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Martin Telefont – 8 September 2006

Glutamate receptor antagonist infusions into the basolateral and medial amygdala reveal differential contributions to olfactory vs. context fear conditioning and expression
Walker DL, GY Paschall and Michael Davis 2006 Learning & Memory 12: 120-129
1. Amygdala plays an important role in auditory and visual stimuli for fear conditioning (learning) and fear expression (display)

a.  CeA has shown plasticity (LTP)

b. BLA 

2. Olfactory  or Visual cues paired with shock
a. Acoustic startle response to noise potentiated in response to CS
3. NMDA receptors in BLA prior to training are required for acquisition of olfactory mediated fear potentiation of startle

a. AP5 before training blocks olfactory fear potentiated startle

4. NMDA in BLA not required for expression of olfactory fear potentiated startle

a. AP5 after training does not block 

5. AMPA receptors in BLA after training but prior to testing are required for expression of olfactory mediated fear potentiation of startle

6. In BLA NMDA receptors are required for acquisition
7. BLA – AMPA required for expression of fear conditioning
8. Acquisition of Fear Conditioning does not require NMDA or AMPA in MeA 

9. Expression of olfactory Fear Conditioning requires AMPA receptors in MeA

a. NBQX in MeA reduced fear potentiated startle to olfactory cue

10.  Expression of visual Fear Conditioning requires AMPA receptors in MeA

a. NBQX in MeA reduced fear potentiated startle to visual cue

11. AMPA receptors in MeA are not required for startle alone
12. Fear conditioning includes conditioning to spatial context as well as the conditioned stimulus (light or smell) to fear
13. medial amygdala must include bilateral activity of AMPA receptors for fear potentiated startle
14. Expression of visual Fear Conditioning requires AMPA receptors in CeA
a. Unilateral blockade with NBQX is sufficient

b. Suggests that CeA is necessary for fear potentiated conditioning
c. Does this imply that BNST is involved?
Russ Carpenter – 22 September 2006

The cannabinoid receptor agonist WIN 55,212-2 facilitates the extinction of contextual fear memory and spatial memory in rats
Pamplona FA, RDS Prediger, P Pandolfo, Reinaldo N Takahashi 2006 Psychopharmacology ?: ?-?

Bckgnd: Cannabinoid CB1 receptor mediates fear extinction via habituation-like processes Kamprath K, G Mariscano, J Tang, K Monory, T Bisogno, V Di Marzo, B Lutz, CT Wotjak 2006  J Neurosci 26: 6677-6686
1. CB1 found in brain – Gi – inhibits AC/cAMP
2. All CB1 in limbic localized to GABA or CCK presynaptic terminals

a. Suppresses GABA release

b. In Hippocampus CB1 inhibits ACh release

3. Highest density of CB1 in substantia nigra, striatum, cerebellum

a. Motor areas

b. Also high in cingulated, hippocampus, amygdala, MCG

4. Anandamide – endogenous cannabinoid

a. Lipd transmitter – synthesized on demand

b. Highest concentration in hippocampus, striatum

c. THC binds CB1
i. WIN 55,212-2 is a CB1 agonist

ii. SR 141716 (rimonabant) diet drug CB1 antagonist
iii. SR 147778 CB1 antagonist

5. Extinction: new association between tone and nonappearance of predicted punishment (safety learning)
6. Habituation: repeated non-reinforced tone presentation leads to a decrease response to the tone

7. CB1 role in extinction is limited to aversive conditions
a. KO of CB1 impairs the extinction of fear memories

b. CB1 controls both short and long-term fear adaptation

8. CB1 does not influence acquisition of fear conditioning
9. CB1 limits sensitization reaction over time
a. Prior stress enhances freezing response to novel tone

10. CB1 is necessary to learn that a potentially negative stimulus is harmless

a. Less desensitization
i. Less freezing to tone in CB+/+
ii. More freezing to tone in CB-/- KO mice

11. CB1 agonist in low dose facilitates extinction of contextual Fear Conditioning
a. CB1 antagonist blocks extinction of contextual Fear Conditioning
12. No effect of CB1 on retrieval of fear memory
13. CB1 controls extinction of short term and long-term (remote) fear memory

a. CB1 agonist extinction is facilitated
i. WIN treated rats freeze less

b. CB1 antagonist blocks the effect of CB1 agonist

i. SR blocks WIN-induced increase in freezing

14. CB1 also controls extinction of spatial memory
a. CB1 agonist WIN find reversed Morris water maze platform faster (1st trial)

b. CB1 agonist SR slower to find reversed platform (2nd trial)

