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Limbicky system — emocCni a pamétovée okruhy

KLASICKY

1) archicortex
2) periarchicortex
3) amygdala

NOVEJI POPISOVANY
Prefrontalni kura a inzula
Septum verum
Ventralni striatum a pallidum
Casti thalamu a hypothalamu
Kmenoveé struktury napi.SGC
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Klasicky limbicky system

1) archicortex=hippokampalni formace
2) Periarchicortex = g. cinguli + parahippocampalis

Corpus callosum 3) amygdala

Cingulate Fornix

gyrus

Septum
Cut edge o
of midbrain / i Parahippocampal
Temporal BYTUS

lobe

http://www.acbrown.com



Hippokampalni formace
= archicortex
= Cornu Ammonis +subiculum + g. dentatus

Otevieny
temporalni roh
lateralni komory

s — subiculum — horni plocha g. parahippocampalis
h - Vlastni hippocampus = Cornu Ammonis
d — gyrus dentatus

Amy — amygdala
CC- splenium corporis callosi



Limbické struktury na
medialni plose
hemisféry

1-fimbria fornicis (hippocampi)
2-crus fornicis

3-commissura fornicis

4-columna fornicis

5-corpus mammillare
6-tuberculum anterius thalami
8-g. parahippocampalis

9-area 28

10- g. fasciolaris

11-precuneus

12-g.cinguli

13-g. occipitotemporalis lateralis
14-g. occipitotemporalis medialis
15-g. paraterminalis
16-g.subcallosus

18-polus temporalis

19-uncus (apex+ tenia Giacomini)
20-striae longitudinales + indusium
griseum



Pohled z ventralni strany

na limbické struktury
1-corpus callosum

2- commissura fornicis
3-epiphysis

4-colliculus superior
5-colliculus inferior
6-frenulum veli medullaris sup
7-vellum medullare sup
8-1V.n

9-crura cerebri

10- pulvinar thalami

11- locus coeruleus

12- tegmentum pontis
13-pars basilaris pontis
14-tractus opticus
15-uncus

16-g. parahippocampalis
17-sulcus collateralis

18 —supracommissuralni
hippocampus

19- trigonum olfactorium
= area perforata anterior




Pohled na area perfotata anterior (1)
a area perforata posterior (2)




Limbicky system - struktury

Archikortex

A) hipokampalni formace (g.dentatus, subiculum,
cornu Ammonis) = postkomisuralni hipokampus

B) suprakomisuralni hipokampus (indusium griseum,
strie longitudinales)

C) prekomisuralni hipokampus (area subcallosa (BA 25)
Periarchikortex

A) gyrus parahipocampalis BA 28 —entorhinalni kira,
presubiculum (BA 27), parasubiculum (BA 34) area
perirhinalis (BA 35,36)

B) gyrus cinguli (BA 23,24)
Amygdala corticalis, medialis, centralis, basalis, lateralis



Y Clenéni gyrus parahippocampalis
22-g.uncinatus
24-g.semilunaris = amygdala

20-g.parahippocampalis area 28 entorhinalni kura

25-g.cinguli

27-area subcallosa
28 fimbria hippocampi
33-indusium griseum
31 g. dentatus



+ orbitofrontalni
a mediofrontalni cortex
’ Striatum ventrale
N Ovy po h I ed Pallidum ventrale
Th (A.,MD)
Hypothalamus (CM)
Insula

Corpus callosum

Cingulate
gyrus

Orbital and medial < — Cut edge
prefrontal cortex /N\_/ of midbrain
Temporal Parahippocampal
lobe gyrus

http://www.acbrown.com



Novy pohled

Anterior nucleus

of the thalamus Fornix Medial dorsal
Mammillothalamic nucleus of the thalamus
tract

Anterior
commissure

Ventral basal

ganglia
Hypothalamus
Optic chiasm
Mammillary
Amygdala body Hippocampus

http://www.acbrown.com

+ orbitofrontalni

a mediofrontalni cortex
Striatum ventrale
Pallidum ventrale

Th (A.,MD)
Hypothalamus (CM)
Habenula







prava hemisféra z medialni strany

fornix - corpus -----=

fornix = eruS ===

fimbria hippocampi . g. fasciolaris

g. dentatus
sulcus hippocampi

. . . '
benderella Giacomini |
UNCUS === === i

\\ .~"g. Andrei Retzii
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g. parahippécampalis
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1
sulcus collatralis '

g. occipito-temporalis medialis

- ——

g. occipito-temporalis lateralis



benderella Giacomini  pes hippocampi fimbria hippocampi
hledi do komory

g. dentatus

g. uncinatus g. intralimbicus
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g.ambiens -~~~ ;

g. parahippocampalis sulcus hippocampi

Detail z predchoziho obrazku

Predni Cast unku: Zadni Cast unku archikortex:
g. Semilunaris = amygdala g. Uncinatus - hippocampus
g. Ambiens = paleokortex Banderella Giacomini — g. dentatus

Area 28= g. intralimbicus



Uncus a prilehlé struktury

Gyrus paraterminalis — medialni ¢ast
septum verum Area
subcallosa

U- g. uncinatus -archicortex
S- g. semilunaris- Amy(cort.)
A- g. ambiens-paleocortex

