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Russ Carpenter – 19 September 2008
Emotional and spatial learning goldfish is dependent on different telencephalic pallial systems Manuel Portavella,  JP Vargas 2005  Euro J Neurosci  21: 2800-2806
1. Spatial Learning involves navigation through space to a discrete goal

· Learning = process by which new information is used to adaptively modify subsequent behavioral responses

· Memory: using processed information to modify subsequent behavioral responses
· Not directly measurable, inferred from  in Behavior over time
a. Cartographic spatial learning: navigation based on a cognitive map

b. Integration of positional information: ing environmental perspective

c. Positioning vectors: relative to individual or to environment

i. Egocentric – landmarks in a coordinate system organized around the body

ii. Geocentric – location in coordinate system relative to the earth
2. Spatial learning often involves the Hippocampus
a. Hippocampus is also important for temporal, relational, and contextual learning
b. Especially dorsal hippocampus

c. Hippocampus in teleost brain (as in goldfish) is called dorsolateral pallium (DL)

3. Ablation of the goldfish hippocampus (DL) limits spatial learning
a. No effect on acquisition of spatial learning task

b. DLx fish needed more sessions to acquire Reversal of spatial learning task
i. Acquisition of reversed spatial learning task is marginally faster in controls
c. Ablation of pallial amygdala did not affect spatial learning
4. Ablation of the goldfish pallial amygdala (=BLA?; dorsomedial pallium = DM) inhibits emotional (avoidance ) learning 
a. DM ablated fish show lower avoidance of shuttle box shocks  

i. CS = green light 10s, then 5s shock (US)
ii. Crossing midline barrier (shuttle) stops shock
iii. Shuttle in less than 10s = avoidance; shuttle between 10-15s = escape

iv. DMx produces escape responses but very few avoidance responses

b. DL ablated fish do not have limited emotional learning

i. DLx fish show full avoidance of shuttle box shocks  

5. Spatial learning and emotional learning are dependent on regionally distinct mechanisms in the brain

a. Spatial learning is dependent on hippocampus – DL

b. Emotional learning is dependent on amygdala – DM

6. Regionally specific modulation of spatial and emotional learning is evolutionarily conserved 
Dave Arendt – 26 September 2008
Enriched environment treatment restores impaired hippocampal synaptic plasticity and cognitive deficits induced by prenatal chronic stress J Yang, C Hou, N Ma, J Liu, Y Zhang, J Zhou, L Xu, L Li Neurobiol Learn Memory  87: 257-263
1. Prenatal stress reduces hippocampal synaptic density, neurogenesis, and NO
a.  Alters gene expression

2. Environmental enrichment reverses cognitive from early life stress
a.  Enrichment  improves spatial learning, emotional reactivity, and motor skills
b. Enrichment restores  neurogenesis  after prenatal stress 

3. Prenatal stress inhibited long-term potentiation (LTP) in hippocampal CA1 (slices)
a.  Prenatal stress stimulates long-term depression (LTD) in CA1
b. Prenatal stress potentiates acute stress depression of LTP in CA1
c.  Prenatal stress enhances acute stress stimulated LTD in CA1
4. Enrichment restored CA1 LTP after prenatal stress, and reduces LTD
a.  Enrichment  rescues acute stress potentiation of prenatal stress on LTP and LTD

5. Prenatal stress inhibits spatial learning
a.  Prenatal stress increases escape latency in water maze, increases thigmotaxis (only swimming on edge of pool), increased test-day escape latency, and increased time to reach the platform quadrant
6. Enrichment rescues full spatial learning after prenatal stress
a.  Enrichment restores faster water maze escape latency during training and test day, reduces thigmotaxis, reinstates faster time to platform quadrant on test day
7. Handling of rat pups restores neurogenesis loss due to prenatal stress
Justin Smith – 10 October 2008

London taxi drivers and bus drivers: A structural MRI and neuropsychological analysis
EA Maguire, K Wollett, HJ Spiers 2006 Hippocampus 16: 1091-1101
1. Taxi drivers have large Spatial Learning experience
2. Taxi drivers have increased gray matter volume in posterior (dorsal) hippocampus
a. Greater mid-posterior hippocampal volume than bus drivers

b. Both right and left

c. Better scores on landmark recognition memory test

d. Better scores on landmark proximity judgement

3. Taxi drivers have decreased gray matter volume in anterior (ventral) hippocampus

a. Reduced right/left anterior head hippocampal volume compared with bus drivers

i. Anterior tip closest to amygdala

b. Taxi drivers did worse on Rey-Osterrieth figure delayed recall
c. And worse on recognition memory test words

i. Decreased acquiring and retrieving new visuo-spatial information

4. Increased years of taxi driving experience positively correlates with increased p hippocampus

a. Positive linear correlation between spatial learning experience and right posterior hippocampal volume
5. Spatial experience negatively correlates with anterior hippocampal volume
a. Negative linear correlation between experience and right anterior hippocampal volume

