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Abstract

In earlier studies it was found that glutamatergic transmission within the nucleus accumbens septi is involved in the performance of a
learned visual shape discrimination in pigeons. This study examines what effects several kinds of glutamate and dopamine antagonists have
on the same task. Pigeons were trained with the relevant discrimination, bilaterally implanted with cannulas into the nucleus accumbens and
tested after various transmission blockers had been administered intracerebrally. SCH-23390, a D1 dopamine antagonist, at the dose used,
had no effect, and Spiperone, a D2-dopamine and SHT2a-serotonine antagonist, significantly decreased the error repeat trials. CNQX, a non-
NMDA glutamate receptor antagonist, and Cycloleucine, an antagonist of the glycine allosteric site of NMDA receptors, had no effect. CGS-
19755, a selective competitive NMDA antagonist, significantly impaired performance by significantly decreasing the percent correct trials
and increasing the error repeat trials. CPPG, a II/IIl metabotropic glutamate antagonist, remarkably improved performance. MMPG, a I1I/I1
metabotropic glutamate antagonist, at the dose used, did not have any significant effect. The preparation employed may be a useful animal

model of perceptual disturbances in schizophrenia.
© 2005 Elsevier Inc. All rights reserved.
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The basal forebrain accumbens septi nucleus (Acc) has
received considerable attention in recent years because of its
probable involvement in the pathophysiology of schizo-
phrenia (Gray, 1995; Heimer, 2000). In mammals, the
nucleus is a major component of the ventral striatum and
receives among other inputs dopaminergic projections from
the ventro-tegmental area and glutamatergic projections
from the cortico-limbic system. In the past it has been
considered to be mainly concerned with motor, stereotypy
and reward functions (Baldo et al., 2002; Gargiulo, 1996;
Kelley and Berridge, 2002). More recently the Acc has been
also connected with anxiety control and cognitive process-
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ing (Di Ciano et al., 2001; Gargiulo et al., 1999; Martinez et
al., 2002a,b; Roullet et al., 2001). Both dopaminergic and
glutamatergic mechanisms seem to intervene in several of
these Acc functions (Aultman and Moghaddam, 2001;
Baldwin et al., 2002; Smith-Roe and Kelley, 2000).
Comparative studies indicate that an Acc is present in all
tetrapod vertebrates (Marin et al., 1998). In the standard
pigeon brain atlas (Karten and Hodos, 1967) it is located
below the ventral edge of the lateral forebrain ventricles in the
septal area. According to some later studies, the avian Acc
extends more posteriorly, ventrally, and laterally than shown
in the atlas, surrounding the bed nucleus of the stria terminalis
(Nst) (Mezey and Csillag, 2002; Roberts et al., 2002;
Veenman et al., 1995). An analogous association with the
Nst is considered characteristic of the caudal Acc of
mammals (Chronister et al., 1980). The so-defined Acc area
of birds receives an input from the ventral mesencephalic
tegmentum (Durstewitz et al., 1998; Mezey and Csillag,
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2002). As it does in mammals, this reward signaling pathway
appears to also rely on dopaminergic transmission in pigeons
(Delius and Pellander, 1982). A glutamatergic innervation of
the avian Acc has not yet been sought for, but it is known that
it receives corticostriatal-like projections (Veenman et al.,
1995). Glutamate receptors (GIuR), however, have been
detected elsewhere in the avian brain, including in their basal
ganglia (Jiao et al., 2000; Reiner, 2002). It is proper to
mention that a recent revision has relocated the avian Acc to a
more anterior area than even that delineated in the atlas
(Karten and Hodos, 1967) and has assigned the peri-Nst area
to the ventral pallium (Reiner et al., 2004) without offering
particularly cogent reasons for this. For continuity’s sake we
retain here the earlier Acc denomination for the caudal area.

