[image: image1.png]The Pavlovian Society
50 Years: 1955 — 2005



Pavlovian Society 2006

September 15-16 (opening reception Sept 14)

Holiday Inn Historic District

Philadelphia, PA  U.S.A.
[image: image2.png]



[image: image3.png]


[image: image4.png]



Condensed Program for the 2006 Annual Meeting of the Pavlovian Society

Holiday Inn Historic District, Philadelphia, Pennsylvania

Thursday, 14 September 2006, 5:30 pm - 7:30 pm

Reception, Betsy Ross I Room for food (cash bar in Benton’s Lounge)

Friday, 15 September 2006: Betsy Ross Rooms I & II

8:00 am - 8:25 am, complimentary continental breakfast

8:25 am - 8:30 am, Ralph R. Miller, Opening remarks 

8:30 am - 9:00 am, Joseph LeDoux

9:00 am - 9:30 am, Alan Gelperin

9:30 am - 9:40 am, break

9:40 am - 11:20 am, Symposium in Honor of Richard F. Thompson,

   chair: Joseph E. Steinmetz

9:40 am - 9:50 am, Joseph E. Steinmetz

9:50 am - 10:20 am, Steve Berry

10:20 am - 10:50 am, Mark Stanton

10:50 am - 11:20 am, Jeansok Kim

11:20 am - 11:30 am, break

11:30 am - 12:00 pm, Richard F. Thompson

12:00 am - 12:30 pm, Michael Gabriel

12:30 pm - 1:40 pm, lunch (Executive Committee meeting in Exec Board Rm)

1:40 pm - 2:10 pm, David L. Glanzman & David Geffen

2:10 pm - 2:40 pm, Catherine Rankin 
2:40 pm - 3:10 pm, Tracey Shors

3:10 pm - 3:20 pm, break

3:20 pm - 3:35 pm, Christopher Cunningham

3:35 pm - 3:50 pm, R.G. Parsons, G.M. Gafford, & F.J. Helmstetter

3:50 pm - 4:05 pm, J.D. Cushman, S. Madsen, & M.S. Fanselow (presenter)

4:05 pm - 4:20 pm, Nestor A. Schmajuk

4:20 pm - 4:35 pm, Carolyn Rovee-Collier & Rachael Barr
4:35 pm - 4:50 pm, Duane M. Rumbaugh, David A. Washburn, James E. King,

    Michael Beran, & Kristy Gould
4:50 pm - 5:00 pm, break

5:00 pm - 5:30 pm, Thomas Brown
5:30 pm - 6:00 pm, Peter C. Holland, Michael A. McDannald, & Robert Purgert
Saturday, 16 September 2006: Betsy Ross Rooms I & II

8:00 am - 8:30 am, complimentary continental breakfast

8:30 am - 9:00 am, Michael Davis, Karyn M. Myers, Christopher D. Funderburk,

    & Kerry J. Ressler

9:00 am - 9:30 am, Mark Bouton

9:30 am - 9:40 am, break

9:40 am - 11:40 am, Symposium: Basal Ganglia, Dopamine, & Learning:

   Integrating Animal, Human, & Computational Models, chair: Mark Gluck

9:40 am - 10:10 am, R. Mark Wightman

10:10 am - 10:40 am, Nathaniel Daw

10:40 am - 11:10 am, Roshan Cools

11:10 am - 11:40 am, Daphna Shohamy

11:40 am - 11:50 am, break

11:50 pm - 12:20 pm, C. Randolph Gallistel
12:20 pm - 12:50 pm, William Timberlake, Amanda Sinning, & Joseph Leffel

12:50 pm - 2:00 pm, lunch

2:00 pm - 3:30 pm, Symposium on Developmental Psychobiology of Memory,

   chair: Mark Stanton

2:00 pm - 2:30 pm, Pamela S. Hunt

2:30 pm - 3:00 pm, Regina M. Sullivan & Stephanie Moriceau 

3:00 pm - 3:30 pm, John Freeman

3:30 pm - 3:40 pm, break

3:40 pm - 4:10 pm, Lee Alan Dugatkin 

4:10 pm - 4:40 pm, Robert Ader

4:40 pm - 5:05 pm, break (and rearrangement of furniture for the poster session)
5:05 pm - 5:15 pm, mounting of posters: Betsy Ross Rooms I & II

5:15 pm - 7:25 pm, poster session with cash bar


See comprehensive program for presenters and poster numbers.

7:30 pm - 9:30 pm, Evening activities, Hancock Room

 
7:30 pm - 8:20 pm, dinner (price included in registration fees)

8:20 pm - 8:30 pm, awards

8:30 pm - 9:30 pm, Paul Rozin lecture
Program for the 2006 Annual Meeting of the Pavlovian Society

Holiday Inn Historic District, Philadelphia, Pennsylvania

Thursday, 14 September 2006, 5:30 pm - 7:30 am

Reception, Betsy Ross I Room for food (cash bar in Benton’s Lounge)

Friday, 15 September 2006: Betsy Ross Rooms I & II

8:00 am - 8:25 am, complimentary continental breakfast
8:25 am - 8:30 am, Ralph R. Miller; SUNY-Binghamton, Opening remarks 

8:30 am - 9:00 am

Pavlovian Conditioning: A Tool for Exploring How the Brain Learns and Remembers Fear

Joseph LeDoux; New York University

In dangerous situations we learn rapidly and form persistent memories. Through studies of Pavlovian fear conditioning, much has been learned about the neural system and the cellular and molecular mechanisms involved in the acquisition and storage of such memories.  The neural system involves sensory pathways that synapse in the lateral nucleus of the amygdala, which in turn, connects with other amygdala regions involved in the control of fear responses.  Plasticity at these synapses involves two kinds of calcium channels: NMDA receptors and voltage gated calcium channels.  Elevated calcium leads to activation of intracellular signaling pathways involving several protein kinases that result in gene expression and protein synthesis.  Protein synthesis plays an essential role in both the consolidation of the memory after the initial experience and also later when the memory is reactivated.  The requirement of protein synthesis after retrieval suggests that memories are unstable after retrieval and must be reconsolidated.  This observation suggests new treatment approaches for traumatic memories.

9:00 am - 9:30 am

Learning About Odors in the Mammalian CNS

Alan Gelperin; Monell Chemical Senses Center

Mammals have highly developed associative machinery for developing predictive relationships between odorant conditioned stimuli and a variety of contingent rewards. We use the mouse to study two related issues. (1) Does the olfactory system display speed accuracy tradeoff? (2) How is olfactory information represented in the olfactory bulb so as to optimize its associative content? The answers are (1) yes and (2) sparsely. We developed a new behavioral paradigm in which mice learn to keep their nose in an odor sampling port until they hear an auditory signal (buzz), at which point they can obtain a small water reward at an adjacent water port. This training is done in the absence of odor delivery. After buzz training is complete, odorants are introduced as signals to indicate which odor port, right or left, will deliver the water reward. We start with pure odorants A and B and then make the task harder by using mixtures of A and B, with the most challenging mixture being 56%A:44%B, which must be discriminated from 44%A:56%B. We control the duration of odorant sampling by controlling the latency of the buzz from the onset of odorant delivery, in the range from 0.5 to 1.2 sec. We find clear evidence for speed accuracy tradeoff in olfaction in the improvement in odorant discrimination performance with increased enforced odorant sampling time, particularly for the most difficult odorant mixture discrimination. We study odorant representations in the olfactory bulb by recording from mitral cells in awake behaving mice while they perform odorant-guided tasks in an olfactometer. We find that mitral cells responding robustly to odorants in the anesthetized mouse show no response by the same mitral cell to the same odorant in the awake mouse, leading us to propose a much sparser odorant representation in the awake mouse than previously predicted from studies of anesthetized animals.

9:30 am - 9:40 am, break

9:40 am - 11:20 am, Symposium in Honor of Richard F. Thompson
chair: Joseph E. Steinmetz; University of Kansas
9:40 am - 9:50 am

Richard F. Thompson: 50+ Years of Contributions to Advancing our Understanding of the Neural Substrates of Learning and Memory.

 Joseph E. Steinmetz; University of Kansas

In a career that has spanned over 50 years, Richard F. Thompson has been a pioneer in advancing our understanding of how the brain is involved in encoding learning and memory processes.  During this time he has made seminal discoveries about how sensory and motor systems are organized in the brain, how the nervous system generates basic non-associative learning processes like habituation and sensitization, and how brain areas like the hippocampus and cerebellum are involved in basic associative learning.  Indeed, his discovery of plasticity in the cerebellum that underlies eyeblink classical conditioning has revolutionized the field’s thinking about the role of the cerebellum in behavior and cognition.  This symposium will consist of four presentations that involve researchers who had an opportunity to work with Dick Thompson over his stellar career.  Joseph Steinmetz will begin with an overview of Dick Thompson’s career.  Next, Steven Berry, who was a postdoctoral scholar with Dick at UC-Irvine will present his recent work on the modulation of hippocampal theta during eyeblink conditioning,  Mark Stanton, who was a postdoctoral scholar at Stanford during this phase of Dick’s career will present his studies on the relationship between brain development and conditioning.  Finally, Jeansok Kim, who was a postdoctoral scholar with Dick at the University of Southern California, will present his work on the effects of stress on learning.  All participants of this symposium were profoundly influenced by Dick Thompson early in their careers, a fact that will be apparent during each presentation.

9:50 am - 10:20 am
Modulation of Neural Networks by Hippocampal Theta During Eyeblink Conditioning

Stephen D. Berry; Miami University of Ohio

There is growing interest in the potential role of neurobiological oscillations in the coordination of distributed cognitive functions, including associative learning.  Based on work begun in Richard Thompson’s laboratory, we have investigated the functional significance of hippocampal 3-7 Hz theta rhythm in rabbit eyeblink conditioning.  Pharmacological, lesion and behavioral manipulations have been used, in addition to systematic observation of covariations between neural and behavioral indices of learning.  Most recently, we have developed a brain-computer interface that can be used to restrict the occurrence of training trials to periods of explicit presence or absence of theta waves.  This presentation reviews such studies, emphasizing the impact of theta, not only on hippocampal activity, but also on the patterns of learning-related neural activity in other structures that interact with the hippocampus.

10:20 am - 10:50 am
Contributions of the Model Systems Approach to the Developmental Psychobiology of Learning: A Tribute to Richard F. Thompson  

Mark E. Stanton; University of Delaware

Throughout his career, Richard Thompson has been the leading advocate of the use of simple experimental preparations to study neural plasticity and learning in mammals.  The success of this “model systems approach” in revealing the neural mechanisms of habituation and sensitization (Thompson & Groves, 1972) and associative learning (Thompson, 1985; 2005) is now widely recognized in psychology and neuroscience.  This presentation describes recent contributions of the model systems approach to the developmental psychobiology of learning.  It surveys applications of eyeblink conditioning to developmental studies of associative learning (Stanton & Freeman, 2000), multiple memory systems (Stanton, 2000); human memory development (Ivkovich, Eckerman, Krasnegor & Stanton, 2000; Herbert, Eckerman & Stanton, 2003); fetal alcohol syndrome (Brown, Calizo, Goodlett & Stanton, 2006; Goodlett, Stanton & Steinmetz, 2000; Green, 2004); and autism (Stanton, Chadman, Watson & Rodier, 2006). Advances in the neurobiology of learning have created numerous opportunities to explore the neural mechanisms of normal and abnormal memory development.

10:50 am - 11:20 am

Neurocognitive Effects of Stress

Jeansok Kim; University of Washington

Stress is a biologically significant social-environmental factor that plays a pervasive role in our lives, from impacting our daily behaviors to producing and exacerbating myriad physical and mental illness.  An accumulating body of evidence from human and animal studies reveals that while the acute response to stress (i.e., heightened cognition) is an adaptive mechanism, exposures to uncontrollable stress can subsequently produce detrimental neurocognitive effects, particularly in the hippocampus.  In 1987, Thompson and colleagues reported that hippocampal slices prepared from rats that experienced restraint+tailshocks exhibited profound deficits in CA1 LTP (Foy, Stanton, Levine & Thompson, 1987).  The discovery that stress impairs LTP in the hippocampus provided the first testable potential neural substrate mediating stress impairments in hippocampal memory.  During my postdoctoral fellowship in Thompson’s lab at the University of Southern California, we further discovered that the same stress that impairs LTP enhances LTD in the hippocampus (Kim, Foy & Thomspon, 1996).  Since then, my lab has continued investigating the effects of stress on hippocampal functioning.  In my talk, I will present data indicating that (i) the amygdala plays a crucial role in the emergence of stress-induced impairments in LTP and spatial memory in rats; (ii) the elevated level of corticosterone is not a sufficient condition to reproduce stress effects on hippocampal functioning; and (iii) stress alters the stability of place cells in the hippocampus.
11:20 am - 11:30 am, break

11:30 am - 12:00 pm

Cerebellar Substrates of Eyeblink Conditioning—A Few Loose Ends

Richard F. Thompson; University of Southern California

I suppose it is a compliment that from the time we first published our initial evidence indicating that the cerebellar system was the essential neuronal substrate for delay classical conditioning of the eyeblink response we and our data have been attacked in every conceivable way, particularly by those who feel the cerebellum cannot possibly have anything to do with learning and memory. I will first summarize recent evidence on the topic, including genetic substrates, then address two issues:  1) role of the cerebellum in eyeblink conditioning in mice, and 2) the causal relationship between neuronal activity in the cerebellar interpositus nucleus and the conditioned eyeblink response.

12:00 am - 12:30 pm 

Neural Circuitry for Contextual Retrieval
Michael Gabriel; University of Illinois at Champaign-Urbana

Neurons monitored in multiple areas of rabbits' brains during discriminative instrumental conditioning exhibit intriguing patterns of brief-latency conditional stimulus related  activation.  The patterns are: a) spatial, i.e., distributed with respect to components of cingulothalamic circuitry; b) context specific, i.e., distinct patterns occur in distinct training contexts;  c) dependent on the integrity of hippocampal circuitry; d) contributory to subjects' ability to use contextual information for conditioned response retrieval, especially when the conditional stimuli themselves are not informative.  Empirical support for the foregoing will be reviewed.  The results lead to the general proposition that information about the training context coded in hippocampal circuitry is relayed to cingulothalamic areas, wherein it engenders context-specific activation patterns.  The patterns promote the retrieval of context-appropriate behavior.  Recent findings will be presented, indicating that in some conditioning paradigms (e.g., latent inhibition) the proposed contextual mechanism can result in interference and retrieval failure.

12:30 pm - 1:40 pm, lunch (Executive Committee meeting in Executive Board Room)

1:40 pm - 2:10 pm

What Is the Cellular Distinction Between Nonassociative and Associative Learning?  Insights from Recent Studies in Aplysia

David L. Glanzman & David Geffen; University of California at Los Angeles 

A major unanswered question in the neurobiology of learning and memory is how the mechanisms of associative forms of learning, such as classical conditioning, differ from those of nonassociative forms, such as habituation and sensitization.  Are the cellular differences between the two classes of learning quantitative, qualitative, or both?  Recent work in Aplysia indicates that classical conditioning of the siphon-withdrawal reflex involves activation of NMDA receptors, in the siphon motor neurons, and a subsequent influx of Ca2+ into these cells.  Interestingly, behavioral sensitization of the withdrawal reflex also involves elevation of intracellular Ca2+ within the motor neurons.  Here, however, the rise in Ca2+ is due to release from intracellular stores regulated by inositol 1,4,5-trisphosphate (IP3) receptors.  The IP3 receptor-mediated release of Ca2+ is triggered by serotonin (5-HT), released onto the motor neurons following a sensitizing stimulus, such as tail shock.  Tail shock is also used as the unconditioned stimulus (US) in classical conditioning of the withdrawal reflex.  This suggests that during classical conditioning, there is a rise in Ca2+ within the motor neurons that has two sources: activation of NMDA receptors, due to paired stimulation with the conditioned stimulus (CS, siphon touch) and the US, and 5-HT-dependent release of Ca2+ from IP3-sensitive stores due to the US alone.  This, in turn, raises the question of the potential, possibly synergistic, interaction of these two sources of raised intracellular Ca2.  The answer to this question should provide important insights into the different cellular processes responsible for associative and nonassociative learning.

2:10 pm - 2:40 pm
A Genetic Dissection of Memory in C. elegans
Catharine Rankin, University of British Columbia 

In my lab we have been studying learning and memory in the nematode Caenorhabditis elegans.  We have used habituation paradigms to study the neural circuit and the genes involved in short- and long-term memory for habituation.  The neural circuit underlying habituation to a mechanosensory stimulus, a tap, is composed primarily of 5 sensory neurons, 5 interneurons and pools of motor neurons driving forward and backward movement.  In order to find genes that play a role in short- and long-term memory we have tested genes that are expressed in either the sensory neurons or the interneurons.  Our analyses have shown that memory in C. elegans can be divided into at least 4 different phases.  We have found that long-term memory for habituation (24 and 48 hours after spaced training) is mediated by a change in the expression of glutamate receptors on the interneurons of the circuit.  We have found two forms of intermediate memory that are apparent 12 hours after training; after spaced training we see memory that is not glutamate or protein synthesis dependent, however we have not yet found the mechanism mediating this memory.  Intermediate memory twelve hours after massed training is mediated by an inhibitory neuropeptide released from the sensory neuron.  Finally we have found that short-term memory is not a single process: several different genes expressed on the sensory neurons mediate habituation at different interstimulus intervals.
2:40 pm - 3:10 pm 

Stress, Learning and the Anatomy of a Sex Difference

Tracey J. Shors; Rutgers University

Stressful life experiences can alter processes involved in learning and memory but the direction and extent of these effects is not always the same or necessarily predictable.  For example, exposure to an acute stressful event enhances associative learning of an eyeblink response in males, yet retards similar processes in females (Wood and Shors, 1998).  The effects of stress on eyeblink conditioning are also dependent on age, emerging after puberty and disappearing during middle age (Hodes and Shors, 2005, 2006).  Regardless of the specific effects or their direction, it is usually assumed that stress alters learning by changes in neuronal activity within the hippocampus and/or the amygdala.  However and somewhat surprisingly, evidence for their involvement is not extensive and in some cases nonexistent.  In this presentation, I will discuss the effects of acute stressful experience on learning in males versus females and what we know about the brain structures that are critical for this type of modulation.  Using lesions and inactivation approaches, we have found that the hippocampus is critically involved in the stress effect on classical eyeblink conditioning, as is the amygdala (Shors and Mathew, 1998; Bangasser and Shors, 2006).  The bed nucleus of the stria terminalis is critically involved but only during the learning phase and only in males (Bangasser et al., 2005; Bangasser and Shors, 2006).  Changes in anatomy at a more cellular level will also be discussed, including those related to synapse formation and neurogenesis in the hippocampus (Shors et al., 2001; Shors et al., 2006).  Some of the findings are as predicted, others are perhaps not, and some systems are necessarily engaged in males but not in females.  [NIH (MH59970) and NSF (IOB-0444364)]

3:10 pm - 3:20 pm, break

3:20 pm - 3:35 pm 

Sign-Tracking Induced by Ethanol in Mice
Christopher L. Cunningham; Oregon Health & Science University

Sign-tracking refers to the behavioral tendency to move toward stimuli that predict the imminent delivery of a reinforcer. Although sign-tracking has been shown using many different USs (e.g., food, heat, brain stimulation, copulation), it has been notoriously difficult to induce with drug USs.  The present study was designed to establish sign-tracking in mice (NZB/B1NJ) using a procedure in which non-contingent IP injection of ethanol (2 g/kg) was consistently paired with 10-min exposure to a rectangular chamber that contained a distinctive visual cue (star) on the floor and wall at only one end (Paired Group, CS+ trials). Mice were injected immediately before the trial.  On alternate days, these mice received saline injections before exposure to the apparatus with no distinctive cues (CS- trials).  Unpaired control mice were exposed to the same stimuli, but were always injected with saline before each trial.  These mice received unpaired ethanol injections in the home cage 60-75 min after each CS+ trial. On trial 6, Paired Group mice spent significantly more of the CS+ trial on the star side (~85%) compared to the Unpaired Group (54%). In contrast, both groups spent similar amounts of time on that side in the absence of the star on the final CS- trial (55-57%).  This study provides the first demonstration of ethanol-induced sign-tracking using a procedure in which both CS and US were presented in the absence of any instrumental response contingency.  As such, it supports theories that relate craving and drug seeking to Pavlovian conditioned approach behaviors.

