
97

medial part of the hyperstriatum ventrale (IMHV). The alterations include increases in the mean length of
postsynaptic density profiles of axospinous synapses and the number of N-methyl-D-aspartate (NMDA)
receptor binding sites, and changes in spontaneous and evoked neuronal activity (2). Recent
immunocytochemical and behavioural studies have suggested that inhibitory GABAergic
neurotransmission plays a role in learning. In this context, it has previously been reported that a novel
avian g-aminobutyric acid (GABA) type A (GABAA) receptor gene, encoding the g4 subunit, is highly
expressed in the hyperstriatum ventrale (1). We have used in situ hybridization to map, in detail, the

expression of the g4-subunit gene in the chick brain, and to assess the effect of imprinting training on the

level of the corresponding transcript. Our results reveal that the g4-subunit mRNA has a restricted

distribution, and demonstrate a highly-significant, time-dependent effect of training on its steady-state
level. At 10 h but not at 5 h after training there is a decrease in the amount of this transcript in parts of

the medial hyperstriatum ventrale (25-32%), including the IMHV. A decrease (28-39%) is also seen in

certain visual and auditory pathway areas but no effect was observed in other forebrain regions such as

the hyperstriatum accessorium. These results suggest that imprinting training leads to a time-dependent

down-regulation of GABAergic transmission, and raise the possibility that this down-regulation plays a

role in learning. The relation of these changes to learning and memory are currently being investigated.

Supported by the BBSRC, the Wellcome Trust, the Deutsche Forschungsgemeinschafi and the Fonds der

Chemischen lndustrie

(1) Harvey et al., (1993) FEBS Lett. 331:211; (2) Horn (1998) Trends Neurosci. 21:300.

Learning and Memory

LM1
ROLE OF THE SUBTHALAMIC NUCLEUS IN RESPONSE PREPARATORY PROCESSES"

STUDY IN SIMPLE AND CHOICE REACTION TIME IN THE RAT
C. Baunez *, T. Humby, D. Eagle, L. Ryan:, S.B. Dunnett:, and T. W. Robbins

LNCF-UPR9013, CNRS, Marseille, France, Dept. Exp. Psychol., and MRC-Brain Repair Center,

University ofCambridge, Cambridge UK

The subthalamic nucleus (STN) is a key structure within the basal ganglia. Inactivation of this structure

is the current surgical strategy used to treat parkinsonism. We have previously shown that bilateral

lesions of STN or pharmacological inactivation of this structure induce multiple deficits in a 5 choice

serial task, including deficits in attention and response control (1,2). The aim of the present study was to

further investigate the deficits induced by STN lesions in a simple (SRT) versus choice (CRT) reaction

time task in order to specify a possible role for the STN in response preparatory processes. In the SRT,

the information related to the location where the response had to be made was given in advance, while in

the CRT, there was no information before the trigger stimulus onset (a tone). Bilateral excitotoxic lesions
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of the STN induced deficits in the accuracy of responding, as well as slowed RTs. While performance on

the SRT was faster than the CRT task preoperatively, the STN lesion abolished this beneficial effect of
advanced information. However, the normal tendency to response faster as a function of the variable

fore-period (a measure of motor readiness) was maintained. The lesioned rats also showed increases in

premature responding, an effect that was associated with impaired accuracy in the SRT task.

Furthermore, STN rats tended to perseverate on the just-rewarded response. Together, these results

suggest that the STN plays an important role in response preparatory processes, probably related to

inhibitory control.
Supported by the CNRS and a ttuman Frontier Science Program long-term fellowship to CB and a

Programme grantfrom the MRC to SBD and TWR.
(1) Baunez C & Robbins TW (1997) Eur. J. Neurosci., 9:2086; (2) Baunez C & Robbins TW (1999)
Psychopharmacology 141:57.

LM2
EFFECTS OF TRAINING OR OVERTRAINING ON THE RETENTION OF A COMPLEX
DISCRIMINATION IN DORSAL STRIATUM OR SUBTHALAMIC NUCLEUS LESIONED

RATS
N. E1Massioui* and F. Chruel
NAM, CNRS UMR 8620, Universit Paris Sud, Bt. 446, 91405 Orsay Cedex, France

According to their preponderant anatomical place, i.e. the principle " inputs " components of the basal

ganglia, both striatum and subthalamic nucleus (STN) could be expected to play a role in the cognitive

impairments observed in neurodegenerative deseases involving the basal ganglia. In Parkinsons’s or

Huntington’s patients, as well as in experimental striatum lesioned animals, the major cognitive deficits

relate to the acquisition and application of response rules, especially when processing new informations

in an already known environment is required. However, very few is known on the hypothetic

involvement of the STN in learning and memory processes.
The aim of these experiments was to study the respective role of the dorsal striatum (DS) and the STN in

learning and retention of a complex discrimination. Three experiments were designed first to study the

learning capacities in lesioned rats, second to study the retention capacities of lesioned animals when

they have been trained before surgery, third to study retention capacities in overtrained animals, when the

behavioral responses have become " habits ". The task consisted in discriminating between an

appetitively reinforced S+ (US food pellets) and an aversively reinforced S- (US electric footshock).

When the learning criterion was reached or after 6 more sessions (450 more trials) of overtraining, rats

were operated by injections of neurotoxic in the DS (NMDA) or in the STN (ibotenic acid).Three weeks

after surgery, rats were trained in different phases" a reacquisition phase, a reversal training and a third

phase during which delays were introduced between the stimuli and the response. The data obtained

showed that when rats have been operated just after reaching the criterion there was no difference
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between SD, STN and sham operated animals, performances being at very high level from the first day of

reacquisition. However, when surgery was done after the discrimination had been overtrained, STN made
much more errors than both other groups, especially to the S- during the two reacquisition days. This

memory impairment was also obvious when a 20 s delay was introduced between the end of the stimuli

and the introduction of the lever into the experimental box STN rats were much more severely impaired
than SD and than sham operated rats. Lesions of the STN could therefore produce no obvious impairment
during or just at the end of learning, but lead to memory impairments only when the stimuli and the

responses have been overtrained, that is when a habit has been acquired.

LM3
FUNCTIONAL INTERACTION BETWEEN THE PREFRONTAL CORTEX AND STRIATUM

IN AN OPERANT DELAYED ALTERNATION TASK IN THE RAT
F. Nathwani*, P.J. Brasted, T.W. Robbins, and S. B. Dunnett
MRC Cambridge Centre for Brain Repair and Department of Experimental Psychology, University of
Cambridge, Downing Street, Cambridge CB2 2PY, UK

An operant version of the classic T-maze delayed alternation task is presented and used to evaluate the

functional relationship between the prefrontal cortex (anterior cingulate region) and ventro-medial

striatum in rats. The task is conducted in a conventional operant chamber using retractable levers to

control discrete trial opportunities for making sequential choice responses to one oftwo sides. To prevent

the use of mediating strategies, rats are required to maintain repeated nose poke responses to a central

panel during the delay interval, which is randomly varied. Following pre-training on the task, bilateral

striatal and bilateral prefrontal lesions induced profound deficits in task accuracy. The deficit in the

prefrontal lesion group recovered with training, while a tendency towards perseverative responding was

seen in the rats with striatal lesions. Disrupting cortico-striatal processing in both hemispheres, with

lesions of the striatum on one side of the brain and the prefrontal cortex on the other, also resulted in

significant task impairments. Similar effects were seen when the striatum and prefrontal cortex were

lesioned on the same side of the brain. The results are discussed in relation to the concept of parallel

processing of information in basal-ganglia-thalamocortical loops, and the anatomical connectivity

between prefrontal cortex and striatum in the rat.

