Behavioral Neuroscience:
Fear thou not

Pavlovian conditioning, an enduring
model of associative learning



Thoughts

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

— Fear is a prime motivator

Decreases behavior Increases behavior

Presented Positive punishment  Positive reinforcer

Taken away Negative punishment Negative reinforcer




Acquisition in wake animals

Classical fear conditioning

Behavioral setup Behavioral paradigm
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CS-US pairing

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

Conditioned response
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The CS predicts the US = CR
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Samuel et al., 2018



Contingency: co-occurrence

-

Group Positive contingency

Excitation
TR [ W - T | 1 Vg

R

ﬂ
.

Inhibition” 3

Zero contingency

2 M et 1 o o T & T LT 1

Strength of conditioning
-]

Negative contingency

3 Il o Ml o o MNLIT1L_ o IlL—

-
L

Time >

VR

vl
FR

Fl

Schedules of reinforcement:
Variable/fixed interval/ratio
Variable-ratio - number of responses needed for a reward varies
Variable-interval - the subject gets the reinforcement based on Time
varying and unpredictable amounts of time

Cumulative number of responses




Test Group

Conditioning phase 1
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Key:

Food omission D N

Loud/aversive noise

More than contingency:
Surprise / added information

Conditioning phase 2 Test fear response

Buzzer )))
Tone }

Aversive conditioning

Tone + Shock = CR
Tone + Light = No CR
Tone = predictor

Blocking

No CR to light > the outcome is already
well predicted

Frightened rat (fear response) ,_*

S~

Happy rat (no fear response) 6»“
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Rules of thumb for conditioning strength

 Backward < simultaneous < trace < delay

@ el 1] —
Us — a ~_ Delay conditioning * Intrace: shortinterval > long interval
o  E— * Indelay: short CS > long CS
US —— <— Trace inter\ “]*’l——-l Trace conditioning
« Salience of the CS
68 el L
us __ T Simultaneous conditioning e Strength of the US

s —I 1

- L *  Spaced trials is better than massed trials (the
US FE ] Backward conditioning

ratio between inter-trial-interval and the CS)

Time = >

But notice it is hard to estimate backwards learning
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Amygdala and its basolateral complex (BLA)

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

SOME INPUTS AND OUTPUTS OF THE AMYGDALA
Sensory Cortex Prefrontal Cortex
(aud, vis, somato, gust, olf} Assoc. Cortex Entorhinal Cortex {regulation)

‘/

Sensory Thalamus
(vis, aud, somato)

Sensory Brainstem
{gust, pain, viscera)

The Amygdala

T

Modulatory Systems
{NE, DA, ACh, 5HT)
{arousal)

Ventral Striatum
{instrumental actions)

Periaqueducal Gray Hypothalamus Dorsal Mot N. Vagus
{freezing) {symp ns, hormones) (parasym ns)

— inputs
outputg --------- »




Fear circuit

Somatosensory

/ Cortex

Auditory
Cortex

Amygdala

Thalamus
Tone-CS —» | Auditory

—_—>

Foot Shock-US —>» Somatosensory

Conditioned Response

- motor

- endocrine

- autonomic {(sympathetic)

Samuel et al., 2018



Neurons acquire tone responses after conditioning
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Neurons acquire tone responses after conditioning

Increased response along trials

Primates
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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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s it fear memory or just fear behavior?



Lateral amygdala encodes memory independent of fear
behavior

Fear behaviour
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A mygd a | a m O d u I a t i O n Neurobiology: Packard et al. Proc. Nail. Acad. Sei. USA 91 (1994) 8479

of memory 2
* Hippocampal dependent learning: _
spatial Lo %
- 2o
 Striatum dependent-learning: 3o I

cue-related
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Injection of d-amphetamine into the
amygdala facilitates hippocampal and striatal learning
if right after training, but not if pre-testing

Packard, Mcgaugh
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So, does it encode memory or just
modulates it?

* It depends.



Eyelid (blink) reflex conditioning
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Hogri et al., 2015

The cerebellum is essential and sufficient for eyeblink conditioning



Amygdala conditioning facilitates cerebellar eye-blink conditioning
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Eyelid (blink) reflex conditioning — the role of the hippocampus
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This suggest context-conditioning Sessions



Contextual fear /

Amygdala \u';-llppocampus

a Contextual fear conditioning Exposure to cage
Habituation Foct shock without shock
l
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Extinction of fear-conditionin
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Extinction: a new learning

A Extinction Is not the same as forgetting

Acquisition Extinction Retention Test

CR

Measure of
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B Sspontaneous recovery simple passage of time
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a Prefrontal cortex (safety memory) b Lateral amygdala (fear memory)

Conditioning —

Extinction: brain , ~®& ;f ;\, ) 2\
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a Expression of extinction b Modulation of extinction
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Partial reinforcement extinction effect
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Acquisition Extinction
e Results in longer extinction learning Livneh & Paz, 2012

— 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
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Taste CS Toxicosis US Aversion CR
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Lithium chloride

e One-trial learning g
* Long-delay learning (few hours) §
— A [lack of] interference effect? 0

— Still a problem for neuroscientists



Consolidation

oo
- el
* Anisomycin, a protein synthesis inhibitor, into E & <
the Basolateral complex of the amygdala (BLA) H Long-asting mamory
— No effect on short-term-memory
Log time
— No effect after XX time (rule of thumb is 6hrs) ”
— But harms long-term memory below that.
Memory stabilization
Practice 1 Practice 2
ol > 24hrs o
30m e b
CS‘US —_ > I E3:) @é
S P2 § Gé ,
/‘5%/ Scared §§ o 5 )
g{; 5 10 5 ‘.“‘ ST:‘ )
cs-us N, G VARG o
’ ) Fracli(Z:L‘ b‘ocki ’
}’,‘ /Sca red Nature Reviews | Neuroscience
30m " ¢
CS-US — %
S > 24hrs Scared
30m > ;
#” Saline

@)
o
-
)
v

AN



Reconsolidation

Fear memories require protein synthesis in the amygdala for reconsolidation after retrieval

Fourteen days after training,
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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

= ‘| abile’' (sensitive to disruption) = Consolidated (insensitive

to disruption)
* Does not reguire new
RMNA or protein synthesis * Does require new ANA
or protein synthasis

(b)

Active state (AS) Inactive state {IS)

* Lasts for seconds to hours = Lasts for days o weeks
« ‘Labile’ (sensitive to dismuption) * [nactive (insensifive

to disrupticn)

{Does not require new

HMA or protein synthesis) (Doas require new RMNA
or protein synthesis)

TRENDS in Neurosciences
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