0 . normally painless stimuli
Stimulus Intensity




'nasobosba

naBobosba je akyTaH MAM XPOHMYaH 6on y rnasu.

Cam MO3aK Huje oceT/bUB Ha 6bon. bon gajy oHe cTpykType (MHTpa- U
eKCTpaKpaHujanHe) Koje nMajy CEH3UTUBHE HEPBHE 3aBpPLUETKE.

UHTpaKpaHUjanHe CTpyKType:
— BeHCKuM cnHycu mosra

— basanHa aypa

— Benuke apTepuje mosra

— Hepswu (rnocodapuHreyc, saryc, Tpuremunyc, Il n lll uepsmnKkanHu
HepB)



lnasBobosba

PeuenTtopwu 3a 601 cy nonmmoaanHu

Cortex —~_/
e HeypoHu npBor pega npeHoce s
vmnynce no. A hypothalamus |
- [aHrAMOHa TpUreMmnHyca u b | o———xtd Talamus
Dural-vasculz '
- [aHIMOHa AopP3a/IHUX POrosa ‘structures \

Trigeminal ( 1< IPAG ©—
ganglion \

ropHEer Aena KNUMeHe MoXAnHe
(C1, C2) n 3aBpwaBajy cey
TPUreMMHAZIHOM LLePBUKA/THOM
komnnekcy (TUL)

| O NRM

i Il
Cervical dorsal root |

* HeypoHu apyror pega npeHoce i B '
nmnysce A0 Tasiamyca = " &N

* HeypoHu Tpeher peaa npeHoce

nmnynce Ao Kope Be/IMKor Mo3ra 45



'nasobosba

Noanena rnasobosba:

1. Upmonartcke (npumapHe)
1. MurpeHa
2. TeH3MOHe rnaBobosbe
3. Tnasobosba y Hanaguma (Knacrtep rnasob6oswa)
4. Octane npumapHe rnasobosbe

2. CumnTomartcke (cekyHaapHe)
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MurpeHa

 MurpeHa je HeoBaCKy/lapHO 060/beHe MO3ra Koje ce KapaKTepulue
XPOHUYHOM 3aMa/beHCKOM peaKumjom
* ETMonormnja HeAoOBO/LHO NO3HATA
* [eHcka gucno3suuyumja (50-60% nma pogutesbe Koju UMajy MUTPEHY)
* Yewhe Kopa KeHa
e O6uyHo ce jaB/ma y 30-TUM roanHNMA
* YHunatepanHo ce jaB/ba y 60%, a yBeK Ha UCTOj cTpaHu Kog, 20%
* OKuaayum 3a NOYETaK MUTPEHE:
- MeHCTpyauuja
- cTpec
- KobeuH
- HEKe HaMUpHUUe
- HEKW NIeKOBU (Ba3oamnnaTaTopm)
- aIKOXON
- HeAOBOJ/BLHO CHA, HENPABWAAH CaH UM NPeBULLE CHA
- gexunapaTauuja



[laTOoreHe3a murpeHe

Tpu npoueca cy oA 3Ha4aja:

1. LLinperwe KopTUKanHe genpecuje noymnme
Tasnacom genonapusaumje (rnytamat)y
OKUMNUTA/IHOM pPeXXHby, Nponarnpa ce Kpo3 mosak
a HAaKOH Kojer cneam nepuo cMaktbeHe MoXKaaHe
aKTUBHOCTU (aenpecunje)

2. AKTUBaLUMja TPUreMMHO-BaCKY/IapHOr CUCTEMA

MeHWHreasHM KPBHU CYA0BU CYy MHEPBUCAHMU

TAaHKUM HEMUjENUHN3NPAHNUM HEPBHUM BNAKHUMA

TPUreMmmHyca 4mja akTuBaumja 4osoau Ao

ocnobaharba Ba30aKTUBHUX HeyponenTnaa:

e cyncTtaHue P (SP)

* HeypoOKMHMHa A

* nenTuaa CAMYAHOT KanuUMToHUHY (CGRP)-
Ba3oAniaTaTop

* BasoaunaTtauymja n HeyporeHa uHpnamauymja

3. LleHTpanHa ceH3nUTHU3aUMja

SHT1D
receplor
——
T8 — -
Tecepior . §-4. 2 CGRP

N Bound CGRP

Additional vasodilation
Neurcgeric iflammmation




MexaHu3am murpeHe

Abnormal cortical Abnormal brain
activity stem function

Hyperexcitable brain Excitation of brain
(TCa++, TGlu, {Mg*) stem, PAG, etc.

Cortical Spreading Depression

Activation/Sensitization of TGVS

Vasodilation Central Sensitization
Neurogenic
Inflammation

TGVS=trigeminal vascular sensitiz g
~ 1) = "1y Nalt Rav Netirn ' )24 1N



CeKyHaapHe rnasobosbe
(>300 pasanunTux ctara U
6onectn)

Meningitis
Subarachnoid hemorrhage

Subdural or epidural
hematomas

\ Brain tumors

R \\
e’ | Intracercbral
hemorrhage

Skull fracture

Cerebral abscess—] s ¥ vy Glauvcoma

Relractive errors
Migraine

Temporal arteritis

Allergic rhinitis

Temporomandibular
joint syndrome

Muscle traction headaches
Myalgia

Cervical spondylosis Dental abscess

IR R NN

Brief paroxysms of pain

Trigeminal neuralgia

[T TR »

Cluster

L Prominent temporal artery

‘ L B Lacrimation
\‘A g o e Rhinorrhea

-

Cluster headache

_A_—‘D

Increasing pain intensity

Frontal sinus

Maxillary sinus

S 50

Sinus headache



Ennnencuja

Enunencuja je XpOHNUYHO 060/beHE KOje Ce KapaKTepuLle
CNOHTAaHUM NMOHaB/babeM enunienTUYHMUX Hanaaa

EnMnenTUUKKM Hanagu ce KapaKTepuLly NapoKCU3IMaNTHUM,
eKCLEeCMBHMM, XUNEPCUHXPOHUM, CTEPEOTUNMHUM NPaXKHeHEM
BE/IKOT 6poja HeYPOHa Y LleHTPa/IHOM HEPBHOM CUCTEMY,.