3:35 pm - 3:50 pm 

Translational Control via the Mammalian Target of Rapamycin (mTOR) Pathway is Critical for the Formation and Stability of Long-Term Fear Memory in Amygdala Neurons
R. G. Parsons, G. M. Gafford, & F. J. Helmstetter; University of Wisconsin at Milwaukee

The mammalian target of rapamycin kinase (mTOR) regulates protein synthesis 
in neurons at the translational level through phosphorylation of several intracellular targets. Recent work in invertebrates indicates that mTOR-dependent translational control may be critical for the induction and maintenance of activity-dependent synaptic plasticity underlying memory formation.  Here we report that training rats in a simple fear conditioning procedure evokes a time dependent increase in the phosphorylation of p70s6 kinase, a major direct downstream target of mTOR.  When the activation of mTOR was prevented by post-training injection of rapamycin into the amygdala, formation of the memory and the increase in p70s6 kinase phosphorylation was attenuated.  Furthermore, when rapamycin was applied to the amygdala after the recall of a previously stored fear memory, subsequent retention was disrupted indicating that local translational control at active synapses is required for the stability as well as the formation of long-term memory in this system.

3:50 pm - 4:05 pm 
Impairment of Hippocampus-Dependent Learning and Memory During Diestrus in Mice
J.D. Cushman, S. Madsen, & M.S. Fanselow (presenter); University of California at Los Angeles

The ä-subunit of the GABAAR is highly expressed in the dentate gyrus of the hippocampus. It is predominantly located extrasynaptically in the dendrites of granule cells where it is thought to mediate a tonic inhibitory current that is highly sensitive to spillover of GABA from nearby synapses.  The ä-subunit also confers a unique sensitivity to neurosteroids such as the progesterone metabolite allopregnanalone.  In female mice, the expression level of the ä-subunit within the dentate gyrus fluctuates across the estrus cycle.  Its expression is highest during diestrus resulting in enhanced tonic inhibition specifically in the dentate gyrus and decreased kainic acid induced seizure severity.  Conversely, during estrus its expression is low resulting in decreased tonic inhibition and enhanced seizure severity.  Previous work in our lab has shown that female ä-GABAAR KO mice show an enhancement in hippocampus-dependent trace but not hippocampus-independent delay fear conditioning whereas male ä-GABAAR KO's and wildtypes do not differ on either task.  Based on the analysis of individual freezing scores in that study the enhanced trace conditioning in female ä-GABAAR KO mice seems to be due to the absence of mice that failed to learn.  In other words, wild type females showed a range of freezing levels with some mice exhibiting very low levels of freezing suggesting that these particular mice failed to learn.  None of the female delta GABAAR KO mice exhibited
low freezing levels suggesting they all successfully learned the tone-shock association.  This previous study did not control for phase of the estrus cycle.  The current study, therefore, tested the hypothesis that the "failures to learn" in female wild-type mice were from mice that were trained during diestrus when ä-subunit expression and progesterone mediated inhibition is high. Results indicate impaired acquisition and retention of context and trace fear conditioning during diestrus, suggesting that enhanced tonic
inhibition in the dentate gyrus during diestrus impairs hippocampus-dependent fear learning and memory.

4:05 pm - 4:20 pm
Attentional Control of Associative Learning and Retrieval
Nestor A. Schmajuk; Duke University

Schmajuk, Lam, and Gray (SLG, 1996) introduced a neural network model of classical conditioning in which attention to a conditioned stimulus regulates both the rate of formation and retrieval of its associations with other (conditioned and unconditioned) stimuli. We have shown (Schmajuk, 2002) that the SLG model is capable of describing many of the properties of latent inhibition (LI), the effects of dopaminergic manipulations on LI, the effects of lesions of the hippocampus or the nucleus accumbens on LI in isolation or combined with haloperidol administration, as well as the absence of LI in schizophrenia. Recently, Schmajuk and Larrauri (2006) have demonstrated that the SLG model describes challenging experimental results such as recovery from latent inhibition, blocking, overshadowing, backward blocking, super latent inhibition, and the antagonism between latent inhibition and overshadowing. In this talk, we communicate new results regarding extinction, facilitated and retarded reacquisition, mediated extinction, spontaneous recovery, renewal, and reinstatement. We compare the explanations of these phenomena contributed by the SLG model with those provided by alternative models and theories of classical conditioning.

4:20 pm - 4:35 pm
Representation-Mediated Deferred Imitation by 6-Month-Old Infants 

Carolyn Rovee-Collier1 & Rachel Barr2; 1Rutgers University, 2Georgetown University

Associations are fundamental to explanations of memory phenomena. Traditional learning models have assumed that associations are formed only between physically present stimuli or events.  This assumption has been challenged, however, by evidence from taste aversion studies that a new association was formed between an associatively activated memory representation and a physically present event (Holland, 1981, 1983, 1990; Holland & Forbes, 1982a, 1982b).   Presently, we asked if human infants form new associations in the same manner.  To answer this, we designed an appetitive operant procedure for 6-month-olds that was analogous to Holland’s taste aversion procedure for rats.  In phase 1, infants learned to move a toy train by lever pressing.  In phase 2, 1-2 weeks later, infants saw three target actions modeled on a puppet in front of the stationary train (the retrieval cue).  Infants’ activated memory representation of the train task was apparently associated with the central representation of the demonstration on the puppet after both retrieval delays.  During testing, infants deferred imitation on the puppet after the same delays (4-6 weeks) that they remembered the train task. For the no-association control group, the demonstration and stationary train did not appear together in phase 2.  This group failed to defer imitation but remembered the train task 1 week after retrieval. These results were astonishing: Six-month-olds typically defer imitation on the puppet for only 1 day. The data are discussed in terms of their implications for learning and the rapid proliferation of networks of associations in the early knowledge base. 

4:35 pm - 4:50 pm

Pavlovian Conditioning Modeled by Salience
Duane M. Rumbaugh; Great Ape Trust and Georgia State University

David A. Washburn; Language Research Center and Georgia State University,

James E. King; University of Arizona and Georia State University

Michael Beran; Georgia State University

Kristy Gould; Luther College

 We will model Pavlovian conditioning in terms of the coupling of stimuli weighted in proportion to their relative levels of salience and their response-eliciting properties.  Salience is some composite of stimulus strength and distinctiveness as they occur in diverse species.  We posit that neural systems are biased toward the detection of patterned relationships that are relevant to adaptation and are designed to be modified through learning by the pairing of two stimuli, one weak and one strong.  To the degree that patterns of stimulus relationships are reliable, they are attended to and learned and thus cause long lasting changes in neural connections; to the degree that they are not, they generally are disregarded.  Our model incorporates the UCS as a stimulus that is stronger than the CS.  Consequently, the UCS shares more of its salience and its response-eliciting properties as it couples with the CS than the CS shares with the UCS.  This we posit to be the case regardless of whether their temporal patterning is CS-UCS, UCS-CS, or simultaneous.  The effect of the UCS upon the CS is stronger if the pattern of relationship is CS-UCS because in that case the salience and the response-eliciting properties of the CS operate unopposed until the UCS commences.  By contrast, if the temporal pattern is either UCS-CS or simultaneous, both the salient characteristics of and the responses elicited by the CS are largely overshadowed by those of the UCS.  Notwithstanding, we posit a mutual sharing of salience and response-eliciting properties for both the CS and UCS as they become coupled into patterned relationships.  Though the model presumes no reinforcement, it accounts for how the CS comes to function in some degree as though it were the UCS.  The impact of the attributes of the CS upon the UCS is relatively unstudied.  The framework here advanced is an elaboration of the one advanced by the two senior authors in their book, The Intelligence of Apes and Other Rational Beings (Yale University Press, 2003). 
4:50 pm - 5:00 pm, break

5:00 pm - 5:30 pm

Perirhinal Cortex and Fear Conditioning
Thomas H. Brown; Yale University

Understanding the neurobiology of cortically-controlled acquired fear is of obvious neuroscientific and clinical significance.  This talk focuses on cellular and behavioral findings that bear on the role of rat perirhinal cortex (PR) in fear conditioning.  PR is reciprocally connected with parts of the amygdala (AM), which is well-known for its hypothesized role in creating and/or storing fear memories.  Some neuroanatomists regard the basolateral nuclear complex (BLA) of the amygdala as an extension of adjacent cortex, which includes parts of PR.  One hypothesis proposes that PR is critical for fear conditioning to “complex” but not “simple” stimuli.  Accordingly, we found that pre-training PR removal—produced using either aspiration or NMDA injections—caused rats to be severely impaired in both context conditioning and delay cue conditioning to 22 kHz ultrasonic vocalizations (USVs), which contain frequency modulations and discontinuities.  However, PR removal did not impair delay conditioning to continuous tone cues at the same or lower frequencies.  Single-unit recordings, performed in freely-behaving rats, evaluated cue-elicited firing in PR neurons.  Prior to conditioning, a large proportion of PR neurons were responsive to tone or USV cues.  Many of the cells that were responsive to these cues were also responsive to an aversive somatosensory stimulus (a brief shock).  Delay fear conditioning to both tone and USV cues caused robust freezing and widespread and diverse changes in cue-elicited firing.  Both before and after conditioning, there were some distinctive and possibly important differences in the firing patterns elicited by the two types of cues.
5:30 pm - 6:00 pm
Neuronal Coding of Appetitive and Aversive Learning in the Amygdala 

Peter C. Holland, Michael A. McDannald, & Robert Purgert; Johns Hopkins University 

The amygdala has long been known to play an important role in emotional learning, for both positive and negative affective systems.  We examined neuronal activity in the basolateral and central regions of the amygdala in rats after a variety of Pavlovian conditioning and control procedures. In Experiment 1 we compared the effects of Pavlovian conditioned stimuli (CSs) paired with food with those of CSs paired with shock, and in Experiment 2 we compared the effects of CSs paired with shock with the effects of CSs paired with the omission of food.  Behavioral tests showed that CSs paired with food were effective as positive conditioned reinforcers of operant responding, and CSs paired with either shock or the omission of food served as conditioned punishers. Neuronal activity induced by these and other CSs was assessed by examining the activation of two effector immediate-early genes, Arc and homer1a, which are expressed at different time intervals after significant cellular events. Behavioral tests included two CS types separated in time such that we could distinguish neurons that responded only to the first CS type, only the second CS type, to both, or to neither. Patterns of Arc and homer1a expression induced by CSs in different amygdala regions varied as a function of conditioning history.

Saturday, 16 September 2006: Betsy Ross Rooms I & II

8:00 am - 8:30 am, complimentary continental breakfast
8:30 am - 9:00 am
Extinction Given Shortly after Fear Conditioning May Prevent Fear Memory Consolidation, Perhaps via a Downregulation of NMDA Transmission.

Michael Davis, Karyn M. Myers, Christopher D. Funderburk, & Kerry J. Ressler;

Yerkes National Primate Research Center & Emory University
Extinction training given 10 min after fear acquisition (10-min extinction) is resistant to reinstatement, renewal, and spontaneous recovery, whereas extinction given 72 hrs after acquisition (72-hr extinction) exhibits all of these effects (Myers et al. 2006).  This suggests that 10-min extinction may prevent fear memory consolidation, whereas 72-hr extinction is mediated by a more traditional mechanism, corresponding to context- and time-dependent inhibition of fear. In the present study, we found that protein levels of the NR2B, but not NR1, subunit of the NMDA receptor decreased rapidly within the basolateral amygdala (BLA) following 10-min extinction, but remained unchanged at a similar time point after 72-hr extinction.  To assess the functional significance of this down-regulation, rats were extinguished 10 min after acquisition and then were retrained to see if they could acquire fear, known to be dependent on NR2B receptors.  In fact, they were impaired in reacquiring fear whereas animals extinguished 72 hr after acquisition reacquired fear readily. If NMDA receptor activation is required for consolidation of fear conditioning, down-regulation of NMDA receptors by 10-min extinction could explain why this treatment may actually prevent fear memory consolidation. Perhaps extinction-based psychotherapy given shortly after trauma may prevent consolidation of traumatic memories and hence the deleterious effects that normally occur following trauma. (NIH - MH47840, MH067314, MH069884; Burroughs Wellcome Foundation; NSF IBN-9876754)

9:00 am - 9:30 am
Contrasting Trial-Based and Time-Accumulation Accounts of Pavlovian Learning

Mark E. Bouton; University of Vermont

This talk will review research conducted in the Vermont laboratory over the last few years that has contrasted “trial-based” models of Pavlovian learning (e.g., Rescorla & Wagner, 1972; Wagner, 1981; Capaldi, 1994) with “time-accumulation” models which assume that conditioned responding occurs when the organism “decides” that the rate of reinforcement in the CS is higher than that in the background (Gallistel & Gibbon, 2000; Gibbon & Balsam, 1981). Three lines of appetitive conditioning research with rats will be summarized. The first found that, contrary to time-accumulation models, the point in conditioning when the organism decides to respond depends on the magnitude of the US. The second line investigated the effects of adding nonreinforced trials during inter-trial intervals of a continuous reinforcement procedure in which every CS was paired with the US. Contrary to time-accumulation models, both the number of nonreinforced trials and the positioning of those trials in the ITI influenced their impact on conditioned responding. A third line of research examined the partial reinforcement extinction effect (PREE), in which partially-reinforced subjects are slower to stop responding in extinction than subjects that have received continuous reinforcement. Although the phenomenon is consistent with the view that partially-reinforced subjects have learned to expect the US after either more accumulating time in the CS or after more trials, our results suggest that it is a trial expectancy, rather than a time expectancy, that controls the PREE. Conditioning and extinction in this preparation appear more consistent with a trial-based than a time-accumulation perspective.

9:30 am - 9:40 am, break

9:40 am - 11:40 am, Symposium: Basal Ganglia, Dopamine, & Learning:

   Integrating Animal, Human, & Computational Models
chair: Mark Gluck; Rutgers University at Newark
9:40 am - 10:10 am

Monitoring Dopamine in the Nucleus Accumbens During Behavior
R. Mark Wightman; University of North Carolina at Chapel Hill

The neurotransmitter dopamine plays a central role in the brain reward circuitry of the brain.  Using carbon-fiber microelectrodes we have developed a voltammetric-based sensing scheme to monitor this neurotransmitter in the rat brain during behaviour.  The electrodes have micron dimensions and can be used on subsecond time scales.  The voltammetric data is evaluated with principal component regression and multiple contributors to the electrochemical signals can be resolved.  Dopamine concentrations are observed to fluctuate in the form of rapid transients.  While these transients occur at various times, during goal directed behaviors they become time locked to cues that predict reward.  In addition, the electrodes can be used in an electrophysiological mode to sense extracellular unit activity.  When the electrode is alternated between electrophysiological and chemical sensing on a subsecond time scale, a complete picture of the fluctuations of dopamine and its actions on adjacent neurons can be determined.  These real-time measurements provide an entirely new view of the role of dopamine in the brain.

10:10 am - 10:40 am 

Dopamine and Operant Vigor: A Computational Account
Nathaniel Daw; University College London & New York University

Inspired by unit recording studies, a series of influential "reinforcement learning" (RL) models of dopamine function proposes
that the neuromodulator is involved in appetitive classical and instrumental conditioning, i.e. learning to predict rewards and choose rewarding actions. However, this proposal does not connect in any obvious way with causal evidence of dopaminergic function from pharmacological and lesion studies. The most overt effects of such manipulations (and of dopaminergic dysfunction in Parkinson's disease) are instead on the vigor or speed of motor responding, and are often immediately manifest without evident mediation through learning. Moreover, although such vigor is the chief dependent variable in studies of operant conditioning, it is not even contemplated in RL models, which instead concern the choice between a set of discrete actions at a fixed timescale. We propose a reinforcement learning account of response vigor, in which organisms are presumed to learn optimally to balance the energetic costs of vigorous responding against the benefits of obtaining rewards more quickly. In the model, response vigor is controlled by a slow-timescale signal conveying the average rate of obtained reward. We offer evidence suggesting the identification of this signal with tonic levels of dopamine, and show that this would account for the neuromodulator's effects on response vigor while dovetailing with RL models of phasic dopamine signaling. The new model
unifies predominant computational and psychological accounts of dopaminergic function and offers many quantitative predictions for further study.

