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Hipokampus

The Hippocampal Metwork: The hippocampus forms a principally uni-directional network,
with input from the Entorhinal Cortex (EC) that forms connections with the Dentate Gyrus
(DG) and CAJ pyramidal neurons via the Perforant Path (PP - split into lateral and medial).
CA3 neurons also receive input from the DG via the mossy fibres (MF). They send axons
to CA1 pyramidal cells via the Schaffer Collateral Pathway (SC), as well as to CA1 cells in
the contralateral hippocampus via the Associational Commissural pathway (AC). CA1
neurons also receive nput directly from the Perforant Path and send axons to the
Subiculum (Sb). These neuron in turn send the main hippocampal output back to the EC,
forming a loop.




Hipokampus, pamet a uceni

Elektrofyziologické nahravani neuronove aktivity
Neuronova reprezentace protoru

Mechanismy hipokampového uceni a pameéti



Tetrodove nahravani
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Reprezentace prostoru

Neurony mista
Neurony smeru hlavy

Mrizkové neurony



Neurony mista

O'Keefe and Dostrovsky, 1971



Neurony mista - prostorova
reprezentace v hipekampu
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COMPUTER

Muller et al., 1987



Neurony mista - prostorova
reprezentace v hipekampu

Muller et al., 1987



Neurony mista— ovlivneny: vizualnimi
orientacnimi body

Cell 1

Cell 2

Muller et al., 1987



Neurony mista— aktivni i pri absenci
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vizualnich orientacnich bodu
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Muller et al., 1987



Reprezentace prostoru v hipokampu
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Neurony mista - premapovani
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Neurony mista— premapovani v CAl
vs. CA3

Leutgeb et al., 2004



Neurony mista— premapovani v CAl
vs. CA3
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Leutgeb et al., 2004



Neurony smeru hlavy:
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Neurony smeru hlavy:

Taube et al., 1990



Neurony smeru hlavy - anatomie

subiculum, mammillary bodies, anterior thalamus, entorhinal cortex

Cingulate gyrus

Anterior nucleus
of thalamus

Postcommissural
fornix

Anterior
commissure

Mamillothalamic
tract

Hippocampal

formation
Mammillary” Amygdala

bodies Entorhinal
cortex

Papez circuit:
subiculum, mammillary bodies, anterior thalamus, cingulate cortex,
entorhinal cortex



Mrizkove neurony— medialni
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Mrizkove neurony - premapovani
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\" VA4

Mrizkoveé neurony maji rozdilnou
prostorovou skalu

Stensola et al., 2012
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Mrizkove neurony — modularni
organlzace
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Stensola et al., 2012
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Anatomie navigacniho systemu
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Mechanismy uceni

Hebbova synapse
Dlouhodoba potenciace (LTP)
NMDA receptory a indukce LTP

Proteinkinaza M zeta (PKM zeta) a udrzovani (maintenance)
LTP



Donald Hebb a neuronove ansambly
(cell assemblies)

Neuronovy ansambl

Skupina neuronu vytvatejici
neuronovy obvod, ve kterém muze
po kratky Cas probihat reverbujici
aktivita.

“constitutes the simplest instance of
a representative process (image or
idea)”.

Donald Hebb
The Organization of Behavior, 1949



Hebbovo pravidlo uceni

Nové neuronové ansambly se vatvareji na zaklade zkusenosti
zivocicha.

Hebbovo pravidlo:

Jestlize axon neuronu A mize excitovat neuron B a opakované nebo
vytrvale se podili na aktivaci neuronu-B, nastane n€jaka anatomicka
nebo metabolicka zména v jednom nebo obou neuronech, ktera
vede k tomu, ze se zvysi ucinek bunky A pri aktivaci bunky B.

Hebb, 1949



Hebbovo pravidlo uceni

"When an axon of cell A is near enough to excite a cell B

and repeatedly or persistently takes part in firing it, some
growth process or metabolic change takes place in one or
both cells such that A’s efficiency, as one of the cells firing

B, is increased."

"Neurons that fire together wire together."

Hebb, 1949



Hipokampus potkana
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Dlouhodoba potenciace
long-term: potentiation (LTP)

Population
Hipp fiss e.p.s.p.
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Bliss and Lemo, 1973




Dlouhodoba potenciace

before stimulation after stimulation
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Dlouhodoba potenciace

Mechanismus indukce LTP
- NMDA glutamatovy receptor
Mechanismus udrzovani LTP.(maintenance)

-Proteinkinaza M zeta



Indukce dlouhodobée potenciace
3
NMDA glutamatovy, receptor



NMDA glutamatovy. receptor je
nevyhnutelny pro navezeni LTP v
hipokampu
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Collingridge et al., 1983



Morrisovo vodni bludiste

Morris water maze

Morris, 1981
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NMDA glutamatovy. receptor je

nevyhnutelny pro prostorove uceni v
morrisove vodnimrbludisti
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NMDA glutamatovy. receptor je
nevyhnutelny pro prostorove uceni V.
morrisove vodnim' bludisti
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NMDA glutamatovy receptor neni
nevyhnutelny pro vybaveni prostorove
pameti v.morrisove vodnim bludisti
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NMDA glutamatovy receptor neni
nevyhnutelny pro vybaveni prostorove
pameti v.morrisove vodnim bludisti

Transfer test 2

Morris, 1989




NMDA glutamatovy. receptor je
nevyhnutelny: pro vytvoreni stabilni
prostorove reprezentace V. hipokampu

Saline: Novel Environment CPP: Novel Environment
D1W1 D1W2 D2W1 D2W2

D1W1 D1W2 D2W1

Kentros et al., 1998



NMDA glutamatovy. receptor je
nevyhnutelny: pro vytvoreni stabilni
prostorove reprezentace v. hipokampu

CPP: Familiar Environmen t
G1 D1G2 D1G3

Kentros et al., 1998



Detekce koincidence v aktivite dvou
()
neuronu

Hebbovo pravidlo: Posileni synaptickeho spojeni mezi neurony,
které jsou spolu aktivni.

Klasické podminovani (Pavlov) Vznik asociace mezireprezentaci
podminéného (zvonek) a nepodmineneho (potrava) stimulu.

pre-synaptic post-synaptic
neuron neuron

synapse

dendrite




NMDA glutamatovy receptor jako
detektor koincidence

glutamate
glutamate receptor

Mg+
Al

)

channel for sodium cell membrane
and calcium ions




Udrzovani dlouhodebé potenciace
a
proteinkinaza M zeta



PKMzeta navozuje LTP
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Potenciace pomoci PKMzeta
Zznemoznuje navozeni LTP tetanickou
stimulaci
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Blokovani PKMzeta zvrati LTP
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Blokovani PKMzeta zvrati LTP 22 hodin
PO indukci.
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Blokovani PKMzeta vymaze
prostorovou pamet 22 hodin po uceni.
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Role PKMzeta u ruznych typu uceni

Typy paméti narusené inhibici PKMzeta:
Prostorova pamét v hipokampu
Averzivni pamét v amygdale
Apetitivni pamét v nucleus accumbens

Az tri mésice staré vzpominky mohou byt vymazany inhibitorem
PKMzeta.



Inhibice PKMzeta narusuje prostorovou
aktivitu hipolampovych neuronu mista.
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PKMzeta - signalni draha
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