MpaheHn cy npomeHama MOTOpPHEe aKTUBHOCTU, CEH3NOUANTETa, NOHALAHa,
emoumja Unn CBECHOCTU

VAP
W Take

L
-
T |
7

r——

.

-
Y
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ETnonorunja ennnencuje

1. UpguonatcKke — npumapHO reHepasin3oBaHe

2. Cumnrtomartcke (enunencuja Tapaa) — *apuwHe enuaencuje

Tpayma mo3sra (oxKusbLm)

Tymopu mo3ra

BackynapHa owTtehera, XMNOKCKja

NHbeKkumje

[PO3HML

Ankoxon

HepnocTtaTtaK CHa

[eHCKU daKTopu

EHAOKPUHM U meTabonnykm paktopun (GeHUNKeToHypuja, XMno- u

XUNnepHaTpujemmnja, XmurnoKkasaunjemuja, Xmnornmkemumnja, MMKceaem,
Xunonapatupeonamnsam, XunosmuTamnuHo3a b;)
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Knacudukauunja ennnencuja

Cortical
origin \

1. MapuujanHmu Hanagm (Hanaam Koju NOUYNHY NOKAMHC

MpocTn napunjanHmn Hanagm (ceect HMje owTeheHa O
KomnnaeKkcHu napumjanHu Hanaau (ca owteherwem cBecTtm)
MapumjanHm Hanaau CeKYHAQAPHO reHepann3oBaHu

2. l[eHepann3oBaHU Hanaau (bunatepasHO CUMETPUYHM
n 6e3 NoKa/IHOr noyeTKa)

=  AbcaHcu

= KNOHWYKM Hanaau

"  TOHWYKKM Hanagu

" TOHWMYKO-KNOHUYKKN Hanaaun

" ATOHWYKM Hanagu

Subcortical
origin

3. HeknacudpukoBaHu Hanaau



Generalizovani tonicko-klonicki napad

tonicka faza klonicka faza

SOMNACRAIG e
mkontmencuaw ki : trzajevi ekstremiteta——=4 .0

gubitak svesti, pad,
krik, generallzovam
tonicki gréevi,

S bessvesno stanje, (ENQUAY
klonicki gréevi, pen VS o
ha ustima

inkontinencija generalizovana fraqnti
. zah':gt.;zr;ost EEG inhibicije
postiktalna faza | tonickafaza | Klomicka  postiktaina
| | el | faz faza
i \\ ""i,ﬁ, ‘}'»W 223Fp2 F8...
R

il .. ﬁ W “‘4 " ‘mxﬁ.ww::j\-'-w 6

“ '" - o . p: ' t' ol \\\ .
= nacijent je u komiZ? o ;.’ L" . ) T\ e T6-02.
letargican, somnolentan. oo, "” ALY "'( ”/ :

Ima Zelju da spava ako je  postiktalna SI|jCI i mis. iljak-talas atenuacija
svestan iscrpljenost artefakti kompleksi ativhosti




Paretal lobs Normal EEG

\ P-W = e A
':.{._‘:‘:( rb . AR . ’ S N — A
ut)! - » ) . W — e .—”A.“
— ) N
B

Frontal oba

-
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[TlaToreHe3sa enunencuja

UHTepuKTanHa (usmehy Hanapa) nparkwbera HEeYPOHa: Npa*kHera
lWM/baKa, BULLECTPYKUX WWN/baKa AU WW/baK Tanac Komnaekca 'y EEl

Hacrajy ycnep 0enonapusayuoHoz nomaka, npaheHor HaKHagHOM
Xunepnonapmsaumjom

- membpaHCKe KapaKTepucTuKe HeypoHa - noeehaHa
nponycmsusocm 3a Na* u Ca?*

- eKCLLUTOTOKCHMYHOCT (YKnarbakbe 610Kage Kojy uma Mg?t)

dbeHoMeH ae3nHxnbuumje, cmarbere MHXMbuTopHMx npoueca (FABA)



[TlaToreHe3sa enunencuje

- XMnepekcuntTabmaHocT yKasyje Ha nosehaHy eKcumTaumjy
N CMakbeHY MHXUbUUNJjy -

£ rnyramar, UHXxubuumnja
acnaprar

EkcumuTaymja A { TABA
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HopmasHa cMHanTU4YKa TpaHCMUCH]a

UHXxubutopHa TpaHCcMUCHja EKcuMTaTopHa TpaHCMUCH]a

Presynaptic Terminal Postsynaptic Terminal

NMDA receptor-ion pore complex

glutamate binding site
glycine / 2 C

site ion

P8




[TaToreHe3a enunencuje

HeypoTpaHcmutepckmn nopemehaju Kog enunnencuje:

1. CMarbeHa UHXMbutopHa TpaHcmucuja (GABA /)
" cmatbeHa cuHTe3a FABA (13 rnytamaTta, AepuumnjeHumnja BUTaMUHA
B6)
= nponagake ABA HeypOHa
= Hn0Kaja peuenTopa

2. NoBehaHa ekcyutaTopHa TpaHcmucuja ( rnyramar 1"): oTknambame
MHXMbMUMje Mg?* Ha NMDA 1 AMPA peuenTope
(T umHTpauenynapHa KoHueHTpauuja Na* u Ca’*-aenonapusauuija
HeypoHa, eKkcuuTtaumja)

3. CmarbeHa HopaapeHepruyKka akTMBHOCT

4. ALEeTUNXONUH - CMatbyje NPOBOA/bUBOCT membpaHe 3a n3nasHy K
CTPYjy, Ca AyroTpajHMm AenonapusaunoHmm ePpekTuma

5. CepoTOHeprnuyka aktMBHOCT - noBehaHa



Mopemehaj joHCKUX CTpYyja Koa enunencuje

e [loBehaHa nponycrbmuBocT membpaHe 3a Na* n Ca?*
e [loBehaHa MHTpauUenynapHa KoHueHTpaunja Natmn Ca?*
e [loBehaHa KoHUeHTpauunja K*y EUT

MeTtabonnuke npomeHe y MoO3ry:

0, ¥ : 4 ATP: cmarbeHa aktuBHoCT Na*/K* ATP-ase

AKkTnBaumja pocdonmnase C n ocnobahare apaxngoHcKke
KUcenunHe
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ETuonoruja n natoreHesa enunencuje

A. Epilepsy

61




KnuHnuyke maHundecraymnje ennnencuje

i’ \\\ "\ J\k\\\v

t.ocdudnlm \
{e.9. “Jacksonian epiepsy) ||

o L) "-",“{;':,‘,‘;;:f ity
AR N
\{ u “\ \\\ \

(halluonatons)  agtonomic  Cognitive  Emotional
{salivation) ['déja w')  (rege. laughter)
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NMopemehaju nponycT/bMBOCTU KPBHO-
MoXaaHe bapujepe
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Mo3aK je 3awtuheH:

Jlobarbom
LlepebpocnnHanHom TeyHowhy (nnKkeop)

Mo gaHuuama (dura mater, arachnoidea, pia mater)
KpBHO-MOXaaHOM Bapunjepom
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dyHKUMja KPBHO-MOXKAaHe bapujepe

1. [1a 0be3beam agekBaTHO U
KOHTPO/IMCAHO CHabaeBare HEPBHOT | |
TKMBA CyNcTpaTMma 3a metabonmsam ‘\& BV

DN .
2. [1a oHemoryhu nponasak cyncraHum 5o

Koje 61 morne ga yTu4dy Ha HopmasaH
paj HeypoHa.




KpBHO-MmOXXaaHa 6apujepa

Y usrpagrbu KpBHO-MOXdaHe Lspmen o Hoad vermel
bapujepe yyecTsyjy:

1. EHpoTenHe henunje ("TecHu
cnojesun'-zonulae occludens)

2. bazanHa membpaHa (TaHKa)

3. AcTtpouunTm

e DYoOG-Deiin Darber (58
EApen Feeews 1 Maecutr Moo 02140 Caronags Lrnverety Prose
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MexaHn3Mu Nponacka KPo3 KPBHO-MOXKAQHY
6bapujepy

b c d e ‘i

a
Paracellular aqueous Transcellular  Transport proteins Receptor-mediated : Adsorptive —
pathway ~ lipophilic transcytosis - transcytosis
: * Cluc Vinca alkaloid Insulin, | Album
" i ose, n~a ids, ' in. other
::,:,”‘“ : :::.:d ol amino acids, Cyclospornn A, transfernn © plasma proteins

nucleosides AZ1 o




MoBehaHa NponycT/bUBOCT KPBHO-MOXAaHe
6apujepe

® 3aMna/berbe (MEHUHIUTUCKU, eHUedaNNTUCK)
® Tpayma MO3ra

e LIBU

® MYNTUMNANA CKIEPO3a

e AnuxajmepoBa bonect

e [lapKMHCOHOBA bonect

* TYMOPW

® ennaencuja

e XB nHdekuymnja

3anasberbe u nosehaHa NponycT/bUBOCT KPBHO-MOXAaHe bapujepe:

" Nposia3ak NpoTemHa (MMYHOrNobYAMHN, KOMNAEMEHT)
" nponasak hennja (HeyTpodPUAHU NeykounTu, NMMPOLUTH,
MOHOLUTH) 68



LlepebpocnmnHanHa TeyHocT (MMKBOP)

JINKBOP je TeYHOCT Koja ucnyraBa MoOXJaHe KOMope,

cybapaxHOMAHM NPOCTOP MO3ra U LIEHTPASIHN KaHal KUYMeHe
MOMKANHE

[1HeBHa cekpeumnja nnkBopa: 500-800 ml

3anpemuHa IMKBOpa Y KOMOpamMa 1 cybapaxHOMAa/THOM
npoctopy: 150 ml
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LlepebpocnuHanHa Te4HOCT

e CeKkpeuuja n3 xopongHor
nnekcyca (Kkomope)

e LiInpKynuniwe y Komopama,
cybapaxHOMOaAHOM NPOCTOPY
MO3ra U LeHTPA/IHOM KaHany
KNWYMEHE MOXKONHE.

e [TOTNYHO OKpPYXKYje MO3aK U
KUYMEHY MOXKAUHY

Capr it 0 The bhilh om v Compursen ba Pucmisan imeitd b | mobe ben = ey

Cayege © T & N —

Central canal-&. spinal cord

Pia mater

Subarachnoid space

Filum terminale
Arachnoid mater

——Dura mater



Sinus sagitalis
superior

Horoidni

pleksus Arahnoidalni vili

Interventrikularni
foramen Subarahnoidalni prostor
Arachnoid mater

wi— Meningeal dura mater

— Periosteal dura mater

nght lateral ventricle

Horoidni pleksus
cetvrte komore

Tpeha komopa @ Likvor se proizvodi u
Cerebralni akvedukt horoidnom pleksusu komora
Lateral aperture
Cetvrta komora

Median aperture

@ Likvor iz komora ulazi u
subarahnoidalni prosor mozga i

. centralni kanal kicmene mozdine
Centralni kanal

kicmene mozdine

@ Likvor cirkuliSe u
subarahnoidalnom prostoru

Likvor se apsorbuje u duralnom venskom
Sinusu preko arahnoidalnih vila 71

Figure 12.26a



CactaB IMKBOpa

— B. CSF Composition

Serum CSF Abnormal CSF

il Proteinsg/. 70 0.2 ¥ CSF obstruction

fh
I Glucose 5 3 JTumors, mfecton

i | N 145 150
| K 4 3 Infections,
Ca™ 25 1 4 CSF obstruction
Mg*' 0.8 1
Normal Leukocytes, Erythrocytes Blood pigments, O™ 296 205
proteins plasma proteins PH 74\ 733
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Xuppouedanyc

Xuapouedanyc ce oenn Ha:

1. KoHreHutanuu xugdppouedanyc
(reHeTCKu ¢paKkTOpU M crnosballbn pakTopu-

nHbeKuuje, pagujaumija)