6. Continuous high intensity Spatial Learning stimulates increased plasticity in right posterior hippocampus – resulting in greater gray matter (cellular) volume

7. Spatial knowledge improves with time and experience

Jeff Barr – 17 October 2008

Finite scale of spatial representation in the hippocampus Kjelstrup KB, T Solstad, VH Brun, T Hafting, S Leutgeb, MP Witter, EI Moser, M-B Moser 2008 Science 321: 140-143
1. Hippocampus is divided in to  septal, intermediate and temporal poles
a. Septal = dorsal (posterior) receives somatosensory, visual, auditory, olfactory, gustatory information

b. Intermediate receives somatosensory, visual, auditory, olfactory, gustatory information

c. Temporal = ventral (anterior) receives olfactory, gustatory, emotional and motivational  information

2. Place cells 
a. single neurons in hippocampus that fire when an individual moves through a specific location

b. Area where cells fire = place field

i. Still fire when landmarks are moved & when lights are turned off

ii. Place fields can appear, disappear, or move “seemingly” randomly

c. Replay = cells co-activated during awake behavior that are also active during sleep
d. Preplay = cells firing in a T-maze ahead of direction moved toward reward location

i. Retrieval of stored spatial representation

ii. Hippocampus important for active problem solving

e. Head direction cells

i. Presubiculum Cells that fire with head direction

1) Independent of movement

2) Vestibular input critical for directional signal

f. Grid cells

i. Fields of multiple firing neurons in entorhinal ctx, thalamus, parietal ctx forming a grid
1) Fields dispersed over the entire environment

2) Equally spaced

g. Place, Head direction, and Grid cells together integrate information for a mapping system

i. Location, distance, direction between locations
3. Remapping

a. Memory interference – similar memories

b. Place Cell Plasticity - Changing place fields are environmentally modulated

i. Rate remapping
ii. Global remapping

iii. Differences in environment yield memory separation

1) Fear conditioning can move place field

4. Spatial representations are found in all regions of the hippocampus 

a. septal = dorsal = posterior – fire in discrete spatial regions
i. represents small distinct spaces - 98 cm
b. intermediate – fire in medium range spatial regions - 3-6 m
c. temporal = ventral = anterior – fire in a specific wide range of spatial regions ~10 m
i. may fire everywhere in one room, but nowhere in another room

Wei Li – 24 October 2008

Spatial relational learning persists following neonatal hippocampal lesions in macaque monkeys
Lavenex P, P Banta Lavenex, DG Amaral 2007 Nature Neuroscience 10: 234-239
1. Spatial memory involves allocentric (spatial relational) and egocentric coding of space
a. Spatial memory often considered in the context of episodic memory
b. also in the context of semantic memory
2. Primates (macaques: Macaca mulatta) use both allocentric and egocentric cues equally to navigate space for reward
3. Hippocampal lesions in adult primates inhibits allocentric spatial learning
a. Only egocentric spatial navigation was possible in lesioned
4. Hippocampal lesions in neonatal primates does not inhibit allocentric spatial learning
a. Brain reorganization of extra-hippocampal regions leads to recovery of the spatial learning capacity when the hippocampus is lost early in life 
5.  the hippocampus is critical for acquisition of new of allocentric spatial learning
a. adult hippocampal lesion showed impaired episode-free semantic memory
Sharleen Yuan – 31 October 2008
A lateralized avian hippocampus: preferential role of the left hippocampal formation in homing pigeon sun compass-based spatial learning Gagliardo A, G Vallortigara, D Nardi, VP Bingman
2005 EJN 22: 2549-2559

1. Hippocampal formation is critical for landmark navigation & map learning in birds
a. Hippocampal formation includes: hippocampus, parahippocampus, 
i. Mammalian hippocampal formation: hippocampus (DG, CA4, CA3, CA2, CA1), subiculum, entorhinal cortex, 

b. Homing pigeons are dependent on sun compass and magnetic field for sense of direction

2. Lesions of the left hippocampal formation inhibit sun compass orientation

a. Lesions of right hippocampal formation did not completely inhibit sun compass orientation

b. Hippocampal lesions did not influence orientation to local cues

3. Intact pigeons with both right and left hippocampi prefer sun compass orientation

a. Orientation to sun compass and local cues may be disoriented by phase shifting 

i. Phase shifting of time or space

ii. Related to magnetic bearing?