10:40 am - 11:10 am 

Dopaminergic Modulation of Reversal Learning in Parkinson's Disease
Roshan Cools; University of Cambridge

One approach to addressing the role of dopamine (DA) in human cognition is by investigating disorders that implicate the DA system. Parkinson's disease (PD) is characterized primarily by DA depletion in the striatum and is accompanied by cognitive impairments even in the earliest stages of the disease. In keeping with current theoretical models of DA's role in reward-based learning, PD patients suffer significant learning impairments. These deficits contribute to their inability to adapt to the constantly changing environment. Whereas medication with DA-enhancing drugs, such as L-DOPA, is well known to improve motor symptoms of the disease, the effects on learning are more complex: Both positive and negative effects have been observed (Shohamy et al., 2005; 2006; Cools et al., 2006; Frank et al., 2004). We have investigated how dopamine (DA) systems contribute to cognitive performance in the domain of learning and attentional flexibility by examining effects of withdrawing dopaminergic medication in patients with Parkinson's disease (PD). In my talk, I will present data indicating that the effects of dopaminergic medication in PD vary across different forms of learning and shifting, possibly reflecting variation in baseline DA levels in underlying neural systems. In particular, I will highlight evidence for DA-dependent effects on reversal learning as a function of the motivational valence of unexpected feedback.

11:10 am - 11:40 am 

Basal Ganglia and Medial Temporal Lobe Contributions to Learning and Memory: Integrating Neuropsychological and Neuroimaging Studies
Daphna Shohamy; Stanford University & Columbia University

Studies of the neural bases of memory indicate that different forms of memory are supported by distinct cognitive and neural systems. Rapidly formed and flexibly addressable memory of single events or episodes - often referred to as episodic memory - depends on the medial temporal lobes. A distinct and independent incremental learning system is thought to support the gradual acquisition of S-R regularities over many trials, and to depend on the basal ganglia. However, despite decades of converging evidence for a dissociation between these systems, animal and fMRI studies indicate that these systems may interact, and possibly compete, during learning, suggesting a more intricate relationship between them. Further, a wealth of data from studies in animals suggests a role for the basal ganglia more specifically in feedback-based, reward-related learning. Integrating across imaging and patient studies, I will present emerging behavioral and neural evidence that links between the popular "dual-system" view of memory and between more recent data suggesting that the medial temporal lobe and basal ganglia may interact and jointly contribute to learning and memory function.

11:40 am - 11:50 am, break

11:50 pm - 12:20 pm

Is Matching Innate?

C. Randolph Gallistel; Rutgers University

We observed the emergence of matching in experimentally naive mice under three different couplings between investment (amount of time spent at a hopper) and income (number of pellets obtained), ranging from no coupling (income independent of investment) to complete coupling (income proportional to investment). The difference in investment-income coupling produces very different behavior: rapid cycling between the hoppers in the first case, almost (but not quite!) exclusive focus on one hopper in the second case, usually, but not always the better one. In all cases, mice match their investment ratio to the income ratio from the very beginning; the match does not improve with experience. Matching equates returns (income/investment). The almost exclusive focus on one hopper when income is coupled to investment is unstable. Almost all mice shift their focus at least occasionally, which means that they abandon the hopper with the higher return for the  hopper with the lower return. These shifts are generally not explicable by local fluctuation in the relative returns. We conclude that: 1) Matching is innate. 2) It is not based on any estimate of returns, that is, it takes no account of the effect that a subject's pattern of behavior has on the amounts of food that it gets. In short, the law of effect, as traditionally understood, does not apply.

12:20 pm - 12:50 pm, Beacon Training in a Water Maze Blocking Procedure Can Facilitate as Well as Compete with Subsequent Room Cue Learning 

William Timberlake, Amanda Sinning, & Joseph Leffel; Indiana University 

The classic conflict between place and response explanations of maze learning was unresolved until O’Keefe and Nadel (1978) posited two forms of spatial learning: locale (place) and taxon (response and guidance); and Packard & McGaugh (1996) showed they occurred together.  A similar conflict between forms of spatial learning has characterized watermaze research.  Morris (1981) provided evidence that rats learned the location of a submerged escape platform by mapping it with respect to Room cues; however, modern learning theorists attributed his results to Pavlovian conditioning processes and Beacon Training in a Water Maze Blocking Procedure Can Facilitate as well as Compete with Subsequent Room Cue Learning William Timberlake, Amanda Sinning, & Joseph Leffel; Indiana University The classic conflict between place and response explanations of maze learning was unresolved until O’Keefe and Nadel (1978) posited two forms of spatial learning: locale (place) and taxon (response and guidance); and Packard & McGaugh (1996) showed they occurred together.  A similar conflict between forms of spatial learning has characterized watermaze research.  Morris (1981) provided evidence that rats learned the location of a submerged escape platform by mapping it with respect to Room cues; however, modern learning theorists attributed his results to Pavlovian conditioning processes and showed that predictive spatial cues can produce blocking, overshadowing, and latent inhibition effects.  The purpose of our studies was to determine if both cue integration (mapping) and cue competition occur in a watermaze blocking procedure.  In Stage 1 of four studies, experimental groups were trained to find a submerged platform using a predictive Beacon (hanging above, connected to, or displaced from it) that was random or fixed relative to Background Cues.  In Stage 2, both experimental and control groups were trained with predictive Beacon, Background Cues, and added Landmarks.  Room Tests (without the Beacon and platform) showed that only Stage 1 training with a Random Pole Beacon showed Cue Competition relative to controls; training with Fixed Hanging or Random Displaced Beacons produced facilitation, and training with Fixed Pole or Random Hanging Beacons showed inconsistent effects. It appears that a water-maze blocking procedure engages multiple learning processes, some competing with and others facilitating learning of the platform location with respect to Room Cues.

12:50 pm – 2:00 pm, Lunch

2:00 pm - 3:30 pm, Symposium on Developmental Psychobiology of Memory
chair: Mark Stanton; University of Delaware
2:00 pm - 2:30 pm

The More or Less Startling Effects of Fear During Development

Pamela S. Hunt; College of William & Mary

Fear is assumed to be a central emotional state that has evolved to protect an organism against predatory threat.  Extensive work with adult organisms, in particular rodents, has delineated the neural systems involved in fear and its behavioral expression.  Our work with developing rats however, suggests that current conceptualizations of fear as a central state, its neural underpinnings, and assumptions about the co-variation of different fear responses may not be entirely correct.  Specifically, we have observed that one common measure of fear, fear-potentiated startle, does not develop in tandem with other measures of this fear state (behavioral immobility, changes in heart rate).  Further, our data imply that the response system used to index acquired fear must be mature and functional at the time of learning in order for fear to be expressed later on, suggesting a role for S-R associations in what has historically been viewed as an S-S paradigm.  That is, the manner in which learning is expressed depends upon the response systems that are available at the time of learning.  These data have implications for the neural basis of learned fear, the conditions that allow for the integration of learning and response systems, and childhood amnesia.

2:30 pm - 3:00 pm

Neurobehavioral Development of Fear Conditioning: Amygdala & Corticosterone 

Regina M. Sullivan & Stephanie Moriceau; University of Oklahoma 
We used a fear conditioning paradigm (odor–0.5mA shock) that produces an odor preference in ‘sensitive period’ pups (ends at 10-days old) but an aversion in older postsensitive period pups when amygdala activity in fear conditioning emerges.  Sensitive period ending is correlated with increasing corticosterone (CORT) and here we assessed whether CORT modified the fear conditioning.  Using odor-shock conditioning, sensitive period pups (PN8) were given systemic or intra-amygdala CORT infusions which caused precocious odor aversion learning and amygdala activation (14C-2DG).  Similarly, CORT depletion in older postsensitive period pups reinstated sensitive period learning, such that odor-shock conditioning produced an odor preference without amygdala involvement.  Next, since maternal presence can block pups stress (i.e. shock) induced CORT release (Stanton & Levine, 1990) we used the mother to decrease postsensitive periods CORT and assessed learning and amygdala activity.  Our naturalistic decrease of CORT also produced the odor preference without amygdala involvement.  Over-riding maternal suppression of CORT through intra-amygdala or systemic CORT infusions permits fear conditioning and amygdala activation.  These results suggest that two learning systems co-exist during the pups’ preweanling period and may represent pups continued dependence on the mother for survival, while preparing for life outside the nest by learning to avoid situations with negative contingencies. (NSF IBN0117234, NIH HD33402, OCAST)

3:00 pm - 3:30 pm
Developmental Changes in the Neural Circuitry Underlying Eyeblink Conditioning 

John H. Freeman, University of Iowa

The eyeblink conditioned response emerges developmentally between postnatal days (P) 17 and 24 in rats. Previous studies demonstrated developmental changes in the unconditioned stimulus pathway that play a significant role in the ontogeny of eyeblink conditioning. Developmental changes in the auditory conditioned stimulus (CS) pathway may also play an important role. Recordings of neuronal activity in infant rats during eyeblink conditioning showed that younger rats had weaker CS-elicited neuronal responses in the cerebellum and pontine nuclei. Direct stimulation of the pontine nuclei as a CS in infant rats resulted in rapid conditioning on P17, suggesting that the stimulation bypassed developmental limitations in the pontine nuclei or in afferent auditory areas. Stimulation of the cochlear nuclei, which send direct projections to the pontine nuclei, resulted in conditioning in rats trained on P17 or 24, but stronger conditioning was seen in the older rats. A developmental increase in the effectiveness of stimulation of the inferior colliculus and medial nucleus of the medial geniculate was also observed. The findings of the stimulation experiments suggest that developmental changes in the auditory structures that project to the pontine nuclei may play a role in the ontogeny of eyeblink conditioning.
3:30 pm - 3:40 pm, break
3:40 pm - 4:10 pm

Darwinian Medicine: Stress, Cortisol and Aging 

Lee Alan Dugatkin; University of Louisville

The effects of stress on aging and longevity have clear implications for human health.  One way to address important questions regarding stress and longevity is through testing evolutionary models of aging in model animal systems. The guppy (Poecilia reticulata) is ideal for testing evolutionary hypotheses regarding stress and aging, because individuals in different populations—populations that are separated by only kilometers—are under very different selection pressures with respect to stress.  Individuals in populations downstream of waterfalls are under heavy pressure from predators, while those individuals in populations upstream of waterfalls live in primarily predator-free environments.  I hypothesized that when exposed to the same predator-induced stress, guppies from high predation sites, having co-evolved with predators, would show a reduced stress response (in terms of cortisol production) and, consequently, live longer than their low predation site counterparts.  Here, I present the results of a series of experiments in which guppies descended from individuals caught at high and low predation areas were exposed to one of four levels of (visual) predator-induced stress. As predicted, fish from sites where guppies have co-evolved with predators produced less cortisol, and lived longer than their low-predation counterparts in all stress treatments.  These results appear to due to innate differences between populations, rather than interpopulation differences in the ability to learn about what constitutes a predation threat. 

4:10 pm - 4:40 pm

Conditioned Pharmacotherapeutic Responses: The Placebo Effect?

Robert Ader; University of Rochester

The "placebo effect" has been described as a conditioned response.  Despite the literature on conditioned pharmacologic effects, however, few studies have attempted to manipulate the placebo effect as a conditioned response or to examine the therapeutic potential of conditioned pharmacotherapeutic responses.  Studies evaluating drug effects involve two basic groups:  a treated group that receives active drug (a 100% reinforcement schedule) and a placebo group that experiences the same external stimulation (conditioned stimuli) but not the unconditioned stimulus (a 0% reinforcement schedule).  If the response to a placebo is a conditioned response, there is an alternative to the administration of drug or placebo; namely, administration of drug and placebo — a partial schedule of reinforcement.  In effect, reinforcement schedule, or the "active drug:placebo ratio," represents an additional dimension of drug treatment protocols, an alternative means of titrating cumulative drug dose, and is an example of the integration of behavioral and pharmacological approaches in the restoration and maintenance of homeostasis. Theoretically, this strategy may enable one to maintain some physiological responses within homeostatic limits using lower cumulative amounts of active medication.  The evidence in support of this conceptualization, the implications for the design of crossover studies and for evaluating therapeutic drug effects, the predicted effects of adding a behavioral dimension to pharmacotherapies, and the advantages of adopting conditioning strategies in some pharmacotherapeutic regimens will be elaborated.

4:40 pm - 5:05 pm, break (and rearrangement of furniture for the poster session)
5:05 pm - 5:15 pm, mounting of posters: Betsy Ross Rooms I & II

5:25 pm - 7:25 pm, Poster session with cash bar

P1 Medial Auditory Thalamic Inactivation Blocks Acquisition and Retention of Eyeblink Conditioning in Rats

Hunter E. Halverson & John H. Freeman; University of Iowa

The auditory conditioned stimulus (CS) pathway that is necessary for delay eyeblink conditioning was investigated using reversible inactivation of the medial auditory thalamic nuclei (MATN) contralateral to the trained eye. Muscimol infusions targeted the contralateral MGm, suprageniculate nucleus (SG), and posterior intralaminar nucleus (PIN). Rats were infused with 1.0 (l of 10.0 mM muscimol or saline 60 min before each of 4 sessions of delay eyeblink conditioning with a 400 ms tone CS and a 25 ms periorbital shock US. Both groups were then given 4 sessions without infusions (No Drug) to assess savings from the initial phase of training. All rats were then given a final infusion of muscimol followed by a recovery session. Rats in the Muscimol group showed a severe deficit in acquisition of conditioned responses (CR) during the initial training phase and showed no evidence of savings when switched to the No Drug phase. Saline rats showed an identical acquisition rate during the first phase of training as the Muscimol group during the No Drug phase, and maintained CR performance at asymptote during the No Drug phase. Both groups showed a severe deficit in retention of conditioning during the final muscimol infusion session and performance recovered on the following session of training. This experiment provides evidence that the MATN contralateral to the trained eye is necessary for the acquisition and retention of auditory delay eyeblink conditioning in rats.
P2 Pontine Inactivation Impairs Eyeblink Conditioning Using Stimulation of the Medial Auditory Thalamus as a Conditioned Stimulus

Hunter E. Halverson & John H. Freeman; University of Iowa

The auditory conditioned stimulus (CS) pathway for eyeblink conditioning was investigated using stimulation of the medial auditory thalamic nuclei (MATN) and inactivation of the pontine nuclei. Rats received delay eyeblink conditioning using stimulation (300 ms, 200 Hz, 5-15 (A) of the medial nucleus of the medial geniculate (MGm) as the CS paired with a periorbital shock US. After 3 sessions of acquisition training, the rats received an infusion of muscimol or saline into the contralateral LPN before training followed by a recovery session. Following stimulation, rats were also tested using peripheral tone and light CSs followed by inactivation and recovery. Muscimol infusions into the LPN following training produced a severe deficit in retention of conditioned responses (CR) while using direct stimulation of the MGm as the CS. Muscimol infusions also produced a severe deficit in the retention of CRs using a tone CS, and either a severe or moderate deficit using a light CS. Saline infusions produced no deficits in retention and both groups showed complete retention on the recovery session. All rats showed cross modal facilitation when switched from direct stimulation to a peripheral tone, and facilitation when switched from a tone to a light CS. The findings of this experiment provide evidence that stimulation of the contralateral MATN supports eyeblink conditioning through a projection to the pontine nuclei. The findings also indicate that direct stimulation of the MATN and tone CSs may use similar areas of the pons and input from light CSs may be segregated from auditory input.

P3 Contralateral Inferior Colliculus is Necessary for Auditory Eyeblink Conditioning in Rats

Erin Hubbard, Hunter E. Halverson, & John H. Freeman; University of Iowa

The auditory conditioned stimulus (CS) pathway that is necessary for delay eyeblink conditioning was investigated using contralateral and bilateral electrolytic lesions of the inferior colliculus. One week following surgery, rats were given 10 sessions of delay eyeblink conditioning with a tone CS followed by 5 sessions of delay conditioning with a light CS. Each session of eyeblink conditioning consisted of 100 trials of a 500 ms tone CS or a light CS and a periorbital shock US. Rats with significant damage to the contralateral external cortex, central nucleus, and dorsal cortex of the inferior colliculus (IC) showed a severe deficit in acquisition of eyeblink conditioning using a tone CS regardless of whether they had a unilateral or bilateral lesion. Partial sparing of these areas caused a moderate deficit compared to control rats. The contralateral IC is probably the primary source of auditory information to the medial auditory thalamic nuclei (MATN). It may also receive feedback information from the MATN and project directly to the pontine nuclei (PN). The results indicate that the contralateral IC plays an important role in auditory eyeblink conditioning in rats. The IC may be a necessary part of the auditory CS pathway supporting delay eyeblink conditioning.
P4 Development of Eyeblink Conditioning: Stimulation of the Medial Auditory Thalamus as a Conditioned Stimulus 

Matthew M. Campolattaro & John H. Freeman; University of Iowa

Recent studies demonstrated that the medial auditory thalamic nuclei (MATN; medial nucleus of the medial geniculate, the posterior intralaminar nucleus and the suprageniculate) are important components of the auditory conditioned stimulus (CS) pathway in eyeblink conditioning. The current study examined whether stimulation of the MATN is sufficient for eyeblink conditioning in adult and infant rats. Stimulation of the MATN was presented as a conditioned stimulus (CS) paired with a periorbital shock unconditioned stimulus (US). In the first experiment, adult rats were given three 100-trial training sessions with a 300 ms biphasic stimulation train in the MATN (range = 30-100 µA) paired or unpaired with the US. In the second experiment, groups of infant rats trained on postnatal days (P) 17-18, 24-25, or 31-32 were given six 100-trial training sessions with MATN stimulation paired with the US. Adult rats that received paired training rapidly acquired eyeblink conditioned responses, whereas unpaired controls did not. The magnitude of eyeblink conditioning using MATN stimulation as the CS increased as a function of postnatal age. The pattern of results suggests that the effectiveness of stimulation of the MATN as a CS increases during postnatal development. Additionally, these data indicate that the development of the medial auditory thalamus or its projection to the pontine nuclei may play a role in the ontogeny of auditory eyeblink conditioning.
P5 Cerebellar Inactivation During Cross-Modal Transfer  