Supported by the Medical Research Council UK
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LM4
DELAY-DEPENDENT IMPAIREMENT IN PERFORMANCE INDUCED BY VENTROMEDIAL
PREFRONTAL CORTEX LESIONS IN RATS IS NOT DUE TO A WORKING MEMORY
DEFICIT BUT TO ATTENTIONAL AND BEHAVIOURAL FLEXIBILITY DEFICITS
P. Gisquet-Verrier* and B. Delatour
Laboratoire de Neurobiologie de l’Apprentissage, de la Mmoire et de la Communication, NAMC,
CNRS-UMR 8620, Universit Paris-Sud, 91405 Orsay, France

Combined lesions of the prelimbic and infralimbic cortices (PL-IL area), which constitutes the
ventromedial prefrontal cortex in rats, lead to delay-dependent impairment in performance that is

generally considered as indicating a working memory deficit. Additional results, however, show that PL-
IL lesions did not univocally induce deficits in delayed response tasks, and disrupted the acquisition of

non-working memory tasks, which suggests that effects of PL-IL lesions are more likely to be related to

disruption in attention and behavioural flexibility than in working memory (1,2). Therefore, delay-
dependent disruption of performance in PL-IL lesioned rats might be viewed as resulting from difficulties

in providing adequate behavioural adjustment to new experimental contingencies rather than from an

increase in the memory load. In order to investigate this hypothesis, sham operated rats as well as rats

with selective ibotenic acid lesions in the PL-IL area were trained in a Go/No-Go conditional

discrimination, under two different conditions. In the progressive delay condition, they were first trained

with no delay between the discriminate stimulus and the response until they acquired the conditional

rule. The delay was then progressively extended to 5, 10 and finally 20 s. In the mixed delay condition,
rats were trained from the first training session with various -randomly presented- delays (0, 5, 10 and 20

s). Results showed that while lesioned rats demonstrated a clear delay-dependent impairment when

trained under the progressive delay condition, they behave as sham-operated rats in the mixed delay
condition. The hypothesis that PL-IL lesions disrupt behavioural adjustments required by incremental

changes in the experimental conditions is further supported by results obtained in a delayed non-

matching to position task in a radial maze. Transient disruption of performance was obtained when the

response was delayed, as well as when interfering stimuli were delivered during the delay period,

confirming an involvement of the PL-IL area in the behavioural adaptation required by alterations of the

initial experimental conditions. In all, these results strengthen our hypothesis that the ventromedial

prefrontal cortex is involved in behavioural flexibility and in attentional processes and thus might be

considered as participating to a "supervisory attentional system" (3).
(1) Delatour & Giquet- Verrier (1996) Behav.Neurosci.,110:1282; (2) Delatour & Giquet- Verrier (1999)
Behav.Neurosci., (in press); (3) Shallice (1982), Phil Trans. R. Soc. Lond. B, 299:199.
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LM5
BEHAVIOURAL EFFECTS OF VARIOUS AMOUNTS OF COLCHICINE INJECTED INTO
THE DENTATE GYRUS OF RATS
H. Jeltsch *, F. Bertrand1, S. Kappler, and J.C Cassel
1LN2C UMR 7521 CNRS/ULP, F-67000 Strasbourg, France and 2LNDR UPR 1352 CNRS,
F-67000 Strasbourg, France

Intradentate injections of colchicine are one technique used to selectively destroy granule cells

(Goldschmidt and Steward, Neuroscience, 7, 1982). This study investigated and compared the
behavioural effects of various amounts of colchicine (1.0, 3.0 and 6.0 tg; Col-l, Col-3 and Col-6,
respectively) injected into the dentate gyrus of adult Long-Evans male rats. Starting 10 days after lesion

surgery, behavioural testing assessed home-cage and open-field locomotion, forced alternation in a T-
maze, and water-maze learning according to protocols placing emphasis on reference and working
memory. All these tasks are known to be sensitive to hippocampal disruption. Colchicine induced dose-

dependent hyperactivity in the home cage during the nocturnal (not the diurnal) phase of the cycle, but

had no significant effect on open-field locomotion or forced alternation. A dose-dependent reference-

memory impairment was found during the acquisition of spatial navigation in the water maze. When

compared to control rats, colchicine-injected rats swum over longer distances and for a longer time

before finding the platform. In addition, Col-3 and Col-6 rats were more impaired than Col-1 rats. During
the probe trial (platform removed), control rats spent a longer time swimming over the platform area than

all rats with colchicine lesions. In the working memory version of the test, all rats with colchicine lesions

showed significant deficits. These deficits were significantly larger in Col-3 and Col-6 rats as compared
to Col-1 rats; the difference between Col-3 and Col-6 rats was not significant. Regardless of the protocol
used, the lesions did not induce any significant effect on the swimming speed. These data are in line with

the view that the dentate gyrus plays an important role in the acquisition of new information and is an

integral neural substrate for spatial reference and spatial working memory. Altogether, these findings will

be further extended using a radial-maze test in which reference- and working-memory performance will

be evaluated separately within the same sessions. Concerning locomotor activity, our findings are in line

with previous studies showing granule cell lesions to induce transient hyperactivity. The apparent

relationship between the amount of colchicine injected and the level of activity measured suggests a

parallelism between the number of damaged granule cells and the locomotor consequences. These

behavioural results will be discussed in the light of histological verifications of the colchicine-induced

degeneration of the granule cells.
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LM6
THE EFFECT OF SPARING UNILATERAL OR BILATERAL HIPPOCAMPAL TISSUE ON
DIFFERENT WATER MAZE TASKS: THE IMPLICATIONS FOR THE FUNCTION OF
COMMISSURAL PROJECTIONS
L. de Hoz *, E. Moser, and 1{. Morris

Dpt ofNeuroscience, Edinburgh University, UK and Dpt ofPsychology, Trondheim University, Norway

Little is known about how the two hippocampi interact with each other in spatial memory tasks. Rats
with as little as the bilateral septal 30% of the hippocampus are able to learn a spatial reference memory
task in the water maze. But what would be the minimal necessary tissue if located unilaterally? Would it

correspond to the unilateral equivalent of the bilateral septal 30% (i.e. 30+0) or would it correspond to

the total volume (30+30)located unilaterally (60+0). Addressing this question we trained rats with

30+30, 30+0 or 60+0 hippocampus (spared only septally) and shams in a reference memory (RM) task
and a delay matching to place(DMP) task, both in the water maze. As previously reported we found that
the septal 30% of the hippocampus bilaterally (30+30) is sufficient to support learning of a spatial RM
task in the water maze (2 blocks of 4 trials per day for 6 days). Having the same amount of tissue located

unilaterally (60+0) is as effective in this particular task. But having only 30% unilaterally (30+0) is not

enough to support learning. It seems, therefore, that either the commissural connections between the two

septal 30% slabs or the double associational connections in the 30+30 group have a function that can be

replicated by associational connections within a septal 60% unilateral slab (60+0 group). In the DMP
task, though, a difference arises between the performance of these two groups. The 30+30 group
performs at sham level when the interval between the first and second trial of each day is 5see but not

when it is 20min or 2h. The 60+0 group, on the other hand, is impaired at the 5see and 20min interval but

performs at sham level at the 2h interval. When learning a delay matching to place the commissural

connections seem to facilitate the speed of processing favouring the short-term retention of memories for

locations. The 60+0 group, on the other hand, has tissue that covers a longer portion of the septo-

temporal axis and, either the presence of more contiguous tissue or the existence of projections to the

middle portion of the axis facilitates the longer maintenance of memories.

LM7
ABSOLUTE AND RELATIVE FAMILIARITY JUDGEMENT IN RATS WITH EITHER
COMPLETE HIPPOCAMPAL OR PERIRHINAL CELL LOSS INDUCED BY
INTRACEREBRAL INFUSION OF THE EXCITOTOXIN N-METHYL-D-ASPARTATE
B. K. Yee*
Department of Anatomy, Faculty of Medicine, University of Hong Kong, 5 Sassoon Road, Pokfulam,
Hong Kong, PRC

The present study investigated the effects of axon-sparing cytotoxic lesions of either the hippocampus or
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the perirhinal cortex (centred on Area 36) on a series of object recognition tasks and spontaneous
locomotor activity in rats. The animals were trained post-operatively on a delayed matching-to-sample
(DMS) task with double sample presentation, [A] -- [A] -- [A+ vs B-]. A set of twenty pairs of object
discriminanda was employed with a pseudo-trial unique procedure such that each object only appeared
once, either as the sample object or as the non-sample object, per daily session. Contrary to recent

suggestion that the integrity of perirhinal cortex is critically involved in normal recognition memory,
both perirhinal cortex lesions and hippocampal lesions spared the acquisition of this DMS task.

