Bevezetes a magasabb
idegrendszeri funkciok
szervezodéesébe



Platon és a lélek:

LOGOS

THYMOS

EROS

Cupido és Psyche, i.e. |l. sz.



KOGNITIV IDEGTUDOMANY — MAGASABB SZINTU
MUKODESEK

- neuronalis esemenyek
- mentalis jelenségek
- megfigyelhet6 viselkedés

Mentalis jelenségek:

1. Kognitiv

2. Konativ

3. Affektiv

4. Szocialis

,o0cial — cognitive - affective neuroscience”

Tudomanyos diszciplinak integraciodja: kiserletes pszicholdgia,
neuroldgia-pszichiatria, idegélettan-anatomia, komputacioés modellek,
funkcionalis agyi képalkotas, genetika, szociologia stb.
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Frenolégia:
Gall és Spurzheim (1796)

UNIVERSAL LANGUAGE. 825

UNIVERSAL LANGUAGE.

Vesona or Univer-
sal Language
is based upon the
natural meaning of
the vocal sounds.
And in its struct-

s ure we combine
Y FE30 = these sounds ac-

-- oG A 2  cording to the in-

Ny t 7 herenlglnw: of hu-

0 ‘i*?ﬁ;ﬁv‘:’ man thought and

‘;% Aoy jub 24

""T‘l‘*ﬁm the universal laws
T and analogies of nature. Each
PG vocal sound is produced by a
=g gesture of the voice and is there-

S p~t " fore subject to the same laws
< 5 that give meaning to gestures
e of the hands and limbs. And

3
S ‘5 every sound is composed of waves
= crceamon ‘which have a definite shape or

character. These two facts determine the natural
meanings of sounds.

We make a circular diagram in twelve great sec-
tions and in these we include a Universal Synthesis
of human knowledge. It is arranged so as to display
those relations and analogies which unite each branch
to the rest. The table of stem-words and the extended
tables carry out these sections in detail.

The first two or three letters of any word give the
general meaning. And the added letters specialize
these meanings.

Alesha Sivartha:
The Book of Life (1912)
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Brain Imaging as Modern Phrenoloqy



http://scitechconnect.elsevier.com/brain-imagining-modern-phrenology/
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Korbinian Brodmann (1909)

Frontal Eye [
Fields

B 77

[ | Broca's

[ ] Audition
[ vision

[7] Wernicke's
[] Cognition . Vizual-parietal
- Emaotion [ Visual-temporal

I oifaction



A human cortex funkcionalis feltérképezése idegsebészeti
mutet alatti ingerléssel

#
aRriL
T JIT parima

Penfield Sherrington
laborjaban

https://neurophilosophy.wordpress.com/2008/0
8/27/wilder_penfield neural cartographer/



https://neurophilosophy.wordpress.com/2008/08/27/wilder_penfield_neural_cartographer/

Karl Lashley (1933,1944).

A memaorianyomok nem lokalizalhatoak,
hanem a kéregben elosztottan, hal6zat-
szerlen képezddnek le

5
.
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% 1C 20 30 40 50 60 70 Text-fig. 5. Composite of incisions through the cortex of the rat which did not disturb

maze learning (Group 1) or retention (Group 2). One pair of lines, roughly sym-
metrical in the two hemispheres, represents the lesion in each animal studied (after
Text-fig. 8. The relation of errors in maze learning to extent of cerebral damage in the rat, Lashl I )

The extent of brain injury is expressed as the percentage of the surface area of the asIeYs 1044

isocortex destroyed. Data from 60 normal and 127 brain-operated animals are

averaged by class intervals of 59, destruction. The curve is the best fitting one

of logarithmic form. For lesions above 45%, the number of cases (indicated by

numerals on the graph) is too small for reliability. (After Lashley & Wiley, 1933.)

Lesion (%)



Részosszefoglalas 1.

I”

* Alélek ,haromosztatusagatol” a Brodmann-
térképig

* Lokalizacio (modulok) vs. diffuz, elosztott
reprezentacio

KERDES: - Hogyan jutunk el az agy
finomszerkezetétol (sejtek,
columnak) a funkcionalis térképekig?

- Hogyan all 6ssze egésszé a
térképek/modulok miikodése (id6beli
integracio)?