2. CreueHu xuadpouedanyc (Hajuewhe
nocneauua npupacamuya nocne
cybapaxHOMAANHOT U UHTPABEHTPUKYNAPHOT
KpBapera, cybaypanHor KpBapeka,
NHPeKuuja n Tymopa).
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Xuagpouedanyc

1. OncTpykTnBHu xngpouedanyc (HeKOMyHUMKATUBHMU)

OncTpyKuunja npoToka IMKBopa (yrnaBHom y npeaeny CunsujeBor
aKBeAyKTa):
" KOHreHuTanHe mandopmauuje
" OXW/baK (Y3pOKOBaAH MHPEKLMjOM NN KPBapPEHEM)
" TYMOP

2. KomyHukatusHu xugpouedanyc

CmareHa peancopnuuja (apeHaxka) nuksopa (vili arahnoidales)
Tpomb03a

OK/Ny3Mja CUHYCa

CpYaHa NHcyPpuumjeHuuja

MEHUHTUTUC

cybapaxHonaanHO KpBapere

TyMmop#u, nidekuuje (nosehaHn NpoTeEUHU OTEXKABAjY APEHAXKY)

3. HopmoTeH3unsHu xugpouedanyc (ex vacuo-atpoduja mosra)
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~— A. Cerebrospinal Fluid (CSF) Flow

=~ Sagittal sinus
— Arachnoid vill

Dura mater

Lateral
ventricle

— Choroid
plexus

Interventricular y
foramina —»

Arachnoid Y TR SV LSS — =/ Tumors,
. AT SN ¢ Al prween infections
Foramen of Luschkal %t ——— N\ _ is, subarachnoid ¢'
Foramen of Magendi —% L . || hemorrhage, etc.
b' SRS S ‘ : Protein

l conoentrazionf

v

Obstruction of arachnoid vill

Malformations, | R ¥ = 1
scarnng, tumors g M P 1

v
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NOPEMERAIN NCUXUHKUX DYHKLUNIA

76



CBecT

 OcHOBHa CTakba CBECTU Kop, 3apaBe ocobe:
- ByAHO cTarbe
- PEM cnaBame
- CMOPOTA/IaCHO CNaBake
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CsecT

HopmanHy cBecT oaprkaBa nHterpmutet ogpeheHunx obnactum
uepebpasiHOr KopTeEKCa, TaZlamMmyca U MOXAaHOr cTabna.

—— e,

Kopa mo3ra

PeTukynapHa
dopmaymja
MoaaHo
cTabno
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Mopemehaju cBectu

MponasHu nopemehajmn ceecTu:

* [ybutak cBect — Harn, TPAH3UTOPHM, NOTNYHU Npekna (oacycTBo)
CBECTM

ETnonoruja:

" CuHKone- TPaH3UCTOPHU rybuTtak ceectn 36or xunonepdysunje
mo3ra (nopemehaju cpyaHor puTMma, Haaparkaj Baryca,
nopemehaj umpkynaumje Ha HUBoy 6asmnapHoOr CAUBa,
MHBA3MBHE AWNjarHOCTUYKe meToae, ped/ieKCHE CUHKoNe)

" Heyponowkun nopemehaju (ennnencwmja)

" [lcuxmnjatpunjckm nopemehajm

» MeTtabonnyku nopemehaju (xmunornnkemumjem xmnokcuje)

" WMHTOKCMKauuje

* Kpusa cBect — Harnum, TPaH3UTOPHU, NOTNYHU UAN HEMOTNYHU
NpeKua, cBecTu
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KBaHTUTaTMUBHU nopemehaju cesectu

e ComHoneHUMja (nocnaHocT)
e Conop
e Koma

* Koma — npoay»KeHo cTarbe 6e3 cBecTn y Kome je bonecHuK
3aTBOPEHUX 04mnjy, 6e3 cBecTn, a y 04CyCTBY LMKAYCA
crnaBarbe-byaHoCT

80



Koma

e PoKanHa nNe3unja acueneHTHe peTuKynapHe ¢popmaumje y NoHcy,
cpeaHem MO3Ty U AnjeHuedanoHy: Komnpecuja (xepHujauuja)
Nnn
* Andy3Hn nHcynt 0be moxxpaHe xemucdepe

(meTabonnukm nopemehaju/ToKcMYHU/XMNoKcuja/mcxemmja)

Y

aadio A &

Jle3uja Koja aoBoau A0 Komnpecuje Nundy3Hu 6unatepanHn nopemehaj
peTuKynapHor aktusupajyher cucrema Kope mo3ra 81



Koma: etnonoruja

1. MaTonowKun npouecn mo3ra u 0BOjHULA
nopemehaju KpBOTOKa (KpBapewe, embonunja, Tpomb603a)

seHUEePaNUTUCU, MEHUHTUTUCU, CUCTEMCKE NHDEKUM]e
»eKCNaH3MBHM Npouecu (anuecn, TYMopu, XeMaToMM)
snoBpeae

2. MeTab0onNYKO-TOKCUUYHMN Y3POLMU

= XUMNOKCHUja

= XUMNOINTUKEMMU)a

* TOKCUHU (YI/bEH MOHOKCMKA, a/IKOXON)

= XMNOBUTAMMHO3€E

= nekoBu (ctumynaHcm UHC, cepatnem u gpyrn aHTMaenpecmsu)



Mopemehaju ceectu

3. Mopemehaj pasnanuntnx cucrema

KapaunoBackynapHu cuctem (CMatbeHe MUHYTHOT BOJIYMEHA,
XMNoBOJIEMUja, Ba3oaunaTaLmja y CUCTEMCKOM KPBOTOKY)

Mayha (xunepKanHujcka Koma)
Jetpa (xenaTnyHa Koma)
Bybpe3u (ypemnyHa koma)

EHAOKPUHU cUCTEM
* [laHKpeac (KeToaunaosa, Xuneprankemmja, Xmnorankemmja)
» llTtuTacTta *Xne3ga (xmnotmpeosa)
* [lapaTupeoungHa *¥ne3ga (xunep- n xmnopyHKuUmja)
» HapgbybperkHa kne3ga (AANCOHCKA KoMa)