In previous studies we found that the administration of
N-methyl-D-aspartate ionotropic GluR (NMDA iGluR)
antagonists into Acc disrupted a previously learned visual
discrimination task (Acerbo et al., 2002; Gargiulo et al.,
1998; Gargiulo, 2003). The treatments were assumed to
have degraded or distorted the perceptual information
essential for a proficient discrimination performance.
Pigeons—far more so than rats—are highly visual organisms,
much like humans are. The visuo-cognitive capacities of
pigeons are gauged to be on par with those of smaller
primate species (Delius and Delius, in press; Delius et al.,
2001). Performance deficits in visual discrimination upon
disturbances in cortico-associative areas of pigeons indicate
that cognitive processes influence their visual perceptions
(Aldavert-Vera et al., 1999; Delius et al., 1984).

The circumstance that experimental alterations of Acc
transmission mechanisms affected the visual discriminative
performance of pigeons in a schizophrenia-congruent
manner (Acerbo et al., 2002; Gargiulo, 2003; Gargiulo et
al., 1998; Gargiulo and Landa de Gargiulo, 2004) has
suggested to us that the preparation could serve as a model
to study the processes that might underlie the perceptuo-
cognitive disturbances typical of schizophrenia (Conrad,
1966; Del Vecchio and Gargiulo, 1992; Silverstein et al.,
2000). The purpose of the present study is to explore the
potentialities of the pigeon preparation further by examining
the effect of various glutamatergic and dopaminergic
antagonists relevant in the context of that concept.

1. Method
1.1. Subjects and apparatus

Adult domestic pigeons (Columba livia) of local
homing stock and weighing between 450 and 550 g were
used. They were kept in individual 40 x45x35 cm
stainless steel grid cages located in a well-ventilated and
illuminated (12 h on/12 h off) room and were maintained
at 80% of their free feeding weight throughout the
experiment. Because of logistic constraints the birds were
randomly divided into two successively treated batches of

initially 22 and 15 pigeons each. All the experimental
treatments described in this paper complied with German
animal welfare laws and regulations.

Horizontal conditioning platforms controlled by a per-
sonal computer were used (Xia et al., 1996). These were
attached to the pigeons’ home cages replacing their standard
feeding troughs. Each platform incorporated two side-by-
side transparent pecking keys (diameter 2.5 cm, centers 5
cm apart). Two light-emitting-diode matrices (5 x 7 green
diodes, 12 x 17 mm) served to present visual pattern stimuli
under these keys. Two solenoid feeders could separately
deliver rewards consisting of 3 to 6 millet seeds onto the two
keys.

1.2. Training procedure

The pigeons were first shaped to peck the keys. This was
done in successive blocks of 40 trials. Each trial began with
a 20-s inter-trial interval. A small pentagonal stimulus was
then presented for 8 s randomly under either the right or the
left key, the other key remaining unlit. A peck to the
illuminated key delivered an immediate reward onto this
key. The key remained lit for another 2 s while the pigeon
fed and before the next inter-trial interval began. If the
pigeon did not peck, a reward followed by the 2-s feeding
period was automatically issued at the end of the standard 8-
s stimulus presentation. As soon as 80% of the trials of a
block yielded pecks, these latter free rewards were
discontinued; the pigeons being only rewarded if they
pecked the key during a now continuous presentation of the
stimulus. When the subjects had emitted 40 such instru-
mental responses, they entered the training phase.

