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What is the NeuroPsychological approach?

Neuropsychology is the basic scientific discipline that studies the structure and function of
the brain related to specific psychological processes and overt behaviors.

The use of artificial well-controlled tasks.

Why?
— Well-controlled
— Pre-planned quantification
— We observed something, now lets do it properly
— Target Human behavior

For example:
— Sensation and perception
— Control of movement
— Learning and memory
— Decision making
— Emotions
— Attention



Active and Passive approaches

* The active approach manipulates the brain and observes behavior.

— Stimulation (electrical, optogenetics)
— Lesions

— Pharmacological intervention
— Genetic manipulations

* The passive approach manipulates behavior and observes the brain.

— Trained behaviors: electrophysiology, imaging (1P,2P,MRI)
— Observing patients



Reward vs. Punishment

e Whatisa “reward”?
* Learning is best motivated by threats to survival?
e Threats are much better reinforcers?

* Fearis a prime motivator

Decreases behavior Increases behavior

Presented Positive punishment  Positive reinforcer Taking drugs?
Taken away Negative punishment Negative reinforcer More fun,
less withdrawal




Classical fear conditioning
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CS-US pairing

Tone = conditioned stimulus (CS)
Foot-shock = unconditioned stimulus (US)
Freezing = conditioned response (CR-UR)



Contingency: co-occurence
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Test Group

Conditioning phase 1
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More than contingency:
Surprise / added information

Conditioning phase 2

Test fear response

Buzzer )))
Tone $

Aversive conditioning

Blocking

Frightened rat (fear response) f_*
.\ —
Happy rat (no fear response) (/'Q»
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Rules of thumb for conditioning strength

*  Backward < simultaneous < trace < delay

Gl i .
Us — __ . . Delay conditioning * Intrace: short interval > long interval

R e e * Indelay: short CS > long CS

o <— Trace i“t"r\"‘l—’r——l Trace conditioning
* Salience of the CS
cs — I L
Us Simultaneous conditioning . Strength of the US
o o | , . .
TR T — *  Spaced trials is better than massed trials
Us — e o et (the ratio between inter-trial-interval and
the CS)
Time - >

But notice it is hard to estimate backwards learning



Amygdala

Evolved in primates

RAT

Correlated with the prefrontal cortex (PFC) MBS Ve . R T

Amygdala-PFC is a tight 2-way 1-synapse network

Emotional responses and emotional learning

Show abnormal activity in most psychiatric - i Amygdala Hippocampus
conditions, mainly in anxiety and mood disorders

Dorsal

- ]Moderate ﬁ@ﬂ’w’

Light central
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Amygdala and its basolateral complex (BLA)

* BLA evolution parallels that of the prefrontal cortex
* BLA cell types are similar to the cortex
* Cortical projections are much more extensive in primates

 Most cortical projections of the amygdala originate from BLA
(none from CEA)
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Humans and emotions




EMOTIONS FACILITATE MEMORY
Emotionally arousing events are remembered more vividly.




Fear circuit

CS Pathway US Pathway

Auditory Somatosensory

Cortex Cortex
Auditory Somatosens
Thalamus

Thalamus

FREEZING ANS HORMONES Ledoux, Mcgaugh, Davis



Neurons acquire tone responses after conditioning
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LTP in the LA is required

NMDA (N-methyl-D-aspartate, glutamate receptor) is involved in both the
acquisition of fear memory and the induction of long-term potentiation

(LTP) in the amygdala.
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LA encodes memory independent of fear behavior

Fear memory
Low » High
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Trans-reinforcer blocking

Conditioned inhibition

Frightened rat (fear response) ‘*

S

Happy rat (no fear response) A
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Suggests common brain mechanisms



The dopamine system

No prediction
Reward occurs

TD error (t) A
Primary
motor cortex
it Primary
o somatosensory
cortex ) o
/’ (no CS) R
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Reward predicted
Caudate Reward occurs
nucleus
Putamen — V4 A
:\,/
Globus _2=—=%— A
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Ventral / Nigrostriatal bundle Reward predicted
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Schultz et al,
JNS 13:
900-913 ,1993
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Pearce-hall and rescorla-wagner

the change (A) in the associative strength (symbolized V) of a CS

AV=S.a.A
S is intensity of the CS and A of the US. a represents the associability of the CS

On= |A—ZV| n-1

prediction V of the reward:

V=wU

And learn to change w :

A w =¢(R-V)U

Unsigned (attention) “Vs.” signed prediction-error



Contextual fear

Amygdala Hlpbocampus

a Contextual fear conditioning Exposure to cage
Habituation Foct shock without shock
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b Acoustic-cued fear conditioning
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A myg d a | a m O d u I a t i O n Neurobiology: Packard et al. Proc. Natl. Acad. Sci. USA 91 (1994) 8479
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Formation and consolidation of
Declarative/episodic memories

Cortical modules
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The rhinal cortices
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Hippocampus Squire et al, 2004; Buzsaki, 1989;

Time Suthiland&McNaughton, 2000;
Kim&Fanselow, 1992;

Frankland&Bontempi, 2005.