Following this, the DMS procedure was then modified to contrast relative familiarity judgement with

absolute familiarity judgement. To this end, each daily sessions comprised trials of two types: (i) [A] --[A1] " [A2+ vs B-], as before, and (ii) [B] -- [A] "- [A2/ VS B2-]. Solution to the latter type of trials

depended on a discrimination based on relative familiarity because both discriminanda presented at the

choice run were now familiar. This modification initially led to a general reduction in choice accuracy,
with performance on trials of the latter type of below those of the former type. As training progressed,
significant group difference began to emerge. Perirhinal-lesioned rats were preferentially impaired on

trials requiring relative familiarity judgement. In contrast, performance in the hippocampal group was

only marginally affected. Next, simultaneous discrimination of two object discriminanda and its reversal

was evaluated. All groups performed similarly during acquisition. No significant difference was observed

during reversal, although there was a tendency for both hippocampal- and perirhinal-lesioned rats to be

slower at reversal. Object recognition was further evaluated using a spontaneous recognition procedure
which involved placing the animals in an open field containing one familiar and one novel objects. The

novelty effect was apparent in all groups; the animals spent more time exploring and in contact with the

novel object than the familiar one. Finally, hippocampal lesions, but not perirhinal lesions, greatly
increased spontaneous activity both in terms of locomotion and rearing.

Supported by the Conference and Research Grants Council (University ofHong Kong).

LM8
CHRONIC INTRACEREBROVENTRICULAR INFUSION OF-AMYLOID (1-40) IMPAIRS

SPATIAL REFERENCE MEMORY IN THE WATER MAZE AND SPONTANEOUS OBJECT

RECOGNITION, BUT SPARES THE PREPULSE INHIBITION EFFECT IN THE RAT
S. Nag, F. Tang, and B.K. Yee*
Department ofPhysiology and :Department ofAnatomy, Faculty ofMedicine, University ofHong Kong,
5 Sassoon Road, Pokfulam, Hong Kong, PRC

Alzheimer’s disease is associated with varying degrees of cognitive impairments and characterized by the

presence of neuritic plaques and neurofibrillary tangles throughout the cerebral cortex and within

allocortical limbic structures. The formation of neuritic plaques is initiated by the deposit of-amyloid

protein (Aft), the principal constituent ofthe plaque cores. A is therefore believed to be critically involved

in the etiology and/or pathogenesis of Alzheimer’s disease. The present study evaluated the behavioural
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sequelae following chronic intracerebroventricular infusion ofAft using implanted osmotic pump in rats.

Neurochemical assay and immunohistochemistry confirmed that exposure to Aft led to significant
reduction in choline acetylcholine transferase activity and numerous deposits of amyloid deposits in both
the cortical mantle and hippocampus. We demonstrated that Aft-treated rats were markedly impaired in
the acquisition of an allocentric spatial reference memory task in the water maze in which they were

required to learn to locate to a submerged escape platform. In the subsequent transfer test, when the

escape platform was removed, A -treated rats also spent significantly less time searching in the

appropriate quadrant compared to vehicle-treated controls. Next, the rats were confronted with two

distinct objects in a familiarized open field. One object (A) was never encountered by the subjects before

and was therefore novel. The other object (B2) was familiar because an identical object (B1) had

previously been exposed to the rats 5 minutes ago. As expected, the control group spent more time

exploring, and made more contacts towards, the novel object. However, the Aft-treated rats explored the

two objects equally, suggesting that they could not distinguish the objects on the basis of familiarity.

Lastly, early attentional processing was assessed using the prepulse inhibition (PPI) paradigm. When a

startle-eliciting (pulse) stimulus is preceded by a weak (prepulse) stimulus, the startle reaction to the

former is markedly reduced. This effect of the prepulse is known as PPI and its was clearly seen in both

Aft-treated rats and controls with comparable magnitude. Thus, chronic exposure to Aft can lead to severe

impairment in both hippocampal-dependent (spatial reference memory) and parahippocampal-dependent
(object recognition) memory tasks. At the same time, however, it spared a form of early attentional

processing (PPI) that is known to be sensitive to hippocampal dysfunction.

Supported by the Research Grants Council (#338/034/0010). We thank Dr. D. Selkoe for his generous

gift offl-amyloid antiserum.

LM9
AUDITORY CUES CAN SUPPORT SPATIAL DISCRIMINATION IN RATS

ASSOCIATED WITH A VISUAL ONE
J. Rossier* and F. Schenk
Institute ofPhysiology, University ofLausanne, Rue du Bugnon 7, 1005 Lausanne, Switzerland

WHEN

Few researches have focused on the use of auditory stimuli by rats achieving spatial tasks. Nitschke

(1982) has shown that rats have excellent auditory capacities and are very good in discriminating sounds.

Nevertheless, it was never possible to clearly point out that rats are able to orient themselves relative to

auditory cues like they do with visual cues. It seemed thus interesting to compare the use of auditory and

visual cues for spatial memory. We conducted two experiments using the Morris water maze. We

controlled the accessibility of cues either by using a curtain or by conducting the experiment in total

darkness under infrared light. The auditory cues were produced by a sound generator and emitted through

small loudspeakers. The generated sounds were continuous and in a range going from 1’500 Hz to 10’000

Hz: The amplitude of the signal was the same for each cue and kept constant during all experiments.
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Under light, the visual cue was made of a small cue card. In total darkness each cue was made of a set of
three light emitting diodes. In the first experiment, different groups of animal were first trained with 0,
or 3 auditory cues. For further training, the auditory cues were replaced by visual ones. The rats were not

able to perform accurately the Morris water task on the basis of even three auditory cues. On the other
hand, three visual cues support a correct spatial discrimination. One single visual cue was also efficient if

directly associated with the goal location. In the second experiment we used an experimental situation

where two auditory cues were combined with one visual cue (in total darkness). In that condition rats

were able to discriminate correctly the goal location whereas they were not able to do it with two

auditory cues only or with a single visual cue. Thus, auditory cues can potentiate the effect of an

insufficient number of visual cues to allow accurate spatial orientation.

Supported by FNRS grant n31-49714.96

LMI0
CONTRASTING THE EFFECTS OF FORNIX OR COMBINED PERIRHINAL AND
POSTRHINAL LESIONS ON CONFIGURAL LEARNING, SPATIAL MEMORY, AND OBJECT
RECOGNITION MEMORY IN RATS
R. Dias*, T.J Bussey, E.S. Redhead, J.M. Pearce, J.L. Muir, andJ.P. Aggleton
School ofPsychology, University ofCardiff Cardiff, CF1 3YG, UK

It has been proposed that the hippocampal formation is necessary for the acquisition of tasks that require
the use of configural representations for their solution, including spatial learning and negative patterning.
Tests of this influential view have, however, yielded conflicting results. For example fomix or

hippocampal lesions, which reliably impair spatial learning, do not reliably impair negative patterning. A
problem in interpreting these results has been the lack of controls for factors such as over-responding,
excitatory effects of reward, and the possibility of non-configural solutions. At the same time, other

studies have pointed to a role in configural learning for parahippocampal regions such as the perirhinal
cortex. The present experiments controlled for the above factors and revealed that neither lesions of the
fornix nor of the perirhinal/postrhinal cortex in the rat had any effect on negative patterning, although
subsequent tests of object and spatial memory demonstrated the functional efficacy of the lesions.
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LMll
NEURONAL INTERACTIONS RELATED TO RECOGNITION MEMORY PROCESSES IN
ANTERIOR CINGULATE, ORBITAL, DORSOLATERAL, AND VENTROMEDIAL
PREFRONTAL CORTICES
J.Z. Xiang andM. W. Brown*
MRC Centrefor Synaptic Plasticity, Department ofAnatomy, University ofBristol, Bristol, BS8 1TD, UK