c. Swim test is still, but less aversive

Kristi Tschetter – 29 September 2006

Role of muscarinic M1 receptors in inhibitory avoidance and contextual fear conditioning
Soares JCK, RV Fornari, MGM Oliveira 2006 Neurobiology of Learning & Memory 86: 188-196
1. muscarinic ACh receptors important for modulation of aversively motivated tasks
a. ACh necessary for forebrain arousal (via thalamo-cortical bundle)

b. M1-like receptors include M1, M3, M5
i. Excitatory action

ii. Dicyclomine, pirenzepine, biperiden, and trihexyphenidyl  = M1 (M3) antagonists
c. M2-like receptors include M2 and M4
i. Inhibitory

d. Scopolamine = general muscarinic antagonist 

2. Contextual Fear Conditioning
a. Aversive stimulus given in a specific context (usually spatial)
i. Footshock

1. 0.3 - 0.4 mA low (tingle; conditioning only to tone)
2. 0.6 mA mild (r
ats jump; conditioning to tone or context)

3. 0.8 – 1.0 mA acute (rats  jump, learned helplessness)

4. 1.2 - 1.8 mA severely acute (urinate, defecate)

b. Re-exposure to context produces fear behavior

i. freezing

3. Inhibitory Avoidance (instrumental conditioning)

a. Punished for a response

i. Crossing into dark compartment

4. general muscarinic anatagonist blocks acquisition of both Contextual Fear Conditioning and Inhibitory Avoidance
a. Specifically M1 antagoinst blocks acquisition of both Contextual Fear Conditioning and Inhibitory Avoidance

5. M1 antagoinst before training and before testing (dic/dic) also inhibited both Contextual Fear Conditioning and Inhibitory Avoidance
a. But so did M1 antagoinst before training and saline before testing (dic/sal)

b. But for sal/dic, i.e. M1 antagoinst before  testing only Contextual Fear Conditioning was inhibited

6. M1 antagonist block retrieval of Contextual Fear Conditioning
a. But M1 antagonist block retrieval of Inhibitory Avoidance
b. CFC no control over context, IA the animal has choice over context

7. ACh muscarinic M1 receptors are important for acquisition of Contextual Fear Conditioning and Inhibitory Avoidance
8. ACh muscarinic M1 receptors are important for retrieval of Contextual Fear Conditioning
9. ACh muscarinic M1 receptors are important for consolidation of fear learning

a. Post-training M1 antagonist does not affect Contextual Fear Conditioning and Inhibitory Avoidance

b. However, pirenzepine directly into hippocampus, or systemic biperiden and trihexyphyidyl impair consolidation of IA

Paul Tschetter – 6 October 2006
Extinction of auditory fear conditioning requires MAPK/ERK activation in the basolateral amygdala
Herry, Cyril, T Trifilieff, J Micheau, A Lüthi, N Mons Eur J Neurosci 24: 261-269

1. Extinction is a form of new learning
2. Extinction memories are context dependent and labile
a. Giving rise to spontaneous recovery

3. BLA NMDA blockade inhibits extinction of fear conditioning

a. NMDA blocker does not block acquisition of extinction of fear conditioning

b. NMDA-R can stimulate activation of MAPK/ERK 2nd messenger system
i. ERK involved in consolidation of auditory and contextual fear conditioning
4. Early vs Late Extinction

a. Early: 5h after conditioning, i.e. extinction trials = CS without US

i. Not much reduction in CR (freezing)

b. Late: 24 h later

5. pERK became elevated in BLA after late extinction training

a. maximum number of pERK positive cells at 60 min after late extinction training

i. up at 15 and 360 min but not as high

b. But not after early extinction training

c. Total ERK did not change

6. Intra-BLA injection of MEK inhibitor (UO126) before late extinction trials blocks extinction of fear conditioning (freezing remains)
a. Extinction block remains 24 h after injection of MEK inhibitor

b. MEK inhibitor before early extinction trials does not block extinction

7. Extinction of auditory fear conditioning induces ERK phosphorylation in BLA

8. MEK inhibition blocks acquisition of extinction fear conditioning
9. ERK signaling in BLA is necessary for acquisition of fear extinction memories

Jay Christensen – 20 Oct 2006

Brain-derived neurotrophic factor and tyrosine kinase receptor B involvement in amygdala-dependent fear conditioning
Rattiner LM, Michael Davis, CT French, KJ Ressler  J Neurosci 24: 4796-
1. BDNF acutely modifies synaptic efficiency and  morphology

a. Via TrKB receptors

i. TrKB increases NMDA function

ii. TrKB mediates Erk translocation to the nucleus

iii. BDNF maybe required for CREB activation in amygdala
iv. K252a = general TrK receptor inhibitor
v. TrKB.T1 = Specific inhibition via dominant-negative recombinant truncated protein
b. Enhances hippocampal LTP