Neocartex

Granularis

Agranularis
Isocortex

Archicortex




Pialsudace\ Golgi stain

Molecular
layer

External ) e 1A e B
granule As !'}\ ‘f{"‘a‘dﬁ: SRS S
cell layer LA 4245 AT DR g

External
pyramidal
cell layer

internal [~ 570 =

granule ey

cell layer Z -

— 4 :

Internal F‘ =

pyramidal G %

cell layer 5 —
..' -~ ~~——
: A
3 :

Multiform .

layer . F




Piramissejt: glutamat (serkentd)

Interneuron: gamma-aminovajsav (GABA) (gatld)

Modulalo palyak az agytorzsbdl - dopamin, szerotonin, noradrenalin - és
a basalis elbagybadl - acetilkolin

Vv Axon

Recurrent collateral
from pyramidal cell
in layer V

Spiny stellate cell
from layer IV

Kandelaber-sejt:

piramissejtek 0sszehangolasa

GADG67 (glutamat dekarboxilaz),
. tGABA szintézis

Corticocortical
afferents

Parvalbumin-pozitiv
»fast-spiking” GABA-erg sejtek:
nagy frekvenciaju
gamma-oszcillaciok

Thalamocortical 2
afferents .



asszociativ I
(PFC: nagy
neuronok)
v
motoros V
Vi

Pyramidal —

4 N
N
Small
basket
Spiny non-
Chandelier " pyramidal

Double
bouquet

Neurogliaform

Pyramidal

[ A

Large
basket










Felszallo

(feedworward)
Superficial
layers (I-=I1)

Layer IV

A~ A A

Infragranular
layers (V, VI)

Leszallo
(feedback)

A A A

Multilaminar

\f




AZ AGYKEREG KLASSZIKUS FUNKCIONALIS SZERVEZODESE

Primer szenzoros és motoros kéreg
Unimodalis asszociacios kéreg
Heteromodalis asszociaciés kéreg
Paralimbikus régiok

Limbikus régidk

a kb e

Downstream

unimodal
L | \
\ Upstream / |

unimodal
\ / Hypothalamus

—
—
—

|
|
Ny

Premotor -w—

—
_——
—
—_—
—

1° Motor

Extrapersonal Intermediary processing Internal
space milieu

Mesulam MM. Brain 1998;121:1013.



Primary somatic sensory cortex Unimodal association cortex Multimodal association cortex

Somatosensory Posterior Cingulate cortex
cortex ) ) parietal
Motor Anterior parietal Premotor Anterior parietal cortex

cortex cortex cortex cortex

f NG
.)

Parahippocampal
cortex

Posterior Temporal
parietal association
cortex cortex



Output

\) Lex Per
V4/fusiform gyrus = forma és sz'nérzékeés\‘

V5 = mozgasérzékelés

Per = perceptualis feldolgozas

Lex = prelexikalis kategoriak

~Auditory word-form” = fonoldgiai lexikon Cf ansmodal gateyqa@
RO for object recognition

,»Visual word-form” = ortografiai lexikon

W = Wernicke-mez6 (beszédértés)

B = Broca-mez6 (beszédmozgatas)

Mesulam MM. Brain 1998;121:1013.



Low-level visual

l
1
1
1
I
Intermediate-level |
|
|
I
|

Integration of
visual primitives

processing  visual processing
Detection %‘f*\mﬁ?
ofimage [—»| O'VS
contrast primitives,
surfaces

High-level visual processing

SEMANTIC CONTENT

CATEGORICAL LINKING:
Generalization across
different members
of an object category

=£ o

IMAGE LINKING:
Generalization across
different images of an object

Signals from other
sensory modalities

PN
m b

ASSOCIATIVE LINKING:
Association between

different objects/

events

Object
representation

Recall

Emotional
valence

?1

a1

Working
memory




Executive memory Perceptual memory

Conceptual

Conceptual
Plans Semantic
Programs Episodic

Acts

Polysensory  KOGNIT” (2012)
S memorianyom,
Z % idében integralt
g @ kérgi haldzat

formajaban

Phyletic
motor

Actions Q 3
(behavior, language) %;, %':6

Mi integral?

Ritmusok —
agyi ,,nyelvtan”
(Buzsaki)

Fuster JM. Trends Cogn Sci 2004;8:143.