4. Lesions of the right hippocampal formation prefer local cues

a. but they can use sun compass

5. hippocampal function in pigeons is lateralized: 
a. Left hippocampal formation necessary for sun compass spatial learning
6. Partial segregation of the spatial processing elements 
a. sun compass based learning via left hippocampal formation

b. goal location w/in geometrical framework via right hippocampal formation
Ryan Mullaly – 7 November 2008

Post-training CB1 cannabinoid receptor agonist activation disrupts long-term consolidation of spatial memories in the hippocampus Yim TT, NS Hong, M Ejaredar, JE McKenna, RJ McDonald 2008 Neuroscience 151: 929-936
1. CB1 activation in the dorsal hippocampus impairs spatial memory

a. CB1 inhibition in d-hippocampus facilitates spatial memory

2. CB1 agonist (WIN 55,212-2) does not influence acquisition of spatial memory
a. WIN 55,212-2 delivered immediately after training

b. Delivered systemically or directly into hippocampus

3. CB1 agonist also does not influence retrieval of spatial memory
4. CB1 activation in hippocampus does inhibit consolidation of very long-term spatial memory

a. decreased swimming in the goal quadrant after 4 weeks

i. Probe test without platform 

b. but not after 1 week

5. so consolidation for retrieval after 1 week was not impaired

6.  consolidiation for  long-term spatial memory is distinct from that of intermediate spatial retrieval 
a. NMDA antagonism also blocks intermediate but not long term spatial memory

7. CB1 activation inhibits LTP via inhibition of NMDA receptors
BreeAnn Brandhagen – 5 December 2008
Hippocampal CA1 place cells encode intended destination on a maze with multiple choice points
Ainge JA, M Tamosiunaite, F Woergoetter, & PA Dudchenko 2007 J Neurosci 27: 9769-9779
1. Place Field – physical location where a single hippocampal neuron fires more
a. Downstream goal neurons fire maximally near desired location

b. Place fields move toward intended goal

c. Pre-play – place cell firing before movement toward the reward location

d. Place fields highly represented in starting location

i. Firing of place cells in place fields is not effected by time spent in location

ii. Some place cell fire independently of goal orientation

2. Episodic Memory – of events personally experienced 

a. Semantic Memory – of facts and vicariously experienced events

3. Place cells fire more at the start when the goal was achieved

a. Pre-play

4. Place cells fire along route at choice points  to correct goal destination
5. Some place cells are silent and become active over time while acquiring goal orientation
a. Some place cells lose activity during acquisition of goal orientation

b. Some place cells change place fields while acquiring goal orientation

c. Novelty influence place cell firing

6. Hippocampal lesions (half of hippocampus) slowed learning of goal when the reward location was changed
a. Reversal learning slightly impaired

b. Revearsal task eventually learned even after hippocampal lesion
7. Lesion of hippocampus impairs acquisition of a new task
Katy Grey – 12 December 2008

Storage of spatial information by the maintenance mechanism of LTP Pastalkova E, P Serrano, D Pinkhasova, E Wallace, AA Fenton, TC Sacktor Science 313: 1141-1144
1. 3 phases of long-term potentiation (LTP)

a. Short, intermediate, late

b. Late-term LTP is dependent on gene transcription and protein synthesis

2. Protein Kinase C (PKC) has a PKC form that is indendent of Ca++ of diacyl glycerol

a. PKC has an inhibitory subunit

i.  = zeta

b. PKM is a form of PKC without the inhibitory subunit

i. Inhibitory/regulatory subunit is removed to stimulate PKC function

ii. Regulatory subunit includes a binding substrate (ZIP =  inhibitory protein) that confers inhibition to PKC form
iii. ZIP can be used  to inhibit PKM function

3. ZIP reverses late-phase LTP in dentate gyrus (DG) of the hippocampus
a. ZIP does not effect unstimulated DG current

4. ZIP also blocks later retrieval of spatial memory
a. Place avoidance training – time spent in  shock zone not reduced after late ZIP treatment

b. After ZIP blockade of long-term spatial memory, conditioned aversion can be relearned 

c. short-term memory was not blocked
d. late administration of scrambled-ZIP or general PK inhibition (staurosporine ) have no effect on long-term memories

i. staurosporine inhibits CAMK2, PKA, c/nPKC

5. general PK inhibition before training blocks acquisition of spatial memories

6.  PKM is necessary for long-term memory retention
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