Prefrontal cortex plays an important role in short-term or working memory and recent evidence indicates

that it is also involved in intermediate or long-term visual recognition memory (Brown and Xiang, 1998).
We here present evidence of interactions between prefrontal cortical neurones with responses related to

recognition memory processes. Neuronal responses to visual stimuli were recorded in two behaviourally
trained monkeys performing a visual serial recognition task. The spike trains of individual neurones

simultaneously recorded using a single electrode were software discriminated. Cross-correlograms of the

activity of pairs of neurones were constructed and analysed for evidence of interactions between the

neurones. Overall the activity of 1191 (41%) of 2874 neuronal pairs was significantly correlated. The

incidence of such correlations was highest in orbital (383/741=52%) and ventromedial prefrontal cortex

(508/960=53%), intermediate in the anterior cingulate gyrus (291/830=35%), and lowest in the

dorsolateral prefrontal cortex (9/343=3%) where the incidence was not about chance (5%). The cross-

correlogram peaks denoting such significant neuronal interactions were typically narrow (2-4 ms) and

occurred at short latency (3-5 ms), indicating that spikes in one neurone tended to be followed very

quickly by spikes in the other neurone. For a minority of pairs the peak was broader (30-50ms) and

centred at zero latency, suggesting that both neurones were influenced by a distant common input.

Significant negative correlations providing evidence of inhibitory interactions were detected only in

orbital prefrontal cortex. Significant interactions were usually conditional, being found during stimulus

presentations but not in their absence. In contrast to findings in temporal cortex, interactions were

common between pairs of neurones where each neurone signalled a different type of information (
novelty, familiarity, recency) concerning the prior occurrence of stimuli as well as between pairs where

both neurones signalled the same type of information. These results indicate that communication between

neighbouring neurones is common in prefrontal networks involved in processing information of use to

recognition memory.
Brown & Xiang (1998)Progress Neurobiol., 55:149.

Supported by the Wellcome Trust.
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LM12
REGIONS OF THE TEMPORAL LOBE INVOLVED IN VISUAL AND AUDITORY
RECOGNITION MEMORY
H. Wan *, E.C Warburton, D.M. Kowalska:, .P. Aggleton, and M. W. Brown
/MRC Centre for Synaptic Plasticity, Department ofAnatomy, University of Bristol, Bristol, BS8 1TD,
UK. :Department of Neurophysiology, Nencki Institute of Experimental Biology, 3 Pasteur St. 02-093
Warsaw, Poland. ZSchool ofPsychology, University College, CardiffCF1 3YG, UK

Regions involved in processing information of importance to recognition memory were determined by
the immunohistochemical staining for the products of the immediate early gene c-fos of neurones

differentially activated by novel and familiar visual or auditory stimuli. In the visual study two

experiments were conducted, each using 8 rats. In experiment 1, each rat was shown a sequence of 30

pairs of pictures of individual items on two computer monitors so that simultaneously one eye saw a

series of novel and the other a series of familiar items. The familiar items had been shown in the same

way 18 times over 6-days training, while the novel items had never been seen before by the rat. In
experiment 2, the pictures were of novel or familiar spatial arrangements of familiar items. In experiment
novel items activated significantly more neurones than familiar items in the perirhinal cortex and visual

association cortex, but not in any other areas samoled, including the hippocampus. In experiment 2 novel

arrangements of items activated significantly more neurones than familiar arrangements in postrhinal
cortex and subfield CA1 of the hippocampal formation, but not in perirhinal or visual association cortex;

they activated significantly fewer neurones in the dentate gyrus and subiculum. These results, consistent

with lesion and electrophysiological studies, demonstrate different roles for perirhinal cortex and

hippocampus in visual recognition memory. The auditory experiment used novel and familiar sets of 30

successively presented naturalistic sounds. On the sixth day 11 rats were exposed to the set of novel

sounds and 11 rats to the set of familiar sounds. More neurones were activated by the novel than the

familiar sounds in temporal auditory association cortex and perirhinal cortex, but the difference reached
significance only in temporal auditory association cortex. No significant difference was found in the

inferior colliculus or primary auditory cortex. These results are consistent with those from recent lesion

studies in both the monkey and the dog in suggesting an important role for auditory association cortex in

auditory recognition memory. The results indicate that, within the temporal lobe, rhinal cortex (including

perirhinal and postrhinal cortex), association cortex and the hippoeampal formation are all involved in

recognition memory, but that these areas play different roles in different tasks.

Supported by the MRC.
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LM13
VENTRO-MEDIAL PREFRONTAL CORTEX PLAYS AN IMPORTANT ROLE IN OBJECT-
RECOGNITION MEMORY
1. Szatkowska *, A. Grabowska, and O. Szymaska
Nenckd Institute ofExperimental Biology, Warsaw, Poland Central Hospital ofthe Medical Academy,
Warsaw, Poland

Monkey studies suggest that specific parts of ventro-medial prefrontal cortex play a role in memory
functions. However, the involvement of these structures in human’s memory is to be specified; up to now

the effect of relatively large lesions in this region was investigated. This kind of lesions resulted in more

general impairments involving memory, executive functions, confabulations, and personality changes.
The aim of the present study was to investigate the effect of small lesion to the gyrus rectus on two

memory functions: recognition of objects and recognition of spatial order. Three groups of subjects
participated in our research: 14 patients with unilateral gyrus rectus resection, who had undergone a

surgery of anterior communicating artery aneurysm (R-group) and two control groups: 9 patients without

resection of gyrus rectus (WR-group) and 12 normal contr,l subjects (C-group). Subjects were presented
with recognition memory tests that required either remembering visual stimuli per se or a spatial order of

simultaneously presented stimuli. In object memory test tile R-group performed worse than both the WR-

group and the C-group, whereas the WR-group did not differ significantly from the C-group. Recognition
of spatial order of stimuli in the two clinical groups did not differ from that in the C-group. Our results

suggest that ventro-medial prefrontal cortex plays an important role in object-recognition memory.
Moreover they indicate that this region is differentially involved in memory for objects and memory for

spatial order.

LM14
EFFECTS OF SELECTIVE LESIONS OF THE HIPPOCAMPUS, PERIRHINAL AND

ENTORHINAL CORTICES ON OLFACTORY COGNITION AND SPATIAL LEARNING IN

RATS
S. Wirth and G. Di Scala*
Laboratoire de Neurosciences Comportementales et Cognitives, 12 rue Goethe, 67000 Strasbourg,

France

The hippocampus, together with neighbouring cortical areas such as the entorhinal (EC) and the

perirhinal (PRH) cortices is thought to be involved in the processing of event memories. Olfactory and

spatial information are conveyed to the hippocampus through EC and PRH, and hippocampal processing

of this information may hence depend on the integrity of these cortical areas. Several studies have

challenged this view as they showed the deficits induced by damage to these cortical areas to differ from

those induced by damage to the hippocampus itself. The present study aimed to further evaluate the
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degree of dependence between these various structures. A recent study of ours (Wirth et al., 1998) has
shown that EC lesion induced a paradoxical facilitation of olfactory short-term memory, as evidenced by
improved recognition of a previously encountered odor. The first experiment aimed at comparing the
effects of EC, PRH and hippocampus lesions on olfactory recognition. In a second experiment, the
effects of these various lesions were also assessed in a spatial task, using a working-memory version of
the Morris water-maze. The results of experiment 1 first indicate that facilitation of olfactory recognition
is specific to EC lesion as neither PRH nor hippocampal lesions had the same effect. On the contrary,
hippocampal lesions induced a marked deficit of olfactory recognition suggesting a possible role of this

structure in olfactory short-term memory. PRH lesions were devoid of effect. The results of experiment 2

confirm that hippocampal lesion induces a profound deficit of spatial working memory, and showed that
in comparison, EC as well as PRH lesions induced only a mild deficit in this task. The data of this study
indicate that olfactory memory may depend on the hippocampus and that the EC has an inhibitory

influence on this memory process. The pathway conveying olfactory information to the hippocampus in

absence of EC remains to be determined. As to spatial memory, the present results suggesf that the

hippocampus remains operational even in absence of connections with the entorhinal and perirhinal
cortex. These results are in line with the literature and complement studies showing that major spatial

learning deficit occur after lesions of connections coursing in the septohippocampal pathway.

