Neurobiologie emoci

Tereza Serranova
Neurologicka klinika 1. LF UK a VFN



Co jsou emoce a pocity?



emocni odpoveéd’ emocni zkusenost = pocit

= automaticky produkovana = mentalni reprezentace
mozkem na urcité podnéty fyziologickych zmén
usporadané zmény v rade probihajicich béhem emocni reakce

systému v daném kontextu = percept



Co jsou emoce?

Ch. Darwin:

Lidské emoce jsou homologni zvifecim.
Existuji zakladni emoce napfic druhy i
kulturami

Antropocetnricky pristup

)

Ch. Darwin, The expression of the Emotions in Man and Animals, 1871

bioregulacni reakce mezi reflexem a volni reakci
vysledkem evoluce

é

| u bezobratlych existuji
primitivni emocni stavy
vyjadrené zevné
pozorovatelnym chovanim

Obsahuiji tzv. evolucni
stavebni kameny emoci

- spolecné vSsem emocim a
vsem druhum.

Nejsou nutné homologni
specifickym

i psychologickym kategoriim

definujicim lidské emoce
(strach, vztek, atd.)

Co definuje emocni
stavy obecné?

vykonavaji specifické funkce k zajisténi ucinné adaptivni odpovédi

4

cilem takovy stav organismu, ktery zajisti , kvalitni“ preziti



Funkcni charakteristiky emoci

Stupnovatelnost intenzity/arousalu

Valence

Perzistence
Generalizace
Celkova koordinace
Automaticita
Socialni komunikace

A

Unpleasant

The Circumplex Model (Russel, 1980)

Aroused

@ Fear

O Anger

O Surprise

Neutral sk Happiness

AD isgust

¢ Sad

Pleasant

@ Calmness

© Sleepiness

Not aroused




Funkcni charakteristiky emoci

Stupnovatelnost intenzity/arousalu

Valence

Perzistence

General

Celkova koordinace
Automaticita
Socialni komunikace

B
,
High

izace

Intensity

Low

Valence

Persistence umoznuje integraci nebo akumulaci senzorickych vstupt /cas
- Vybér akce/chovani a soucasné zvyseni stavu arousalu, motivace



Funkcni charakteristiky emoci

Stupnovatelnost intenzity/arousalu
Paralelni efekt

Valence _
Perzistence R (o)
Generalizace L e @sweeuvermm \
Celkova koordinace e ) T
Automaticita ' [context §°°°""'v- changes
Socialni komunikace | T gsomatic responses

Variabilni a multimodalni senzorické vstupy relevantni pro urcitou emoci
Variabilni behaviroralni vystupy; interakce emoce-uceni, emoce-kognice.
Modulovano kontextem.



Funkcni charakteristiky emoci

Stupnovatelnost intenzity/arousalu
Valence

Perzistence

Generalizace

Celkova koordinace

Automaticita

Socialni komunikace



Co je driv?
Smeér kauzality mezi emoci a chovanim.

Srdce mi busi,
protoze mam strach

autonomnil edmény, chovani

Mam strach,
protoze mi busi srdce

oY | - v ;s
lesge zmény, chovani



Fyziologie emoci

Emocné kompetentni podnét

Senzorické procas

Emocni posou;e o .
Centralni emocni sta

Emocni regulace

Autonomni systém
Vnitini prostfedi a horon
Muskuloskeletalni s

Emocni
odpovéd’

Motivace

podle A. Damasia



21. stoleti

Russell, 2003, Scherer
2009,

Barrett et al, 2007,
Salzman a Fusi, 2010

Anderson a Adolphs, 2014




Funkcni charakteristiky emoci
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Multiple system model - rozpoznavani emoci

Ekman, 1972

Assogna et al., 2008

(b)

Stimulus onset —
120 ms: fast early

perceptual processing
of highly salient
stimuli

170ms: detailed
perception;
emotional reaction
involving the body

> 300ms: conceptual
knowledge of the
emotion signaled
by the face

v

Current Opinion in Neurobiology

Adolphs, 2007




PNAS

U

Crivelli, 2016



Parkinsonova nemoc

s = . :
y § T Normalni mozek Parkinsonova nhemoc
RN |

Sir William Richard Gowers A Manual of Diseases of
the Nervous System, 1886

Nedostatek dopaminu 2>
e zpomaleni

e ztuhlost

* klidovy tres

* instabilita

LeWitt, 2008




Hodnoceni pacientu s PN okolim

 Dojem apatie, deprese, socidlniho stazeni, demence
(Tickle-Degnen a Rosenthal, 1990 a 1992, Tickle-Degnen et al., 2004, 2010)

e problémy s interpretaci emocnich vyrazti u PN - zdravotnici

— méné extrovertni, sympaticti nez pac. se srdecni chorobou
(Pentland et al., 1987 a 1988)

- chybnd interpretace osobnosti
— omezeni socidlnich interakci

— dopad na kvalitu Zivota
(Brod et al, 1998; Ellgring et al., 1993, Karlsen et al, 2000)



Jak muzeme emoce a pocity zkoumat?