Funkcionalis keérgi térképek: saccad poziciok/figyelmi valtasok,
perceptualis vonasok, osszetett formak, motoros programok

(b) Visual data maps
e.g., primary visual cortex

(a) Saccade positions
e.g., Frontal eye fields

(c) Complex visual shape
e.g., inferotemporal cortex

(d) Motor plans
e.g., motor cortex

Space Space Unknown > Related actions
A‘ ----------- P i e b c A‘ ----- pessi > %A‘ ----------- e
ol QN % 1 Il
% 1 % 1 = e = (e l—-71--{~ *(_U' 1 -
ol o 1| Iy o bl X 1 F~kd = St~
. <Y SIS RIS SVZ I N, oV SRS
,I ~~~~~ 'I ~~~~~ v ,I ~~~~~
sl 3 Sak— ol
JERREERRREE o [
Some maps are 2D (a) /& 8 s 2
c = {ex] o
others (b,c,d) have d & g g Q (@) L i
. . 7 @) @)
embedded dimensions 'i 3 e Bve g o ¥
RLRL

Franconeri SL et al. Trends Cogn Sci 2013;17:134.



Az agy ,,nyelvtana”: oszcillaciok, szinkronizacio, idobeli kddolas

A

Phase synchronization

No phase synchronization

Coincidence detection

\/L
Ve A

Bc
Neural plasticity

Yy
I

\/

Fell & Axmacher. Nat Rev Neurosci 2011;12:105.

>

Region 1

Target
region

AA-4 T
AAL - A5

Bb

Neural communication

I
\/IM Region 2
AAN s

Bd

Theta synchronization and plasticity

XY U\ Regiont

Lo el oo oo el o

Brain Oscillations: A Video Quick Guide



https://www.youtube.com/watch?v=_vQk9isSSSc

Részosszefoglalas 2.

1. Piramissejtek (glutamat), interneuronok (GABA),
subcorticalis modulalé transzmitter-palyak
(noradrenalin, acetilkolin, szerotonin) - columnak

2. Parallel-hierarchikus szervez6édés, modulok
(perceptualis, lexikai, szemantikai-epizodikus,
konceptualis, tervek, programok, motoros mikodések)

3. Idébeliintegracio: kilonb6z6 frekvenciakon
fazisszinkronizacio (pl. theta-gamma kapcsolas)

KERDES: A neocortex kapcsolata a limbikus rendszerrel és
a basalis ganglionokkal?



A NEOCORTEX KAPCSOLATA LIMBIKUS RENDSZERREL

Anterior
cingulate cortex

Posterior
orbital-medial-
prefrontal cortex

Lateral basal
cortical amygdala

Temporal
pole

,Le grand lobe limbique” (Broca, 1878):
cingulum — parahippocampalis régié (Papez-gyiri)



i Paul Broca
(1824-1880)

Thomas Willis ]
(1621-1675) =

\

James Papez
(1883-1958)

Paul MacLean
(1913-2007)




Cingulate gyrus
Caudate nucleus

Ventricle

Globus pallidus Parietal lobe

Putamen Operculum

Insular

Lateral sulcus
cortex

Caudal

)



A NEOCORTEX KAPCSOLATA A BASALIS GANGLIONOKKAL

Tervek, szabalyok
Erték (,value-based”)
Motoros programok

Mozgas
végrehajtasa
Szelekcié N
Megeré6sités it
»,Habit” )
Striatum

Thalam us

Kozepes tuskés

Fronto — striato - thalamikus Putamen 2 Pomerymororeces neuron a striatumban
¢ Supplementary motor area
korok: & palidum E y
- Dorsolatrealis (praefrontalis) Premalor:area
- Limbikus Prefrontal cortex
[ Limbic area

- Motoros



Medial Prefrontal Cortex MPFC
Orbitofrontal Cortex OFC

Premotor Cortex, dorsal PMd and ventral PMv
Primary Motor Cortex M1

“9
‘A

Draganski B et al. INS 2008;28:7143



Core of
ventral
striatum

Sheltl olf
Striatum Striatum ventra
(caudal) (rostral) striatum

Ventralis striatum = archistriatum = nucleus accumbens




basalis ganglionok

thalamus

v

hippocampus

amygdala






SMA — szenzorimotoros
output PP — parietalis asszociacios

JHAL CG - cingulum/prefrontalis
6&% OF/PL/IL — orbitofrontalis

5 A régio

= P/SNr -

©

£ ISTN ENT/H — hippocampus

L BLA/CN — amygdala

> S-R (habitir” }o. DMS/DLS — dorsalis striatum

@) . : A . .