Ento — area 28 -mesocortex
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Ny

.....
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Tenia Giacomini = g. dentatus




otisk po tentorium
cerebelli

\"

Limbicky systém - uncus
1- apex uncis - CA

2- tenia Giacomini - g. dentatus
3-g. uncinatus - CA
4-g. semilunaris - ncl. corticalis Amy
5-g. ambiens - paleocortex

6-area entorhinalis - mesocortex
7-g. parahippocampalis

8-g. cinguli



Uncus a crura mesencephali

fornix
Com. pos com.ant.
Gyrus uncinatus
Apex unci
Fimbria fornicis
Tr. opticus

Gyrus dentatus g. semilunaris (Amy)

Tenia Giacomini g. ambiens (51)

Preparace a foto Dr.Bartos

Entorhinalni klra = area 28 verrucae areae entorhinalis






Verrucae areae
entorhinalis

- Prominujici ostravky
bunék 2. vrstvy
enthorinalni kary

Entorhinal verrucae geometry is
coincident and correlates

with Alzheimer’s lesions: a
combined neuropathology

and high-resolution ex vivo MRI
analysis

Jean C. Augustinack « Kristen E.
Huber « Gheorghe M. Postelnicu *
Sita Kakunoori * Ruopeng Wang ¢
Andre” J. W. van der Kouwe
Lawrence L. Wald « Thor D. Stein
* Matthew P. Frosch ¢ Bruce
Fischl

B- velké veruky prominuji
C-hodné malych a stfednich

D- méné malych a stfednich

E- skoro nejsou vidét

F - zadné

http://www.bu.edu/alzresearch/files/2014/10/Entorhinal-verrucae.pdf



Ostravky bunék v area 28 podminujici zvenci viditelné verrucae areae entorhinalis

Bunky jako prvni odumiraji béhem starnuti a u AD,
Negativni korelace mezi vékem a velikosti oblasti s verrukami

Hemispheric asymmetry, modular variability and age-related changes in the human entorhinal
cortex, 2004
*G. Simic®, S. Bexheti?, Z. Kelovic?, M. KosP, K. Grbic?, P.R. Hof¢, |. Kostovic?



http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff1
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff1
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff1
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff2
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff1
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff3
http://www.sciencedirect.com/science/article/pii/S0306452204008772
http://www.sciencedirect.com/science/article/pii/S0306452204008772#aff1

Opakovani

Zadni segment - hippocampus:
1 tenia Giacomini ,2 apex uncis, 3 fimbria, 4 fisura choroidea
(odstranén plexus choroideus), 5 g.uncinatus, 6 s. uncalis



Poloha uncus a tentorium cerebelll

- cerebellum a kmen
‘ odstraneny

iy

1 medial surface of uncus, 2 semilunar gyrus, 2 ~ semianular sulcus, 3 uncinate gyrus, 4 uncal apex,
5 ambient gyrus overlying the free edge of the tentorium cerebelli ( arrow a ), 6 middle part of the
parahippocampal gyrus far from the free edge ( arrow b ), 7 posterior part of the parahippocampal
gyrus (isthmus) in close contact with the free edge ( arrow c ), 8 posterior cranial fossa, 9 corpus

callosum, 9 “splenium, 10 margo denticulatus, 11 fi mbria ]
Duvernoy, The Human Hippocampus



Hippocampus v komore




Hipocampus a amygdala




Hipocampus a amygdala




Pohled shora na Caput nuclei caudati

hippokampalni

formaci
Stria terminalis

& Ty . | = % Digitationes
B F ol ¥ y hippocampi
Lamina affixa

— Subiculum
— Gyrus dentatus

Fimbria
| R . Cornu Ammonis
‘(*,,, KB S = ; —Commissura fornicis
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Horizontalni fez mozkem v urovni mesencephala

Postenior cerebral anteries

ON I (oculomoon

CN 1l foptic)

Temporal lobe
Tall of cavdate

nucleus

Level of section
(midbrain)
Hippocampal
formation
Intenior hoem of
lateral ventricle

Entorhinal cortex




/ \-c
" Rezy vyvijejici se

hemisférou

Neocortex
Paleocortex
Archicortex

Vyvoj kiiry telencephalického vacku pozdéjsi v
¢asném embryonalni obdobi ( Petrovicky)



Vyvoj hippokampalni formace

[ea .
, <
Subiculum MW T 2",

Cisterna
& ambiens

Area 28 SN 7
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PH ®

Sulcus hippocampi t

w 9

1 Tentorium
4 — fimbria hippocampi (fornicis) collateralis

16- fissura choroidea



Vyvoj mozkové kiry -3

paleocortex insula

archicortex
neocortex Hoeschluv zavit
g.Ts
< s.Ts
g. Tm
“\ .
‘ - s.Ti
g.Ti
s.O-T

Schema prof. Petrovického —



Suprakomissuralni hippocampalni formace - potkan

Cornu Ammonis

Gyrus
dentatus



Hippocampalni formace potkana (a) a Cloveka(b)

a) supracommissuralni :
S R,

b) postcommissuralni



Suprakomissuralni hippocampus clovéek

!‘L, | 2 -

1) Stria longitudinalis medialis ; 2) Stria longitudinalis lateralis

a 3) indusium griseum. (Reprinted from: Nieuwenhuys R, Voogd J, van Huijzen C.
The Human Central Nervous System. Berlin: Springer-Verlag 1988:300, with permission.)