Matthew M. Campolattaro & John H. Freeman; University of Iowa

The present experiments examined the role of the cerebellum in cross-modal transfer in eyeblink conditioning. Experiment 1 used a two phase procedure to establish baseline rates of conditioning during cross-modal transfer. In Phase 1, rats received five 100-tiral sessions of paired or unpaired presentations of a light or tone conditioned stimulus (CS) and a periorbital shock unconditioned stimulus. Phase 2 training consisted of two 100-trial cross-modal transfer sessions of paired training with the CS modality not used during initial training. Rats that received paired Phase 1 training showed rapid conditioning to the new modality stimulus (cross-modal savings) compared to the control rats that received unpaired training or no prior conditioning. Experiments 2 and 3 used pharmacological inactivation procedures to investigate the involvement of the intermediate cerebellum during the different phases of cross-modal transfer training. The GABAA agonist muscimol (1.0 µl; 10 mM) or vehicle solution were infused into the anterior interpositus nucleus (IPN) ipsilateral to the conditioned eye 60 min prior to each session of Phase 1 (Experiment 2) or Phase 2 (Experiment 3).  Because muscimol infusions into the IPN block expression of conditioned eyeblink responses, rats were given two additional sessions of Phase 2 training in Experiment 3, but without muscimol infusions. Experiment 2 showed that infusions of muscimol into the IPN during Phase 1 blocked the acquisition of cross-modal transfer. Experiment 3 showed that the same infusions during Phase 2 did not prevent the acquisition of cross-modal transfer. Together these results suggest that plasticity in the cerebellum is necessary to establish cross-modal transfer. Once plasticity has been established, however, it is sufficient to support cross-modal transfer.
P6 Inhibitory Eyeblink Conditioning with Simple and Feature-Negative Discriminations

Matthew M. Campolattaro, Kathleen M. Schnitker, & John H. Freeman; University of Iowa 

Inhibitory learning in rats was examined using Pavlovian eyeblink conditioning procedures.  Experiment 1 was designed to establish conditioned inhibition using compound discrimination (A+, XA-).  Rats were given 10 sessions of discrimination training using presentations of a tone CS that was paired with a  periorbital shock US (A+) that were intermixed with nonreinforced simultaneous presentations of light-tone stimulus compound (XA-).  The light CS attenuated responses to a separately trained excitatory tone CS (B) during the summation test (B-, XB-). Retardation testing revealed significantly slower acquisition of excitatory conditioning to the light CS (X+) relative to controls.  Experiment 2 used the same conditioning procedures as Experiment 1 except these rats were given simple discrimination training (A+, X-). The light stimulus in this experiment did not produce a strong summation effect but substantial retardation was evident. A separate group of rats were given pre-exposure training to the light CS (X-) to determine whether the inhibition was due to latent inhibition. These rats showed less retardation to the light CS (X) than the rats given simple discrimination training, but more retardation than controls. Experiments 3 and 4 used an intramodal auditory discrimination procedure. In Experiment 3, rats were given ten sessions of CS+/CS- discrimination training, whereas in Experiment 4 they received twenty sessions. The CS- tone in Experiment 3 did not produce a summation or retardation effect. In Experiment 4, however, the CS- produced strong summation and retardation effects. The findings indicate that simple discrimination can produce conditioned inhibition-like effects in eyeblink conditioning similar to those seen with feature-negative discrimination.
P7 Acute Effects of Stress Hormone on Habituation and Prepulse Inhibition of the Startle Response

Terri L. Finamore1, David C. Riccio1, Elo Robertson2, & Richard L. Port2; 1Kent State University & 2Slippery Rock University

Stress is a putative contributor to psychopathology.  The biological stress response includes an adaptive release of glucocorticoids which may be beneficial to survival, but with prolonged release is known to have an adverse impact on the structure and function of the nervous system.  Exposure to stress and the hormonal consequences are further known to have negative effects on many forms of behavioral learning and memory.  Posttraumatic stress disorder (PTSD) is known to result in a disruption of simple forms of learning such as habituation or inhibition of the startle response.  The present study evaluated the short term impact of elevated corticosterone levels on habituation and prepulse inhibition of the startle response in rats.  Twenty four rats were assigned to either control, low dosage or high dosage corticosterone conditions.  After a 28 day exposure to the hormone through drinking water, all animals were tested for habituation and prepulse inhibition in an automated startle chamber.  All three groups displayed significant decline in response amplitude to the startle stimulus over the course of testing.  Prepulse inhibition was examined for several levels of prepulse amplitude.  Again, all three groups displayed significant suppression of the startle response when a warning prepulse was present; no significant differences were found between groups.  Consequently, disruption of habituation and prepulse inhibition in PTSD may require  long term exposure to elevated hormone levels.  If this is the case, victims of PTSD may show beneficial effects of pharmacological suppression of hormone levels and the attenuation of symptoms associated with the disorder.

P8 Effects of Contextual Manipulations on Radial Arm Maze Performance

Terri L. Finamore1, David C. Riccio1, Ludmila Vaskova2, & Richard L. Port2; 1Kent State University & 2Slippery Rock University

Environmental context has been well documented as a significant component of memory retrieval in a variety of associative learning tasks.  Maintaining consistent context between training and testing conditions has been found to be essential for maximal retention related performance.  Change in context is implicated as a possible, significant contributing factor in the process of forgetting.  Spatial learning and memory is analogous to contextual or environmental memory.  In the radial arm maze, subjects learn and remember specific arms of the maze containing food reward, other locations that do not contain reward, and must remember which baited arms have been previously visited in the present trial.  Learning may be affected by intramaze or extramaze cues.  Performance in reference memory and working memory are evaluated simultaneously.  The present experiment examined the impact of context shift and the forgetting of stimulus attributed in the radial arm maze.  Thirty two rats were trained to navigate the radial arm maze for food reward.  Subjects were assigned to short (1 day) or long (7 day) delay; and same or alternate maze conditions.  Results indicated an overall effect of delay; rats tested after short delay showed superior performance in time to completion, and reference and working memory errors regardless of maze.  Changes in maze context had no significant effects at the short delay, suggesting that subjects rely more extensively on peripheral extramaze cues.  Results show that both working and reference memory are affected by the length of delay to testing but not affected by intramaze cues.

P9 The Effects of Acute, Chronic, and Withdrawal from Chronic Hippocampal Nicotine Infusions on Contextual Fear Conditioning

J.A. Davis & T.J. Gould; Temple University

The present experiments examined the involvement of the dorsal hippocampus in the effects of acute, chronic, and withdrawal from chronic nicotine on contextual fear conditioning.  Mice were trained using two pairings of an auditory CS with a footshock US.  Testing for freezing to the context occurred 24 hours later.  In the first experiment, mice received bilateral infusions of saline or a nicotinic receptor (nAChR) antagonist, dihydro-beta-erythroidine, and an intraperitoneal injection of saline or nicotine before training and testing.  Dihydro-beta-erythroidine dose-dependently blocked the enhancing effect of nicotine on contextual fear conditioning suggesting that nAChRs in the hippocampus mediate the effect of acute nicotine.  The second experiment examined the effects of acute, chronic, and withdrawal from chronic intrahippocampal nicotine on contextual fear conditioning.  Nicotine or saline was infused bilaterally into the hippocampus before training and testing for mice treated acutely.  Mice in the chronic and withdrawal treatment groups were infused with a matching dose of nicotine or saline via subcutaneously implanted Mini-Osmotic pumps connected to cannulae implanted into the hippocampi for 14 days and 12 days (for chronic and withdrawal from chronic treatment, respectively).  Mice treated chronically and withdrawn mice were trained on day 13 and tested 24 hours later.  Consistent with previous studies using systemic nicotine administration, acute intrahippocampal nicotine enhanced, chronic intrahippocampal nicotine had no effect, and withdrawal from chronic intrahippocampal nicotine impaired contextual fear conditioning.  These data suggest that hippocampal nAChRs mediate the effects of systemically administered nicotine on contextual learning, and that chronic nicotine treatment alters hippocampal function.   

NIDA (DA017949 TG; T32DA07237), NIAAA (AA015515 TG), National Cancer Institute/National Institute on Drug Transdisciplinary Tobacco Research Center Grant (P5084718)

P10 Nicotine Withdrawal Disrupts Both Foreground and Background Contextual Fear Conditioning But Not Pre-Pulse Inhibition in C57BL/6 Mice

J. M. André, J. A. Davis, D. Gulick, J. Porter, G. S. Portugal, & T. J. Gould; Temple University

C57BL/6 mice were tested for the effects of withdrawal from chronic nicotine on contextual fear conditioning when the context served as either a background stimulus or a foreground stimulus, and on pre-pulse inhibition of the acoustic startle reflex (PPI), a measure of sensory gating. For contextual fear conditioning, mice received a 6.3 mg/kg/day dose of chronic nicotine (reported as freebase) or saline using mini-osmotic pumps for 12 days; pumps were removed on day 13.  On day 14 mice were trained in either foreground or background contextual fear conditioning.  Mice were tested 24 hours later.  The mice withdrawn from chronic nicotine treatment showed a deficit in freezing compared to mice withdrawn from saline treatment for both the foreground and background conditions.  For PPI, the mice received a 6.3 or 12.6 mg/kg/day dose of chronic nicotine or saline for 12 days and pumps were removed on day thirteen.  Eight, 24, and 48 hours after the pumps were removed, mice received one thirty-minute PPI session. PPI trials were administered and recorded for three pre-pulse intensities.  No effect of withdrawal from nicotine was seen at any time point for PPI.  These results demonstrate that nicotine alters contextual fear conditioning regardless of whether the context is the background or the foreground stimulus. However, nicotine does not have an effect on PPI. Thus, in C57BL/6 mice, nicotine withdrawal disrupts contextual learning but not sensory gating. This research was supported by NIDA (DA017949), NIAAA (AA015515), and the NCI (P5084718).

P11 The Effects of Bupropion on Contextual and Cued Fear Conditioning in C57BL/6 Mice

George S. Portugal & Thomas J. Gould; Temple University

Previous investigations have reported deficits in contextual fear conditioning following withdrawal from chronic nicotine (Davis et al., 2005).  This deficit in contextual fear conditioning can be ameliorated by an acute dose of nicotine, and by the norepinephrine reuptake inhibitor atomoxetine (Davis et al., 2005; Davis & Gould, in press).  The present study investigated if bupropion, a norepinephrine and dopamine reuptake inhibitor currently used to assist smoking cessation, alters contextual and cued fear conditioning.  In the first experiment, bupropion (10, 20, or 40 mg/kg) was administered before training and testing.  Mice were trained with 2 CS (white noise)-US (0.57mA footshock) pairings.  Contextual and cued fear conditioning was tested 24 hr later.  Mice treated with the 20 and 40 mg/kg dose of bupropion exhibited deficits in contextual and cued fear conditioning, in contrast to 10 mg/kg bupropion and saline groups.  In additional experiments, bupropion was administered on training day only or testing day only.  Bupropion at the 40 mg/kg dose administration on training day only produced deficits in contextual fear conditioning.  When bupropion was administered on testing day, deficits in contextual and cued fear conditioning were found with the 20 and 40 mg/kg dose, as compared to 10 mg/kg bupropion and saline groups.  Overall, these results indicate that increased activation of the noradrenergic system produces deficits in recall or expression of contextual and cued fear conditioning, but only affects the acquisition of contextual fear conditioning at a high dose.  Additional experiments will investigate the effects of bupropion during withdrawal from chronic nicotine.

NIDA (DA017949), NIAAA (AA015515), and NCI (P5084718)

P12 Nicotine Enhances Contextual Fear Conditioning via Dorsal Hippocampal (4(2 Nicotinic Acetylcholine Receptor-Mediated Processes in C57BL/6J Mice
Justin W. Kenney, Jennifer A. Davis, & Thomas J. Gould; Temple University

Nicotine has been shown to enhance learning and memory in hippocampus dependent tasks such as contextual fear conditioning. The present study consisted of two experiments designed to directly demonstrate that the dorsal hippocampus plays a role in mediating the enhancement of contextual fear conditioning by nicotine in C57BL6/J mice. Contextual fear conditioning consisted of two white noise conditioned stimuli presentations each co-terminating with a two second, 0.57mA foot shock with a 120 second inter-trial interval. Testing was performed 24 hours later in the same chambers as training. Freezing (i.e., lack of all movement except for respiration) was used as the behavioral measure of fear. In the first experiment three doses of nicotine (0.088, 0.175, and 0.350µg/side) were bilaterally infused into the dorsal hippocampus (DH) prior to training and testing. Nicotine infusion into the DH produced a dose dependent enhancement of contextual fear conditioning. The second experiment was designed to determine which neuronal nicotinic acetylcholine receptor (nAChR) subtypes in the DH are involved in mediating the enhancement of contextual fear conditioning by nicotine. The α4β2 nAChR antagonist dihydro-β-erythroidine (DHβE) (6.0 and 18.0µg/side) or the α7 nAChR antagonist methyllycaconitine (MLA) (13.5 and 27µg/side) were bilaterally infused into the DH prior to systemic injections of nicotine (0.0875mg/kg) during both training and testing. DHβE infusions dose dependently blocked nicotine’s enhancement of contextual fear conditioning while MLA did not. These results suggest a critical role for α4β2 but not α7 nAChR’s in the DH for mediating the effects of nicotine on contextual fear conditioning. NIDA (DA017949 TG; T32DA07237), NIAAA (AA015515 TG), NCI/National Institute on Drug Transdisciplinary Tobacco Research Center Grant (P5084718).

P13 Inhibition of ERK 1/2 Prevents the Enhancement of Contextual Fear Conditioning by Nicotine in C57BL/6 Mice
Jonathan D. Raybuck & Thomas J. Gould; Temple University 

The enhancement of contextual fear conditioning by nicotine is well established in C57BL/6 mice.   However, the molecular mechanisms supporting this enhancement are unknown.  Extra-cellular regulated kinase 1/2 (ERK1/2) activation has been shown crucial to the formation of contextual fear memories.  Furthermore nicotine has been shown to increase ERK 1/2 activation.  Thus, it is possible that nicotine enhances contextual fear conditioning by increasing signaling through the ERK 1/2 cascade.  To determine the involvement of ERK 1/2 in the enhancement of contextual fear conditioning by nicotine, a dose of SL327 that is sub-threshold for disrupting contextual fear conditioning was established.  Next, vehicle, saline, nicotine, the sub-threshold dose of SL327, or the sub-threshold dose of SL327 and nicotine were administered to C57BL/6 mice prior to training, testing, or both training and testing of contextual fear conditioning.  The sub-threshold dose of SL327, administered prior to training attenuated the enhancement of contextual fear conditioning by nicotine to a level not different from vehicle/saline treated mice, while the same dose administered prior to testing had no effect on retrieval of contextual fear.  Additionally, co-administration of the sub-threshold dose of SL327 and nicotine on both training and testing produces results similar to co-administration only at training.  These results strongly implicate ERK 1/2 in the enhancing effect of nicotine on contextual fear conditioning, and imply that the effects of nicotine occur at acquisition or consolidation of contextual fear but not at retrieval.

NIDA (DA017949, T32DA07237), NIAAA (AA015515 TG), NCI/NIDA (P5084718)

P14 Dose Response Effects of Ethanol on Background and Foreground Contextual Fear Conditioning

Danielle Gulick & Thomas J. Gould; Temple University

Despite the well-known deficits caused by both acute and chronic administration of ethanol, approximately 17.6 million adult Americans abuse alcohol. Ethanol’s addictive properties stem primarily from its initial psychomotor stimulation and prolonged anxiolytic effect. Ethanol may also enhance performance depending on task, environment, dose, and genetics; improved responding is seen on cognitive tasks in stressed individuals who have consumed a moderate amount of alcohol. This study investigated the dose response curve for the effects of ethanol on contextual fear conditioning and the effects of ethanol on foreground versus background contextual fear conditioning; it has been suggested that foreground contextual fear conditioning and background contextual fear conditioning could involve different biochemical processes.  Methods: Dose response curves for ethanol (0.0 to 1.0 g/kg) on background and foreground contextual fear conditioning were constructed at 4 hours, 24 hours, and one week post-training.  For background contextual conditioning, mice were trained using two co-terminating conditioned stimulus (CS = 30 s, 85 dB white noise) – unconditioned stimulus (US = 2 s, 0.57 mA footshock) pairings (ITI = 2 min), and tested 4 or 24 hours later. For foreground contextual conditioning, two US-alone trials were given. One week after training, mice were retested. Results: A lower dose of ethanol enhanced all contextual fear conditioning at 24 hours and one week, while the highest dose impaired contextual fear conditioning at all time points.  Conclusions:  These findings suggest that low doses of ethanol may enhance acquisition or consolidation of contextual fear conditioning whereas higher doses impair contextual fear conditioning.  

This work was supported by NIDA Grant DA017949 and NIAAA Grant AA015515.

P15 The Role of the Context in Extended Reinforced Training

Gonzalo P. Urcelay & Ralph R. Miller; SUNY-Binghamton

In Pavlovian conditioning, a common but often unnoticed observation is that of loss of conditioned responding with extended reinforced training (e.g., Millenson & Hendry, 1967; Pavlov, 1927). We investigated a possible source of this effect in two experiments using rats as subjects in a fear conditioning preparation. In a first experiment we trained four groups of rats with 5, 10, 20, or 50 reinforced trials. We observed that as reinforced training trials were increased, behavioral control decreased – an overtraining effect. Based on the comparator hypothesis (Miller & Matzel, 1988), we reasoned that the training context gains associative strength with extended training and competes at the time of testing with responding to the target cue. Based on this reasoning, in the second experiment we trained rats with 5 or 50 reinforced trials and orthogonally extinguished or did not extinguish the training context. In the groups that did not experience context extinction, we observed less conditioned responding after 50 trials than after 5 trials, replicating the results of the previous experiment. Interestingly, the two groups that experienced context extinction showed equal amounts of conditioned responding, presumably because the extinction treatment diminished the potential of the training context to interfere with responding to the target cue during testing. These results will be discussed in the framework of the comparator hypothesis and other explanations of the overtraining effect.