2 goal-directe e VS — ventralis striatum

[}

@ ‘ orient, vigor, |22 VTA/SNc — agytorzs,

. approach dopamin és egyéb monoaminok
c
THAL — thalamus
VSs ignore, vigor S — stimulus
C — kontextus
O — kimenetel
hypothalamus and R - valasz
brainstem effectors
(arousal and autonomic control)
associations [S,C]-0a
association description Pavlovian 2e
effector coordinate system autonomic ic
effector domain somatic
relative association speed rapid |
response domain emotive/motivatic
response type orient, approach, vi onse

Gruber & MacDonald. Front Behav Neurosci 2012;6:1.



Részosszefoglalas 3.

1. A neocortex kapcsolata a limbikus rendszerrel:

emlékezet (pl. hippocampus) és affektivitas (pl.
amygdala)

2. Kapcsolat a basalis ganglionokkal: mintazatszelekcio
és megerodsités; kognitiv, affektiv és motoros
funkciok szintézise

3. Integralt haldzat (basalis ganglion - limbikus
kapcsolat; S-R-O-C kulonbdzb aranyu felhasznalasa)

KERDES: A sejtek szintjén miként valésulnak meg ezek
a funkciok?



A KOGNITiIV FOLYAMATOK ALAPVETO NEURONALIS
MECHANIZMUSAI

S (STIMULUS) — BELSO REPREZENTACIO - R (RESPONSE) — O (OUTCOME)

A T o A

Ingerek érzékelése - belso leképezés (reprezentacid) - asszociaciok az

ingerek kozott - alkalmazkodas az ingerekhez

Stimulus-szelektivitas (Hubel-Wiesel): érzékelés

Asszociativ kapcsolatok kialakulasa (Hebb): alapvetd tanulas

Neuronalis csoportszelekcid: adaptiv viselkedés

Jutalompredikcios hiba (,,reward prediction error”): jutalom, érték, kimenetel
Fenntartott aktivitas: aktiv belsé reprezentacio, munkamemoria

Tukorneuronok: tarsas utanzas, empatia, nyelv



1. Stimulus-szelektivitas

T

Copyright © 2002, Elsevier Science

Copyright @ 2002, Elsevier Science (USA). Al rights reserved.

Bruce C et al. J Neurophysiol 1981;46:369.

0}



,Grandmother cells” vagy ,,concept cells”?
In vivo sejtregisztraciéo human hippocampusbol

______________________

Diego Manu Robert Diego
Brad Pitt Maradona Ginobjli Plant Maradona

Hippocampus

\Ns==// |

_____________________________________

Raps i B s o e e

V1

Perception

____________________________________

Quiroga RQ. Nat Rev Neurosci 2012;13:558.



Quiroga RQ. Nat Rev Neurosci 2012;13:558.



2. Az asszociativ kapcsolatok neuronalis alapjai

Hebb-szabaly: ,Neurons that fire together will wire together”

O—O

JA” neuron ,B” neuron
JA” viselkedés ,B” viselkedés

Ha ,A” neuron tobbszor ingeruletbe hozza ,B” neuront, akkor a
kozottik 1évo szinaptikus kapcsolat megerdsodik. ,A” és ,B”
viselkedés kozott asszociacio jon létre.

Long-term potentiation (LTP): a glutamat és specialis receptoranak (NMDA=
N-metil-D-aszpartat) szerepe a hippocampusban

Gustafsson & Wigstrom. Trends Neurosci 1988;11:156.



3. Neuronalis csoportszelekcio: az operans tanulas alapja
— LA’ viselkedés

O
R
neuroncsoport O O
N l

O \ sikertelenség

Uj neuronalis visszacsatolas
mintazat szelekcioja

Q)

O

Q)
Q)

— B’ viselkedés

\ Jutalompredikcids hiba,
l SLCIM dopamin és a striatum

Az adaptiv viselkedést el0segité neuronalis mintazat stabilizacidja

Edelman G. Neural Darwinism. The Theory of Neuronal Group Selection. Basic Books, 1987.



4. Jutalompredikcios hiba

Striatum — agytorzsi dopaminerg palyak: nem vart jutalom esetén és a jutalmat
eldre jelzd kulcsingerek esetén (pl. fény/hang) az agytorzsi dopaminerg sejtek fokozzak
az aktivitasukat.

Ha a jutalom elmarad: aktivitascsokkenés

No task

by
0 0.5 -0.5
A

0 0.5
Light Reward
Task 1
//m

0

Light Reward

Schultz W et al. Science 1997;275:1593.