4. Nopemehaju tepmoperynaumje (bebpunHa Koma)
5. Mopemehaju EUT (aunpo3a, ankanosa, XMNOTOHUYHOCT)



COMA VIGILE

"byaHa Koma“

Jlesunje y 3aarbem aeny tpehe moxaaHe Komope, MOXKAaHOM
cTabny, uepebenymy

CnHapom "aKMHETCKOr MyTuama“: 60n1eCHUK HENOKPETAH U He
rosopu

Ouun oTBOpEHe, HegocTaje pedaeKke TpenTarba

OuHe jabyuunue ce nokpehy y pasnMuynTum npasLUMa HacymuLe
- He NpaTu Nnorneaom

O4yBaHU NPUMUTUBHU pedaeKcH
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KBanutatnsHu nopemehaju ceectu

1. [ennpaHTHa cTamwa (CTake TewkKe KoHpy3nje ca Ae30pjeHTaLnjoMm,
CTpaxom, uputabunHowhy, BU3eNHUM XanyumHaumjama)

ETMonorunja akyTHOr NCMXOOPraHCKOr CUHAPOMA:

= TpOBaH€ IEKOBUMA, ApOrama, oTpOBMMa

= Hal/IM NPeKuna y3mmatrba aJIkoxona, 1eKoBa, Apora
=  MmeTabonnykn u eHOOKPUHKU nopemehajm

= 3ana/beHba MO3ra  MOXAaHMNLA

= pebpunHu gennpujym

2. CympayHa cTtama (CTarba Cy)KeHe CBecTun)
» Mocse enMNenTUYHOr cTaTyca M Hanaaa
* KO, aKyTHOT MPUMUTOr CTakba
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KBanutatusHm nopemehaju ceectu

3. MeHTanHa KoHdy3umja:
* ETmonornja: TokcuuyHa n uHdpeKktnsHa owtehewa LUHCa,
apTepuockKkaeposa.
* [lopemehaj cBecTH je HaNMK Ha CaH M NO3HATO je Kao ,,baHTaCTUYHO

cHoBuheme".
4. dyra: Har/o HacTaje, bonecHUK oanyTa, NyTyje, a Aa cam Huje

CBeCTaH CBOje genatHocTu. [locToju amHes3mnja 3a oBaj nepuoa. JaB/ba
ce Hajyewhe Kao ennaenTUYKM Kopenar.
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CnaBsambe

CnaBatbe je NpupoaHo, NePMOANYHO N GU3MNOIOLLKN peBep3nbUIHO
CTakbe yMmarbeHe ByAHOCTH, KOje KapaKTepuLly CMakbeHa nepuenumnja
M pearoBarbe Ha CNOJballHbe AParKM.

LiupKagujanHm putam: LMKAYyC cnaBatbe-6yaHOCT NoHas/ba ce y 24 h
PUTMY a Yy CKNaAay ca LMKIYCOM CBETN0—MpaK.

PyHKUMje CHa:
- PecTopaTuMBHa
- XomeocTaTcKa dyHKLUM]a

[ly>XMHa cnasama je UHAMBUAYaAHA
— Oppacnu jegHOKpaATHO 7-8 catu
— HoBopoher4yaa 20 caTtu y BMLWe HaBpaTa
— Crape ocobe 4-6 catu



Perynauuja cnasama

CnaBarbe cynpumunpajy:

" OpeKCcUH (HeyponenTua,
NlaTepasiHOr XxMnoTanamyca),
CepPOTOHUH, HOPAAPEHANUH,
AONAaMMH, aueTUN XONUH,
XUCTAaMWH, ryTamaTt

CnaBarbe aKTUBMPaAjy:

MeNaToHUH (Y NMHeanHoj xnesan),
TABA, apeHO3UH, NMUUUH,
rnytamat (PEM ¢asza),

auetun xonuH (PEM ¢a3a)

Reward

Nucleus —
accumbens

Ventral tegmental area
idopamine)

e

Wakefulness

Orexin
(hypothalamus)

Raphe nuclei
{serotonin)

Locus coeruleus
(norepinephnne)
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HeypoTpaHCcmutepu n caH

Wake-promoting

neurotransmitters NREM REM
Glutamate GABA Acetylcholine
Acetylcholine Galanin Glutamate

Dopamine Adenosine GABA

Norepinephrine Melatonin Glycine (muscle atonia)
Serotonin

Histamine

Orexin/hypocretin

Note: NREM = nonrapid eye movement; REM = rapid eye movement;
GABA = gamma-amino-butyric acid.
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MenatoHuH

Retino-hypothalamic

tract

Melatonin
HHHO

m\. g-S-.{'-é-cns
N

Suprachiasmatic A\
nucleus (SCN) K

"

\

\\
Superior cervical \q\
ganglion —()
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O6auuu cnaBama:

1. NREM - 4 ctagmjyma (2 noBpiHoOr u 2 aybokor cnasarba) 75%

2. REM cnaBame (napaaoKcanHo cnaBame) (Kapaktepulle ce
BUCOKMM HMBOOM aKTUBHOCTM MO3ra, @ HUBO GPU3NONOLWKUX DYHKLM]a
je cnnyaH byaHom cTamy)

REM ¢a3a cnaBarba npatm HPEM ¢a3y, jaB/ba ce ce Ha cBakux 90-100
MUH (5-6 nyTa y TOKY 8-4aCOBHOT CHa)

R | w —— T — _— S —

A Normal sleep phases
1 Day Night NREM sleep pressure

WUNI Y
1/REM sleep pressure | Net sieep pressure bnpth,«d'lk&#(
SIS ERR NN T NS

e

oleep pres:

S




da3e cnasama

NREM cnaBatbe: 75-80% akTMBHOCT
NMoBplWHO cnaBawe

S1: Tpaje 1-7 muH, naKko byhemwe, Hema
ynamhusara (HUCKOBOATAXKHM Tanacu, sehe
dbpekBeHUe)

S2: 1paje 10-30 MMHYTA, HMU3AK Npar
byherba, Hema ynamhuBama (BpeTeHa
craBamba)

[yboKo cnaBame

S3: Tpaje 1-10 muH, npar byherba BUCOK
(Marba ppekBeHuUa, Beha amnantyaa)

S4: tpaje 10-30 muH, npar 6yhera BUCOK
(Mana dpeKBeHLa, Be/IMKa aMnanTyaa)

Anake

Stage 1

B 0
R T L L W T g

Stage 2 e AN

S‘tage 3 \P—WW

Stage 4

REM

!