The daily training sessions consisted of 10 blocks of 40
trials each. A trial began with the simultaneous presentation
of two discriminative stimuli under the keys. Two mirror-
image visual stimuli were used, a p-like shape and a g-like
shape (size: 3 x 5 diodes, 7 x 12 mm) in either a standard or
an inverted (180° rotated) orientation. The two types of
stimulus pairs and the right/left key allocation of the relevant
stimuli were randomized across the successive trials of each
block. The p (or d) shape was defined as correct, the q (or b)
shape as incorrect. The stimuli remained lit until the pigeons
delivered altogether three pecks to either one or the other
key. When this response requirement was completed on the
key showing a correct stimulus it yielded a reward followed
by a 2-s feeding time with the stimuli still being lit. When the
response requirement was completed on the key displaying
the incorrect stimulus it yielded a penalty consisting of a 2-s
time-out with the whole stimulus matrix lit. In either case, a
2-s inter-trial interval with dark stimulus matrices always
preceded the next trial. Trials ending in penalty were
followed by a repeat trial with exactly the same stimulus
configuration. This correction procedure ended when the
pigeon chose the correct stimulus. The number of correct and
of repeat trials was separately recorded. The correct-trial
counts naturally excluded the terminal correcting trials. The
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training phase ended when a criterion of 80% correct trials
was achieved within a block of trials.

1.3. Surgery and testing

The pigeons were then chronically cannulated. Anes-
thesia was induced by a combined xylazine and ketamine
i.m. dose and maintained with additional doses of ketamine
(Gargiulo et al., 1998). With a stereotaxic apparatus, each
pigeon was implanted with two stainless steel guide
cannulas (23 gauge, 13 mm long) with their beveled tips
aimed towards but kept 2 mm short (see below) of the right
and left Acc at the stereotactic coordinates A 8.5, L 2.0, D
7.5 of the pigeon brain atlas (Karten and Hodos, 1967). The
cannulas were fixed to the skull with acrylic cement and
were closed with removable stainless steel pins (30 gauge,
13 mm long). After surgery, the pigeons were allowed a
week to recover. They were then retrained until they re-
attained the 80% correct criterion before testing began.

A test with a given drug involved two sessions carried
out on two consecutive days. Immediately before the first of
these sessions the pigeons were injected bilaterally with 1 pul
saline doses and immediately before the second session they
were injected bilaterally with 1 pl drug solution doses (see
below). The occlusion pin of the relevant cannula was
removed and a 30-gauge stainless steel injection cannula
connected to a microsyringe was inserted through the guide
cannula. The length of the injection cannula (15 mm) was
adjusted to reach the Acc at the above-listed stereotactic
coordinates. The volumes were gradually injected over 2-
min periods and the injection cannula was left in place for
an additional 1 min to allow diffusion. Immediately after-
wards they were returned to their cage where the test
sessions proceeded as described before, but consisted now
of 3 blocks of 40 reinforced trials each. The pigeons took
about 20 min to complete them. The data recorded for each
bird and session were the number of correct trials and the
number of repeat trials after incorrect trials. Between the
successive pairs of sessions pertaining to the different drugs
there was an interval of at least 1 day. The different drugs
were administered according to the sequential scheme
detailed below. The interposed saline sessions allowed to
check whether a return to baseline performance had
occurred before the administration of the next drug. Correct
trials and repeat trials scores for each pigeon in each of the
saline and drug sessions were tabulated. Means and standard
errors for saline sessions and drug sessions were calculated.
The data sets were checked for normality with Kolmo-
gorov—Smirnov tests and then subjected to parametric
analyses of variance (ANOVAs) and paired Student’s z-tests.

1.4. Drugs and histology
The drug doses and the order in which they were

administered over the drug sessions were as follows. First
batch of pigeons: (1) the D1 dopaminergic receptor

antagonist SCH-23390 (R-(+)-7-chloro-8-hydroxy-3-
methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benza-zepine,
Tocris), 1 pg/ul; (2) the D2 dopaminergic receptor antag-
onist Spiperone (8(4-(4-fluorophenyl)-4-oxobutyl)-1-phe-
nyl-1,3,8 triazaspiro-(4,5)decan-4-one, Tocris), 1 pg/ul;
(3) the NMDA iGluR allosteric glycine site antagonist
Cycloleucine (l-aminocyclo-pentanecarboxilic acid,
Sigma), 3 pg/pl); and (4) the selective NMDA iGlu
antagonist CGS 19755 (cis-4-(phosphonomethyl)-piperi-
dine-2-carboxilic acid, Sigma), 0.01 pg/ul. Second batch
of pigeons: (1) the non-NMDA iGlu antagonist CNQX (6-
cyano-7-nitroquinoxaline-2,3-dione disodium, Tocris),
2.5ng/ul; (2) the selective II/III mGluR antagonist CPPG
(RS-alpha-cyclopropyl-4-phospho-nophenylglycine, Toc-
ris), 1 pg/ul; and (3) the selective III/II mGluR antagonist
MPPG (RS-alpha-methyl-4-phosphonophenylglycine, Toc-
ris), 1 pg/ul. All the drugs were dissolved in saline and
injected as detailed above. The doses employed were chosen
on the basis of both published information and own
preliminary results.