5 spikes|

B 400 ms Az agytorzsi dopaminerg neuronokbol mert
predikciés hiba szignal fazikus aktivitasa a
jutalmak valészinliségét (A), a tonusos

aktivitas pedig a bizonytalansagot kodolja (C)

C Sustained Activation
40 v L T L
>30f -
2
E
e 201 1
2
e
) 10 " -
e
Q
&
g O F -
; : o8
&K : .10 1 2 i A '
Shv'éuson mﬁng 0-0 0-25 0.5 0.75 1.0

probability

Fiorillo CD et al. Science 2003, 299(5614) 1898-1902.



5. Fenntartott neuronalis aktivitas

Aktivitas a rovid tavu emlékezés — munkamemoria - alatt
Homloklebeny oldalso része - végrehajté (executiv) mikodések: fenntartas,
frissités, gatlas, figyelmi fokusz valtasa, cselekvések monitorozasa

s111.1-3 s111.1-2 s111.141

B Dorsolateral PFC
Ventrolateral PFC
Orbital PFC

$111.1-0

s111.1-7
50 s/s |_
Ts

Funahashi S et al. J Neurophysiol 1989;61:331.



6. Tukorneuronok

Kapcsolat tarsas érzékelés és a cselekvés kozOtt: mozgasok kivitelezésekor és a
mozgas megfigyelésekor is aktiv sejtek

--Hlfl-!? :

\ o 1wl
A nl.'ll! 1% S ol |
100 T A PR o PR T W

AT, DY o T
l I IﬂHH'm I-
! MIIIW

h\z

2
i W
&

I

Rizolatti G et al. Cogn Brain Res 1996;3:131.; Kohler E et al. Science 2002;297:846.



Részosszefoglalas 4.

* Egyes sejttipusok aktivitasa: a magasabb
szint{ funkciok mechanisztikus,
,Jhiper/mikromodularis” magyarazata - bels6
reprezentaciok, asszociativitas, korrektiv
feedback/szelekcio, imitacio

KERDES: Miért van sziikség makrohalézatokra,
ha mindez a sejtek szintjén megoldhato?



MODULOK, SPECIALIZALT SEJTSZINTU FOLYAMATOK VAGY
ELOSZTOTT NEURONHALOZATOK
(LARGE-SCALE NEURONAL NETWORKS)?

1. Kiterjedt, lazan szervezett neuronhal6zatok konvergenciapontokkal (,hub”)

Az agy szervezodesi elve:
,CONNECTOME”

Barrett & Satpute. Curr Op Neurobiol 2013;23:361.; Buckhlotz & Meyer-Lindenberg. Neuron 2012;74:990.



Az agyi csomopontok kulcsszereppel birnak
a komplex megismerés hatterében allé informacioé-integralasban

Connector hub R ——
o \ o
/ l \“ ' Pro I
\ =Y,
- e

Key:

@ Primary/secondary (early steps)
{3 Multimodal (intermediate steps)
@ Cortical hubs (late steps)

Nyugalmi funkcionalis halozat

Sepulcre J et al. J Neurosci 2012;32:10649; den Heuvel MP & Sporns O Trends Cogn Sci 2013;17:683



Az agyi csomopontok (hub-ok) egyéb emlésokben is azonosithatéak

Human Macaque

_ Sot, hub-ok a C. elegans-ban is!
den Heuvel MP & Sporns O Trends Cogn Sci 2013;17:683



Az agyi csomopontok kulcsszereppel birnak
a komplex megismerés hatterében allé informacioé-integralasban

Egyéni kulonbségek:
1Q, kognitiv teljesitmény,
szemelyiségvonasok

Dinamika? Lokalis hal6k?
,Nyel6k” és ,forrasok”.

Key:

@ Primary/secondary (early steps)
) Multimodal (intermediate steps)
@ Cortical hubs (late steps)

A globalis munkatér?

Sepulcre J et al. J Neurosci 2012;32:10649; den Heuvel MP & Sporns O Trends Cogn Sci 2013;17:683



MODULOK, SPECIALIZALT SEJTSZINTU FOLYAMATOK VAGY
ELOSZTOTT NEURONHALOZATOK
(LARGE-SCALE NEURONAL NETWORKS)?