LM15
LEARNING-INDUCED CHANGES IN PROCESSING OF INFORblATION AMONG
OLFACTORY AREAS IN RAT AS REVEALED BY STUDY OF OSCILLATORY ACTIVITIES.
N. Ravel*, P. Chabaud, and R. Gervais

CNRS, Institutefor Cognitive Sciences, 69675 Bron, France.

The present experiment was designed to show how information processing in central olfactory pathways
is modified following learning. The study focused on what happened on several structures taken

independently and on their reciprocal interactions. This point was addressed in freely-moving rats

engaged in a Go-No Go olfactory task. We recorded simultaneously the activity of the olfactory bulb

(OB), the anterior and posterior parts of the piriform cortex (APe and PPC) and the entorhinal cortex

(EC) through chronically implanted monopolar electrodes. Local field potential (LFP) recordings of each

of these highly interconnected areas revealed several types of oscillatory activities, ranging from 1 to 90

Hz. The functional significance of these oscillations is still controversial. One of the hypotheses tested in

the present experiment was that these rhythms could serve to synchronize the activity of these different

areas during odor processing. Importantly, recordings were obtained in early training sessions (NAIVE
rats) and several days later when the learning criterion was reached (TRA1NED rats). In each

experimental condition, a dynamical spectral analysis with 150 msec time windows determined oder-

induced significant changes in power for each structure during and within 1 see following odor sampling.

Analysis of the coherence of activity between pairs of structures was used as an index of
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synchronization. We found that in both Naive and Trained rats odor sampling induced specific variations

in oscillatory activities. They were expressed both in beta (around 20 Hz) and gamma (around 35 Hz and

80 Hz) bands at several levels of the olfactory system. Leaming induced striking amplification of these

odor-induced effects and also differentiated the time course of the response between the GO and the NO
GO odors. In TRAINED rats response amplification was particularly important around 20 Hz. In OB and

PC, the duration of this response to the GO odor increased. In contrast to what was described in previous
studies following learning, amplitude of fast 70-85 Hz activity in OB was abruptly reduced during odor

sampling. Taken as a whole, this study led to new testable hypothesis on differential role of olfactory
areas and revealed specific oscillatory activities which could be important in processes underlying

perception and recognition as well as preparation of adapted behavioral responses.
Supported by CNRS and GIS Sciences de la Cognition.

LM16
SYNAPTIC CHANGES INDUCED BY AN OLFACTORY LEARNING AT DIFFERENT
LEVELS OF THE OLFACTORY PATHWAYS IN THE RAT
A.M. Mouly*, .4. Fort, N. Ben-Boutayab, and R. Gervais

Institutefor Cognitive Sciences, UPR-CNRS 907, Bron, France

Current theories of the neurobiology of memory suggest that memorization of an information involves a

highly distributed neural network including limbic as well as sensory areas and occurs via durable

changes of synaptic efficacy at different nodes of this network. In this contextual frame, we investigated
whether synaptic changes could be detected following an olfactory learning, at different levels of the

olfactory pathways. On 11 rats, two stimulating electrodes were implanted in the olfactory bulb (OB) and

four recording electrodes respectively in the anterior piriform cortex (aPC), posterior piriform cortex

(pPC), entorhinal cortex (EC) and dentate gyrus (DG). The rats were then trained to an olfactory learning

in which electrical stimulation of the OB was used to mimic an odor. Indeed, the water-deprived rats

were trained to associate the stimulation of one OB electrode to the delivery of a quinine solution (S-
electrode ), and stimulation of the other electrode to the delivery of a sucrose solution (S+ electrode).
After the training sessions, the evoked field potentials (EFP) induced in response to electrical stimulation

of each OB electrode were collected simultaneously in the four recording sites and analyzed. The results

show that learning induces differential changes as a function of the recording site on one hand, and the

learned value of the stimulus on the other hand. Indeed, a significant increase in the amplitude of the EFP

early component was observed in the pPC and EC following learning. This effect was selective of EFP

signals induced by stimulation of the S+ electrode. In contrast, on signals induced by stimulation of the

S- electrode, a significant decrease in the amplitude of the EFP early component was observed in the DG.

In addition, learning induced a decrease in the induction threshold of an EFP late component in the pPC
and the EC. Taken together these data show that olfactory learning induces synaptic changes in parrallel

at different levels of the olfactory pathways, limbic as well as sensory. The results point to a functional
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dissociation between anterior and posterior parts of the piriform cortex, and further suggest that pPC and
EC could play similar roles in mnesic processes involved in the associative learning presented hre. By
the same time, the depression observed in the DG could suggest that this structure is not necessary for the

present learning to occur.

LM17
OLFACTORY LEARNING IS ASSOCIATED WITH INCREASED DENDRITIC SPINE
DENSITY IN THE RAT PIRIFORM CORTEX PYRAMIDAL NEURONS
S. Knafo*, Y Grossman, E. Barkai, and G. Benshalom
Departments of Physiology and Morphology, Faculty of Health Sciences, Zlotowski Center for
Neuroscience, Ben-Gurion University, Beer-Sheva 84105, Israel

Olfactory-leaming related modifications of dendritic spine density were studied in the rat piriform
cortex. Water deprived rats were divided into 3 groups" (i) a ’trained’ group was trained in a 4 arm maze

to discriminate positive cues in 2 pairs of odors, for a water reward; (ii) a ’pseudo-trained’ group was

randomly rewarded; (iii) a ’naive’ group was not xposed to the training or to the maze. Learning-related
morphological modifications of layer II piriform cortex pyramidal cells, impregnated with the Rapid-

Golgi method, were studied 3 days after training completion. An estimate of the spine density on basal

and apical (secondary and tertiary branches) dendrites was obtained using the correction formula of

Feldman and Peters (J. Comp. Neurol.(1979) 188:527-542). Neurons of ’trained’ rats did not differ from

neurons of ’pseudo-trained’ and ’naive’ animals in their dendritic diameter, length of spines and diameter

of spine heads. However, spine density (spine/mm2) of secondary branches apical dendrites in ’pseudo-
trained’ (0.28_+0.09, n=lS) and ’naive’ rats (0.33+_0.13, n=16) was significantly less (p<0.01, one way

ANOVA test) than in neurons from the ’trained’ rats (0.41+0.12, n=l 8). Spine density of tertiary branches

apical dendrites in ’pseudo-trained’ (0.32+_0.11, n=15) and ’naive’ rats (0.38_+0.13, n=14) was also

significantly less (p<0.02) than in neurons from the ’trained’ rats (0.48_+0.15, n=20). Spine density was

measured also in basal dendrites of the same neurons. In ’trained’ rats (0.41_+0.1, n=22) spine density was

higher (p<0.03), than in ’naive’ (0.32+0.11, n=9) or ’pseudo-trained’ rats (0.33+0.12, n=l 8). The increased

spine density was evident in the entire population of dendritic segments from ’trained’ rats. Differences

in spine density were not the result of modified dendritic length, which were similar in ’trained’ and

’pseudo trained" Averaged values of length of the secondary branches of the apical dendrites were