After the pigeons had completed the above treatments
they were anaesthetized, i.c. injected with 1 pl cresyl violet
solution into each brain side and then perfused trans-
cardially with saline and 4% formaline in phosphate saline
buffer solution. The brains were removed from the skull and
postfixed in the same formaline solution. After bathing in a
30% saccharose solution for a few days the brains were
blocked and sectioned (40 um) with a cryotome. The tissue
block face was continuously inspected with a 10x
magnifying lens and every 5Sth section around the injection
sites was mounted. The injection sites were located with the
aid of a microscope and transferred to standard brain
section.

2. Results
2.1. Histology

Of the 18 pigeons in the first batch that were successfully
trained, cannulated and tested, 11 had their injection sites
(small lesions, stain deposit) bilaterally located within the
Acc or its immediate neighbourhood whereas in 7 pigeons at
least one of the injection sites lay well away from the Acc or
within the overlying lateral ventricle (Fig. 1, left). Of the 13
pigeons of the second batch that were successfully trained,
cannulated and tested, 12 had their injection sites similarly
located in the Acc or its immediate neighbourhood whereas
in one pigeon the injection sites lay well outside the Acc
(Fig. 1, right).

2.2. Training and testing
The 18 pigeons of the first batch needed between 19 and

70 (median 28) blocks of discrimination training to reach
the 80% correct discrimination criterion. After surgery they
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Fig. 1. Frontal brain sections showing the location of the injection sites. Filled circles mark the injection sites where both right and left sites were within the Acc
or its immediate neighborhood. Open circles mark the injection sites of pigeons with at least one site outside the Acc (ventricle or otherwise). Left: 11 plus 7
pigeons of first batch. Right: 12 plus 1 pigeons of second batch. Abbreviations: Acc, nucleus accumbens; CA, comissura anterior; CO, chiasma opticum; E,
ectostriatum; H, hyperstriatum; Nst, nucleus stria terminalis; N, neostriatum; PA, paleostriatum augmentatum; PP, paleostriatum primitivum; S, septum. A8 and

A9 refer to stereotaxic planes (Karten and Hodos, 1967).

required between 6 and 47 (median 8) blocks to re-attain the
same criterion. The 13 pigeons of the second batch needed
between 7 and 55 (median 27) blocks of discrimination
training to reach the 80% criterion. After surgery they
required between 2 and 31 (median 5) blocks to re-attain
that criterion.

The 11 pigeons of the first batch that received bilateral
injections into the Acc or its immediate neighborhood
exhibited a steady baseline performance across the 4 saline
sessions yielding an average 72.5+1.3% correct trials and
an average 16.7+1.6 repeat trials. Separate ANOVASs based
on the individual data showed that the across-sessions
variations of both measures were not significant (both
p’s>0.05). Sharply contrasting with that, separate ANOVAs
showed that the variations of both correct trials and repeat
trials scores across the 4 drug treatment sessions were
significant (p» <0.01 and p <0.001). Regarding the 7 pigeons
with misplaced injection sites, neither the saline baseline
scores nor the drug treatment scores exhibited any signifi-
cant across-sessions variations (ANOVAs, all p’s>0.05).
Tables 1 and 2 list the detailed drug by drug results. For
clarity, the different baseline session averages were set here
to equal 100%, and in turn, the different drug treatment

scores were expressed in percentages of the individually
corresponding saline baseline scores.