P16 Timescale Variance in Compound Conditioning Situations: Partial Reinforcement and CS Duration Effects Counteract Overshadowing Only in Select Situations
Kouji Urushihara1,2 & Ralph R. Miller2; 1Osaka Kyoiku University & 2SUNY- Binghamton

Two conditioned suppression experiments with rats investigated the interaction between the partial reinforcement effect (i.e., attenuated responding due to adding nonreinforced CS trials between CS- US pairings) and overshadowing (i.e., decreased responding due to compound conditioning) and the interaction between the CS duration effect (i.e., attenuated responding due to conditioning with longer CS) and overshadowing. In Experiment 1, adding nonreinforced CS trials or conditioning with a longer CS both attenuated conditioned responding in elemental conditioning situations, whereas these treatments oppositely enhanced conditioned responding to the CS in compound situations. In Experiment 2, these counteraction effects were further investigated by keeping the CS-to-intertrial interval ratio the same, and manipulating the absolute CS and intertrial-interval durations (i.e., changing the time scale of conditioning phase). As the results, the counteraction effect was observed when total duration of the CS exposure and the intertrial interval were relatively short (i.e., in a small time scale), whereas the counteraction effect disappeared when both the CS duration and the intertrial interval duration was lengthened (i.e., in a large time scale). These results are problematic for some models which explain the CS-duration and the partial-reinforcement effects in terms of the ratio between accumulated CS duration and the ITI duration, whereas they are consistent with the parameter-dependent predictions by the extended comparator hypothesis, which explains the partial reinforcement and the CS duration effects by two parallel processes, that is, enhancement of comparator effects and attenuation of the target-US association.

P17 Contrasting Reduced Overshadowing and Forward Blocking
Daniel S. Wheeler & Ralph R. Miller; SUNY-Binghamton

Preexposure of a cue without an outcome (X-) prior to compound pairings with the outcome (XZ-O) can reduce overshadowing of a target cue (Z). Moreover, pairing a cue with an outcome (X-O) before compound training can enhance its ability to compete with another cue (i.e., blocking). Four experiments were conducted in a conditioned bar-press suppression preparation with rats to determine whether spacing of the X- or X-O trials would differentially affect reduced overshadowing and blocking. Experiment 1a showed that reduced overshadowing was larger with massed trials than with spaced trials. Experiment 1b found that blocking was larger with spaced trials than with massed trials. Experiments 2a and 2b indicated that these effects of trial spacing were both mediated by the associative status of the context at test. The results are interpreted in the framework of contemporary learning theories.

P18 Degraded Contingency Revisited: Posttraining Extinction of a Cover Stimulus Attenuates a Target Stimulus’ Excitatory Behavioral Control
James E. Witnauer & Ralph R. Miller; SUNY-Binghamton

In a Pavlovian situation, the degraded contingency effect refers to attenuated conditioned responding when extra US presentations are interspersed between the target CS-US pairings.  However, if these added USs are signaled by a nontarget cue (known as a cover stimulus) the degraded contingency effect is reduced (i.e., responding to the target CS is restored).  In two conditioned suppression experiments using rats, the effects of posttraining extinction of the cover stimulus were observed.  Experiment 1 demonstrated that posttraining extinction of the cover stimulus yielded reduced responding to the target stimulus (the degraded contingency effect reappeared).  Experiment 2 replicated this finding and further demonstrated that this effect was not due to acquired equivalence between the target CS and the cover stimulus.  These results are consistent with the extended comparator hypothesis interpretation of the degraded contingency and cover stimulus effects.

P19 CS-US Temporal Relations in Blocking
Jeffrey C. Amundson1 & Ralph R. Miller2; 1University of Kansas & 2SUNY-Binghamton

One might expect that similarity in temporal information would encourage competition between cues. Specifically, if two cues share the same interstimulus interval (ISI) with the same outcome, then their interaction should be greater than when the two cues have different ISI’s with the same outcome. In two trace-conditioning experiments with rats, the influence on blocking of differences between the blocking cue-unconditioned stimulus (US) and the blocked cue-US trace intervals was explored. In both experiments the trace intervals of the two cues during compound training were matched. Blocking was attenuated when the blocking cue trace interval in the elemental phase was shorter (Experiment 1) or longer (Experiment 2) than the compound cue trace during compound training. The findings indicate that subjects encode interstimulus intervals and suggest that cue competition, in this case blocking, is greatest when the competing cues provide the same temporal information concerning the US. 

P20 Blocking and Pseudoblocking: The Reply of Ratus norvegicus to Apis mellifera
David Guez & Ralph R. Miller; SUNY-Binghamton

In a recent paper Blaser, Couvillon, and Bitterman (2006. Blocking and pseudoblocking: new control experiments with honeybees. Q J Exp Psychol , 59, 68-76.) presented data obtained with honeybees that challenges all traditional interpretations of Kamin blocking obtained in a wide range of organisms, including honeybees. In this work we examine what they call pseudoblocking in a rat fear-conditioning preparation. In Experiment 1, we obtained blocking but failed to observe pseudoblocking  with rats using a control procedure that was similar to our usual blocking control. In Experiment 2, we used Blaser et al.'s own control procedure and again failed to observe the pseudoblocking effect with rats. After reviewing their protocol and previously published studies from their laboratory, we hypothesized that the feeder that they treated as a training context could have served as a punctate cue under their conditions. We then used rats to test this during Experiment 2 and, using a punctate cue as a surrogate feeder, we were able to reproduce their pseudoblocking phenomena. Our results are consistent with a simple account of pseudoblocking within the framework of existing theories of associative learning. Thus, Kamin blocking remains a real phenomena that must be addressed by models of learning.

P21 The Effects of Swim Stress on Neophobia, Latent Inhibition, and Reconditioning

Todd R. Schachtman, Shawn Smith, Sarah Fieser, & Jennifer Jones; University of Missouri

Thirsty, Sprague-Dawley rats were used to examine the effects of swim stress on  neophobia to a flavored solution, latent inhibition, and reacquisition of an extinguished conditioned taste aversion.  In Experiments 1-3, subjects were exposed to a flavored solution and were administered a swim experience before or after flavor presentation while other subjects receivedno swim experience.  Then subjects were tested to assess the level of neophobia.  An attenuation of neophobia occurred (Fs > 9.68, ps < .05) but swim stress had no effect. In Experiment 4, subjects were subjected to swim before or after preexposure to a flavor CS that was later paired with LiCl and assessed for the ability of swim to influence latent inhibition (LI) to a flavor.  Significant LI was obtained and swim stress attenuated the LI effect (ps < .05).  Subjects in Experiments 5 and 6 were administered flavor-LiCl trials followed by extensive CS-alone extinction trials prior to subjects receiving the flavor paired again with LiCl to assess the extent of reacquisition.  For some subjects, the final flavor extinction exposure was followed by swim to examine its effect on subsequent reconditioning.  A slow reacquisition effect was found but swim stress had no effect on reacquisition.  While earlier research (Revusky & Reilly, 1989; Bourne et al., 1992) found the swim stress attenuated taste aversion learning when administered during simple CS-US pairing, the present experiments found that swim stress influenced latent inhibition, but not the attenuation of neophobia or the reacquisition of a previously extinguished conditioned taste aversion.

P22 Effects of Selective Hippocampal Lesions on Appetitive Trace Conditioning: An Examination of Two Different Measures of Learning 

Stephen M. Oakeshott1, KinHo Chan2,Vincent C. Campese1, and Andrew R. Delamater1; 1Brooklyn College of CUNY & 2Hartwick College 

Studies in Pavlovian fear conditioning suggest that the hippocampus plays an important role in trace conditioning because this structure helps maintain an active representation of the CS during the trace interval. Relatively little is known about the role of the hippocampus in appetitive Pavlovian trace conditioning, but this hypothesis would suggest the hippocampus to be similarly important. Sprague-Dawley rats with selective ibotenate lesions of the dorsal and ventral hippocampus and intact controls were trained on a trace and a delay conditioning task with a common food US. Acquisition of magazine approach behavior was abolished in hippocampally-lesioned animals relative to controls in both the trace and the delay task when a tone served as the CS, but was unaffected with a light CS. In a second study, intact Long-Evans rats were similarly trained, but with two distinct USs. These animals failed to acquire a magazine approach response during stimulus presentation in the trace conditioning task, responding only in the trace interval. Subsequent testing with a Pavlovian-to-instrumental transfer procedure revealed the rats did associate CS presentation with reinforcement, as the CSs selectively enhanced the rate of instrumental responses with which they shared a US, both during CS presentation and the trace interval. This result suggests that although trace conditioning results in a deficit in magazine approach responses relative to a delay procedure, both procedures result in comparable associations between the CS and sensory US features. Additional studies will investigate the role of the hippocampus in this component of appetitive trace conditioning.

P23 Deferred Imitation, Transitivity, and Declarative Memory at 6 Months of Age

David A. Townsend, Kimberly Cuevas, Amy Bullman, & Carolyn Rovee-Collier; Rutgers University

In sensory preconditioning, two stimuli (S1, S2) are preexposed together (Phase 1).  Subsequently, a response (R1) is trained to S1 (Phase 2).  Later, subjects are tested with the untrained stimulus, S2  (Phase 3).  Performance of R1 to S2 indicates that an association was formed between S1 and S2 in Phase 1 and that it mediated the transfer of the learned response to S2.  Barr et al. (2003) simultaneously preexposed 6-month-olds to two distinctive hand puppets (A and B) for 1 hr/day on 2 successive days in Phase 1. In Phase 2, three actions were modeled on puppet A 24 hr later.  In Phase 3, 24 hr after that, infants were tested with puppet B and imitated the actions on it, indicating that an association had been formed between them in Phase 1.  Presently, infants were preexposed to a different pair of puppets for 1 hr each on consecutive days (A-B, B-C or A-B, B-C, C-D) in Phase 1, and the actions were modeled on the last puppet (C or D) in Phase 2.  When tested with puppet A in Phase 3, infants imitated the modeled actions.  Apparently, infants had formed an associative chain in Phase 1:  When the A-B link was extinguished, they did not imitate on puppet A.  Deferred imitation is a marker task for declarative memory, and transitivity also characterizes declarative memory.  Yet, preverbal infants are assumed to lack for declarative memory system until late in their first year.  These findings challenge this assumption.

P24 Transitions in the Temporal Parameters of Associative Learning During Infancy

Kimberly Cuevas, Amy Bullman, & Carolyn Rovee-Collier; Rutgers University 

During the preexposure phase of sensory preconditioning (SPC), adult animals are typically exposed to S1 and S2 sequentially. Chen et al. (1991), however, found that only a simultaneous preexposure regimen produced SPC for very young rat pups, and this preexposure regimen gradually shifted to a sequential regimen with age.  Research using a deferred imitation task with human infants found that 6-month-olds who were simultaneously preexposed to S1 and S2  (two hand puppets) also exhibited robust SPC (Barr et al., 2003).  However, the same procedure was unsuccessful in producing SPC with 12-month-olds.  In Experiment 1a, we examined whether the effective preexposure regimen might also shift developmentally for human infants at corresponding ages.  Six- to 18-month-olds received simultaneous and sequential (immediate, delayed) preexposure to S1 and S2 (days 1-2).  We then modeled three target actions on S1 (day 3) and asked if infants could imitate them on S2 24 hr later (day 4).  Infants exhibited a developmental shift in the preexposure regimen as rat pups of corresponding ages.  In Experiment 1b, we examined how quickly infants form the S1-S2 association.  All groups that exhibited SPC in Experiment 1a were tested after one 15-min session of preexposure.  The duration of preexposure was then halved for additional groups until infants no longer exhibited SPC.  There were age-related changes in both the effective preexposure regimen after 1 session and the rapidity with which infants formed the association.  These results will be discussed in relation to the infant’s niche and the temporal coding hypothesis.

P25 Effects of Rearing Environment on Pavlovian Conditioned Hyperactivity

Rosemary A. Ha, Julie S. Kabriel, Adam P. Steiner, Michael H. Parrish, & Mary E. Cain; Kansas State University

Environmental enrichment decreases self-administration of low unit doses of amphetamine in rats.  However, little is known about the effects of enrichment on contextual conditioning and extinction.  This study examined the effects of rearing environment on Pavlovian conditioned hyperactivity, sensitization, extinction and reinstatement of amphetamine-induced hyperactivity.  Male Sprague-Dawley rats, 21 days of age, were randomly assigned to an enriched condition (EC), impoverished condition (IC), or social condition (SC).  At 51-60 days of age rats were randomly assigned to one of three treatment groups.  The Context group received amphetamine (1.0 mg/kg, Experiment 1; 0.3 mg/kg, Experiment 2) injections (s.c.) prior to 1-hr locomotor sessions and saline (0.9%) injections in the home cage.  The Pseudoconditioning group received saline prior to the session and amphetamine in the home cage.  The control group only received saline injections.  Rearing environment significantly affected conditioned hyperactivity.  In Experiment 1, only SC rats displayed conditioned hyperactivity (F(2,18) = 10.63, p <.001).  However, results for Experiment 2 showed that EC, IC, and SC rats displayed conditioned hyperactivity (F(2,45) = 70.50, p <.001).  Consistent with these effects, the effect of rearing on sensitization, extinction and reinstatement was dose dependent.  Preliminary data suggests that extinction to the drug context occurs faster for EC rats than for IC and SC rats and that enrichment attenuates reinstatement in the drug context.  These results suggest that enrichment may decrease the rate of extinction and reduce reinstatement.  Therefore, environmental enrichment appears to enhance learning about the drug context and may be able to reduce relapse.

P26 Enhancement of Pavlovian Conditioned Immunosuppression in Rats
Edgar H. Vogel1,  María E. Castro2, Paola A. Solar2, & Fabián A. Soto1; 1Universidad de Talca, Chile; 2Universidad del Mar, Chile

There is substantial agreement among researchers that humoral immune responses are able to be suppressed by Pavlovian taste aversion procedures. There is also recognition that this conditioned immunosuppressive effect is not very robust (Ader, 2003) and there have been reports of failures to observe it (McQueen & Siegel, 1989). The goal of this study was to define conditions under which conditioned immunosuppression is observed reliably. In three experiments, rats were exposed to a gustatory conditioned stimulus (CS) paired with cyclophosphamide (US), which induces immunosuppression and malaise. In Experiment 1, a single pairing of the CS with low, medium, or high doses of cyclophosphamide (25, 50, and 75 mg/kg) in separate groups produced no reliable conditioned immunosuppressive effect despite of reliable conditioned taste aversion effects in groups trained with high and medium doses of CY. Experiment 2 replicated the lack of effect following a single pairing of the CS with the medium dose of cyclophosphamide but demonstrated that three pairings are sufficient to induce conditioned immunosuppression. Experiment 3 demonstrated that significant immunosuppression is observable following a single CS-US pairing if the CS is presented in compound with a previously nonreinforced CS during training, an effect reminiscent of supernormal conditioning. These findings indicate that Pavlovian conditioned immunosuppression effects can be enhanced in magnitude through the use of certain procedural techniques.

P27 S- and US-Elicited Single-Unit Responses in Rat Perirhinal Cortex

T.A. Allen, S.C. Furtak, & T.H. Brown; Yale University

Perirhinal cortex (PR) has been hypothesized to support acquired emotional responses to “complex” conditional stimuli (CSs).  Pretraining rat PR ablation does not impair delay fear conditioning to continuous tones, but it severely impairs both context conditioning and delay conditioning to auditory social signals.  As part of an effort to understand the neurophysiology of PR during fear conditioning, the present experiments recorded stimulus-elicited single-unit firing in freely-behaving rats.  The auditory stimuli were continuous tones or ultrasonic vocalizations (USVs, pre-recorded from conspecifics), similar to CSs previously used to evaluate PR involvement in fear conditioning.  The somatosensory stimulus was a back-shock that served as an effective unconditional stimulus (US) in supporting fear conditioning and, unlike grid shock, did not prevent simultaneous single-unit recordings.  PR was directly visualized during its implantation with a novel electrode.  The overall procedure minimized PR and neocortical damage and enabled stable, single-unit recordings across days.  Prior to fear conditioning, 64% percent of PR neurons were responsive to at least one of the stimuli, which elicited 8 different firing patterns.  Interestingly, 28% of the neurons were multimodal, being responsive to both auditory and somatosensory stimuli.  Delay conditioning caused robust freezing behavior and widespread and diverse changes in CS-elicited responsiveness (67% of cells).  Some cells acquired a firing increase near the midpoint of the 240 ms interval that previously contained the US during conditioning trials.  Both tone and USV cues were effective in supporting single-unit changes, but there were differences in elicited firing patterns before and after conditioning.  Supported by MH58405.

P28 Perirhinal Lesion Effects on Delay Fear Conditioning Depend on Stimulus Properties of the Cue

D.B. Kholodar-Smith, T.A. Allen, & T. H. Brown; Yale University 

Aspirative lesions of perirhinal cortex (PR) impair Pavlovian fear conditioning to a spectrally-complex ultrasonic vocalization (USV), while sparing conditioning to a continuous tone (Lindquist et al., 2004).  Unlike continuous tones, USVs contain frequency modulations and they consist of a series of discrete calls.  As part of an effort to “deconstruct” USVs, we examined the effect of pretraining PR lesions on delay fear conditioning to three auditory CSs: a 19 kHz continuous tone; a 19 kHz USV prerecorded from a conspecific; and a series of 19 kHz tone pips whose on/off durations matched the calls of the USV.  The tone pips removed frequency modulations but retained the discontinuous temporal structure of the USV.  Lesions were produced by multiple injections of NMDA along the anterior/posterior extent of PR.  To minimize damage to dorsal temporal cortices, the injections were introduced through the lateral surface of the skull, which enabled direct visualization of PR.  The extent of the damage to PR and neighboring areas (basolateral amygdala, entorhinal cortex, hippocampus, and TE) was assessed volumetrically from NeuN-stained serial sections using a computer microscope and associated software (Neurolucida 6.0).  The neurotoxic lesions, which were well-localized to PR, significantly impaired conditioning to the USV cue, the discontinuous tone cue, and the context.  However, PR damage had no significant effect on delay conditioning to the continuous tone, which is presumably supported by the direct thalamic projections to the amygdala.  The results suggest that the PR-dependence of conditioning to USVs partly reflects the discontinuous call structure.  Supported by MN58405.
P29 Slower Acquisition and Reduced Reactivity in Transgenic Mice Over Expressing Corticotropin Releasing Hormone 

S.P. Sinha2, X. Jiao4, E.J. Zaccone4, A. Agley2, M.S. Fanselow3, K.D. Beck1,3, R. J. Servatius1,4
1VA NJ Health Care System; 2Rutgers University, Newark, 3University of California at Los Angeles; & 4Motivated Behavior Institute (SMBI) & NJ Medical School

Exposure to intense stressors or acute administration of corticotropin releasing hormone (CRH) induces an anxious state characterized, in part, by facilitated new motor learning and enhanced reactivity.   The study of transgenic mice over expressing (OE) CRH, an animal model of Cushing's disease, offers the possibility of examining sustained levels of CRH on these learning and reactivity alterations associated with anxiety.  Adult male and female OE mice, provided by the UCLA Transgenic Mice facility, were compared to wild type (WT) littermates on acquisition of the classically conditioned eyeblink response (CCER) and prepulse inhibition (PPI) of the acoustic startle response (ASR).  For CCER, mice were trained with a 400 ms conditional stimulus and a 10-v unconditional stimulus in a delay-type paradigm.  For PPI, mice were exposed to 118 dB and 102 dB 60-ms white noise bursts which were preceded on some trials by a 30-ms prepulse (85 dB) separated by either 60 or 120 ms.  Acquisition was slower in OE mice compared to WT mice.  The unconditional responses did not differ between OE and WT mice; unconditional responses generally reduced as a function of learning.  While PPI was unaltered, the amplitude of eyeblink ASRs in response to 118-dB white noise pulse-alone trials were less in OE mice compared to WT mice.  As a potential animal model of anxiety, reduced reactivity and slower associative learning were contrary to expectations.  However, the potential for anxiety in the face of expression of CRH may be revealed in response to moderate stressors.  Support provided by NIMH R01 MH62122 and SMBI.