V‘MW

Figure 1

— B. Sleep Phases —

UL TL

Excessive use of sleeping pills

AL TLO T
L T i 1Y |
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da3e cnasama

REM cnasame: 20-25% akKTUBHOCTM

- jaB/ba ce HaKoH bap 1 unknyca HPEM
cnaBaka (0Ko 90 MUH)

- Tpaje 10-20 muH

- NpoAy»XaBa ce y Apyroj N0N0BUHM HONhU
- 6p3K NOKpPEeTH OYHUX jabyunua

- mmwnhu penakcupaHu

- npar 3a byhere HKU3akK

-y 0BOj $a3m ce cama

EEl: bp3a HUCKOBONITAXKHA aKTUBHOCT

Anake

Stage 1

Stage 2

Stage 3

Stage 4 /V\/\{q\/w

“MW

REM

Figure 1

— B. Sleep Phases —

i

Excess /e use of s 1eep ng pi ills

:M M 1\ i"'i
-J Jll UUJ

{
i

1

Il
JP
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Awake —l TYPICAL SLEEP CYCLE

v REM REM  REM  REM ‘

1 | ! ! ! | | 1
0 1 2 3 a 5 6 7

HOURS AFTER GOING TO BED 95



. CHILDREN
OpraHunsaumja cnaBakba KOA,| sux
9 piw
W
aeue, oapacinX U CTapux |¢
: 2
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a 4
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AWAKE
0 REM b
S !
= 12
v
a 1
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!
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1 2 | < 5 6 !
ELDERLY
AWAKE
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bonectun cnasama

e NunccomHumje (nopemehaju ayxnHe cnaBatba MU BPEMEHA

(TajMKMHra) cnaBarba, @ HEKaAa U KBA/IMTETA CHA):
— MIHCOMHMUja

— XunepcomHuja

— Mopemehajn cnaBartba NOBE3aHM ca AUCakbEM
— bonectn uMpkagmjanHor putma cnaBara

— HeKnacndunKkoBaHe ANCCOMHMU|e

MapacomHuje (naTonoWKa NOHaLIaHa M NaTOPU3NOAOLLIKK
nopemehajn y TOKy cnaBama).
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bonectn cnasama

* [pumapHe

* CeKyHpapHe (jaB/bajy ce Koa ApYyrnx NCUXNMYKUX obosberba n
NPUMEHE HEKMNX JIEKOBA U CYNCTaHUM)
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UHCOMHMUje

HemoryhHOCT yCHMBaHa, NOBPLLUHO UCNPEKUAAHO CNaBakbe,
paHo byhemse.

[lpema Tpajarby MHCOMHMje ce aene Ha:
- KpaTKoTpajHe MHCOMHMUje
- MponasHe MHCcoMHMje (HEKONNKO AaHa A0 3 Heaesbe)
- XpoHM4YHE MHCOMHMje (ayKe oa 4 Heperbe).

929



ETMonorunja nHcomHuja

1. MpumapHe

2. CekyHaapHe

. OpraHCKa obosbera (xunepTupenaunsam, aptTputmcu ca 6010M, XPOHMYHA
oboswerba nayha n bybpera, cpyaHa nHcybuumjeHumja, ennaencuja,
AnuxejmepoBa bonect, lMapknHcoHoBa bonect, rnaBobosba, LIBU, Tymopw,
nvjabetec, nopemehajy MeHCTpyanHoOr UMKAYyca M MeHonay3a)

= [IcnxmnukKa ob6osbera (aenpecuja, aHKCMO3HOCT, CTpec, bUNonapHH
nopemehaju, wmsodppeHmnja)

= [IpmeHa HEKMUX NeKOBA U CYNCTAHLMU (HUKOTUH, KODEMH, aNKoXon,
6eTta 610kaTOpPU, BNOKATOPU KaNLUjyMCKUX KaHaNa, KOPTUKOCTEPOUAMH,
6poHxoannaTaTopu, TMPEOUAHN XOPMOHU, AaHTUAENPECUBMK).
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ETMonoruja xunepcomHmja

1. MpumapHe xunepcomHuje:
- HApKonencuja
- Kleine-Levin-oB cuHapom
- KANONATCKA XMNEePCOMHM]a

2. CeKyHAapHe xunepcomHuje:

- OopraHcKa obosberba (noBpepe rnase, [NapKuHcoHoBa bonecr,
MMWOTOHUYHA AUCTpodunja)

- HEKM IEKOBU N CYNCTaHLUE

- CMHAPOM UHCcyPULUMjeHUMje cHa (HNp. HeJO0BO/LHO CNaBakbe Y TOKY

BuLwe Hohw)
- XMNEepPCOMHMje NoBe3aHe ca NCUXNjaTPUjCKUM 000/berbUMa
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HapKonencuja

HepoctaTak opeKcUuHa
[MoyeTak cnaBarba ca PEM ¢a3om

Etuonorunja: HacnegHu nopemehaj (nopemehaj
OPEKCUH/XMMNOKPETUHCKOT CMCTEMA Y JlaTePa/THOM XMMNoTanamycy)
vapy»xeHoct ca HLA DR2)
HapKonentunyHa TeTtpaga:
- XunepcomHuja, AHeBHa NOCNAaHOCT

- KaTanneKcunja (enmsogmuHm rybutak muwnhHor ToHyca, Koju Bapupa og, bnare

cnaboctn oo noTnyHor Konanca. Ennsoae mory 6UTn noactakHyTe HaAr/iMMm
eMOLIMOHA/IHUM peaKkUMjama. Y HEKMM C/ly4ajeBMMa KaTaneKcuja moxKe outu
CMYHA enu Hanaay).