Representative MR images of the |G classical, symmetric two-strip (A),
symmetric, but centrally fused (B), lateralized, single-strip (C), and thin-
layer (D) patterns.fig 2. The medial and lateral longitudinal striae of
Lancisii.




Casti archikortexu a periarchikortexu na frontalnim rezu mozkem opice
E.T. Rolls / Behavioural Brain Research 174 (2006) 289-303

Fig. 1. Thionin-stained coronal section through the monkey hippocampal formation

(HF), including the adjacent parahippocampal gyrus. CA1-CA4: hippocampal

subfields; fm: fimbria; gc: granule cells in the dentate gyrus; hf: hippocampal

formation; ProS: prosubiculum; Sub: subiculum; PreS: presubiculum (PreS);

ParaS: parasubiculum; TF, TH, TL: areas of the parahippocampal gyrus; ots:

occipitotemporal sulcus. (After Blatt and Rosene [4].)
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Schema hipokampalni formace
(zadni ¢ast — cauda hippocampi)

pohled zepfedu suprakomisuralni hippocampus

9
\ 19 stria longitudinalis medialis
20 indusium griseum,

21 stria longitudinalis lateralis

Splenium CC

g. Fasciolaris zadni ¢ast CA3

= Fasciola cinerea zadni ¢ast g. dentatus

Gyri Andrease Retziuse (zadni ¢as CA1)

postkomisuralni hippocampus

1,7 gyrus dentatus,

4, 13 fimbria,

5, 12 alveus,

6, 14 subiculum.

8 gyri Andrease Retziuse (CA1l)

9 fasciola cinerea = prodlouZeni margo denticulatus,
10 gyrus fasciolaris (CA3) =hippocampus

inversus,

11 sulcus dentatofasciolaris,



Frontalm rez mozkem pres splenlum CC

1corpus callosum, 2 splenium, 3 crus of fornix, 4 subcallosal trigone, 5 gyrus
fasciolaris, 6 fasciola cinerea, 7 the subsplenial gyrus, an extension of the gyrus fasciolaris, 8 isthmus, 9 parahippocampal gyrus



Pohled z ventralni strany

na limbické struktury
1-corpus callosum

2- commissura fornicis
3-epiphysis

4-colliculus superior
5-colliculus inferior
6-frenulum veli medullaris sup
7-vellum medullare sup
8-1V.n

9-crura cerebri

10- pulvinar thalami

11- locus coeruleus

12- tegmentum pontis
13-pars basilaris pontis
14-tractus opticus
15-uncus

16-g. parahippocampalis
17-sulcus collateralis

18 —supracommissuralni
hippocampus

19- trigonum olfactorium

= area perforata anterior
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Casti hippocampu

1-4- hlava, télo a ocas hippocampu
5,6-digitationes hippocampi

Duvernoy, The Human Hippocampus

-

s ..

- -~
e

Gyrus dentatus
(hippocampus pruhledny)

povrchu
viditelna ¢ast
GD

P

4- tenia Giacomini



Obr42.: Pohled na vypreparovany hippocampus a jeho vyrez.
Vysvétlivky u obr.43.



fissura choroidea

\ stria terminalis

s, fimbriodentatus

sulcus Hippocampi

=1 B
gyrus SRR

parahippocampa.lis
: plexus

choroideus

alveus

VENTRICULUS
LATERALIS

Il. vrstva Y, eminentia collateralis
vV g. dentatus —

I. Il Ill. vrstva allocortexu



CA a subiculum - pyramidové bb.

g. dentatus —
granularni bb.



Frontalni rez hippocampem

fimbria fornicis

\

cauda ncl caudati

gyrus dentatus —,

subiculum

area 28
entorhinalni klra

/

gyrus parahippocampalis

sulcus collateralis



Archicortex - hippokampalni formace

o 3 casti 3 vrstvy
gyrus dentatus
cornu Ammonis stratum
subiculum moleculare
stratum
pyramidale
stratum

polymorfum




Andersenuv okruh — vnitini hippokampalni
fimbria

Areaf28—> —p CA3-CA2-CAl —»Sub|—>

fimbria - podkorovy Schafferova kolaterala

alveus — bila hmota

Hipp — CA3-CA2-CA1l

perforujici
draha

Sub




Choroid plexus

Andersenuv okruh — vnitini
hippokampalni

fimbria

Schafferovy kolateraly

perforujici mechova

draha viakna T
fimbria

Area 28 ™ DeNt mmmp CA3-CA2-CAl ey SUID e
A

efferenty do area 28




Neurotransmittery ve vlaknech fornixu

HIP
Glu
ACh AR =T 4,
GABA D i

SP, parvalb.