Paired ¢-tests comparisons between saline and drug
session indicated that Spiperone, a D2-dopamine and
SHT2a-serotonine antagonist, improved the performance
by significantly (p<0.05) decreasing the number of repeat
trials. Inversely, CGS 19755, a competitive NMDA iGluR
antagonist, caused a significant decrease in the number of
correct trials (»<0.01) and an increase in the number of
repeat trials (» <0.001) against the corresponding baselines.
Neither a motivational nor any motor impairment seemed to
be involved since the pigeons began to key-peck immedi-
ately, completed the corresponding sessions about as swiftly
as the baseline sessions and directed their pecks accurately
at the keys. Neither SCH-23390, a potent D1 dopamine
antagonist, nor Cycloleucine, an allosteric glycine site
antagonist of the NMDA iGluR, had a significant effect.
None of the drugs, including CGS 19755, had any
significant effect when injected outside the Acc area in at
least one of the two brain halves (Table 2).

The 11 pigeons of the second batch that received bilateral
injections into the Acc or its immediate neighborhood
exhibited a steady baseline performance across the 3 saline

Table 1
First batch pigeons (n=11) injected bilaterally into the Acc or its immediate neighbourhood with Saline (baselines), SCH-23390, Spiperone, Cycloleucine and
CGS-19755

Saline SCH-23390 Saline Spiperone Saline Cycloleucine Saline CGS-19755
Correct 100.0£3.1 104.1+1.0 100.0£2.9 103.7£2.9 100.0+2.5 103.0£2.9 100.0+2.3 84.3+2.8%*
Repeat 100.0£11.3 88.5+£7.3 100.0£7.5 82.2+7.2%* 100.0+10.3 82.7+7.9 100.0+9.8 181.3+11.9%**

Across pigeons mean percent (+S.E.) correct trials and repeat trials for baseline and treatment sessions. Asterisks denote significant saline—drug differences.
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Table 2

First batch pigeons (n=7) injected outside the Acc in at least one brain side with Saline (baselines), SCH-23390, Spiperone, Cycloleucine and CGS-19755
Saline SCH-23390 Saline Spiperone Saline Cycloleucine Saline CGS-19755

Correct 100.0+2.9 105.7+5.2 100.0+5.0 101.6+5.1 100.0+3.8 99.7+4.8 100.0+3.3 103.9+5.6

Repeat 100.0+9.1 92.7+14.9 100.0+10.8 88.4+10.5 100.0+8.1 96.1+9.9 100.0+9.6 89.7+14.2

Across pigeons mean percent (£S.E.) correct trials and repeat trials for saline baseline and drug treatment sessions. There are no significant saline—drug

differences.

sessions yielding an average 72.9+1.7% correct trials and
an average 18.9+2.2 repeat trials. Separate ANOVAS
showed that the variations of both the correct trial and
repeat trial scores across the saline baseline sessions were
not significant (both p’s>0.05). Contrasting with that,
separate ANOVAS showed that the variations of both the
percent correct and repeat trials scores across the drug
treatment sessions were significant (both p’s<0.05). For
clarity, as before, the detailed saline and drug results shown
in Table 3 are again expressed in terms of percentages.

Paired #-tests showed that CNQX, a potent non-NMDA
iGluR antagonist, had not yielded any significant effect.
However, CPPG, a potent group II and III metabotropic
glutamate receptor (II/IIl mGluR) antagonist, caused the
correct trials to increase (p<0.01) and the repeat trials to
decrease (p<0.01). In the single pigeon with an injection
site outside the Acc CPPG had, if anything, a depressing
effect on performance. MMPG, a potent group III and
weaker group II mGluR antagonist, yielded no significant
differences.