- napanusa muwuha Nnpnankom ycHmBara unum byhera (napanmsa
crnaBamba)

- XanyumHaumjeHa noyeTky cnasarba (xunHarorHe) unm npu dyhervy
(XunHanomnHe)



CuHapOM anHeje y cnaBamy

CuHAapom anHeje y cnaBawy- [TMKBUKOB CUHAPOM

HacTtaje koA rojasHmux ocoba 36or nopemehaja seHTUNaUmnje
(anHeja >10 cekyHam)

- OncTpyKTMBHA anHeja
- UeHTpanHa anHeja

-  MewosuTa anHeja

103
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[MapacomHuje

e [laTONOLWKa NOHaLWaka Koja HacTajy 360r cnaBakba WK ce jaB/bajy
3a Bpeme crnaBamwa (06uyHo y HPEM ¢a3znu).

* Hactajy cumntomm n maHudectaumje aktuBaumje UHC (yrnaBHom
MOTOPHU N AYyTOHOMHM).

KAMHWMYKaA ncnosbaBamba:

- CoOMHabynunsam (mecevapeme)

- MaBOpP HOKTYpPHYC (HOhHM cTpaxoBu)
- eHypecuc HouTypHa (HOhHO ymoKpaBame€)

- bpyKcusam (WKpunawe 3ybruma)

- napokcuamanHu nopemehaju y PEM cnaBamy
(HohHe mope, nopemehaju noHalwara)




Mopemehaju pacnonoxkerwa

“AKo nocmoju nakao Ha 3emsou
OoHOa heme 2a npoHahu y dywu

mMenaHxonuyHoe: yoeexka” 08
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Mopemehaju pacnonoxxewa

HopmanHo pacnonoxxemwe

Tyra Cpeha

Nenpecuja MaHuja

106
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[lenpecuja

 [lenpecuja je apeKTUBHO 0bos/bemre

* AdeKTnBHa obosberba Cy NoBe3aHa ca NaToNOLWKUM
nopemehajuma pacnonoxkera
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[enpecuja

Mopemehaju ABa pa3nnymnTa cybKopTUKaNHa Kpyra
MOTY MHOYKOBATU Aenpecujy:

1. EKcTpanupamupganHor

2. Inmbunykor
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Teopuje penpecuje

HeypoxemujcKa (HeypoTpaHCMUTEPCKA) TeopuUja
buoputam Teopwuja

EnureHeTcKa Teopuja

HeypoeHOOKpUHa Teopuja

HeypouMmyHCKa Teopuja
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Heypoxemujcka (HeypoTpaHCMUTEpPCKa) Teopuja
aenpecuje

NedunumnjeHumnja:
* CepoOTOHMHA

* HopappeHanuHa
* JlonamuHa

110



dyHKLUMje cepOTOHUHA U HOpaapeHaNAnHa
MO3ry

Y

KoHueHTpauyuja

UHTepecoBama

MoTusauumja

111
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CepoTOHUH N HOpappeHas/IMH Y MO3ry

| JInMOnIKH
| -«
Ipedponrannu CHCTEM
i » N
!

(m3Bop 5-HT)

Nuclei Raphe / VF\
V)

Cooper JR, Bloom FE. The Biochemical Basis of Neuropharmacology. 1996.




ETMonaTtoreHe3sa genpecuje

PYHKLUMOHANHU HeAoCTaTakK

HopaAPEHanM Ha — A. Noradrenerglc Transmuss:on ‘
2 ~ "‘-\'( e %sme ‘
1. PegykoBaHa cMHTe3a S // I8 f
HOPa4dpPEHA/IUHA U3 "“.-;,. P Y / Dopdn . MAO inhibitor \
TnposunHa npeko AOTE ~ ) e G Sl \ |
6 ) i ; 1{ N Y Norepmephnnke SR \ ’
UHXNOUTOPU €H3NMA Pemmeee  NA\| (v o " dc.;svan 1}
| )\ o Fem |
2. ViHxnbu Linja Tegwen;m, / e ! \ Ll COMT hisor /
CKNnaguLiTema D sasa] /|
\ \ | B ch(:-:\ agonists
3. BnoKaga peuenTtopa 3a \{ S |
H O p a |ﬂ| p e H a fl M H | Norez;;tee&hnne ‘ Receptor COMT Norep::;:&rmef ‘
G
Deterioration lmprovement
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ETMonatoreHe3sa paenpecuje

— e —

Uptake § ~ Glucose supply

PYHKUMNOHANHN HEAOCTATAK [ B serotonergic Transmission
CepoTOHMUHa: ’ i

Tryptophan

x
\ |nsulm t
5-OH-
tryptophan ' | Ammo acids +

1. NHxmnbunuuja cuHTE3e U3 [d

Tp UNTO d) aHa | e Synthesis inhibitor O MAQ inhibtor \
. Serotonin ’ F“\ lr;hlbiﬁon TR Brealc
2. UHxnbuuymja il Nl
CKNagMIITerba CePOTOHMHA | 4\ bk L /
, "o
3. NMosehaHa noTpowma M\ s il
CEPOTOHMHA, CTBapakbe ™)
erotonin e Receptor rotonin e
MeNaToHUHa i ot B Serot ¢"°°"
Deterioration Improvement
114
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EnnreHeTUYKN mexaHnamum genpecuje

EnnreHeTnyko HacnehmBame npeacraB/ba Hac/ieaHe NPOMEHE Y
beHOTUNY UK Ha reHy n3a3BaHe MexaHM3MMMa PasANYUTUM Of,

MyTauuja:

MeTtnnauymja AHK
Moaundukaumja XuCToHa

EPIGENETIC MECHANISMS
o, @re affected by these factors and processes:

DNA methylation

t (in Utero, childhood)

[ Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA
\ \ and activate or repress genes.