Fornix podkorovy eferent hipp formace bézi v ném i aferentni viakna ze septa (Ach)



Vyznam hippocampu a entorhinalni kury pro
prostorovou orientaci

« Pozi¢ni (mistove) neurony (place cells) hippocampu —
mapy

prostredi- John O’Keef

* Neurony prostoroveé mfizky (grid cells) area 28 — sit
souradnic -

Moserova Moser

* Neurony sméru hlavy (head position cells) area 28

* Hranicni neurony (boundary cells) area 28 subiculum, pre-
and parasubiculum

reaguji na pritomnost prekazky v prostredi



(a) (b)

tetrodes
(c) (d)
Hippocampus Medial entorhinal cortex
boundary-
border cell

place call

Curront Opinon n Neutobiology

Spatial and memory circuits
in the medial entorhinal
cortex

*Takuya Sasaki’,

«Stefan Leutgeb’ 2,

«Jill K Leutgeb

(a) While rats explore an environment the activity patterns of populations of neurons can be monitored using large-scale
recording techniques. (b) Recording arrays with multiple independently moveable electrode bundles that each consist of four

electrodes (i.e., tetrodes) allow for the sampling of large brain regions within the rodent brain. Here, the medial entorhinal cortex
(MEC) is shown in purple and the hippocampus in blue. (c) and (d) The four electrodes that comprise a tetrode can record the
action potentials of dozens of neurons located in close proximity to the electrode tip. This method, used in awake-behaving rats,

has revealed distinct functional cell types in MEC and in hippocampus and has been critical for determining network

computations by simultaneously monitoring the activity patterns of a large number of neurons. (¢) Hippocampal principal neurons

are spatially tuned and fire action potentials at distinct locations in an environment that an animal actively explores (see (a)).
Firing rate maps are shown for two active place cells (highlighted in pink). For rate maps, peak rates are indicated in red, zero
firing in blue. (d) Grid cells, border cells, and head-direction cells comprise a large fraction of the cells in MEC.



1) Objev "Place-cells" John O'Keefe, 1971

Bunky hippocampu reagujici na misto v prostoru

2) Objev ,grid cells” Edward and May-Britt Moser, 2005
Buriky v medialni entorhinalni kdfe k méreni
vzdalenosti a sméru (uzivané k hrubému odhadu

polohy)

electrode

Edward and May-Britt Moser

— 1.0 msec —



electrode

Place Cell Recording




place cells

location in
humans

Thelma




grid cell

s tens e

place cell



Hippocampus (,PLACE CELLS" ) — navigator. sbira informace:
z ,grid cells” ENTO (AREA 28) — mfizka — hruby odhad polohy
a ze senzitivnich vstupu zrak, €ich, sluch apod.

TVORBA COGNITIVNIi MAPY

Bunky hippocampu
Bunky reaguijici na Grid Cells

urcitou polohu

pory® Cortex

Pro
lokalizaci
dulezité

-«

senzitivni
vstupy




Lide maji také ,,grid bunky:-

Neurochirurgicti pacienti - dobrovolnici s implantovanou elektrodou v
hippocampu pred operaci

Pfi hrani na laptopu fungovala virtualni realita a pfi prochazeni ,vesniCkou®“ se
vytvofila pfi snimani z bunéky entorhinalni kary ,mfizka“

Michael Kahana of Penn, and Itzhak Fried of UCLA

V enthorhinalni kufe ,path cells” — pali
pfi pohybu po nebo proti sméru
hodinovych rucicek

a grid cells

V hippocampu — ,place cells”

http://www.foxnews.com/science/2013/08/05/grid-cells-help-humans-navigate/#
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Pohled shora na
hippokampalni
formaci



; rpus fornicis




27707




Sagitalni rez mozkem barveny na vlakna

amy









1=amygdala, 2=alveus, 3=hippocampal head, 4=temporal horn of the lateral ventricle and fimbria,
5=hippocampal body, 6=hippocampal tail, 7=fimbria, 8=alveus. The images displays the average image of
three MR images of a young healthy male acquired using a 0.5x0.5x0.5mm3 resolution after zero filling at
3 T field strength (Gyroscan Intera 3.0 T, Philips, Best, NL). Raw images are a courtesy of Dr. H.
Schiffbauer.

Defining the human hippocampus in cerebral magnetic resonance images—An overview of current

segmentation protocols
C. Konrad a,b,c, 1,1, T. Ukas a,b,1, C. Nebel a,b, V. Arolt a, A.W. Toga d, K.L. Narr d, 2009



1- hippocampus — head

la — digitationes hippocampi
2 — alveus

3-amygdala

4-cornu temporale

5- cisterna ambiens



Casti hippokampalni formace
na MR — frontalni fezy

B DG&CA4



fMRI studie

—e-Reiblions > Locston Spatial Cognition
and the

Hippocampus:

The Anterior—

Posterior Axis
Lynn Nadelz, Siobhan
Hoscheidtz, and Lee R. Ryan:

>

Effect size

Anterior Ant-mid Post-mid Posterior

" HPC ROIs (right) Bt - . Aktivace
(spatial condition > control task) , :
zadniho hipp
Informace o
—e—Location > Relations prosto rOV)'/Ch
I\l - o -Relations > Location VZtaZ |’ Ch
" .
N
w
k3] .
ko 1 Aktivace
W l-————--“' predniho hipp
Informace o
Mid Posterior misté nebo
HPC ROls (left) y : kontextu

(spatial condition > control task)

location-specific =green,
relations-specific = red, overlapping = violet and blue



VBM findings.

. (a Left) Sagittal section of an MRI scan with the
hippocampus indicated by the red box. (a
Right) Coronal section through the MRI scan,
again with the hippocampi indicated.