1. Kiterjedt, lazan szervezett neuronhal6zatok konvergenciapontokkal (,hub”)
2. Egy haldzat — tobb funkcio

Az agy szervezodesi elve:
,CONNECTOME”

Gyakori csomopontok: lateralis praefrontalis cortex (LPFC), orbitofrontalis cortex
(OFC), anterior/posterior cingulum (ACC/PCC), medialis praefrontalis cortex (MPFC),
temporoparietalis junkcio (TPJ), intraparietalis sulcus (IPS), striatum, amygdala

Barrett & Satpute. Curr Op Neurobiol 2013;23:361.; Buckhlotz & Meyer-Lindenberg. Neuron 2012;74:990.



Feladat Folyamat AQy

Somatovisceral

Regulation Salience Network

Feladat Folyamat Aqy

-, Localizing Events A
- . : Dorsal Attention
Erzelem (E.g Experiencing and Objects  <— Network
feeling of dread, along in Space
with autansemic Armgdala
changes supportng
\Ml. L )
E.g. Judging a ; - /
, & —_ > . person's beliefs |/ . \
vs. attributes 3
Ta rS aS E g Judging a parson's /;etson s about an object. 1 Motor Movements Motor Network
- z batiots va. atrbutcs Percaption Prafrantal Cortax . \
MegiSmeres |aouan e :
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E.9. Judging a sbmulus | / T ) 4
m Pl [ Cognitive Controd Doreolateral e
. . G winial okl G \ Prafrontal Cortex Conceptualization Mentalizing Network
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T T BT
t J t J E.g. Judging
a stimulus
Task Decomposition Structure-Function Pfese“:‘e:ezo (

Redationship an atte ; : Central Executive
location in the J-==-=*s==*===* Executive Function Notort
visual field vs.

Domain Specificity an ignored £
location.
Task Decomposition Structure-Function

Relationship

Domain Generality

Barrett & Satpute. Curr Op Neurobiol 2013;23:361.



MODULOK, SPECIALIZALT SEJTSZINTU FOLYAMATOK VAGY
ELOSZTOTT NEURONHALOZATOK
(LARGE-SCALE NEURONAL NETWORKS)?

1. Kiterjedt, lazan szervezett neuronhal6zatok konvergenciapontokkal (,hub”)
2. Egy haldzat — tobb funkcio

3. Funkcionalis és effektiv konnektivitas: korrelacios és antikorrelacios
halozatok

4. Bizonyos frekvenciatartomanyban oszcillacié a halézatokban

Az agy szervezodesi elve:
,CONNECTOME”

Gyakori csomopontok: lateralis praefrontalis cortex (LPFC), orbitofrontalis cortex
(OFC), anterior/posterior cingulum (ACC/PCC), medialis praefrontalis cortex (MPFC),
temporoparietalis junkcio (TPJ), intraparietalis sulcus (IPS), striatum, amygdala

Barrett & Satpute. Curr Op Neurobiol 2013;23:361.; Buckhlotz & Meyer-Lindenberg. Neuron 2012;74:990.



Frontoparietal Default Mode Network

Cognitive domain
Working memory
Goal-directed attention
Performance monitoring

Symptom domain

Inattention/distractibility

Working memory deficits
Executive dysfunction

Cognitive domain
Threat detection
Affective responsiveness
Emotion regulation
Fear extinction

Symptom domain
Fear/anxiety
Rumination

Hypervigilance
Affective instability

MPFC

-\

"HHE

Y

MAOA I ZNF804a
i

Striatum

Cognitive domain
Mentalizing (theory of mind)
Perspective-taking
Self-representation

Symptom domain
Insensitivity to social cues
Attachment deficits
Impaired empathy

Cognitive domain
Behavioral flexibility
Reinforcement learning
Value-based decision-making
Approach motivation
Salience attribution

Symptom domain
Impulsivity/compulsivity
Hedonic/motivation symptoms
Risk-taking
Psychosis

Corticolimbic Frontostriatal




A ,CONNECTOME” SZEREPE: SZELF, SZUBJEKTIVITAS, TUDAT

http://I33tm0b1l3.deviantart.com/art/Psilocybin-Fever-92014279



http://l33tm0b1l3.deviantart.com/art/Psilocybin-Fever-92014279

Top 10 rated items

Much
more
than
usually Psilocybinil
Placebo
No
more
than
usually
| saw my | saw | felt unsual Things My My sense of  Sounds My thoughts My sense of The
surroundings geometric bodily looked imagination size or space influenced  wandered time was  experience
change in patterns sensations strange was was altered things | saw freely altered had a
unusual ways extremely dreamlike
vivid quality

Carhart-Harris RL et al. PNAS 2012;109:2138.