CHROMATIN

HEALTH ENDPOINTS

Cancer

Histones are proteins around which
DNA can wind for compaction and

DNA i

HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
alters the extent to which DNA is wrapped around
h and the availability of genes in the DNA

to be activat

gene regulation.
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buoputam Teopumja

XunHorpam Kopg, genpecuje

* [lpomeHe opraHusauuje
crnaBama

* Kpaha nateHua opn
YCHMBAHa A0 nojase PEM
da3e cnaBama

* MNIHCOMHMja Y KAaCHMM
HOhHUM caTuMma

~ - "~ -

2300 oo 0100 0200 0300 04.00 o500 0500 0700 o300

XunHorpam nocne nevyemwa
aenpecuje e



HeypoeHaoKpuHa Teopuja

* [lopemehaj ocoBuHe
Xnnotanamyc-xmnoopwusa-
HaaoybpeXXHa *Knes3aa

* [I[pomeHe UmMpKagmjanHor putma
* [loBehaH KopTn3on

* CmambeH HeratusHu feedback
(noBehaH KopTM30A KOA,
Aeripecunje He CMakbyje cekpeuujy
CRF n ACTH)

inhibitory signai

hypothalamus

anterior
pituitary gland

adrenal gland

bloodstream

|

physiological changes
supporting
‘fiaht or fliaht' responses
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HeypoumyHcKa Teopuja

[MoBehaHn NponHGIaMaTOPHU LUTOKUHM

(IL-1, IL-6, TNF-o, C-peaKTUBHM NPOTEUH)

CmarbeHU aHTUMGNAMATOPHUN LUTOKUHN

(IL-4, IL-10)

CMmarbeHM penapaTtopHM MexaHU3MM HEPBHOT CUCTEMA
(HeypoTpodHM moxaaHu pakTop (BDNF) n apyru HeyTpoPUHCKM
dbaKkTOpU pacTa)

[MoBehare eHAOreHNX HEYPOTOKCUHA
HeypopereHepauuja
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LLinsodppeHuja

119
11



LLiTa je wnsodppeHunja?

LLnsodpenumja (Shizofrenija) je ckyn ncmxotnyHmx nopemehaja
Koju oHemoryhaBajy pa3/IMkoBawe peasiHnX 04 HepeanHuXx
OO0XWUB/baja NN NCKYCTaBa, OMeTajy IOTMYKO pasmMmumil/batbe, a
npaheHun cy Heogrosapajyhum emoumoHanHMM peakumjama.

Eugen Bleuler (1857-1939) - yBoau TepMuH shizophrenia npema
rPYKMM pedmma schizein (pacuenntn) u phren (ym, ayx)

Ncnosbasa ce namehy 17-25 rognHe Kmsota

120
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Mo3ntneHmn cumntomun (MAN NCUXOTUYHU CUMNTOMM):
neny3uje (naxHa yBepema), XxanyumHaumje (yrnaBHom
CNyLWHe), KaTaToHMja (nopemehaj 3ano4nmarba Maun
opraHm3aumje Bo/bHUX MOKPEeTa U NOA0Kaja).

HeratusHun cumntomm (aedpuuymntapHm cumnromm): ocehajHa
OTYNEeJIOCT, OCUPOMALLEH rOBOP, aHXeA0HWja, HeAPYLITBEHOCT.



LLiInsodppeHuja: nopemehaj selfa (ceectn o
cebu)

Jepeanusauymja: oOKoAMHaA je YyaHa,
apyraymja

JenepcoHanusaumja: Henpenos3HaBake
camor cebe, ryb/berbe naeHTUTETA

TpaHchopmaumja: npeysvmarbe HOBOr
NOEHTUTETA - XKUBOTUHbE, ApYyre ocobe

AyTnsam: nosnayere y cebe




LLiInsodppeHunje: teopunje (etmonorunja?)

leHeTcKa Teopwmja
HeypoaHaTtomcka Teopwmja

HeypoxemujcKa (HeypoTpaHCMUTECKA; HEYPOMOAY/IaTUBHA)
Teopuja: noBehaHa aKTUBHOCT AOMNaMMNHA

CoumonowKa Teopuja (umnsodpeHunja je obosbere
caBpemeHe umsuanlauuje)
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3Ha4yaj Hacneha y HacTaHKy WwWnsodpeHunje

* [locToje AOKa3un O reHeTCKoj nNpeancno3numnjm 3a HacTaHakK
lWn3odppeHunje

* PuU3nNK o, oboneBarba ce noBehaBa ca CTENMEHOM FeHeTCKe CPOAHOCTU

CcPOACTBO

wusodpeHunja
%

Poauresbun

5,6

Bpar bpat/
nnu cectpam
cecTpa jepaH
obonenu
poauTterb
10,1 16,7

Deua jeaHor
o6onenor
poguTtesba

12,8

Oeua aBa
obonena
poauTtesa

46,3

Pohaum

Apyror
cTeneHa

2,8

[BojajuaHu
6nu3aHuM

17,0

JepHojajuaHum
6nu3aHum

50,0
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HeypoaHaTomcKa Teopuja wnsodppeHuje

= ATpoduja PPOHTANHOr, TEMMNOPAJIHOT PEXHba, MPOLINPEHE
MOXXJaHe Komope

" PeaykoBaH Opoj HEYPOHa Y TaslaMycCy M XMNOKamMnycy

" PepykoBaHa UMpKynauuja n uckopmwhaBame riykose y
GPOHTAaNHOM KOPTEKCY

125
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HeypoxemujcKa (HeypoTpaHCMUTECKA, HEYpO-
MmoAaynaLuoHa) Teopuja wmnsodpeHumje

HeypoTpaHCMUTepwu:

1. JonamuH — nosehaH
2. CepoTOHUNH-CMaHeH
3. [hyTamaTt — cmakbeH

4. HopagpeHanuH n TABA - cmareHU
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ETMonartoreHesa wmnsodppeHuje

AonamunHepruyka akTUBHOCT

3 Symotoms increased \
nosehaHa:
DOPS —atle Do
J \ Syrmptoms reduced

» noBehaHa cMHTE3a A0NaMMHA Sipion 4 b
» noBehaHo ocnobahamwe 13
NPeCcMHaNTUYKOr 3aBPLUETKA

S Sterage |
= noBehaH 6poj n oceT/bnUBOCT
Ro-uprakeo § ‘ e
peuenTtopa Cocaine I Birgaehr -
» CMatbeHa pa3rpagta (aKkTMBHOCT - \ ’// |
. e Fri moepnony §
MAO) i

D, rocepioss

* CMaHbEHO NOHOBHO npey3nmaire -
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