The rhinal cortices: the interface to the
Hippocampus

A1 STEPWISE MODE
Neocortex Area 36

Area 35 L o~ e
i *a " ®l [OToHF

Area 35 Entorhinal

Area 36

B LONG-RANGE FEED-FORWARD INHIBITION
Neocortex Area 36 Area 35 Entorhinal

R O = ® < 3 ;.
O I.' < o — o Twr(:;eo(s)m 55 % 56 %
Pelletier et al, 2004 ]

O—— < Glutamatergic principal cells
e——« GABAergic neurons

Pinto et al, J. comp. neurol. 2006




Neocortex

Amygdala
> thmal

Entorhinal

Hippocampus

Hypothesis: Amygdala projections to the rhinal
cortices facilitate memory by promoting
bidirectional impulse transfer between the
Neocortex and Hippocampus.



Simultaneous extracellular recordings
of BLA, Perirhinal, and Entorhinal.

Amygdal 1

Perirhinal

Entorhinal




Spontaneous activity and
standard sensory input

Facilitation of information transfer

Neocortex

Amygdala
Wm >
erhinal

Entorhinal

Hippocampus

Following emotional/motivational stimulus

Neocortex Neocortex

Amygdala mPFC
o Perirhinal > Qirhinal
Entorhinal Entorhinal
Hippocampus Hippocampus

Fast storage for consolidation



So, does it encode the memory or just
modulates it?

* It depends.
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TRENDS in Neurosciences

* Why is trace hippocampal-dependent?

* Maintaining the CS? Timing the trace? Harder?

* Eyelid requires ~0.3sec, and hippocampus is required when 0.5-1sec.

* |In tone-shock, trace can be 3sec, and hippocampus is required for ~20sec
* This suggest context-conditioning



Extinction of fear-conditioning
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Extinction: a new learning

A Extinction Is not the same as forgetting C Renewal
o  Acquisition Extinction Retention Test Acquisition Extinction .
s ' ! a (Context A) (Context B) Retention Test
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a Prefrontal cortex (safety memory) b Lateral amygdala (fear memory)

Conditioning

Extinction: brain
mechanisms

2

Timé (s)

Time (s)

Nature Reviews | Neuroscience

a Expression of extinction b Modulation of extinction

Amygdala
Hippocampus

Nature Reviews | Neuroscience



Partial reinforcement extinction effect

A Plateau = Pars
—_— s [ ||S
=
e Partial reinforcement 2
— Fixed/variable ratio 3 CS -> US
— Fixed/variable schedule g CS -> P(US)=0.66
[F]
* Results in longer extinction Acquisition Extinction

— Frustration theory (Amsel): The omission of the
US induces frustration. Therefore, during
extinction, the frustration predicts the US.

— Sequential theory (Capaldi): conditioning to
strings of NNNRNNNR



Garcia J

Conditioned Taste Aversion

F

ﬁ
Hrs = Yrs

Taste CS Toxicosis US Aversion CR

100

Lithium chloride

* One-trial learning

50 ™

Aversion Index

* Long-delay learning (few hours)

— A [lack of] interference effect? 0
— Still a problem for neuroscientists



CTA

* Compound potentiation: odor + taste increase
response to odor

(A) Odor from drink _ Spout (B)
\\ s
- 13 e
—
/ = il 14+
T * Water 12+ &5
or - Odorant -
s saccharin g 10
i X s}
. )
-
 Preparedness: =
[] Odor from cup 4+
Odorant Spout 2}
0l—

0-0 OT-0

Figure 6.5 Potentiation of odor conditioning by taste. (A) A rat is given a taste in
drinking water that also contains an odor. (In many experiments, the odor comes
from a cup near the spout instead of being mixed in the drink.) (b) When odor is
paired with illness on its own and then tested (O-O), it does not suppress con-
sumption much. But if it has been combined with a taste on the conditioning trial
(OT-0), strong odor conditioning is obtained. (A, after Inui, Shimura, &
Yamamoto, 2006; B, after Palmerino et al., 1980.)




Consolidation

Short-term memory
(seconds to hours)

Long-term memory

* Anisomycin, a protein synthesis inhibitor, into = <

the Basolateral complex of the amygdala (BLA) Long-asting memory

Memory strength

— No effect on short-term-memory
— No effect after XX time (rule of thumb is 6hrs)
— But harms long-term memory below that.

Log time

Memory stabilization
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Learning o
experience

Initiation of memory consolidation
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Mcgaugh JL, science, 2000
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No effect on STM

Nader, Ledoux, Nature 2000
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An updated view of memories

(a)

Short-term memory (STM) Long-term memory (LTM)
* Lasts for seconds to hours * Lasts for days to weeks

« ‘Labile’ (sensitive to disruption) » Consolidated (insensitive

to disruption)
« Does not require new
RNA or protein synthesis * Does require new RNA
or protein synthesis

(b)

Active state (AS) Inactive state (IS)

* Lasts for seconds to hours « Lasts for days to weeks
« ‘Labile’ (sensitive to disruption) * Inactive (insensitive

to disruption)

{Does not require new

RNA or protein synthesis) (Does require new RNA
or protein synthesis)
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Stay safe, be fearless