Decreased CBF after psilocybinv after placebo

Carhart-Harris RL et al. PNAS 2012;109:2138.



Carhart-Harris RL et al. PNAS 2012;109:2138.

Increased
(orange) & decreased

(blue)

vmPFC
connectivity after
psilocybin > after

placebo



Az agymiikodés Friston-féle szabadenergia elmélete

1. Onszabalyoz6 rendszerek (pl. agy): belsé variabilitas; cél: szabad energia|
2. Bayes-féle modell: egy bels6 probabilitasi modell frissitése az Uj szenzoros
adatok (tapasztalatok) alapjan — szabad energia csokkenése

3. Entrépia és ,,meglepetés” — ,predikcios hiba” ; alacsony entrépia —
kKiszamithato kimenetel

Sensation
(o d
; . N
External | - 9_ £(9,a)+w u=argmin F(y,u)| Interal
states : “ states
Y v
| 7 i - :
environment Action agent - /m

F = Energy — Entropy = —(ln p(y, 91 m)) + (ln q(.9)>

q q

Action to minimise a bound on surprise Perception to optimise the bound
I = Complexity — Accuracy F = Divergence + Surprise

= D(qll p(3)=(In p(y(a)| .m)) = D(g(& 101l p(81 y))—In p(y1m)

a = arg max Accuracy

M = argmin Divergence
H

Friston K. Trends Cogn Sci 2009;13:293.



Perception and inference Learning and memory

Activity-dependent plasticity

OF Neuronal activity Synaptic efficacy
/:l.\‘ a5 T x,l’ 6 -9 _a—A
ox H H H = 50
Functional specialization .
gl i A=F
ov

Attentional

. Enabling of
gain

Synaptlc'gam olasicity

A

.2 _0A
Attention and salience #= oA
A=F

M — ,recognition density”: az adatok okanak valoszinlségi eloszlasa —
belsé valdsziniiségi modell a vilagrol — entropia (sztochasztikus aktivitas)
kell hozza

Friston K. Trends Cogn Sci 2009;13:293.



Friston, Statistical Parametric Mapping (SPM) az agyi térképezéshez
és Freud

rage lime-saiez
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http://www.fil.ion.ucl.ac.uk/spm/

Reslignmert

Statistica

o— RFT
Infararcs

p=Da%

A computer program just
ranked the most
Influential brain scientists
of the modern era

1. Karl Friston

Karl Friston:
resisting the philosopause

http://neurocritic.blogspot.hu/2010/03/friston-is-freudian.html

Carhart-Harris & Friston. Brain 2010;133:1265.


http://www.fil.ion.ucl.ac.uk/spm/
http://neurocritic.blogspot.hu/2010/03/friston-is-freudian.html
http://thelancet.com/journals/lanpsy/article/PIIS2215-0366(14)70292-5/fulltext
http://www.sciencemag.org/news/2016/11/computer-program-just-ranked-most-influential-brain-scientists-modern-era

Table 1 List of quotations pertaining to the characteristics of the secondary process {and the ego) and primary process

thinking (and the id)

The ege and the secondary process

Relevant guotalions from Freud

1. Default energy store or reservioir, which possesses the property
of being spontanecusly or borically active
2. Recewes and ‘confains’ or ‘represses’ endogenous excitation.

3. Minimizes free-enengy.

4. Integrates or binds the prmary process and its representabonal
system (the id) inlo a broader, more cohesive, composite orga-
nizaton (thi egnl

5. Spedfic ontogenelic deselopment.

6. Supporls realily-testing and percepiusl processing.

7. Supparts and  directed
akbentian.

B. Poszecses imternally and externally-focused commpanants, which
are inversely related {anti-correlated),

9. Ewcessive-engagement of imternally-fooused component and
impowerished  engagement  of  externdlly-focused nebwork
during pathological withdrawal: e In depression  and
schizophrenia.