P30 Cytokine Administration to Pregnant Mouse Dams: Toward an Animal Model of Autism. 

X. Jiao2, E.J. Zaccone2, N.M. Ponzio2, K.D. Beck1,2, & R. J. Servatius1,2; 1V A NJ Health Care System; 2University of Medicine and Dentistry of New Jersey

An immunological response during pregnancy has been implicated in the development of autism and autism spectrum disorders.  Treatment of pregnant mouse dams with interleukin (IL)-2 during the second week of gestation changes the immunological profile of their adult offspring.  Here, we examined the functional significance of fetal exposure by assessing acquisition of the classically conditioned eyeblink response (CCER) and prepulse inhibition (PPI) of the acoustics startle response (ASR).  Dams were treated during the second trimester (Day 12-16) with IL-2 or phosphate buffered saline (PBS).  Although multiple offspring were assessed for each dam, these data were pooled for each dam, that is, a dam is represented only once.  For the CCER, a delay type paradigm (400 ms conditional stimuli, 10 V unconditional stimuli) was used.  For PPI, mice were exposed to 118 dB and 102 dB 60-ms white noise bursts which were preceded on some trials by a 30-ms prepulse (85 dB) separated by either 60 or 120 ms.  IL-2 treated mice exhibited faster acquisition of the CCER in a delay-type task.  The unconditional response was unaffected.  As for PPI, IL-2 treated mice exhibited smaller ASRs to the white noise bursts that were not preceded by a prepulse stimulus.   Nonetheless, PPI was less apparent in IL-2 treated mice.  Cytokine exposure during pregnancy has long term implications for new motor learning and sensory gating in mice. Research supported by the NJ Governor's Council on Autism and the SMBI.
P31 Potentiation of CRH-Enhanced Startle by Manipulation of Serotonin 1A Receptors 
Tanya Edwards1, Toni Marie Dispenziere2, Xilu Jiao3, Richard J. Servatius1,2,3, & Kevin D. Beck1,2,,3; 1University of Medicine and Dentistry of New Jersey; 2VA NJ Health Care System; 3Stress and Motivated Behavior Institute and University of Medicine and Dentistry of New Jersey

It is well established that both inescapable stress and intracerebroventricular infusion of CRH elicit enhanced startle responses.  We use a repeated dosing regimen to increase the duration of the CRH-enhanced startle to 24 h later.  Serotonin (5HT) has been targeted as a mediating mechanism for the development of persistent stress effects, and we proposed that CRH could be causing lasting effects through a 5HT mediated mechanism. Specifically, presynaptic 5HT1A receptors may be desensitized under persistent stress as a result of extended high CRH activity.  Accordingly, our hypothesis is that the mechanism by which repeated CRH infusions cause persistent exaggerated startle responses involves the 5HT1A receptor.  In the present study, male Sprague Dawley rats were used to test whether administration of WAY100635, a 5HT1A receptor antagonist, blocked either the short-term (2 h) or long-term (24 h) CRH-induced enhanced startle response.  WAY100635 (1 mg/kg) or vehicle were injected immediately before the first of three 1µg (i.c.v.) CRH injections over 2 h.  Two and 24 hours following the last CRH infusion, the rats were placed in the startle chamber to test startle reactivity (60 stimulus presentations, 102 dB, immediate rise/fall).  For each stimulus, a response threshold for whole body response was computed and the magnitude of the startle response above that threshold was measured.  In contrast to expectations, acute administration of 5HT1A antagonist prior to CRH produced greater startle response magnitudes than those given vehicle or CRH alone, suggesting 5HT1A receptors may normally act against the CRH potentiation of the startle response. (Department of Veterans Affairs)
P32 Parametric Study of Eyeblink Conditioning in Mice: Unconditional Stimulus Intensity and Conditional Stimulus Characteristics 

E. J. Zaccone3, X. Jiao3, S.P. Sinha2, A. Agley2, K.D. Beck1,3, & R. J. Servatius1,3; 1VA NJ Health Care System; 2Rutgers University, Newark, 3University of Medicine & Dentistry of New Jersey

Increasingly, mice are assessed for new motor learning through classical conditioning of the eyeblink response (CCER).  However, parametric studies of acquisition and the factors affect acquisition specific to mice are lacking.  Here, we manipulated the intensity of the unconditional stimulus (US) and sound characteristics of the conditional stimulus (CS) and observed their effects on acquisition of the CCER.  For US intensity, initial pilot work indicated two behavioral response thresholds related to US intensity: eyeblink induction (3 V) and head movement away from the source of stimulation (6 V).  As expected, the magnitude of the unconditional response (conforming to eyelid opening) was greater with a 6-V US than 3-V US.  For both sets of mice, the URs generally decreased with acquisition of the eyeblink CR.  Also as expected, acquisition was quicker in response to the 6-V US.  For sound characteristic, mice trained with white noise, generally learned better than those trained with pure tone (10,000 Hz).  Acquisition of the CCER in mice generally conforms to principles established for humans and rats. Supported by SMBI.
P33 The Effect of Temporary Inactivation of the Dorsal Hippocampus on Trace Fear Conditioning

Jennifer Czerniawski & Tim Otto; Rutgers University

Previous research in our laboratory has found that excitotoxic lesions of the ventral hippocampus impair both the acquisition and maintenance of trace fear conditioning, while excitotoxic lesions of the dorsal hippocampus appear to only affect maintenance, not acquisition. Further studies indicate that temporary inactivation of the ventral hippocampus via the GABAa agonist muscimol replicated the effects of the excitotoxic lesions. The present study examined the effect of temporary inactivation of the dorsal hippocampus on trace fear conditioning.  Separate groups of animals received bilateral infusions of muscimol (1ug/ul, .5ul/hemisphere) or saline either 30min before conditioning or 30min before testing. The conditioning session consisted of 10 trials of CS(tone) – US(footshock) pairings with a 30s trace interval between the offset of the CS and onset of the US.  Testing to the CS took place 24hr later in a novel chamber and consisted of 6 trials identical to the conditioning session paradigm without the presentation of the footshock.  Conditioned freezing was measured during both the conditioning and testing sessions. Preliminary data suggest that, unlike excitotoxic lesions, temporary inactivation of the dorsal hippocampus prior to testing does not attenuate conditioning freezing to the CS and trace interval. Final conclusions await further analysis and histological verification of cannula placement, however the preliminary data indicate a complex role of the hippocampus in trace fear conditioning and support the notion of a functional dissociation between the dorsal and ventral hippocampus.

P34 Temporary Inactivation of Dorsal Hippocampus Attenuates Explicitly Nonspatial, Unimodal, Contextual Fear Learning

Teresa Camille Parsons & Tim Otto; Rutgers University

Previous studies in our laboratory have found that excitotoxic lesions of the dorsal hippocampus dramatically attenuate explicitly nonspatial contextual conditioning. The present study examined the effects of temporary inactivation of dorsal hippocampus on explicitly nonspatial contextual learning. Thirty minutes prior to training, one group received bilateral infusions of muscimol (1µg/µl, 0.5µl/hemisphere) into dorsal hippocampus; a second group received bilateral infusions of saline. During training, all subjects were presented with "unsafe" and "safe" olfactory contexts, alternating every 5 min. The "unsafe" context was operationally defined by a temporally and spatially diffuse unimodal cue (an odor) throughout which intermittent auditory (3.9 kHz tone) CS-footshock US pairings occurred. During a separate "safe" context (a second odor), neither the CS nor the US was presented. Twenty-four hours after training, conditioned freezing responses to the unimodal contextual stimuli and to the explicit CS were assessed in a novel testing chamber using an automated motion detection system. Preliminary data suggest that, consistent with dorsal hippocampus lesions, pretraining temporary inactivation of dorsal hippocampus attenuates conditioning to explicitly nonspatial contextual cues, while it likely does not affect conditioning to an explicit, auditory CS. These results suggest that dorsal hippocampus is importantly involved in contextual conditioning, beyond its well-documented participation in spatial learning.

P35 Submissive Behavior in CD-1 Mice Predicts Individual Differences in General Learning Abilities and Stress Reactivity

S. Kolata, K. Light, G. Hale, H. Grossman, & L. D. Matzel; Rutgers University

In laboratory studies, social defeat stress is in some instances associated with impaired learning performance, and anecdotal evidence suggests that subordination may negatively impact cognitive performance in naturally occurring social situations (e.g., the classroom).  Nevertheless, it is unknown whether an animal’s natural position in a dominance hierarchy is related to its innate learning abilities (c.f., “general” intelligence).  Here, 64 socially isolated outbred CD-1 mice were tested on a battery of five learning tasks from which individual animals’ general learning abilities (domain-independent learning abilities) were determined.  As has been previously demonstrated, the animals’ general learning abilities varied widely and conformed to a normal distribution.  Upon completion of cognitive assessments, animals were observed in two tests of social dominance (aggressive confrontation and urine marking in a novel environment).  It was determined that individuals’ general learning abilities predicted their position in a dominance hierarchy (faster learning was associated with lower dominance scores). In addition, both dominance scores as well as general learning abilities were directly related to corticosterone levels following exposure to a mild environmental stress (high corticosterone levels were associated with faster learning and lower conspecific aggression).  However, none of these traits were related to overt physical characteristics (e.g., strength, coordination, body weight).  This pattern of results indicates that submissive behavior may be associated with innately faster learning abilities as well as changes in stress reactivity, and suggests that this relationship can emerge independently of animals’ experience in commonly encountered social hierarchies.  

[NIA (AG02269801)]

P36 Individual Differences in Adult Hippocampal Neurogenesis Predict Spatial but Not General Cognitive Abilities in Heterogeneous Mice
G. Hale, S. Kolata, K. Light, C. Edgecomb, T. J. Shors, & L. D. Matzel; Rutgers University

Seemingly distinct measures of human mental ability are related by some degree of positive correlation.  Factor analysis of learning battery correlation matrixes consistently yields a principal factor, termed g, and an individual's composite score on g-loaded tasks is a measure of general learning ability (GLA).  We employ a mouse model of g that comprises a battery of diverse cognitive tasks to probe the putative biological underpinnings of g in genetically heterogeneous mice.  The hippocampus shows specific promise as a locus for the biological basis of differential GLA, by virtue its diverse cortical input and its known role in spatial, episodic, and pneumonic processing.  Moreover, the generation and development of new neurons in the adult hippocampus is thought to be a critical aspect of hippocampal function.  By measuring the uptake of BrdU in the hippocampi of mice evaluated in a learning test battery, we show that although individual rates of hippocampal neurogenesis do not correlate with GLA, they do correlate with a subset of the learning battery that explicitly test spatial navigation skills.  While all learning tests loaded on a principal factor (Principal Component Analysis), proliferation rates loaded on an orthogonal factor with the most explicitly spatial tasks, suggesting that this variable is a marker for a task-specific ability predicted by hierarchical models of general learning ability.  These data are at least consistent with commonly conceived models of hippocampal function, but suggest no role for hippocampal progenitor cell proliferation in the determination of general cognitive abilities. [NIA (AG022698-01)]
P37 Exposure to Novelty in Pre-Adolescent and Adult Outbred Mice Promotes Exploration but Does Not Improve General Learning Abilities 

K. Light, S. Kolata, G. Hale, H. Grossman, & L. D. Matzel; Rutgers University

General cognitive abilities transcend specific learning domains and impact a wide range of cognitive skills, and individual animals (including humans) exhibit wide variations in their expression of this trait.  In previous work (Matzel et al., 2003;  Kolata et al., 2005), we have determined that the propensity for exploration is highly correlated with an analogue of general cognitive abilities, general learning abilities, in genetically heterogeneous mice.  Here, we asked if a manipulation which promotes an increase in exploration would also promote an increase in general learning abilities.  Pre-adolescent (31-44 day post-natal) and young adult (91-104 day post natal) CD-1 mice were exposed to a series of 12 novel environments over a period of 14 days starting at 39 and 62 days, respectively.  Animals then underwent a series of behavioral tests as adults (beginning on day 77 postnatal).  Relative to control animals, exposure to novelty promoted increases in exploration in an elevated plus maze, increased orienting responses to a novel light or auditory stimulus, and decreases in neophobic responses to a novel food.  However, habituation to the light or auditory stimulus as well as habituation to nose poking were not effected by prior exposure to novelty.  Moreover, a subsequent test of general learning abilities determined that exposure to novelty as pre-adolescents or young adults had no effect on general learning abilities in adulthood.  Therefore, while exposure to novelty does promote long-lasting increases in the propensity for exploration, these increases in exploration do not appear to causally impact general learning abilities. 

[NIA (AG022698-01)]

P38 Pavlovian Conditioning Endotoxin Tolerance in Mice
Yukiko Washio, Linda J. Hayes, & Kenneth W. Hunter; University of Nevada at Reno
 
Endotoxin is a biological molecule produced by Gram-negative bacteria (e.g., Escherichia coli) that causes an often fatal syndrome known as septic shock.  Endotoxin induces the release of tumor necrosis factor alpha (TNF-a), a cytokine that actually mediates the physiological changes seen in this syndrome.  As a defense against overproduction of TNF-a,  repeated exposure to endotoxin results in the inhibition of TNF-a release, a phenomenon known as endotoxin tolerance. A method of mimicking endotoxin tolerance could represent a therapeutic approach to this clinical problem. Oberbeck et al. (2003) showed that endotoxin tolerance in rats was subject to elicitation by saccharin when this stimulus was paired with endotoxin in a Pavolvian conditioning arrangement.  The present study is a systematic replication of the Oberbeck et al. study with mice. Complete endotoxin tolerance was observed in the conditioning groups, with minimal to no tolerance observed in several different control groups. 

P39 Effects of Dentate Gyrus and CA1 Lesions on Trace Appetitive Conditioning in Rats

Megan L. Anderson & W. Jeffrey Wilson; Albion College

Aversive conditioning studies have demonstrated that acquisition of trace classically conditioned responses requires the hippocampus. The dentate gyrus (DG) has been shown to increase in activity during trace intervals in appetitive conditioning, while the CA1 subregion of the hippocampus eventually shows decreased firing during the trace.  We examine classically conditioned nosepoke responses to a trace CS predicting delivery of a sugar pellet US in female Sprague-Dawley rats. Rats received sham lesions or discrete electrolytic lesions of DG or CA1.  Acquisition is still underway, but after 12 days of training the results suggest that compared to Sham rats DG rats are slowest to acquire and CA1 rats are also impaired.  These findings have implications for the role of the DG in memory, and will be discussed in light of the growing evidence that neurogenesis in DG is important to memory consolidation.
P40 Elevations of Endogenous Kynurenic Acid Retard Contextual Fear Discrimination But Do Not Affect Contextual or Cued Fear Conditioning
Amy C. Chess & David J. Bucci; Dartmouth College

Kynurenic acid (KYNA) is a glia-produced antagonist of α7-nicotinic acetylcholine receptors and the glycine site of NMDA receptors at low and high concentrations, respectively.  Altered brain KYNA levels are observed in several pathological conditions, including schizophrenia and Alzheimer’s Disease.  Abnormal cholinergic function characterizes these disorders, leading to the hypothesis that altered brain KYNA may account for the cognitive impairments observed in these disorders.  In Experiments 1 and 2, elevated endogenous KYNA was achieved by i.p. administration of L-kynurenine (L-KYN), the precursor of KYNA synthesis, two hours prior to training.  In Experiment 1, tone(shock training was followed by tests of contextual and cued fear.  L-KYN did not affect acquisition, expression, or subsequent extinction of freezing to the context.  In contrast, L-KYN given at training slightly enhanced acquisition to the tone and facilitated its extinction if given at testing.  Experiment 2 assessed discrimination between two distinct contexts, an ability that depends upon formation of configural representations.  Rats received unsignaled shock in one context (Shock Context) and exposure to a separate context (No Shock Context).  L-KYN rats required more training than controls to discriminate, suggesting that elevated KYNA disrupts formation of configural representations, biasing rats to use cue-based strategies.  Together, the results suggest that elevating KYNA promotes cue-based learning, potentially by disrupting the ability to form and utilize hierarchical associations among stimuli.  Individuals with schizophrenia are similarly impaired in integrating contextual information to form cohesive representations of particular episodes.  The current studies provide insight into mechanisms underlying contextual information processing deficits in pathological situations marked by alterations in brain kynurenines.