Vyvolani a méreni emoci

Oblasti mozku
Léze
Zvirata Stimulace
Populace neuronu
Optogenetika
Farmakogenetika
Neurotransmitery
Lidé Fmakolog. manip.

Emocni
podnét

n g . O = -
O S e =N

| WITH RAGE DISPLAY S QUIETBITING

Medialni hypothalamus

Aktivita mozku/
Télesné zmény
Autonomni zmény
Chovani

Subjektivni hodnoceni

Lateralni hypothalamus

Flynn, 1967



SIXSTEPS TO STEP 4
O PTOG EN ET' CS Insert ‘optrode’, fibre-optic

cable plus electrode.

With optogenetic techniques,
researchers can modulate the activity
of targeted neurons using light.

STEP1
Piece together genetic construct.

Promoter Gene encoding opsin
to drive (light-sensitive STEPS

expression ion channel)
/ Laser light of specific wavelength
opens ion channel in neurons.

STEP 2

Insert construct into virus.

=Y D

STEP3 L

Inject virus into animal brain; opsin
is expressed in targeted neurons.

dai: 18 1038 natur= 11713

Rapid regulation of depression-related behaviours
by control of midbrain dopamine neurons

Dipesh Chawdhury'*, Jessica ). Waldh* allyeon K. Friedman', Barbara Joarer, Stacy . Eu'”, 12 Woak Eno®,
Deveroum Ferguson”, Haing-Chen Tsai®, Lisa Pomerans® | Daniel ). Christoffel’, Alexander B Mectow®, Mats Ebstrand®,
Ana Dominges*, Michelle 5. Mzei-Bohian’, Ezeldell Mowssn’, Mary Kay Lobe’, Bachael L Meve®, Jeffrey M. Friedman®,
Soott ), Russe®, Farl Dedsseroth®, Eric ), Nestler™” & Ming-Hu Hanl¥

Optogenetika

Reverzibilni manipulace
geneticky znacenych
subpopulaci neuronu

v urcité oblasti mozku

v radu ms




Farmakogenetika — DREADDS

Designer Receptor Exclusively Activated by a Designer Drug

E—

NA
Fluorescent DREADD
Tag
iral Vector

A N

W

---------------------------------------------------------------------

Reverzibilni manipulace 10 min- hod.



Meuron

Projection-Specific Modulation of Dopamine Neuron
Synapses by Aversive and Rewarding Stimuli
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Retrogradni tracing, imunocytochemické znaceni subtypll neurona,
AMPAR/NMDAR ratios dané excita¢nimi postsynaptickymi proudy jako indikator LTP



Fyziologie emoci Hodnoceni emocnich procest

Emocné kompetentni podnét

Verbalni report, rating
Rozpoznani emoce

Aktivace CNS
subkortikalni

Detekce neuralnich zmeén I

FCni zobrazovani, neurofyziologie

Autonomni systém
Vnitrni prostredi a hormg
Svalovy apara

Objektivni méreni télesnych zmén

Vysetfeni autonomniho systému
o L EMG oblicejového svalstva
Emocni odpoved

: Objektivni méreni aktivace apetitivniho
motivace vs. averzivhiho motivaéniho systému

- ovlivnéni ulekové reakce emocnimi podnéty

Podle A. Damasia



Podnety k vybaveni emoci

Vizualni

Obrazky

Filmy

EmocCni obliCeje
Sluchové

Emocni slova
Autoindukce/recall
Pribéhy
Odmeénaltrest

] i _ happiness (A: Les
trois fréres, B: The dinner game), anger (A: Schindler’s list, B: Sleepers), fear (A: The Blair
Witch Project, B: The Shining), sadness (A: City of angels, B: Dangerous mind), disgust
(A: Trainspotting, B: Seven) and neutral (A: French weather forecast, B: Belgium weather
forecast).” ) o -