i. High numbers of  TrKB receptors in amygdala, specifically BLA

2. BDNF is upregulated in BLA by odor (amyl acetate) cue stimulated fear conditioning (fear potentiated startle)
a. Up by 30 min, max by 2 h

b. Maybe small increase in NGF

c. Not upregulated NT3, NT4/5, aFGF, bFGF

3. BDNF is upregulated in BLA by visual (light) cue stimulated fear conditioning (fear potentiated startle)

a. Only stimulated by conditioning (light shock pairing)

b. Light or shock alone did not influence BDNF

4. BDNF did not change after conditioning in MeA, vPosteromedial Thalamic N, or dorsal Hippocampus
5. TrKB receptor inhibitors K252a (general) and TrKB.T1 (specific) into BLA just before training limited acquisition of fear conditioning (fear potentiated startle)
6. TrKB dominant-negative recombinant truncated protein inhibitor TrKB.T1  into BLA before testing did not limit expression of fear conditioning
7. Therefore, BDNF in (BLA) basolateral amygdala is necessary for acquisition but not expression of  fear potentiated startle fear conditioning
Muharema Mustic 27 Oct 2006
Enhancement of extinction memory consolidation the role of the noradrenergic and GABAergic systems in the basolateral amygdala

DJ Berlau and JL McGaugh 2006 Neurobiol Learning Memory 86: 123-132
1. GABAA activity in BLA  decreases initial consolidation of contextual fear conditioning memory retention
a. BLA is important for original fear conditioning
2. GABAA activity BLA  inhibits consolidation of extinction of contextual fear conditioning memory retention
a. Only the right BLA is sensitive to GABAA inhibition of contextual fear conditioning
b. Not involved in acquisition of extinction of contextual fear conditioning
3. NE in the right side BLA promotes extinction of contextual fear conditioning
a. NE also promotes original fear conditioning memory retention
b. NE reverses GABAA inhibition of consolidation of contextual fear conditioning
c. NE effect is downstream of GABA regulation

i. GABA interneuron terminals on NE terminals?

4. Ipsilateral dorsal hippocampus does not appear to be involved in regulating the contextual component of extinction of fear conditioning
Jeff Barr – 3 November 2006

Effects of ventral and dorsal CA1 subregional lesions on trace fear conditioning

Rogers JL, MR Hunsaker, RP Kesner Neurobiol Learn Mem 86: 72-81

1. Hippocampus plays a role in trace fear conditioning but not classical conditioning of fear
a. Complete lesions produce deficits in acquisition and consolidation of contextual fear conditioning
b. Regulates when and where extinction memories are expressed

c. Necessary for association of stimuli separated by time (trace)

i.  Also depends on PFC

ii.  hippocampus unnecessary for trace learning if contiguity is maintained
2. Fear Conditioning Circuitry
a. Tone and shock to LA to CeA to freezing

b. Context from hippocampus to basal and lateral amygdala through ICM to CeA to freezing

3. GABAA inhibition (muscimol) of dorsal hippocampus reduces contextual fear conditioning extinction retrieval
4. Dorsal and Ventral Hippocampus have distinct functions

a. Dorsal Hippocampus – visual and spatial information

i. No connection to PFC

b. Ventral Hippocampus – Anxiety

i. Connected to BNST, Amygdala, Hypothalamus

ii. Direct connection to PFC

5. CA1 region of the hippocampus is involved in temporal pattern association
a. CA1 neurons fire during trace conditioning

b. CA1 NMDA receptors necessary for trace conditioning

c. CA1 involved in intermediate-term memory

6. Lesions of the ventral or dorsal CA1 does not impair acquisition 

a. of contextual fear conditioning
b. of trace fear conditioning
c. of delay fear conditioning CS=tone
7. Lesions of the ventral CA1 does reduce consolidation and/or retrieval of contextual fear conditioning
a. Lesions of dCA1 also inhibits consolidation and/or retrieval of contextual fear conditioning, but less so
8. Lesions of vCA1 inhibits consolidation and/or retrieval of trace fear conditioning
a. Lesions of d CA1 was less effective (P < 0.06) for inhibiting trace fear conditioning
9. lesions of vCA1 or dCA1 was only minimally effective  (P < 0.08) in reducing consolidation and/or retrieval of delay fear conditioning
10. Hippocampal CA1 was not involved in acquisition 

11. vCA1 is important for contextual and trace fear conditioning
a. maybe also for delay conditioning

b. dCA1 also important

Michelle Phillips – 18 November

Expression of egr1 (zif268) mRNA in select fear-related brain regions following exposure to a predator                Rosen JB, RE Adamec, BL Thompson Behav Brain Res 162: 279-288