3. Discussion
3.1. Dopamine receptor antagonists

The dopaminergic Acc blockades had mixed effects on
the pigeons’ visual discrimination performance. At the dose
employed the D1-type receptor blocker SCH-23390 had no
effect. The D2-type receptor blocker Spiperone, however,
decreased the incidence of repeat trials, this constituting a
performance improvement. Previously we had found that
apomorphine, an unspecific D1- and D2-type receptor
agonist, had no effect on the performance of the same
discrimination task (Gargiulo et al., 1998). The same dose of
apomorphine administered intracerebrally in several other
brain locations than the Acc was effective in eliciting
pecking, the relevant motor response in the present task
(Acerbo et al., 2002). Moreover, this apomorphine-induced
pecking which can also be elicited with systemically

injected apomorphine is associated with a discriminatory
learning process (Acerbo et al., 2003; Keller and Delius,
2001). However, both these effects appear to have more to
do with the acquisition than with the retrieval of a
behavioral response (Acerbo and Delius, 2004; Acerbo et
al., 2004; Schultz, 2002).

3.2. NMDA ionotropic glutamate receptor antagonists

The competitive NMDA iGluR blockers AP-5 and AP-7
were previously both found to impair the performance of the
same visual discrimination used here (Acerbo et al., 2002;
Gargiulo et al., 1998). An analogous impairment was
obtained here with the competitive NMDA iGluR antagonist
CGS-19755. Although the relevant receptors are considered
to be mainly involved in the acquisition and consolidation
of learned tasks (Jerusalinsky et al., 1992; Martinez et al.,
2002a), there is nevertheless evidence that they also
participate in the retrieval of previously memorized infor-
mation (Acerbo et al., 2004; Maldonado-Irizarry and Kelley,
1995).

Cycloleucine, a non-competitive NMDA iGluR antago-
nist (Scatton, 1993), acting on a modulatory glycine site
(Millan, 2002), yielded no effects (see also Acerbo et al.,
2002). The selective NMDA iGIluR competitive blockers
CGS-19755 had a performance depressing effect much as
NMDA iGluR competitive blockers AP-5 and AP-7 had in
the previous studies (Acerbo et al., 2002; Gargiulo et al.,
1998). Whatever the precise role of these antagonists is, it
seems now certain that NMDA iGIuR are present in the
pigeon’s Acc and that they are somehow involved in the
retrieval of a learned discriminative performance.

3.3. Non-NMDA ionotropic glutamate receptor antagonists

Our evidence suggests that non-NMDA iGluRs are not
implicated in the pigeon’s discriminatory performance. But
our results disagree with findings relating to these receptors
in the hippocampus of rats where they were found to be
involved in the retrieval of learned tasks (Izquierdo et al.,

Table 3
Second batch pigeons (n=11) injected bilaterally into the Acc or its immediate neighborhood with Saline (baselines), CNQX, CPPG and MPPG

Saline CNQX Saline CPPG Saline MPPG
Correct 100.0+3.0 100.5+3.6 100.0+3.2 106.8+3.9 ** 100.0+4.0 102.9+4.4
Repeat 100.0+21.2 73.0+£9.3 100.0+13.0 81.6+11.1%* 100.0+£14.5 97.2+18.0

Across pigeons mean percent (+S.E.) correct trials and repeat trials for saline baseline and for drug treatment sessions. Asterisks denote significant saline—drug

differences.
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2000; Riedel et al., 1999). It is possible that the non-NMDA
iGluR of pigeons have a lesser affinity to CNQX (and also
to NBQX: see Gargiulo et al., 1998) than those of rats and
that the doses used here were too low to produce
behaviorally detectable effects. The low hydrosolubility of
CNQX unfortunately limits the drug amount that can be
intracerebrally administered.