Zmény v aktivaci urcitych oblasti mozku — zobrazovaci studie

fMRI, PET, MEG

Fusar-Poli et al., 2009



Zmény v aktivaci urcitych oblasti mozku — neurofyziologické studie

Registrace aktivity urcitych oblasti mozku
ze skalpu ( EEG - ERP)
Intrakranidlni zdznamy aktivity jednotlivych neuron(l nebo vétsich oblasti (LFP)

monitorace epileptik hluboka mozkova stimulace u PN

y 2d \.“

(b) Right hippocampus

7

Stimulation of globus pallidus (internal segment)

} Q Lead

N
Globus \ >
pallidus—

l QP

Electrode
T—

Nanthia Suthana, ltzhak Fried, 2012
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Ovlivnéni ulekoveé reakce emocnimi podnéty
= mira aktivace averzivniho a apetitivniho motivacniho systému
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pozitivni neutralni negativni

Bradley et
al., 2006



Meéreni autonomnich a somatickych zmeén

Pupilometrie
mira emocniho arousalu

Voight-Kampff machine,
Blade runner, 1982
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Lang P, 2010



Vysetreni emocniho arousalu
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Salimpoor VN, Benovoy M, Longo G, Cooperstock JR, et al. (2009) The Rewarding Aspects of Music Listening Are Related to Degree of Emotional
Arousal. PLoS ONE 4(10): e7487. doi:10.1371/journal.pone.0007487



Anatomically distinct dopamine release during
anticipation and experience of peak emotion to music

Valorie N Salimpoor'~?, Mitchel Benovoy™ 4, Kevin Larcher’, Alain Dagher' & Robert | Zatorre!-?

MATURE NEUROSCIENCE VOLUME 14 | HUMBER 2 | FEERUARY 2011
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Existuje vice emocnich systému?



Rozdeleni emoci

Studie na zviratech Studie na lidech

_
S ————————————

Chovani Stav motivace Zakladni emoce ha Socialni emoce
Emoce v pozadi
Priblizeni Apetitivni aktivace Stésti Deprese Pycha
Stazeni, utok Averzivni aktivace Strach Uzkost Rozpaky
Vztek Manie Vina
Odpor Veselost Stud
Smutek Spokojenost Matefiska laska
Prekvapeni Obavy Sexualni laska
Obdiv
Zarlivost

Upraveno podle Adolphse, 2002




Dual system model - motivacni zaklad emoci

UrCuje obecnou behavioralni strategii

Specifické vzorce jsou taktické a adaptivni (kontext)
Nervové okruhy shodné organizované napfic. savci - ruzné
behavioralni odpoved..




Funkcni neuroanatomie emoci



Limbicky systém a koncept jednoho systému pro vsechny druhu emoci
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Neuralni baze emoci

Ed

Tamietto a de Gelder, 2010



Decoding the Nature
of Emotion in the Brain

Philip A. Kragel” and Kevin S. LaBar"*

Zakladni emoce

| ﬂ @
L R

(8) Key:

* Content
Amusement

« Surprise

Predicted

Happy Sad

True

Anger Disgust Fear

Happiness
Sadness
Surprise

Disgust

multivoxel pattern analysis
dekddovani emoci z vzorcu rozlozeni
aktivity mozku v fMRI obraze

Valence
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Anger
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tem

Vaknce

Predicted

Angerﬂ 007 028 015 0.08

Disgust 0.03

0.03 Lateral Paralimbic Core limbic

Cognitive/Motor

Medial Posterior

Fear 0.02 0.04
group group group group ‘
Happy 0.00 007 023 0.11 (Core affect) (Core affect) (Language/Executive  (Conceptualization)
attention)

Medial PFC group  Occipital/Visual

(Conceptualization)

group

Sad 0.00 007 020 0.09.

Anger Disgust Fear Happy Sad

Predicted

Trends in Cognitive Sciences

Lindquist, 2012



Nevedomé emoce

Le Doux J., 1994



ANKIILCLLD

nature
neuroscience

A fast pathway for fear in human amygdala

Constantino Méndez-Bértolo!219, Stephan Moratti»3#10, Rafael Toledano, Fernando Lopez-Sosal,
Roberto Martinez-Alvarez®, Yee H Mah?, Patrik Vuilleumier®, Antonio Gil-Nagel® & Bryan A Strange!?
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Nevédomeé emoce

— Foarful face
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Tamietto et al., 2009



Faculty psychology

A @

Funkcni architektura emoci

Amygdala
Disgust Insula
(b)
Fear Amygdala + Insula + ACC
Disgust Amygdala + Insula + OFC
(c)

Fear Network 1 + Network 2 +Network 3+.. |
Disgust Network 1 + Network 2 +Network 4+... \
(d) Network 1