(b). Increased gray matter volume in the
posterior of the left and right hippocampi (LH
and RH, respectively) of taxi drivers relative to
those of controls, shown in the top of the figure
in sagittal section. Underneath, the areas of
gray matter difference are shown in coronal
sections at three different coordinates in the y
axis to illustrate the extent of the difference
down the long axis of the hippocampus.

(c) Increased gray matter volume in the anterior
of the left and right hippocampi of controls
relative to those of taxi drivers, shown in
sagittal section.

Maguire E A et al. PNAS 2000;97:4398-4403

©2000 by National Academy of Sciences E |§| E 5 S



125
115

105

75 7 e LH
% LondynSti taxikari maji

signifikantné vétsi zadni Cast

Tdrivers hippocampu nez vékoveé jim

Hippocampal cross-sectional area (mm?)
[
w
W

HE Controls odpovidajici skupina

125 dobrovolniku, ale maji mensi
115 * predni Cast hippocampu
105 -
95 HIPPOCAMPUS JE KLICOVY
85 PRO UKLADANI KOGNITIVNICH

MAP OKOLNiHO PROSTREDI
75 RH
65
S THE | OBJEM PRAVEHO
45 e T .

HIPPOCAMPU JE TiM VETSI, CiM
anterior body posterior DELE TAXIKAR JEZDi — TEDY
ZISKANY — LOKALNI PLASTICITA

Navigation-related structural change in the hippocampi of
taxi drivers, Maguire et al., 2000PNAS vol. 97



Henry Molaison .
V 7 letech pad z kola, potom trpel PaCIent H - M .

tezkymi epileptickymi zachvaty
Ve 27 letech bilateralné odstranén
temporalni laloky

Anterogradni amnézie

Ale lustil krizovky

Zemrel v 83 letech




Pacient H.M.

Suzanne Corkin et al. J. Neurosci. 1997:17:3964-3979



Okruhy hipokampu

Vnitini Korovy
1 trni Perforujici draha
2.
n CA3-CA2 -CAl Sub ENT neokortex

MECHOVA  Schafferovy
kolateraly

VLAKNA

3. | Papezav

| podkorova centra I




Hipokampalni okruhy

Neocortex

entorhinalni

-
kdra
CA3-CAl

1

intrinsticky 3 | podkorovy

Thalamus
Hypothalamus
Septum verum
Ncl. accumbens
Kmen
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Rychlé podkorové spoje do amygdaly zajiStuji rychlé rozpoznani nebezpeci (strachu)

Aktivace amygdaly vydéSenym obliCejem
74-ms post-stimulus onset, to fearful, but not neutral or happy, facial expressions

Nature Neuroscience A fast pathway for fear in human amygdala

Constantino Méndez-Bértolo,: 2 11 Stephan Moratti,1: 34 11 Rafael Toledano,®> Fernando Lopez-Sosa,l Roberto Martinez-Alvarez,’Yee H
Mah,Z Patrik Vuilleumier,8 Antonio Gil-Nagel®> & Bryan A Strangel- %

Nature NeuroscienceVolume:19,Pages:1041-1049(2016)
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Amygdala v limbickem systemu

Cingulate sulcus Fasciolar gyrus

Precommissural
hippocampus Hippocampus

Rhinal sulcus
Collateral sulcus
1. Subcallosal area

2. Precommissural septum
3. Lamina terminalis

Laterobasal - cortical amygdala






Pacientka S.M. oboustranne znicena
amygdala (urbach-wietheho nemoc)

A MRI scans show the brain of a healthy, neurologically intact individual (left) and focal bilateral amygdala damage
in patient S.M. (right, circled in red). Photograph: lowa Neurological Patient Registry/University of lowa



S.M. se nebala hadu, tarantuli ani hororovych filmd. Byla nékolikrat pfepadena a ani
tehdy se nelekla.
Inhalace CO vyvolala pocit duseni a panickou ataku.

The human amygdala and the induction and experience of fear, Feinstien JS et
al, 2011




Kluver-Bucy syndrom

U makaku experimentalné odstranéna
predni Cast temporalniho laloku (1939)

- Placidita (Krotkost se ztratou strachu a
agresivity )

« Oralni tendence

* Vizualni agnosie

« Hypersexualita

« Zvyseneé prozkoumavani okoli

« Zmeny dietnich zvyklosti

Syndrom byl v praxi popsan mj. u pacientu s

herpes simplex encefalitidou, mozkovymi

poranenimi, u Pickovy choroby, u Reyova
syndromu, adrenoleukodystrofii a u vyvojovych
bilateralnich temporalnich patologii

: : Paul Bucy
U lidi se pfidava demence, amnesie, afasie, ~Aorids M
chybi hypersexualita




,Klasicka” amygdala




Amygdala - podjadra

— spoje z Cichove kury
Medialis ~
Centralis ©~
Lateralis
Basalis

Extended amygdala — vybezek do
substantia iInnominata

spoje s hypothalamem a kmenem

_~ Spoje s asociacni kdrou, hypoth, th



Amygdala — schema jader a spoju

* BL spoje s kurou
* CM- spoje s podkofim
« Co- aferenty z Cichové drahy

ST- stria terminalis
VAFS- ventralni amygdalofugalni svazek
SOL —stria olfactoria lateralis