43.0_+34.2 ktm (n=16) in neurons from ’pseudo trained’ and 57.2_+34.2 (n=20) in ’trained’ rats. In tertiary

branches of the same dendrites, the averaged value in ’pseudo trained’ was 57.8_+36.7 (n=30) and

51.8_+48.2 in ’trained’ (n=20). In basal dendrites the averaged values were 38.0_+36.7 (n=36) in ’pseudo
trained’ and 44.9_+33.1 (n=26). in ’trained’ animals. These data imply that olfactory learning may be

associated with increased number of synaptic connections between pyramidal neurons in the piriform

cortex.
Supported by grantfrom the Israel Science Foundation
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LM18
OBSERVATIONAL LEARNING OF SPATIAL PROCEDURES IN
HEMICEREBELLECTOMIZED RATS

2 1,2, 1,3,A. Graztano A. Bartoletti M.G. Leggio M. Molinari and L. Petrosini’2

Experimental and Behavioural Neurophysiology Lab., I.R.C.C.S. S. Lucia, Rome, Italy, 2Psychology
Dept., University "La Sapienza", Rome, Italy, and 3Institute of Neurology, Catholic University, Rome,
Italy

Recent data demonstrated the importance of cerebellar structures in spatial problem solving; namely,
hemicerebellectomized rats failed in acquiring the spatial procedures necessary to explore a new

environment but are not impaired in putting into action procedural knowledge preoperatively acquired.
Growing evidence in human subjects indicates that different brain areas are active during execution as

well as during observation or mental rehearsal of the same motor acts. This evidence suggests that, at
least partially, the same neural circuitries are active in execution and mental rehearsal of motor acts.

Taking advanced of the demonstrated effects of the cerebellar lesion on procedural learning, the present
study was aimed at investigating whether rats can learn the procedural components of a spatial task only
through observation. To this purpose, normal rats observed conspecifics performing 200 trials in the
Morris Water Maze (MWM). Then observer rats underwent hemicerebellectomy (HCb) and, after

recovery from surgery, were MWM tested. These rats performed as control animals, indicating that they
had preoperatively acquired the spatial procedures of the task by observation. To test the cerebellar
contribution to this type of learning, in a different group of rats, hemicerebellectomy was performed
before observation. These animals showed no benefit from observation, displaying the typical defective

spatial strategies shown by naive HCbed rats. The present data demonstrate that rats are capable of

learning complex searching procedures through observation, suggesting the existence of mental rehearsal
of observed actions, and that cerebellar computing properties are required for acquisition of procedures
trough actual performance as well as trough observational learning.

LM19
ACQUISITION, CONSOLIDATION AND PERFORMANCE OF CLASSICALLY
CONDITIONED EYEBLINK RESPONSES ARE ALL CRITICALLY DEPENDENT UPON
CEREBELLAR CORTICAL ACTIVITY
P.J.E. Attwell, S. Cooke, M. Ivarsson, S. Rahman, and C.H. Yeo*
Dept. Anatomy, University College London, London, WCIE 6BT, UK

Classical conditioning of the eyeblink/nictitating membrane (NM) response of the rabbit is a form of
associative motor learning. Lesions of the cerebellar deep nuclei or cerebellar cortex abolish or impair
conditioned responses (CRs). But both lesions may only affect performance of the learned responses so

they do not reveal where the memories are stored. Reversible inactivations of the cerebellar nuclei using
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localized infusions of drugs can dissociate performance and learning effects and have been shown to
prevent the expression of existing CRs and to prevent the acquisition of new CRs. However, several
theories of cerebellar function indicate that cerebellar cortical mechanisms support motor learning. In
order to test them, effective reversible inactivations of the cerebellar cortex are needed. In the first

experiment, infusions into cerebellar cortical lobule HVI of CNQX (1.54mM; 21) a non-NMDA
glutamate receptor antagonist that reversibly blocks transmission at several types of cerebellar cortical

synapse abolished previously established NM CRs for at least 25 min.. Histology and autoradiography
following injection of [3H]-CNQX verified that the drug was confined to the cortex. The findings
confirm an essential role for lobule HVI in the performance ofNM conditioned responses and provide an

inactivation method for assessing the role of the cerebellar cortex in the acquisition of motor learning. In
the second experiment rabbits were given four, daily sessions of NM response acquisition training to a

tone CS. Control subjects (n=6) received an injection of vehicle (PBS; 21) and experimental subjects
(n=6) received CNQX (3.0 mM; 2tl) 5-10 min before each session. Then, in phase 2, both groups
received four more daily sessions without infusions. CR frequencies of CNQX subjects in phase 2
indicated that the drug had almost completely prevented acquisition in phase 1. Histology and

autoradiography verified that the drug was confined to the cerebellar cortex. We conclude that normal
activity in cerebellar cortical lobule HVI is critical for the acquisition ofNMR conditioning. In the third

experiment, rabbits received four, daily sessions of 50 trials using a tone CS. Experimental subjects

(n=6) received a cerebellar cortical infusion of muscimol (3.5mM; 21al) immediately after each training
session and control subjects (n=6) received vehicle (PBS, 2tl). All subjects then received more daily
training sessions with no infusions. Acquisition was significantly impaired in the experimental group,
indicating that post-training consolidation had been disrupted. Histology and autoradiography verified

that the drug was confined to the cortex. These results strongly suggest that there is information storage
for associative motor learning in the cerebellar cortex.

LM20
COMPARISON OF LEARNING AND PERFORMACE OF AN AUDITORY DELAYED
MATCHING-TO-SAMPLE IN MONKEYS AND DOGS
D.M. Kowalska, P. Kuzmierek *, andM. Mishkin
Nenckd Institute of Experimental Biology, Pasteur St. 3, 02-093 Warsaw, Poland and 2Laboratory of
Neuropsychology, NIMH, Bethesda, MD 20892, USA.

Based on a procedure used successfully to train dogs on auditory delayed matching-to-sample (DMS)
with trial-unique stimuli (Kowalska, Acta Neurobiol Exp 57: 345), we trained three rhesus monkeys (M-1
to M-3) on this task and then compared their results to those obtained on a group of twelve dogs.
Monkeys were trained in a modified, sound-insulated WGTA with movable speakers (M-l, M-2) or

touch-pads (M-3) serving as manipulanda. Dogs were trained in the Nencki Testing Apparatus or in a

soundproof testing chamber. The procedure consisted of training directional instrumental responses to
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sound, followed by one-stage (M-l, M-2) or two-stage (dogs and M-3) recognition training with short
delay (1.5 or 3s) to a criterion of 85% (monkeys) or 90% (dogs) of correct responses in 100 consecutive

trials, reinforced by food. After a two-week rest, the subjects were retrained on the DMS task to the same
criterion. Then they were given a performance task with extended delays (10-90s in dogs, 3-50s in

monkeys) in 100-trial blocks. Monkeys acquired the instrumental responses in 393 trials (M-l: 540, M-2:

560, M-3:80 trials), whereas dogs required an average of 120 (range: 20-300) trials. Recognition training
took an average of 1487 trials (M-l: 1760, M-2: 1740, M-3:960 trials) to the criterion of 85% correct

choices in 100 trials in monkeys, and 649 trials (180-1355) to the criterion of 90% in dogs. In comparison
to the monkeys, dogs reached the criterion of 85% in an average of 534 (140-1065) trials. We tried also

to train one monkey (M-3) to the criterion of 90%, but it failed, despite 960 trials of additional training.
After the rest period, M-1 and M-3 reattained criterion immediately, whereas M-2 needed 480 additional

trials. Dogs required an average of 36 (0-120) trials to reattain criterion. With extended delays, M-l’s

scores fell from 88% (3-5s) to 60% (30s), while M-3’s fell from 86-89% (3-5s) to 78% (50s). M-2

scored 86% (5s) and 77% (10s), but then refused to respond. Dogs performed: 10s 83% (range: 73-91),
30s 74% (62-83), 60s 68% (59-81), 90s 65% (53-76). Our results suggest that monkeys learn

auditory DMS tasks with trial-unique stimuli more slowly than dogs, and perform at a lower level on

extended delays. The slightly better result obtained with M-3 than with other monkeys suggests that

modification of the experimental procedure might further improve the monkey’s performance on the task.