Network 5 Network 2
Fear
Network 4 Network 3
Network 1
TIES Network 5 Network 2
Network 4 Network 4
Network 1
(e)
Network 5 Network 2
Fear of
snakes Network 4 Network 3
Network 2
Fear of
. Network 4 Network 1
falling
Network 5 Network 3

Constructionism

Stejné oblasti mozku/sité
se konzistentné aktivuji

TRENDS in Cognitive Sciences

béhem rliznych
mentalnich proces(

Lidnquist a Barrett, 2012

B, The " Pemr Coe e lod =l

sansory
Thiast s— i ]

B, The TSy ienn fodal

Emocni a neemocni stavy védomi jsou
produkty stejného systému

J. LeDoux 2016



Pocity jako percepty

REVIEWS The theory of constructed emotion: an active inference
account of interoception and categorization

‘Attention and biased competition
Hy= arg min [diF

‘Computational motor control
=0
Optimization of synaptic gain Minimization of sensory

representing the precision prediction errors

{salience) o predictions Lisa Feldman Barrett®??

Predictive coding and hierarchical inference
1= 013,70 -1
Minimization of prediction emor

et s ‘Optimal control and value learning

- | ox-agmavem
-~ The Bayestan brain lypothesk [¥] optimization of a free-energy
Perceptual learning and memory 4= arg min D g(@ (p{13) bound on surprise or value

= arg min [dtF [N Minimizing the difference betweena
recognition density and the conditional

il Perceiving is believing: a Bayesian

(T LW e A h laini h iti
‘The free-energy principle -
P B i iy approach to explaining the positive
R [ S PO pesy 0 symptoms of schizophrenia
Encoding ecognnon dersty Rl oo bomeen soresirs
n terms of conditional B VI 4 e prascotations N N
= Paul C. Fletcher* and Chris D. Frith*s

m>=arg min [dtF
Optimizing the agent’s model and

priors through neurodevelopment
and natural selection

BRAIN

A JOURNAL OF NEUROLOGY

OCCASIONAL PAPER
A Bayesian account of ‘hysteria’

Mark J. Edwards,"* Rick A. Adams,?* Harriet Brown,? Isabel Pareés" and Karl J. Friston?

Review article
Symptoms and the body: Taking the inferential leap

Omer Van den Bergh®*, Michael Witth&ft?, Sibylle Petersen®¢, Richard J. Brown®¢

Friston K, 2010



Alaina Baker, 2017



Alaina Baker, 2017



"

&
P\,

o
WA

N

<

4 .
5"
of
\ .
-
-
N

Alaina Baker, 2017



Neurobiologie altruismu



Altruismus

Prehistory History

3 million years to 3000 BC to nowadays
3000 BC
. Medieval Contemporary
Paleolithic Neolithic | AcientAge | Age Modern Age |Age
el 10000BC | 3000BC 476 ACto | 1789 AC to
to 10000 BC ._to 476AC 1492 AC \ 2011 AC
First Agriculture J J
human begins v v
species 10000 BC - Fall of Colombus
2.5 million e Invention of Western discovered French
v . " writing R . Revolution
years BC Use 3000BC oman America 1789 AC

Empire 1492 AC

e of fire NI A
G it g eac
F i years BC % ~NE | Sy

https://bilingualiesae.wordpress.com



Neurobiologie altruismu

Neural and cognitive characteristics of
extraordinary altruists

Abigail A. Marsh®', Sarah A. Stoycos?, Kristin M. Brethel-Haurwitz?, Paul Robinson®, John W. VanMeter,

and Elise M. Cardinale®

*Department of Psychology, Georgetown University, Washington, DC 20057; "Department of Radiology, Integrated Brain Imaging Center, University of
‘ Washington, Seattle, WA 98195; “Department of Neurology, Center for Functional and Molecular Imaging, Georgetown University Medical Center,

Washington, DC 20057

- Edited by Michael S. Gazzaniga, University of California, Santa Barbara, CA, and approved August 18, 2014 (received for review May 8, 2014)
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Neurobiologie altruismu

Human fronto-mesolimbic networks guide decisions
about charitable donation

Jorge Moll**, Frank Krueger®, Roland Zahn*, Mattao Pardini**, Ricardo de Oltveira-Souza'®, and Jordan Grafman*®
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Time (s) Decision to donate (%)

Jorge Moll et al. PNAS 2006;103:15623-15628



Zaver

Emoce jsou

— bioregulacni reakce na dulezité podnéty
— zmény v mozku a radé dalSich systémui
— motivacné ladéné stavy pripravenosti k akci

Emoce muzZeme objektivné zkoumat

Poruchy emoci ovliviuji socialni interakce a kvalitu
zivota
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