Animal studies of amygdala function in fear and uncertainty: Relevance to human research Rosen JB, Donley MP Biol Psychol 73: 49-60
1. Unconditioned fear stimuli may be derived from natural conditions
a. e.g. predator, predator odor, conspecifics competition
b. as opposed to foot shock

i. most fear conditioning tests use ecologically irrelevant unconditioned stimuli 

2. lesions of basal, lateral and central amygdala, BLA and CeA disrupts fear conditioning
a. but not unconditioned fear
3. PAG (periacqueductal gray), BLA and CeA show fos activation with fear conditioning
a. PAG only shows fos activation with unconditioned fear

4. Egr1 activated in PVN with unconditioned fear (cat exposure)
5. no egr1 activation in dlLA (dorsolateral division of the Lateral Amygdala) with unconditioned fear
6. Medial amygdala is activated by unconditioned fear
7. Amygdalar egr1 is activated by conditioned fear
a. Long-term memory of conditioned fear is blocked by antisense to egr1
8. Egr1 activated in visual cortex with unconditioned fear (cat exposure)

a. Not in somatosensory cortex
9. Overlapping circuit for conditioned fear and unconditioned fear
a. BLA activated by conditioned fear
b. MeA activated by unconditioned fear
Andrew Burke – 1 Dec 2006
Enhancement of auditory fear conditioning after housing in a complex environment is attenuated by prior treatment with amphetamine

Briand LA, TE Robinson and S Maren     Learning & Memory  12: 553-556
1. Amphetamines, like complex housing, stimulate an increase in dendritic branching and spine density
a. but… amphetamines block complex environment induced increased dendritic branching and spine density in hippocampus

b. low doses of amphetamine improves recovery from brain injury
2. Complex housing stimulate enhanced and prolonged fear conditioning (auditory) learning
a. better retention of original fear conditioning
b. or… delayed learning of fear extinction conditioning
3. Context also stimulates prolonged fear response (freezing) in complex housing
a. Only later time points are different, so it looks like delayed extinction

4. Yin and yang; push and pull between original fear conditioning and extinction learning
5. Housing in a complex environment facilitated Pavlovian fear conditioning

a. and delayed extinction of fear conditioning

b. effect of environment enrichment was much stronger for auditory fear than contextual fear conditioning
6. Amphetamine blocks the effect of complex housing on auditorily cued fear conditioning and delayed extinction
a. No effect of amphetamine on contextual fear conditioning
7. Exposure to drugs of abuse may limit future experience dependent plasticity
Travis Ling – 1 Dec 2006

Prior cocaine exposure disrupts extinction of fear conditioning

Burke KA, TM Franz, N Gugsa and G Schoenbaum         Learning & Memory  13: 416-421
1. Cocaine inhibited extinction of fear conditioning
a. Delayed and diminished extinction learning

b. but cocaine did not affect original fear conditioning
2. Cocaine also inhibits extinction of fear conditioned suppression of  bar pressing for sugar
3. A 2o shock of high voltage inflates fear conditioning but delays extinction

a. Not influenced by  cocaine

Amanda Jonas – 8 Dec 2006

Opioid receptors in the midbrain periaqueductal gray regulate prediction errors during Pavlovian fear conditioning 
McNally GP and S Cole Behav Neurosci 120: 313-323

1. Fear conditioning depends on predictive error
a. the more unexpected something is the more salience it has for conditioning

2. A conditioned stimulus (CS2) paired with a US after CS-US pairing with another CS1 will not successfully produce a conditioned response (CR) if the CS-US training includes both CS1 & CS2
a. CS2 does not produce freezing in response to US (foot shock)
b. = blocking
i. extinction disrupts blocking

c. blocking is reduced if CS1 is less than CS1+CS2
d. Learning about the causal relationships depends on what we already know about the events in the relation
i. If the outcome is unexpected (high predictive error) – learning about that predict its occurrence transpires

ii. If the outcome is expected, information provided by other cues about its occurrence is redundant

iii. You learn from your mistakes

3. CS2A can produce the CR if paired with CS1A, which has not been used previously during training
4. activation of -opioid receptors in the ventrolateral periaqueductal gray (vlPAG) are necessary to block the association of a 2o CS (CS2) with the US during training

a. -opioid receptor antagonist CTAP permits association of CS2 with the US

i. CS2 produces freezing in response to US
ii. -opioid receptors in the vlPAG act via Gi blocking of AC and cAMP

b. 1o endogenous -opioid receptor agonist = -endorphin

5. The same neural mechanisms that mediate associative blocking of fear conditioning also cause extinction of fear conditioning
a. -opioid receptors in the vlPAG are necessary for associative blocking and extinction

6. CS1 paired with US (aversive) produce conditioned analgesia that depends on -opioid receptors in the vlPAG
a. This analgesia blocks association of US with CS2 due to loss of US signal
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