21

Pod ncl. lentiformis a kolem stria terminalis
rozprostiené bb. — extended amygdala

20










Funkce amygdaly

* 1) Zpracovani emocne dulezitych signalu
 Cidlo strachu”

» 2) Prenos do autonomnich motorickych
systému vyjadrujicich emoce




Podle Heimera nové
extended amydgala

Heimer et al. 1999




Amygdala a rozsirena (extended) amygdala
(podle ten Donkelaara)

« Senzorické vstupy se pres
Co a BL amygdalu sbihaji
do Ce-M a extended
amygdaly, ktera generuje
endokrinni, autonomni a
somatomotorické aspekty
emocnich stavu a
motivace.
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http://whalenlab.info/about-amygdala.html

SLEA

7] neurons alp

NEM
NneLronNs
¢ /
Lk ® dorsal
amygdala (Ce)
o :.
®
substantia
innominata (S)) . '
dorsal
amygdala
[AAA, Me)
veniral \
amygdala (Co) ICMs

ventral
amyqgdala {BLC)

temporal fobe

wwrn wWhave Ly -

fMR

human BOLD signal response is to invoke a
dorsal/ventral distinction across the human
amygdala

the dorsal amygdala (Ce), (Me) a (AAA).
The ventral amygdala (BLC) cortical nucleus
(Co).

- signal
souvisi s detekci a
diskriminaci stimulu podle
jeho v minulosti ovérené
povahy.

Dorsalni amygdala/Sl
aktivace — je nejveétsi,
pokud se nevi co
prezentovany stimul udéla.
Tento ostrazity systém je
vyznamny ve vztahu k
odpoveédi na stimuly
nejistého emocniho
vyznamu (hlavné v fiSi
uzkostnych poruch)



information

Processing
Potantiation
dorsal amygdala/s!
Resnonss
Potentiation ventral amygdala

Strach — nejasné —
pfepojeno do dorsalni
casti amygdaly a Sl

Amygdala

Hnév — rychla reakce - utok uték)

A proposed model of amygdala response to fearful
and angry facial expressions.

Paul J.Whalen © 3004  www whalenlab.inda
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Spoje limbického systému

Eyrus cinguli mdusium griseam :
corpus Gallosum \
= _ i

subcus calcarinus

fimbria formicis
stria terminalis

gyrus dentatus
sulcus hppocampi

str olf med
st olflat —
tr off

subiculum

pool



Amygdarni okruhy

Neocortex

Stria korovy

olfactoria
lateralis

ventralni amygdalofugalni
svazek

podkorovy

1 | intrinsticky 3

stria terminalis

Thalamus
Hypothalamus
Septum verum
Ncl. accumbens
Bed nucleus striae terminalis
Kmen




Amygdalarni okruhy

« Koroveé bézi ve fasciculus uncinatus

BL — OF,insula, temp. — BL a centr.




Podkoroveé spoje amygdaly

Stria terminalis (vSechna jadra)

Odbocéky OF kura, MD thalami, VM hypothalami, area
adolfactoria

Ventralni amygdalofugalni system (Cent,M, Ext)
- primo do lat Hyp predni jadra, ncl.basalis, acc
Kmenovy

Z centralnich jader — monoaminovy systém, RF, dX,
ncl solitarius



Spoje amygdaly — celkové podle LeDoux

Sensoricka kdra Asociaéni kdra Hippocampus a Prefrontalni kirra
Aud, vis, somsato, gust, olff  polymodalni entcirhlnalm kura (regulace)
v

Thalamus

_ 7 Sensoricka jadra v kmeni
(vis, aud, somato)

(chut, bolest, viscerosens)




Amygdala a pamet

Dorsalni
Procedualni pamét Pracovni pamét
Systém odmén Meta pamét’

Prefrontalni / ﬁamét'lft‘.’ ¢ S,trategvit?
Striatum klira Vrosp’e Hvni pame

\ entraln_l
4 Sémanticka pamét
Extink¢ni uceni
Konceptualni priming
Autobiografické vybavovani

EMOCNE
1 r— 4 v
EXI\?II%ATI'NENA > Hippocamopus
amygdala < —— | Entorhinalni kara
Deklarativni pamé! | perirningin kira
Konsolidace paméti
Kontextualni strachové podmifiovani
Komplexni uceni
Hypothalamo-
hypofyzarni . e e
ypory Mozecek Senzitivni klira
osa
Neurohormonaini Reflexivni podmiiiovani Ukladani vzpominek
modulace paméti Motorické u&eni Konceptualni priming

Perceptualni priming



Rekonsolidace emocni paméti
PODLE http://www.nature.com/npp/journal/v40/n4/fig_tab/npp2014243f2.htmli#figure-title

cortex | ’ thalamus hippocampus
Ncl. accumbens! ¢ “ AmyBL || AmyCE
SLAST I
ODPOR

Locus coeruleus
Ncl. tr. solitarii

Noradrenalin —rekonsolidace emoéni paméti
Glutamat

Blokada NMDA noradrenergnich receptoru propranololem pomaha blokovat
rekonsolidaci emoc¢ni paméti u posttraumatické stresové poruchy i pfi |[€¢bé zavislosti