Supported by US-Polish Joint MSC HFound No. MZ/HHS-93-124, andJames S. McDonnell Foundation

Grant No 95-1

LM21
ASTROGLIOSIS AND SPIKE-WAVE DICHARGES IN ASSOCIATIVE LEARNING
IMPAIRED 8 MONTH OLD RATS
G. Mariucci*, M. Tantucci, L. Colarieti, G. Bruschelli, C. Gambelunghe, and MV. Ambrosini

Dipartimento di Medicina Sperimentale e Scienze Bioclimiche, Universit di Perugia, Perugia, Italy.

The glial fibrillary acidic protein (GFAP) is an intermediate filament protein commonly used as

astrocytic marker. If initial activation of the GFAP gene marks astrocyte differentiation, its up-regulation
in the adult brain is considered a response to injuries of different types. Glial reaction is also a feature of

the aging brain, indicating the existence of a natural, age-related activation of astrocytes. Many questions

remain concerning the regulation of astrocytes during aging. Experimental data suggest that GFAP may

play a physiological role in memory function and that age-related increase in GFAP-immunoreactivity

(GFAP-IR) is correlated with spatial learning impairment. Moreover, increase in GFAP is related to

experimental induced seizures. In the present study, we investigated GFAP-IR changes in middle-aged

rats (8 months) trained for an active avoidance task. Comparative evaluation was carried out with young

adult and aged rats.

Wistar rats (Charles River, Italia) aged 3 (n=7), 8 (n=5) and 22 (n=4) months, implanted with extradural
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electrodes for recording EEG activity, were trained in a shuttle box for four 30 min periods. The day
before and immediately after training, EEG was recorded for 6 hours. The following day they underwent
a retention test of 30 min. After the test, they were sacrificed and their brains were removed, fixed in

Carnoy and embedded in paraffin. Coronal sections (5tm) were obtained rostro-caudally at 11 precisely
defined levels. Microscopic analysis was performed on the 11 sections, stained with cresyl-violet, in

order to exclude lesioned brains from the study. The adjacent sections were immunostained with

polyclonal anti-GFAP antibody (DAKO Labs) to identify GFAP-IR astrocytes in the cerebral cortex,

striatum, limbic system, thalamus, hypothalamus and substantia nigra. The number of GFAP-positive
astrocytes was counted in 3-4 0.06 mm fields for every region in both hemispheres. Astrocyte perimeters
and areas were measured using an Image analyzer (Image-Pro Plus, Media Cybernetics, USA).
Spontaneous abnormal spike-wave discharges were observed in the majority of middle aged rats and in

all aged rats. Eight month rats also showed avoidance learning impairment with prevalent escape
behavior. The immunohistochemical study demonstrated that the number of GFAP-IR astrocytes
increased with age in all cerebral regions chiefly in the hippocampus and substantia nigra. From 8

months, significant differences in GFAP-IR became more numerous between the cerebral regions. No
significant changes occurred in astrocyte areas and perimeters. In conclusion, our data indicate that

metabolic and ionic cerebral microenvironment is already altered at 8 months, as shown by anomalous
electrical activity, intense hippocampal astrogliosis and associative learning impairment.

LM22
RETROGRADE AND ANTEROGRADE TRANSPORT IN BASAL CHOLINERGIC NEURONES
PROJECTING TO CEREBRAL CORTEX IS IMPAIRED IN OLD RATS
G. Niewiadomska and S. Komorowski
Department ofNeurophysiology, Nencki Institute, Warsaw, Poland

Nerve growth factor NGF play a crucial role in maintenance survival and selective vulnerability of the

cholinergic neurones of the basal forebrain (BF), which are the major source of cholinergic innervation

in the cerebral cortex and hippocampus. NGF is synthesized by target cells of BF neuronal projection,
binds to NGF receptors located on nerve terminals, and is retrogradely transported to neurones of BF. BF
cholinergic neurones stop expressing their phenotype or/and degenerate in ageing brain and in clinical

dementias of Alzheimer’s type. As the amount of NGF in their projection site seems not to be reduced,
defects in NGF receptors production, in NGF receptor anterograde transport, in autophosphorylation of

NGF/receptor complex, and in retrograde transport of this complex can be responsible for the cholinergic

deterioration. To test directly whether axonal transport between BF and cortex was impaired in old rats,

repeated injections of fluorescent tracers (fluorogold, nuclear yellow, and true blue) of retrograde

transport were applied into the functional areas of cerebral cortex in young (4 mo-old) and aged (24 mo-

old) rats. The cholinergic BF neurones were identified by immunostaining for ChAT and p75NGF
receptor and histochemical staining for ACHE. A computerised image analysis was used to the
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morphometric description of stained neurones (number of cells, square area, and diameter). We found a

disruption in the connectivity between the cortical areas and the BF in old rats. This retrograde transport
impairment was specific for BF cortex connection as, in the same animals, there were no differences in
average density of retrogradely labelled cells in some others brain regions, e.g. thalamic areas, striatum,
and brain stem. Anterograde transport from BF seemed also to be impaired, as by using small injections
ofBDA into the BF we observed a lower density ofBF terminals in the cortical layers of aged rats. Using
small injections of neurotracers we have found a corresponding disruption in connectivity between the
cortex and the BF. The biochemical results showed that BF neuronal degeneration in aged rats is the
most consistent chemical phenotypic loss which correlates with the severity of cholinergic innervation

impairment in cortex. These both effects could be due to disturbances in the axonal transport including
the transport ofNGF.

LM23
EFFECTS OF PERIRHINAL AND MEDIAL SEPTAL AREA, FIMBRIA-FORNIX,
ENTORHINAL CORTEX COUPLED TETRODOTOXIN INACTIVATIONS ON PASSIVE
AVOIDANCE CONSOLIDATION IN THE RAT
E. Baldi*, C. Ambrogi Lorenzini, B. Sacchetti, G. Tassoni, and C. Bucherelli
Dipartimento di Scienze Fisiologiche, Universitgt degli Studi di Firenze, Viale G.B Morgagni 63, 1-50134
Firenze, Italy

On the basis of earlier experimental evidence, it was concluded that in the rat the singly performed
tetrodotoxin (TTX) post-acquisition inactivation of medial septal area (MSA), fimbria-fomix complex
(FF), and entorhinal cortex (EC) did not disrupt passive avoidance response (PAR) memorisation. Later
evidence showed that performing the combined coupled post-acquisition inactivation of MSA, FF and
EC, PAR disruption was observed only after the coupled FF-EC inactivation. The TTX inactivation

analysis of perirhinal cortex (PC) PAR post-acquisition mnemonic involvement showed that this site

becomes necessary only 24 hours after the acquisition session. In order to ascertain whether PC function
is absolutely unnecessary during that 24 h time interval, the combined coupled inactivations PC-MSA,
PC-FF, and PC-EC were performed. To anaesthetise male adult Wistar rats aged 60 days, TTX (5ng in

0.5tl saline) was stereotaxically injected bilaterally in the appropriate sites immediately after the PAR
acquisition session. Retrieval testing was performed 48 hours later. The results show that all three

coupled combined inactivations were followed by significant PAR disruption compared with the

respective control groups injected with saline. It may concluded that, notwithstanding the previous
results on PC mnemonic involvement chronology, this structure is somehow active even during the first

24 hours after the acquisition session. These results may be taken as indicating that during the initial

consolidation the engram is concurrently processed in more than one site, each of which by itself is not

absolutely necessary for the final engram formation.
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LM24
RAT’S PERIRHINAL CORTEX ROLE IN CONDITIONED FREEZING MEMORIZATION
B. Sacchetti*, C. Ambrogi Lorenzini, E. Baldi, G. Tassoni, and C. Bucherelli