3.4. Metabotropic glutamate receptor antagonists

The doubtlessly most striking result of the present study
is that the II/IIl mGIuR blocker CPPG, but not the III/II
mGluR blocker MMPG, enhanced the pigeon’s performance
on the shape discrimination task. It is not often found that
the intracranial administration of a drug results in a better
than baseline performance of a learned task. The type Il
mGluRs that seem to be mainly implicated are known to be
presynaptically located and to have an inhibitory action on
the glutamate release (Kilbride et al., 1998). It is therefore
probable that an augmented postsynaptic glutamate release
was responsible for the discrimination improvement
obtained. Our previous findings have shown that a blockade
of glutamatergic transmission in the pigeon’s Acc impaired
the discrimination performance (Acerbo et al., 2002;
Gargiulo et al., 1998). But it is also possible that the II
mGlIuR blockage down-regulated the release of dopamine
from the corresponding terminals (Verma and Moghaddam,
1998) and restored the balance between NMDA and non-
NMDA iGluR activations, since type II mGIluR agonists
have a presynaptic inhibitory effect (Javitt and Coyle, 2004;
Kilbride et al., 1998).

4. Conclusion

Earlier we suggested that glutamatergic blockades of the
Acc lead to behavioral modifications that in pigeons may be
considered as modeling the positive (perceptual disfunction)
symptoms (Acerbo et al., 2002; Gargiulo et al., 1998) and
that in rats can be thought as modeling the negative
(affective flattening) symptoms of schizophrenia (Gargiulo,
2003; Martinez et al., 2002b). Recent clinical studies
support the view that both these symptoms have a common
pathophysiology (Heydebrand et al., 2004). The prevalent
view is that they are caused by a glutamatergic hypofunction
which only secondarily causes a dopaminergic hyperfunc-
tion (Carlsson et al., 2000; Laruelle et al., 1996). This
dysfunction probably affects projections converging onto
the Acc and thus the glutamatergic cortical afferents to the
Acc are thought to be crucial (Grace, 2000).

Schizophrenics exhibit a decreased activity within the
prefrontal cortex (Friston, 1992; Liddle et al., 1992a,b). In
mammals the prefrontal cortex is known to send glutama-
tergic projections to the Acc (O’Donnel and Grace, 1993;
Sesack et al., 1989) that are in turn inhibited by presynaptic
D2 dopaminergic inputs (O’Donnel and Grace, 1994). In

pigeons lesions of an area presumed to be an equivalent of
the mammalian prefrontal cortex were found to impair the
performance of the same visual discrimination task used in
the present study (Aldavert-Vera et al., 1999; but see Reiner
et al., 2004). Our results concerning the improved discrim-
ination performance observed after intra-Acc Spiperone
administration might be attributable to a blocking of the
dopaminergic inhibition. Conversely an inhibition of the
presynaptic II mGluR autoreceptores of the glutamatergic
cortico-accumbens pathway could explain the performance
improvement we observed after intra-Acc injections of
CCPG.

We assume that blockages of the glutamatergic inputs
that impinge on the Acc interfere with the perception of the
visual cues that normally serve to guide the pigeons towards
the goal rewards. Within this framework NMDA iGluR
antagonist (AP-5, AP-7, CGS-19755) injections into the
Acc lead postsynaptically to a decreased glutamatergic
transmission which impairs the discrimination, while the
autoreceptor blocking by II/IIl mGluR antagonists lead to a
presynaptic enhancement of glutamate release and an
improvement of discrimination performance. The effect
obtained with Spiperone might have arisen in a similar way
as D2 receptor blockades of Acc interfere with the
dopaminergic inhibition of glutamatergic terminals. These
effects were primarily judged in terms of percent correct
choices. The alterations in repeat trial scores may reflect the
same processes but could also have to do with the induction
of response perseveration. This persistence may relate to
stereotyped behavior and cognitive rigidity symptoms
(Acerbo et al., 2002; Gargiulo et al., 1998; Gargiulo,
2003; Robbins, 1991). It is in any case noteworthy that in
the pigeon model only the selective and competitive NMDA
iGluR antagonists and the II mGIluR antagonists affected
both the discrimination performance measures.
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