P41 Lesions of Retrosplenial Cortex Selectively Disrupt Contextual Memory Following Fear Conditioning: Effects of Pre- and Post-Training Lesions 

Christopher S. Keene & David J. Bucci; Dartmouth College

The cingulate cortex has traditionally been attributed with a role in emotion, supported in part by mounting evidence of the involvement of the anterior cingulate cortex in associative fear conditioning.  Less studied and understood is the possible role of the retrosplenial cortex (RSP) in fear conditioning.  The present study examined the role of the retrosplenial cortex in associative learning using a cued fear conditioning paradigm to assess the effects of bilateral, pre- and post-training (1-3 days after training) electrolytic lesions (2.5mA, 15 sec) of RSP in male Long Evans rats (350g).  During the training session, rats received three tone (10s)-footshock (1mA, 1 sec) pairings.  After a two week period, contextual freezing was assessed in a 30-minute context exposure session with no CS or footshock presentations.  On the following day, learning to the CS was assessed by exposing the rats to 30 presentations of the CS in a novel context.  Neither lesion had any apparent effects on the conditioned fear response during the training session.  Relative to shams, pre-training lesions had little effect on either contextual conditioning or freezing directly to the CS, while post-training lesions significantly and selectively impaired contextual conditioning.  These results provide further support for a role of the RSP in associative learning and suggest this region is part of the preferred mnemonic pathway for contextual fear conditioning.  (NSF Grant IBN 0441934)
P42 Nicotine Enhances the Acquisition of a Serial Feature Negative Discrimination

David J. Bucci1, Jill E. MacLeod1, Michael K. Simoni1, & Alexandra S. Potter2; 1Dartmouth College; 2University of Vermont College of Medicine

Nicotine has been shown to enhance attention and working memory, but relatively little is known about the effects of nicotine on inhibitory behavior.  The present study examined the effects of nicotine on inhibition using a serial feature negative discrimination task in rats.  Male Long-Evans rats received daily injections of either nicotine (0.35 mg/kg free base) or vehicle before the start of each of 16 training sessions.  Each session included sixteen trials; during four of the trials, a 5 second tone was presented and followed immediately by food reward.  On the other twelve trials in each session, presentation of a visual stimulus before the tone indicated that food would not be delivered.  Nicotine-treated rats exhibited greater discrimination between the two trial types as evidenced by less frequent responding during non-reinforced trials; there were no group differences during the reinforced trials.  Nicotine-treated rats also discriminated between the two trial types in fewer sessions than control rats.  In a second experiment, rats were trained drug-free until asymptote and then treated with nicotine.  In this case nicotine did not enhance conditioned inhibition.  These data have implications for the understanding the basis for nicotine abuse in disorders characterized by deficits in inhibition. (NIH Grant MH069670)
P43 Elevations of Endogenous Kynurenic Acid Retard Contextual Fear Discrimination But Do Not Affect Contextual or Cued Fear Conditioning
Amy C. Chess & David J. Bucci; Dartmouth College

Kynurenic acid (KYNA) is a glia-produced antagonist of α7-nicotinic acetylcholine receptors and the glycine site of NMDA receptors at low and high concentrations, respectively.  Altered brain KYNA levels are observed in several pathological conditions, including schizophrenia and Alzheimer’s Disease.  Abnormal cholinergic function characterizes these disorders, leading to the hypothesis that altered brain KYNA may account for the cognitive impairments observed in these disorders.  In Experiments 1 and 2, elevated endogenous KYNA was achieved by i.p. administration of L-kynurenine (L-KYN), the precursor of KYNA synthesis, two hours prior to training.  In Experiment 1, tone(shock training was followed by tests of contextual and cued fear.  L-KYN did not affect acquisition, expression, or subsequent extinction of freezing to the context.  In contrast, L-KYN given at training slightly enhanced acquisition to the tone and facilitated its extinction if given at testing.  Experiment 2 assessed discrimination between two distinct contexts, an ability that depends upon formation of configural representations.  Rats received unsignaled shock in one context (Shock Context) and exposure to a separate context (No Shock Context).  L-KYN rats required more training than controls to discriminate, suggesting that elevated KYNA disrupts formation of configural representations, biasing rats to use cue-based strategies.  Together, the results suggest that elevating KYNA promotes cue-based learning, potentially by disrupting the ability to form and utilize hierarchical associations among stimuli.  Individuals with schizophrenia are similarly impaired in integrating contextual information to form cohesive representations of particular episodes.  The current studies provide insight into mechanisms underlying contextual information processing deficits in pathological situations marked by alterations in brain kynurenines.

P44 Sex Differences in the Stress Effect on Learning: Is the Bed Nucleus of the Stria Terminalis the Missing Link? 

Debra A. Bangasser & Tracey J. Shors; Rutgers University

More women than men suffer from stress-related mental illness, a statistic that may reflect biological differences between male and female brains.  In rats, exposure to an acute stressful event impairs eyeblink conditioning in females but enhances eyeblink conditioning in males (Wood and Shors, 1998).  These effects of stress on conditioning are long lasting and are observed even when training begins days after stressor exposure.  In the present experiments, we propose that the bed nucleus of the stria terminalis (BNST), a sexually dimorphic brain region that has been implicated in stress and anxiety, may mediate these lasting effects of stress on conditioning.  To test this hypothesis, we temporarily inactivated the BNST with muscimol, either during the stressor or after stressor exposure during training.  In males, BNST inactivation during training, but not during stressor exposure, prevented the stress-induced enhancement of conditioning.  However, in females BNST inactivation at any time point failed to prevent the impaired conditioning following stressor exposure. Therefore, the BNST is necessary for the lasting effect of stress on learning in males but not females. Together, these data indicate that males and females not only respond differently to stressful experience but also that they use different brain structures to modulate learning.   NIH (NIMH 59970) & NSF (IOB-0444364)
P45 Latent Inhibition of Trace but Not Delay Conditioning Rescues New Neurons from Death

J. Waddell & T. J. Shors; Rutgers University

Learning can prevent new neurons in the hippocampus from dying.  To date, the effects of learning are limited to tasks that are dependent on the hippocampus.  For example, trace eyeblink conditioning which is hippocampal-dependent enhances cell survival whereas delay conditioning does not.  Though trace and delay procedures differ in hippocampal-dependence, they also differ in rate of acquisition with trace conditioning proceeding more slowly than delay conditioning.  Here we used latent inhibition (LI) procedures to test the effects of rate of acquisition on the survival of new neurons in the hippocampus. If trace conditioning enhances cell survival by engaging the hippocampus across more trials, we hypothesized that LI of trace conditioning would further increase the number of cells rescued by trace conditioning.  We further hypothesized that LI of the delay stimulus would rescue new cells from death, as acquisition is slowed.  Groups of rats in each behavioral condition were compared to naives sacrificed 7 d following BrdU injections (first day of conditioning) and naives sacrificed 12 d following BrdU injections (after training). Animals exposed to LI before trace conditioning retained more new neurons than those that were trained with LI of delay conditioning and than naives that were sacrificed 12 d after the injection.  Thus, latent inhibition in and of itself is insufficient to enhance cell survival.  Because LI is thought to be hippocampal-dependent, these data suggest that not all tasks that are hippocampal-dependent rescue new neurons from death. (NIMH 59970 & 59740; NSF IOB-0444364)

P46 Renewal of Extinguished Lever-Press Response in a New Context

Rodolfo Bernal-Gamboa, Livia Sánchez-Carrasco, &  Javier Nieto; Universidad Nacional Autónoma de México

An experiment with rats explored renewal effects in an instrumental conditioning preparation. Four groups of rats (N=8 rats each) were trained in three phases and three different contexts were used.  Three sets of boxes were used as the three different contexts; boxes differed in floor style (stainless steel bars, sandpaper and foam mattress) and scent cues (mint, cinnamon and lemon), and were completely counterbalanced throughout the experiment. In the first phase of the experiment, lever pressing was reinforced on a variable interval (VI) 60-s schedule in context A for all four groups. In phase two, lever pressing in three groups (ABA, ABB, ABC) was extinguished in context B, whereas the AAB group received extinction in context A. Finally in the third phase, extinction continued in context A for group ABA, in context B for groups ABB and AAB and in context C for group ABC.  The findings showed ABA and ABC renewal, but AAB renewal was not found. The demonstration of ABA and ABC renewal is in agreement with Bouton’s (1994) extinction model, whereas failure to demonstrate AAB renewal is also consistent  with  previous published  research showing difficulties in detecting it in both Pavlovian and instrumental preparations.

P47 Extinction of Nicotine and Sensory Reinforcement Is Delayed by Non-Contingent Nicotine Administration. 

M.I. Palmatier, X. Liu, A.R. Caggiula, E.C. Donny, and A.F. Sved; University of Pittsburgh

Nicotine (NIC) has two effects on operant behavior in self-administration paradigms. First, drug infusions serve as a primary reinforcer: they support operant responding at low rates. Second, NIC enhances the reward value of non-drug stimuli: drug treatment increases responding for a reinforcing visual stimulus (VS). Recent studies have led to the hypothesis that this second effect of nicotine represents a drug-induced inflation of reinforcer value. One of the many predictions generated by this hypothesis is that nicotine administration should retard extinction of reinforcement by the stimulus. Three groups of rats (NIC+VS, NIC-Only, or VS-Only) were prepared for drug self-administration. One of the two levers was randomly designated "active", and delivered the outcome (NIC+VS, NIC, or VS); “inactive” lever responding was recorded but had no consequences. After stable responding for each reinforcer was reached, extinction of active lever responding was carried out under 1 of 3 conditions: 1) active and inactive levers were reversed; 2) scheduled reinforcement was removed but rats continued to receive non-contingent nicotine infusions [yoked to condition #1]; or 3) scheduled reinforcement was removed and non-contingent saline infusions were delivered. When scheduled reinforcement was replaced with non-contingent saline infusions, active lever response-rates rapidly declined (similar to inactive lever within 10 sessions). However, in the reversal and non-contingent nicotine conditions, response rates on the formerly active lever decreased gradually (≥150% of inactive baseline for first 10 sessions). For rats exposed to more frequent nicotine infusions (NIC+VS group) response rates declined more slowly, relative to a group receiving fewer infusions (NIC-Only group). The results suggest that nicotine retards extinction of operant responding in a manner that critically depends on prior reinforcement. NIH: DA10464, DA19278
P48 Similar Acquisition of Long-Delay and Trace Eyeblink Conditioning in Young Rats Following CS-US Preexposure

Dragana Ivkovich Claflin & Christal Morita; Wright State University

Developmental studies of delay and trace eyeblink conditioning (EBC) in the rat suggest that trace EBC emerges more gradually than short-delay, depends on hippocampus, and may be confounded by the ability to form associations over longer interstimulus intervals (ISI).  Preexposure to CS-US pairings on Day 17, 20, or 24 facilitates acquisition of standard delay EBC (280-ms ISI) several days later.  However, similar benefits of preexposure are not observed for acquisition of trace EBC.  To see if this lack of facilitation is unique to the trace procedure, or possibly due to the difficulty of learning and retaining associations over longer CS-US intervals, we examined the effects of preexposure on long-delay EBC by matching the CS-US interval for trace EBC (880-ms ISI).  At 24 days of age, rats experienced one of three preexposure conditions: paired CS-US, unpaired CS-US, or chamber preexposure (Context).  Starting on Day 28, all rats were trained using long-delay procedures.  Little conditioning was observed on Day 24 with paired preexposure, and no facilitation was observed when training resumed on Day 28.  There was no difference between the effects of paired or context prexposure on acquisition of long-delay EBC.  In contrast, there was clear impairment of acquisition following unpaired preexposure. These findings contribute to a growing literature suggesting that ISI is a confounding factor in many trace studies and that long-delay procedures should be used as controls.  More work is needed to distinguish the neural substrates associated with learning and responding under conditions with longer ISIs vs. trace intervals.
P49 Saturday Night Fever: The Effects of “Illness” on Attention

Julia Meyers-Manor & J. Bruce Overmier; University of Minnesota

Illness and infection place many demands on the body.  The results are a number of physiological, behavioral, and cognitive changes to conserve energy and fight infection.  In both chronically ill humans (e.g., Alzheimer’s, AIDS, and MS) and during experimentally induced illness in animals, deficits in learning and memory have been found.  Despite anecdotal evidence for problems of attention during illness, little formal work to assess attention deficits during immune activation has been done.  In this experiment, pigeons were tested for deficits in attention to ever shorter stimuli using a modified symbolic matching-to-sample task during experimentally induced immune activation using lipopolysaccharide (LPS).  LPS produced moderate deficits while a positive control, chloradiazepoxide (CDP), produced severe deficits in attention compared to a saline control.  The impairment of attention to stimuli may be responsible for some of the cognitive deficits found during illness in both animal models as well as humans.

P50 Differential NMDA Receptor Involvement in Fear Extinction Occurring 10 min After Acquisition (putative erasure of fear) or 72 hrs After Acquisition (inhibition of fear)

Karyn M. Myers, Christopher D. Funderburk, Michael Davis, & Kerry J. Ressler; Yerkes National Primate Research Center & Emory University
Recently, we reported  that extinction occurring 10 min after acquisition is resistant to reinstatement, renewal, and spontaneous recovery, whereas extinction occurring 72 hrs after acquisition exhibits each of these effects (Myers et al. 2006). This suggests that 10 min extinction may actually erase conditioned fear, or prevent fear memory consolidation, whereas 72 hr extinction proceeds by a more traditional mechanism corresponding to context- and time-dependent inhibition of fear. In the present study, we used a combination of biochemical, pharmacologic, and behavioral techniques to examine the involvement of N-methyl-D-aspartate (NMDA) receptors in these two forms of extinction. Protein levels of the NR2B, but not NR1, subunit of the NMDA receptor decreased rapidly within the basolateral amygdala (BLA) following 10 min extinction but remained unchanged at a similar time point after 72 hr extinction. Perhaps consistent with this, animals extinguished 10 min after acquisition were impaired in reacquiring fear through exposure to additional light-footshock pairings shortly following extinction training, whereas animals extinguished 72 hr after acquisition reacquired fear readily. Finally, 10 min extinction was unaffected by intra-BLA infusions of the NMDA receptor antagonist DL-2-amino-5-phosphopentanoic acid (AP5) immediately prior to extinction training, whereas 72 hr extinction was impaired. Altogether, these findings indicate that 10 min and 72 hr extinction differ in their dependence on NMDA receptor activation and modulation. This dissociation may be consistent with a report by Cain et al. (2005) that delayed but not immediate extinction requires L-type voltage-gated calcium channels.

NIH - MH47840,  MH067314, & MH069884, the Burroughs Wellcome Foundation, and NSF IBN-9876754.

P51 Hippocampal Theta Accelerates Rabbit Classical Conditioning and Enhances Electrophysiological Responses

Ryan Darling & Stephen Berry; Miami University of Ohio 

Pre-session samples of the rabbit hippocampal local field potential (LFP, 3-7 Hz theta) can predict acquisition rates of delay classical conditioning (CC, Berry and Thompson, 1978).  Our laboratory is utilizing a brain-computer interface to trigger CC trials contingent upon the presence (T+) or absence (T-) of this pattern.  T+ triggering has previously been shown to accelerate learning during both delay (Seager et al, 2002) and trace paradigms (Griffin et al, 2004) and ameliorates learning deficits in older rabbits (Asaka et al, 2005).  Unit activity from the hippocampi of T+ animals increases during tone and trace periods, while in T- animals, suppression is observed (Griffin et al, 2004).   Results of a recent study indicate that hippocampal evoked LFPs were time-locked to both the conditioned and unconditioned stimuli. These responses either reset the phase of on-going theta in the T+ group or elicited moderately coherent theta in the T- group.  Recordings from a caudal region of anterior cingulate cortex (cACC) revealed hippocampal state-modulated excitatory unit responses.  An inhibitory/excitatory (IE) sequence was observed in the T+ group during the tone, which was followed by sustained excitation during the trace and unconditioned stimulus periods.  Unpaired control data suggest that the evoked LFPs were nonassociative, but the robust stimulus-evoked theta coherence and the IE sequence with sustained excitation in ACC were restricted to T+ paired animals.  These data support a function of theta to coordinate distributed networks as the complexity of CC increases.

P52 Neurobiology of Bilateral Rabbit Eyeblink Conditioning: Adaptation to Categorization Experiments

K.N. Mauldin, L.C. Hoffman, & S.D. Berry; Miami University of Ohio
There are two main types of categorization; dimension-specific and procedural. In human cognitive literature, category structures have been created in a way that forces the use of either a dimension-specific or procedural strategy in order to reach the required criterion.  In order to investigate the neural codes underlying these kinds of categorization strategies it would be ideal to incorporate these category structures into an animal learning paradigm.  In the following three experiments we adapt these category structures to the bilateral eyeblink classical conditioning paradigm and begin examining the mechanisms underlying procedural and dimension-specific categorization strategies.  In Exp. 1 the ability of rabbits to separably attend to two continuous dimensions was investigated.  The rabbits were trained in two phases, one where only the relevant dimension varies and the other where both dimensions vary.  Results showed that the change in one dimension did not affect the perception of the other, indicating that rabbits perceived these dimensions as separable.  In Exp. 2 the ability to categorize using a dimension-specific strategy was investigated.  Rabbits were trained on a dimension-specific category structure with rule exceptions in each category.  A test stimulus was then used to probe the categorization strategy used.  Exp. 3 explored the neural codes underlying procedural and dimension-specific category learning.  Neural recordings taken from the areas hypothesized to underlie different types of categorization processes (hippocampus, basal ganglia, and ACC) were examined in relation to the category structure learned by the rabbit.  Preliminary results are presented here.
P53 Infusion of Rapamycin into the Amygdala Blocks the Time-Dependent Increase in Phosphorylation of p70 S6 Kinase after Fear Learning

G.M. Gafford, R.G. Parsons, M.E. Lonergan, & F.J. Helmstetter; University of Wisconsin at Milwaukee

The present set of experiments investigated the role of rapamycin-sensitive protein translation in fear conditioning. Rapamycin (RAP) prevents the translation of a subset of mRNAs through the mammalian target of rapamycin (mTOR) kinase. The mTOR kinase controls a signaling pathway resulting in the translation of mRNA through its effects on the eukaryotic initiation factor 4E (eIF4E) and p70 S6 Kinase (p70s6k).  This pathway has been shown to be necessary for the late phase of LTP in hippocampal slices (Tang, 2002). Our lab has demonstrated that RAP infused into the amygdala after fear conditioning disrupts consolidation of fear memory (Parsons, 2004, Gafford, 2005). The current experiment measured total and phosphorylated p70s6k from a variety of brain structures at different time points after fear conditioning.  Trained animals demonstrated a selective increase in phosphorylated p70s6k in the amygdala at 30 and 60 minutes after training. No increase in total p70s6k protein was seen at any time point measured. Preliminary results suggest the hippocampus does not show an increase in p70s6k protein after auditory fear conditioning. A second experiment demonstrated that RAP infused into the amygdala immediately post training blocked the increase in phosphorylation at 60 minutes. These results support the important role of the mTOR pathway in learning related synaptic changes following fear conditioning in the amygdala. 