Dipartimento di Scienze Fisiologiche, Universit degli Studi di Firenze, Viale G.B Morgagni 63, 1-50134
Firenze, Italy

In the rat it was shown by means of the post-acquisition tetrodotoxin (TTX) reversible inactivation

technique that the perirhinal cortex (PC) is involved in passive avoidance response (PAR) consolidation

for quite long duration: up to 8 days. The aim of the present work was that of ascertaining whether PC
could be involved for similar durations or not, when the subjects were to learn a different fear (aversive)
conditioned response, e.g conditioned freezing. Adult male Wistar rats (aged 60 days) were employed.
During a single acquisition trial, to the animals were administered 7 footshoeks at 30 see intervals (0.5
mA, see) when they were inside the conditioning apparatus. TTX (5 ng in 0.5 tl saline) was bilaterally
injected in the PC at increasing post-acquisition delays (0.25, 1.5, 6, 24, 48, 96, 192, 384 hours) in

several groups of rats. It was shown that control animals (saline bilateral injection in the PC) acquired
very well the conditioned freezing response as shown by the long freezing duration measured during
retention testing performed 48 hours after the injection. TTX injected groups showed significant shorter

freezing durations than the respective control groups after administrations performed up to 192 hours

after acquisition. The results show that in aversive conditioning the duration of PC involvement during

consolidation is fully comparable for both PAR and conditioned freezing. From this very long
involvement it may be concluded that PC is not only a site for consolidation, but also for storage of this

aversive fear learning.

LM25
RAT’S PERIRHINAL CORTEX ROLE IN CONDITIONED TASTE AVERSION
G. Tassoni*, C. Ambrogi Lorenzini, E. Baldi, B. Sacchetti, and C. Bucherelli

Dipartimento di Scienze Fisologiche, Universit degli Studi di Firenze, Viale G.B. Morgagni 63, 1-50134

Firenze, Italy

The aim of the present work is that of ascertaining the role of the perirhinal cortex (PC) in the several

phases of memory processing of Conditioned Taste Aversion (CTA) in the rat. Male adult Long Evans

rats (aged 70 days) were prepared with permanent cannulae aimed to the PC. Through these, TTX (5 ng

in 0.5 gl saline) was bilaterally injected to the freely moving animals in three experimental conditions" i)
60 rain before saccharine drinking on conditioning session day (LiC1 was injected i.p 40 rain after

saccharine drinking); ii) immediately after saccharine drinking on conditioning session day; iii) 60 rain

before retrieval testing performed two days after the conditioning session, when the rats could choose

between saccharine or water drinking. It was shown that only the first of the three groups (60 rain before

saccharine drinking on conditioning session day) showed memory impairment when compared with the
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respective control groups injected with saline. From these results one may conclude that, in CTA, PC
plays a significant role only on the shaping of the gustatory trace but is not involved in the subsequent
association of the gustatory engram with the US (LiC1) nor in the retrieval of the CS-US association

(saecharine-LiC1).

LM26
DIFFERENTIAL EFFECT OF
PERFUSION OF THE TASTE
AVERSION IN RATS
N. Fouquet* and G. Sandner
INSERM U405, Strasbourg, France

SELF-GENERATED VERSUS
STIMULUS ON SUBSEQUENT

FORCED INTRA-ORAL
CONDITIONED TASTE

The belonging of the conditioned taste aversion (CTA) to pure Pavlovian conditioning has been a matter

of debate. We were interested in one distinctive feature of CTA towards other conditioning, namely the

control of CS onset and offset provided to the animal by its free access to the CS during the conditioning
session. We investigated the role of the self-generated activity developped by the rat to go and take the

taste stimulus (CS), by comparing the aversion obtained in the presence (active group) or the absence of

this activity (passive group). The active methodology consists in free access to drinking tubes whereas

the passive methodology consists in intra-oral perfusion of the CS. As assessed by a common active

testing method (repeated two tubes tests), our results showed a higher extinction rate of the passive rats

as compared to active ones. The hypothesis of a contextual role of the mode of CS intake was supported
by renewal experiments in procedures known to be context specific, namely extinction, and latent

inhibition. However, this methodology did not allow us to account for the relative roles of the different

contextual cues provided by the drinking tubes versus the intra-oral cannula, and the role of the self-

generated activity per se. To avoid such confounding factors and to further investigate the role of the rat’s

activity upon subsequent CTA, we developped a situation where the rat had leamed that an instrumental

activity (nose-poke) leads to intra-oral perfusion of the CS. All rats were trained to nose-poke for intra-

oral perfusion of water for 5 shaping sessions. On the conditioning session, half of the rats were allowed

to nose-poke for CS intra-oral perfusion (active group), while the other animals underwent forced

perfusion at the same time of the same amount of CS, without making nose-poke activity (yoked-control

passive group). Every rat was then injected with lithium chloride. Conditioned taste aversion was

assessed by consumption of the CS through nose-pokes activity. Our preliminary results showed a

stronger CTA in the active group. Thus, it appears that the differential CTA first obtained with free

access to drinking tubes containing the CS as compared to CS intra-oral perfusion was not merely due to

differential contextual cues, but rather that the rat’s activity, controlling CS delivery, actually modulates

subsequent conditioned aversion.
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LM27
EARLY FEEDING BY A STOMACH TUBE IMPAIRS FOOD-REWARDED CONDITIONING
IN KITTENS
M. Stasiak, M. and B. Zernicki*

Department ofNeurophysiology, Nencki Institute ofExperimental Biology, Warsaw, Poland

The behavioral effects of early deprivation of "cue" sensory systems, mainly the visual system (see
Zemicki, 1991), have been intensely investigated. In the present study we investigate the effects of early
deprivation of the taste system, i.e., a representative of"reward" sensory systems. We used 7 kittens from

3 litters. Three kittens were deprived of food taste stimulation and thus of oral food reward. They were

weaned from their mother just after birth and fed by a stomach tube during 75 days. Two control kittens

were also weaned from their mother but were fed orally via a bottle during 75 days. Two additional

kittens remained with the mother (normal kittens). We carried carefully for the deprived and control

kittens and played a lot with them. The testing began immediately after the deprivation period. The

kittens of all groups approached similarly a dish with food and consumed similar amount of food when

fed ad libitum. However, the deprived kittens ate more slowly than the control and normal kittens. The

deprived kittens differed in two respects from the control and normal kittens during food-rewarded

instrumental training to a visual cue: (1) they acquired the instrumental response much more slowly" two

normal kittens reached the criterion performance during 2 and 6 sessions, two control kittens during

and 4 sessions, whereas the deprived kittens during 17, 21 and 23 sessions, (2) they extinguished acutely

this response also much more slowly" two normal kittens extinguished the response during 4 and 9 trials,

two control kittens during 2 and 9 trials, whereas one deprived kitten during 35 trials and two failed to

extinguish the response during 50 trials. The results can be explained by a hypothesis that the oral

rewarding value of food was underdeveloped in the deprived kittens and so their alimentary behavior and

learning were mainly controlled by hunger reduction produced by food in their stomachs. A comparison

of these results with our previous data on visually deprived cats shows that early food taste deprivation

appears to be more harmful for visual-food conditioning than is visual deprivation. The results also show

that the maternal deprivation and the long-lasting feeding via a bottle may not significantly influence the

alimentary behavior and learning.
Supported by the State Committeefor Scientific Research 0397/P04/99/16.

Zernicki, B. (1991) Brain Res. Rev. 16, 1.

LM28
MOLECULAR HETEROCHRONIA OF MEMORY PROCESSES

V. V. Sherstnev*, Z.I. Storozheva, M.A. Gruden, andA. T. Proshin

P.K. Anokhin Institute ofnormalphysiology RAMS, Moscow, Russia

Recent reports have indicated the specific participation of neurotrophic factors in both growth and
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