10, Falure of systems to minimize frec-energy (suppress endagen-
ous excitation] results in disturbed affect, cognition and per-
ceplion; & seen in non-ordinary stabes such as dresming and
peychoss

CONSOMOUS  IWArEMEss, cognion

Thee id and primary process thinking

06, Q156, 109, Q1%4, Q162, Q205, Q273, Q298, QI00, O3,
0314, 9320, G321, G416, G438, J454

O, Q15, Q46 O80, 0132, Q152, 0154, Q183, 0205, 0203, 0212,
X219, 283, 283, 287, 328, (5, (E6d, {39, 593,
0a27, Q427 (429, 0437, Q448, 0475

OF, 08, OB, QF, 0199, G200, G2E3, C2Es, 0307, 0314, 0321,
D366, Q373, 0410, C4e, B3

15, C2%, Qds, Od46, 0154, O209, OME 0231, 0233, 234,
Q237 Q300, Q302, Q308, Q314, O35, Q334 Q338 0351,
LEGE, WEed, (E83, G384, Q3ah, G391, G397, (M0E. LH13,
0429, Qd47, JdE7, Q4B

W7, 013, 0174, 0273, G300, O30, 0358, O14, Od40, 0459,

85

A5, 049, 023, 038, 059, Q153, 0234, Q258 0255, 0310, O350,
0356, (363, Q373 Q3ITs, Q380, Q3IF2, CHI7T. CH2E. 425,
448, G482, (488

O, O, GE7, Q3% G40, Q1583, G154, G204, G234, Q2348, G249,
0254, O34, 0372, Q3E0, 0427

O, Q3% O162, O173, Q204, G243, 0273, Q289, G300, O3,
0330, 379, O363, 438, Q448 G454, 8B4

a4, 9147, Oi158, Q1é1, O168, 0165, G170, Q172, G244, O252,
0253, Q263, Q265, Q266, Q26F, QIFF, QX6 QF2, QX3
QI257, Q301, E2%, 0330, 368,

O3, Q3%, Qs3, 0115, Q124, O35, 047, Q231 Qlel, {36l

0332, 0385, 0383, Q455 G443, Odas, O485 0475, 0476,
CHIER, Cd85

Relevant quotations fram Freud

11, Characleristics af the system uncorsdiousbe id and primary
process thinking: le. a primilive, “magical’ or animisitic style
of thinking, charactenzed neurophysiologcally by 'free’ mowe-
mert af energy. One can think of primary process thinking in
evolulionary lerms a5 & 'prolOConscousress’,

T qualatizng can b lourd i Sugglirmanticy malaial

058, O63, O, 092, 097, 0115, 4135, O151, 4160, Q171, 4198,
o201, Q203, Q203 Q2. Qe Q217, QX6 QZ28, 0228,
a0, Q23, Q333, QI37, Qa4, Qa43, Q347F, Qa9 254,
0257, G261, 270, G279, Qa0 OXa3, OX39, G305, 0311,
0315, Q335, Q359, Q3I8E, OIS, O3I96, TAIF7, 423, 424,
C5, CA36, Q437 Q44 443, 43, Q446 463, 461,
Cdes, Oue?, Q488, Qamd, O471, Q472 0474, 0477, 0479,
CMBED, OdE2, O490, O

Szabad-energia minimalizalasa || ego — id a Freud-i modellben

DMN a hierarchia csucsan, szabalyoz:
» kdzvetlenul : endogén (para)limbikus aktivitas
» kdzvetve, a figyelmi halozatok altal: exogén szenzoros bemenettel
osszefuggb predikcids hibak

Carhart-Harris & Friston. Brain 2010;133:1265.



visual stimulation

EA — kivaltott aktivitas
SA — ,spontan” aktivitas
S — ,spontan’

M — inger (,movie”) Prer

posterior (EA)

feature 2
(neuron 2)

‘ v {
feature 1

—- (NEUrON 1)

P29

pattern frequency (S)

pattern frequency (M)

szemek kinyilasa utan

Berkes P et al. Science 2011;331:83.

[ decreasing contrast > no stimulus

posterior = prior (SA)

multiunit
recording
v

pattern frequency (S)

—

6

number of spikes
(2]

0

10° 10" 107 10° 10" 10’
pattern frequency (M)

kifejlett allat



Részosszefoglalas 5.

e ,Connectome” — kiterjedt, koherensen
aktivalodo halozat, tobbféle funkcioval; pl.
,Cortical midline structures” — , default mode
network”: introspekcio, szelf vs. stimulus-

orientalt frontoparietalis

* Bayes-féle modell: proba
modell a vilagradl, statiszti

naldzat
nilisztikus belso

kus valoszinlség,

szabadenergia csokkenése