Role amygdaly v nocicepci

Behavioral/motor

responses
(spenal reflexes, vocalizations,
freezing, vigilance)

[mmmlmx: _ o (

Autonomic changes
(heart rate, blood pressure,
respiration)

Hypoalgesia or
hyperalgesia

J

[ Thalamus (posterior) ] | Parabrachial nucleus |

\/
e —f "

Motoricka
odpovéd

Autonomni zmény

Hypoalgesie
hyperalgesie

ORANZOVE OZNACENE OBLASTI ZNACNE OVLIVNENE CHRONICKOU BOLESTIi ACC=anterior cingulate
cortex, B=basal nucleus, CeM=centromedial nuclei region, Co=cortical nuclei in the superficial region,
ITC=intercalcated cells, LA=lateral nucleus. Based on (Neugebauer et al., 2009; Neugebauer et al., 2004; Price,

2003).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920543/#R35
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920543/#R36
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920543/#R41

Role inzuly v emocich

—» Kognitivni
zpracovani

Emocni

stimulus amygdala

Emocni odpoved

Funkéni neuroanatomicka modifikace modelu emocnich odpovédi Williama Jamese (1984). Emocni stimuly (S)
vyvolavaji automatické emocéni odpovédi (R) cestou spojli thalamus—amygdala (rizové ¢ary). Toto se déje na
podvédomé urovni. Autonomni odpovédi v periferii se registruji a vedou do stfedni ¢asti inzuly a po zpracovani do
pfedni inzuly vpravo, kde dochazi k vy$§Simu kognitivnimu zpracovani. Emoc¢ni stavy jsou tedy vysledkem interakci
mezi perifernimi a centralnimi vstupy v pravé predni inzule

Trends in Cognitive Sciences, 6(8), J. S. Morris, How do you feel?,



Lécba fobii

(a)

Oblasti aktivované pfi vyhasinani podminéného strachu.

a, Ventromedialni prefrontalni kdra (Sipka) pfi u¢eni méné odpovida na podminény stimul (CS+)

b, amygdala se aktivuje (Sipka) jako odpovéd na CS+ pfi ueni oproti vyhasinani

Béhem tréninku vyhasinani se aktivita ventromedialniho prefrontalniho cortexu postupné zvysuje a velikost tohoto vzestupu
aktivace odpovida retenci vyhasinani.

Trénink vyhasinani zpUsobi pokles aktivity amygdaly pfi pusobeni CS+

. Reprinted from Neuron, 48, E A. Phelps & J. E. LeDoux, Contributions of the amygdala to emotion processing: from animal models
to human behavior, pp. 175-187, Copyright (2005), and adapted from Neuron , 43, E. A. Phelps
et al., Extinction learning in humans: role of the amygdala and vmPFC, pp. 897-905,



Stria terminalis

Stria terminalis f£77"

Amygdala Hypothalamus



Fornix

Med. ],ongi.tu.d Crus of Bodg of Anterior commissure

stria fornix fornix posteri,or Pa.r‘f

Splenium of anterior Par’c
corpus callosum i s

Column of fornix
Calcar avis

Mammillothalam tr.
N\ammlu.arvj bodj

Uncus (cu,i)

Collateral eminence Fimbria of hippocanﬁpu.S Hippocampus

_ F16.310. Dissection of right hemisphere showing inferior and posterior horns of the lateral ventricle,
hippocampus, fornix and anterior commissure. (After Rauber-Kopsch.)



[ Neocortex ]

o

Hypothalarmro
" Fornix

Amygdala

Cich
[ Paleocortex ] [Archicortex

[ peripaleocortex] | periarchicortex | [Temporélnl’neocortex]

Striaterminalis




Spolecné charakteristiky spoju hipokampu a

amygdaly
1) Prima projekce do neokortexu: Temp O-F
2) Obloukem probihajici eferent do podkofi -Th, Hypoth, Spt
Fornix Stria terminalis

3)Podobné oblouky spoju
Hip-Hyp(CM)-Th(Ant)-g.cinguli-Hip
Amy-Hyp(Ant)-Th(MD)-Front.ktira-Amy
4)Spoje s mozkovym kmenem
pres CM a habenulu
primo
5)Témeér vsechny spoje obousmeérné a tvori okruhy drah
6)Aferenty z €ichové drahy, bez zpétné vazby
pres periarchikortex
primo do kortikalnich jader
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Obr. 72.: Srovnani hipocampalnich a amygdalarnich okruhu

CORTEX
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Cortex

Temp + O-F _ ” Cingular

fornix

mus

Olfactory
bulb

Temp +O-F Cingular
-—

Kmen:

RF
Jadra X. nervu

Chemické systémy

Cortex

stria terminalis

Hypothalamus

)

Kmen:

Chemické systémy
RF

Jadra X. nervu




NEOC. F.

NEOC. P.

9. cing.
TH
HY M
Am HiP
PIR. C. [l
— |

NEOC. P.

NEOC. T.