NIMH MH060668 & MH069558.

P54 Transient Expression of Activity-Regulated Cytoskeleton-Associated (Arc) Protein in the Hippocampus following Pavlovian Fear Conditioning

M. E. Lonergan, G. M. Gafford, & F. J. Helmstetter; University of Wisconsin at Milwaukee

Activity-regulated cytoskeleton-associated (Arc) protein is an immediate early gene product that has been implicated in synaptic plasticity. Arc mRNA is rapidly induced following neuronal activation and localizes to the dendrites, where Arc protein is synthesized and interacts with other cytoskeletal proteins. Work by others suggests Arc is not merely an activity marker but rather a protein that supports synaptic changes underlying learning. This project explored the expression of Arc protein in the rat brain following training in an associative learning paradigm: Pavlovian fear conditioning. In Pavlovian fear conditioning, an animal acquires a conditional response to discrete stimuli paired with shock as well as to the context in which training occurs. The hippocampus is known to be a critical brain region in the acquisition of contextual fear. We investigated whether Arc protein expression coincides with the time window for synaptic consolidation in the hippocampus and other brain structures identified in the fear conditioning neural circuit. Forty-nine male Long Evans rats were trained in one session of auditory fear conditioning and sacrificed at various times post-training. Hippocampal tissue samples were assayed for Arc protein using Western blot analysis with a monoclonal Arc antibody. Western blots revealed that Arc protein levels increase markedly by 30min post-training and remain elevated for 2h, before returning to baseline levels at 8h. This time course of hippocampal Arc expression corresponds to the time window for memory consolidation in this paradigm. The findings suggest that Arc protein contributes to synaptic changes in the hippocampus related to context learning.

P55 Plasticity in the Auditory Thalamus Is Necessary for the Consolidation, But Not Expression of Auditory Fear Conditioning in Rats

Ryan G. Parsons, Georgette M. Gafford, & Fred J. Helmstetter; University of Wisconsin-Milwaukee

The medial geniculate nucleus of the thalamus (mGN) responds to auditory stimuli and relays this information to various brain areas.  A handful of studies have examined the role of the mGN in Pavlovian fear conditioning because this paradigm often uses an auditory cue as a conditional stimulus (CS).  Previous reports have demonstrated that auditory fear memory formation is not disrupted by an immediate post-training infusion of a protein synthesis inhibitor in the mGN, however preliminary results from our lab showed that auditory fear memory formation is blocked by protein synthesis inhibitors if they are infused shortly before training.  Our current experiments were designed to determine if the freezing deficit seen with pre-training infusions of Anisomycin (ANI) reflected a disruption of memory consolidation or a sensorimotor impairment.  To this end we infused ANI into the mGN 30 minutes before auditory fear conditioning.  All rats were tested to the auditory CS at 15 minutes, 4 hours, and 72 hours after training.  Results showed that ANI treated rats showed intact performance at 15 minutes and 4 hours, but froze significantly less when tested at 72 hours.  We also showed that pre-testing intra-mGN infusions of ANI had no effect on the expression of auditory fear.  Taken together these data argue that the medial geniculate nucleus of the thalamus undergoes protein synthesis dependent synaptic changes that are specifically involved in the consolidation of auditory fear memory.

P56 UCS Revaluation in Human Fear Conditioning 

D.H. Schultz, J.A. Richards, & F.J. Helmstetter; University of Wisconsin at Milwaukee

Revaluation refers to the concept of modifying the memory representation of the UCS independent of memory for the CS or for the CS-UCS association.  We recorded skin conductance response (SCR) and cognitive UCS expectancy while subjects were exposed to simple geometric shapes that perfectly predicted the occurrence (CS+) or the non-occurrence (CS-) of the shock UCS. Participants were trained on this discrimination with five presentations of each CS.  The revaluation phase consisted of three unsignaled presentations of the UCS.  Three separate groups of subjects (N=23) received 1) shocks of the same intensity used in training, 2) shocks of 50% intensity used in training, or 3) no shocks with verbal instructions stating that the UCS intensity would be reduced by 50%.  All groups then went through an extinction phase that was identical to the training phase except that the UCS was never presented. There were no differences between groups during the acquisition phase. In the extinction phase, participants initially showed a differential response to the CS+ and CS-. Responses to the CS+ decreased after 2-3 unpaired trials. There were no differences between groups on the UCS expectancy measure in the extinction phase. However, there were significant SCR differences between groups on the first extinction trial. The instruction and devaluation groups showed a decreased CR relative to the control group. The modification of the memory of the UCS, in the absence of altering the CS-UCS relationship, leads to a differential CR in the devaluation and instruction groups relative to the control group.

P57 Conditioned Place Avoidance Induced by Forced Swimming in Rats

Takahisa Masaki; Kwansei Gakuin University, Japan

Forced swimming, immersion of a rat in an inescapable water pool, has been widely employed in a variety of research fields. For example, Porsolt proposed his forced swim test as an animal model of depression (Porsolt et al., 1977). Furthermore, it has been reported that forced swimming facilitates the acquisition of eyelid conditioning in rats (Shors, 2001) and attenuates the acquisition of conditioned taste aversion by lithium chloride (Bourne, et al., 1992). Recently, we demonstrated that forced swimming caused avoidance from the taste solution consumed before swimming (e.g., Masaki & Nakajima, 2004a, 2004b, 2005, 2006; Nakajima & Masaki, 2004). This phenomenon has been discussed in the framework of Pavlovian conditioning: the taste solution serves as the conditioned stimulus (CS) and swimming as the unconditioned stimulus (US). The present study reports a new finding that forced swimming causes conditioned place avoidance. In Experiment 1, confinement of a rat in one of two distinctive chambers, either with the vertical stripes wall or with the horizontal stripes wall, was followed by 20-min swimming, but the other was not. After the differential conditioning training, administered was the choice preference test where the rat was given free access to both chambers. The choice test clearly demonstrated that the rats spent shorter in the swimming-paired chamber than in the unpaired chamber. Experiment 2 showed that not only 20-min swimming but also 1-min swimming endowed rats with avoidance to the swimming-paired chamber. These results suggest the possibility that forced swimming works as an US in fear conditioning.

P58 Summation of Latent inhibition and Overshadowing in Rats’ Bait Shyness Paradigm: A Further Research with a Serial Compound Conditioning Technique

Takatoshi Nagaishi & Sadahiko Nakajima; Kwansei Gakuin University, Japan

Blaisdell et al.(1998) demonstrated that effects of CS preexposure (i.e., latent inhibition) and overshadowing offset each other in rats’ fear conditioning preparation (conditioned suppression of ongoing licking behavior). The counteraction of the effects of CS preexposure and overshadowing agrees with the extended comparator hypothesis proposed by Miller and his colleagues. Nakajima et al. (1999), however, reported summation, rather than counteraction, of these effects in rats’ conditioned taste aversion preparation where two taste CSs were presented serially and followed by a lithium chloride (LiCl) injection in compound conditioning. Nakajima and Nagaishi (2005) also presented the summation in rats when the US employed was oral ingestion of LiCl and the CSs were presented simultaneously. Because we recently obtained the same result (i.e., summation of CS preexposure and overshadowing effects) with the LiCl oral ingestion technique and the serial compound conditioning procedure, its details will be reported at the meeting. All of water-deprived rats were allowed to access a LiCl solution in order to establish conditioned aversion to the salty taste. For half of the rats, sucrose solution was presented 3 min after the LiCl access in order to yield overshadowing of the salt-sickness association by sweet-sickness association. Prior to the conditioning trial, some rats were exposed to sodium chloride (NaCl) solution to yield CS (salty taste) preexposure effect on the subsequent conditioning. Combination of the overshadowing and CS preexposure treatments caused weakest aversion to the salty taste in testing, implying summation of these effects.

P59 Resurgence of Pavlovian Sign-Tracking Following the Discontinuation of Inter-Trial Interval USs in Rats

David N. Kearns & Stanley J. Weiss; American University

In pigeons, Pavlovian autoshaped keypecking produced by keylight-food pairings has been eliminated by (1) discontinuing the keylight-food pairings, while (2) introducing explicitly unpaired food USs in the absence of the keylight CS (i.e., during the inter-trial intervals).  Keypecking eliminated in this manner reappears when the inter-trial USs are discontinued even though the CS continues to be unpaired with the US.   The present experiment investigated whether this resurgence of responding produced by discontinuing unpaired inter-trial US presentations could be extended to another species, rats, within a Pavlovian sign-tracking paradigm.  Rats were initially trained on a procedure where insertion of one retractable lever (CS+) was followed, response-independently, with food, while insertion of another lever (CS-) was not paired with food.  Rats quickly came to contact the CS+ lever at high rates, but contacted the CS- lever infrequently.  In the next phase, the CS+ was no longer followed by food while explicitly unpaired food was presented only during the inter-trial intervals when both levers were absent.  This treatment essentially eliminated the sign-tracking response.  In the final phase, the unpaired inter-trial food presentations were discontinued while both CSs continued to be presented without food.  This discontinuation produced a significant recovery of the sign-tracking elicited by the CS+ lever, extending the species generality of the Pavlovian resurgence phenomenon, that has previously only been reported in pigeons, to rats.

P60 Tests of Therapies for Beta Amyloid Disruptions of Rabbit Eyeblink Conditioning
M. Todd Allen & C.J. Mckinney; University of Northern Colorado
 
Most animal models of Alzheimer’s disease have utilized transgenic mice, but recently an environmental manipulation has been developed.  As reported by Sparks & Schreurs (2003) a copper-cholesterol diet produces Alzheimer-like beta amyloid plaques in the hippocampus which disrupt trace eyeblink conditioning in young healthy rabbits.  Recently, we have found that this copper-cholesterol diet also produces beta amyloid plaques in the entorhinal cortex which disrupt learned irrelevance (LIRR) in rabbit eyeblink conditioning.  In the work reported here, we tested two compounds that are hypothesized to limit the toxic effects of the beta amyloid plaques by inactivating copper with a copper chelator clioquinol or reducing oxidative stress with n-acetyl-cysteine (NAC).  Over eight weeks prior to conditioning, male rabbits (Oryctolagus cunniculus) received a copper-cholesterol diet (2% cholesterol diet and distilled water with a concentration of .12 ppm copper sulfate).  Rabbits were orally administered one of the therapy compounds or a vehicle solution daily.  Rabbits were pre-exposed with uncorrelated presentations of the tone and air puff (LIRR) or no stimuli presentations (SIT).  All rabbits were then delay conditioned with paired tone-air puff trials.  Rabbits receiving the vehicle solution did not exhibit LIRR.  Rabbits receiving clioquinol did exhibit LIRR.  Rabbits receiving NAC did not exhibit LIRR.  Therefore, clioquinol, but not NAC, limited the effects of the beta amyloid plaques to disrupt learning.  Tests of other possible therapies for this copper-cholesterol induced learning deficit are ongoing and include the antioxidant effects of pomegranate juice and the anti-inflammatory effects of ibuprofen. 

P61 Effects of Trial Spacing on the Development and Expression of Extinction

Matt Lattal; Oregon Health & Science University

Many studies have demonstrated that acquisition of conditioned responding is facilitated as the time between conditioning trials is lengthened.  This trial spacing effect is robust and has been demonstrated across many species and preparations.  During extinction, however, the effects of trial spacing are much less clear.  Some studies have found that separating extinction trials by short intertrial intervals impairs extinction, whereas others have found that separating extinction trials by short intertrial intervals enhances extinction.  Data presented here from fear conditioning studies with mice demonstrate that massed extinction trials cause short-term enhancements in extinction of conditioned fear, but the extinguished responses show spontaneous recovery during the early trials of subsequent extinction sessions.  Further, testing under common spacing conditions revealed greater extinction in mice that received spaced, compared to massed extinction trials.  Possible theoretical accounts for these trial spacing effects will be presented.

P62 Effect of Systemic Metyrapone on Trace and Delay Fear-Potentiated Startle
M. A. Burman, K. L. Hamilton, & J. C. Gewirtz; University of Minnesota

The current studies examined the role of the adrenal stress hormone corticosterone (CORT) in classical fear conditioning.  While increasing CORT levels appears to enhance many forms of emotional memory formation, it has been suggested that hippocampus-dependent memory may be particularly susceptible to disruptions of CORT.   This has been attributed to the high density of CORT receptors within the hippocampal formation and the need for the appropriate levels of CORT receptor activation in the induction of long-term potentiation (LTP) and depression (LTD). The current experiments examined the effects of the CORT synthesis inhibitor metyrapone (25 and 100 mg/kg) on acquisition of trace and delay fear conditioning, measured using fear-potentiated startle.  Using the same parameters for fear conditioning, we have recently demonstrated that trace, but not delay conditioning is dependent on the dorsal hippocampus specifically during the period of memory consolidation immediately following training.  This is the same time period during which memory consolidation has been shown to be particularly susceptible to the effects of alterations in CORT. Consistent with our predictions, the low dose of metyrapone disrupted trace fear conditioning, whereas delay fear conditioning was not disrupted at either dose.  In a separate experiment, we found that the high dose of metyrapone blocked stress-induced, but not basal CORT production.  Hippocampus-dependent trace fear conditioning is thus sensitive to even a modest depletion of stress-induced CORT release.  In contrast, stress-induced CORT activity is not required for hippocampus-independent delay fear conditioning, despite the presence of CORT receptors in the amygdala.

P63 A Comparison of Hippocampal CA1 and Interpositus Nucleus Single-Unit Activity During Delay versus Trace Eyeblink Conditioning Matched for CS-US Interval in the Rat  

J.T Green & J.D. Arenos; University of Vermont

Little is known about differences in activation patterns of CA1 pyramidal cells in delay versus trace conditioning with equivalent CS-US intervals.  Additionally, little is known about interpositus nucleus activation patterns during trace eyeblink conditioning.  In the current study, rats were implanted with recording electrodes in either the hippocampal CA1 field or the interpositus nucleus and underwent 6 sessions of either long-delay or trace eyeblink conditioning.  For both procedures, the US was a 10-ms, 4-mA periorbital stimulation.  For long-delay conditioning, each trial consisted of a 590-ms tone CS that coterminated with the US.  For trace conditioning, each trial consisted of a 280-ms tone CS, a 300-ms trace period, and then delivery of the US.  Results showed that average activity of CA1 pyramidal cells, on trials with a CR in long-delay conditioning, increased over baseline during most of the CS-US interval from the beginning of conditioning.  In contrast, on trials with a CR in trace conditioning, no increases in average activity during the CS-US interval were present until sessions 5-6 and then only to the CS and not during the trace period.  Activation of interpositus neurons on CR trials was present in all sessions in both long-delay and trace conditioning.  Activation was stronger in trace compared to long-delay early in the CS-US interval during sessions 1-2 and stronger late in the CS-US interval during sessions 5-6.  These results suggest that the pattern of hippocampal CA1 activation that differentiates trace from long-delay eyeblink conditioning is a slow buildup of activation to the CS.  The changing pattern of interpositus nucleus activation during trace conditioning may be the result of changing input from forebrain areas.
P64 Investigations of Learning and Memory in an Animal Model of Autism
P.E. Garraghty1, B.S. Dina1, A. Arellanos1, T.M. Mowery1, J.E. Steinmetz2, M.E. Stanton3
1Indiana University, 2University of Kansas, 3University of Delaware

Embryonic exposure to the antiepileptic compound valproic acid (VPA) may provide a useful animal model of autism.  Rats exposed to VPA at a particular point in development have been shown to have cellular anomalies in cerebellum and brain stem that are similar to those reported in humans with autism.  Our goal is to facilitate the establishment of a working rat model of autism, and to test such animals in a wide array of behavioral paradigms.  In the present experiments, we have begun to approach this goal by treating pregnant dams with VPA on embryonic day 12.5, and then testing the offspring in instrumental, Pavlovian, and water maze tasks.  The first of these learning paradigms is an instrumental appetitive-to-aversive transfer task.  We find that the "autistic" rats perform comparably to controls in both the appetitive and aversive phases of training.  The second paradigm is an eyeblink-conditioning task that has been show to be largely mediated by cerebellar function.  Here, we had training with an optimal 200 msec ISI, followed by training with a non-optimal 600 msec ISI.  We find higher amplitude CRs in the "autistic" rats, and shorter CR latencies with the longer ISI (see Sears et al., 1994).  The third task was a delayed match-to-place water maze that assesses spatial working memory, which presumably depends upon normal hippocampal and prefrontal function.  We find no working memory deficits in the autistic rats relative to controls, but some evidence of proactive interference as the hidden platform is shifted across testing days.
P65 Slow-Wave Activity Patterns in the Hippocampus, Amygdala, and Medial Prefrontal Cortex During Trace Fear Conditioning
Marieke R. Gilmartin & Matthew D. McEchron; Pennsylvania State College of Medicine at Hershey  

Trace fear conditioning is a hippocampus-dependent learning task that requires rats to associate a tone conditioned stimulus (CS) and a fear-producing shock unconditioned stimulus (US) that are separated by an empty 20-s trace interval.  Previous work from our laboratory has shown that single neurons in the hippocampus and medial prefrontal cortex (mPFC) encode learning-related information about the CS and US during trace fear conditioning (Gilmartin & McEchron, 2005a; Gilmartin & McEchron, 2005b).  In addition, mPFC neurons exhibited sustained increases in activity during the trace interval.  The present study examined slow-wave activity during trace fear conditioning in 3 important learning and memory structures simultaneously:  the hippocampus, the basolateral amygdala, and mPFC.  One group of rats (n=5) received 3 days of trace fear conditioning trials.  A second group of rats (n=5) received 3 days of delay fear conditioning trials, in which no interval separated the CS and US.  A third group (n=5) received unpaired control trials.  Twenty-four hours after training, all groups received CS-alone retention trials.  Slow-wave activity between 4 and 12 Hz was subjected to cross-correlation analyses.  Initial results showed that in all 3 training conditions, the hippocampus and amygdala exhibit an increase in correlated activity during the CS compared to baseline.  In contrast, the time-lag of the maximal correlation value was greater in the trace group compared to the other control groups.  This suggests that the hippocampal slow-wave activity precedes that of the amygdala, and that this effect is strongest in the hippocampus-dependent trace fear conditioning task. 
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