RF

Obr. 72.: Srovnini hipokampélnich a amygdaliraich okeruhid, v dolni &asti

kaZdého schematu je pfipojena i draha Sichova,




PET studie emoci

Functional Neuroanatomy of Emotion: A Meta-Analysis of Emotion
Activation Studies in PET and fMRI*1

K. Luan Phana, 2, Tor Wagerb, Stephan F. Taylora and Israel
Liberzonc, a

(1) medialni prefrontalni cortex hlavni role ve zpracovani emoci;
(2) strach registruje amygdala;
(3) smutek spojen s aktivitou subkalosni cast g. cinguli;

(4) emoce vyvolané zrakovym podnétem aktivuji occipitalni cortex a
amygdalu;

(5) pro emocni vzpominky dulezita pfedni cingularni kira a inzula;
(6) emocni projevy s kognitivni slozkou také zameéstnavaji predni
cingularni kuru a inzulu.

Tato studie prokazuje, ze v ruznych strankach emoci jsou zapojeny
ruzne casti mozku.



Chemickeé systémy

Neurotransmittery:

Inhibicni : GABA, glycin

Excitacni:
katecholaminy skupiny A1-Al14
serotonin skupiny B1-B9 (raphealni jadra)
glutamat

Modulace: substance P, enkefalin, calbindin, VIP,
oxid dusnaty atd.

Dulezity je nejen neurotransmitter, ale i pfitomnost receptori pro néj

V kazdém neuronu je ,koktail“ mediator
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Biogenni aminy Neurotransmitery

Adrenalin, noradrenalin, dopamin
Serotonin

Acetylcholin

Histamin

Aminokyseliny
Glutamat, aspartat — excitacni napf. spinalni ganglion
GABA, glycin — inhibiCni napf. interneurony v mise

Nukleotidy
Adenosin, ATP

Neuropeptidy
Substance P, VIP, somatostatin, cholecystokinin, enkefalin, endorfiny,

Plyny- NO, CO



Neurotransmitery pusobi po navazani na
prislusny receptor — coz vyvola

* 1) primo otevreni iontoveho kanalu
nikotinovy receptor— zdrzeni na synapsi
milisekundy

« 2) pusobeni pres G protein-
zdrzeni stovky milisekund



Pusobeni pres G-protein muze

1) Postsynapticky depolarizovat — excitovat

2) Postsynaptycky hyperpolarizovat —
iInhibovat

Zalezi na druhu receptoru, napr. noradrenalin
v CNS na beta receptorech excituje a na
alfa receptorech inhibuje



Kam s neurotransmiterem ze synapticke
sterbiny?

* 1) zpétne se vstrebava (serotonin,
histamin,katecholaminy), GABA, glycin,
glutamat, aspartat

« 2) rozlozi se pusobenim enzymu (AChE)

» 3) vstrebaji se do glii

MOZNOST OVLIVNENI FARMAKOLOGICKY



PUsobeni mediatoru pfes
G-protein (2. posel)

Fyziologie a patologicka fyziologie pro klinickou praxi, Rokyta et al



Rez pontomesencephalickym pfechodem

Neurotransmitery ,///////}///%////// '
A6 — locus coeruleus — noradranalin ///: /

B6,7 —ncl. raphe dorsalis — serotonin
— ncl pedunculo pontinus acetylcholin, NO_—



Rez pontomesencephalickym pfechodem

serotonin
A6 X

noradrenalin

PP°7 . C1  Souéast aktivaéniho systému RF



Mesencephalon horni

corpus pineale

A9
substantia
nigra
comp

A10 area ventralis tegmentalia Tsali




Use of Neuromelanin-Sensitive MRI to Distinguish Schizophrenic and Depressive
Patients and Healthy Individuals Based on Signal Alterations in the Substantia Nigra
and Locus Ceruleus
Eri Shibataa, , , Makoto Sasakib, Koujiro Tohyamac, Kotaro Otsukaa, Jin Endoha,

Yasuo Terayamad and Akio Sakaia

SUBSTANTIA
NIGRA
A9+A10 (VTA)

LOCUS
COERULEUS
A6

deprese kontrola

schizofrenie
1 Intenzita SNig 1 Intenzita LCoe


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4S-4SDFS85-1&_user=1076801&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1076801&md5=8e9a713d5998e9e0e7d2240c9828e7be#aff1
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4S-4SDFS85-1&_user=1076801&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1076801&md5=8e9a713d5998e9e0e7d2240c9828e7be#aff2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4S-4SDFS85-1&_user=1076801&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1076801&md5=8e9a713d5998e9e0e7d2240c9828e7be#aff3
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http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T4S-4SDFS85-1&_user=1076801&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_version=1&_urlVersion=0&_userid=1076801&md5=8e9a713d5998e9e0e7d2240c9828e7be#aff4
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Katecholaminy v mesencephalon
a diencephalon



“own

Poloha a projekce
katecholaminu
v hypothalamu

MS



PREHLED PROJEKCE ZE SUBSTANTIA NIGRA
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Dopaminergni projekce z mesencephalon:

meso-limbicka
meso-cortikalni




obr. 75

Projekce z oblasti kmene str. 421

PARKINSON
meso-cortikalni zAvisLosT

meso_lim biC ka’ SCHIZOFRENIE

Fcortex
BO s
anatomicky:
nigro-striaticky svazek ‘e o _

ventralni periventric. svazek—%
reticulo-spinalni svazek —.__ 5

reticulo-spinalni—x)



POLOHA “kmenovych” CHEMICKYCH DRAH v hypothalamu
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