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Summary. Effects of blocking N-methyl-D-aspartic acid (NMDA) and

non-NMDA glutamatergic receptors on performance in the hole board

test was studied in male rats bilaterally cannulated into the nucleus

accumbens (Acc). Rats, divided into 5 groups, received either 1 ml in-

jections of saline, ( � ) 2-amino-7-phosphonoheptanoic acid (AP-7) (0.5

or 1 mg) or 2,3-dioxo-6-nitro-1,2,3,4,tetrahydrobenzo-(f)quinoxaline-7-

sulphonamide disodium (NBQX, 0.5 or 1 mg) 10 min before testing. An in-

crease by AP-7 was observed in ambulatory movements (0.5 mg; p<0.05),

non-ambulatory movements and number of movements (1 mg; p<0.05);

sniffing and total exploration (1 mg; p<0.01). When holes were consid-

ered in order from the first to the fifth by the number of explorations, the

most visited holes (first and second) of the AP-7 group were significantly

higher than the corresponding holes of saline group (p<0.05 for 0.5 mg

and p<0.001 for 1 mg). When the second hole was compared with the

first of his group, a difference was only observed in the AP-7 1 mg group

(p<0.001). Increasing differences between the other holes and the first

were observed by drug treatment. At molecular level, it was observed that

AP-7 induced an increase of the coat protein AP-2 expression in Acc,

but not AP-180 neither the synaptic protein synaptophysin. The increase

of AP-2 was also observed in the medial prefrontal cortex by the action

of AP-7 but not NBQX. We conclude that NMDA glutamatergic block-

ade might induce an activation of the endocytic machinery into the Acc,

leading to stereotypies and perseverations, lacking cortical intentional

direction.
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Introduction

An important number of studies has been done in recent

years paying attention to the nucleus accumbens septi (Acc)

of the basal forebrain, that is a major component of the

ventral striatum of the rat, and its possible role in the

pathophysiology of schizophrenia has been remarked. It

receives a large number of projections, some of them of

dopaminergic nature coming mainly from the ventral teg-

mental area, and some cortical glutamatergic afferences

from the olfactory and limbic cortex including amygdala,

hippocampus and prefrontal cortex (see Grace 2000;

Gargiulo et al. 2005). The corresponding receptors are found

in the Acc (Albin et al. 1991). In turn, the Acc efferents

reach several basal ganglia nuclei, as well as hypothalamic

and limbic areas (Pennartz et al. 1994). It strongly suggests

that the Acc plays a role as an important interface between

the corticolimbic and motor systems.

Acc appears to be involved in several behavioral process-

es, such as motor activity (Carlsson and Carlsson 1990;

Gargiulo 1996), motivation and reward (see Tzschentke

and Schmidt 2000), anxiety (Plaznik et al. 1994; Jessa

et al. 1996; Martı́nez et al. 2002a, b) and cognitive functions

(Martı́nez et al. 2002a; Gargiulo et al. 2005; reviewed

by Gargiulo 2001, 2003; Gargiulo and Landa 2004), as

learning and performance of sensory-motor behaviour

in the mammalian Acc (Tzschentke and Schmidt 2000;

Roullet et al. 2001). Glutamatergic transmission has been
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pointed as related to learning (Baron and Moersbaecher

1996), and both dopaminergic and glutamatergic transmis-

sion appear to participate in these Acc functions (Smith-

Roe and Kelley 2000; Di Ciano et al. 2001; Baldwin et al.

2002), and they appear to have effects on different aspects

of working memory (Aultman and Moghaddam 2001). The

role of the glutamatergic transmission in cognitive func-

tions has also been reported in the Acc of birds (Gargiulo

et al. 1998, 2005; Keller and Delius 2001; Acerbo et al.

2002).

Excitatory synaptic transmission within the brain is large-

ly mediated by ionotropic glutamate receptors. It is thought

that maintaining and modifying of number of glutamate

receptors is regulated by internalization from the synaptic

membrane. In the case of AMPA receptors the rapid con-

stitutive internalization is regulated by synaptic activity

(Ehlers 2000; Lin et al. 2000), meanwhile NMDA receptors

are thought to be stable during synaptic activity. However,

certain stimuli can induce rapid internalization of NMDA

receptors (Snyder et al. 2001; Nong et al. 2003). Glutamate

receptor internalization is thought to occur via clathrin

coated vesicles (Martin et al. 1991; Beattie et al. 2000;

Ehlers 2000; Lin et al. 2000; Petralia et al. 2003), although

the specific mechanisms of glutamate receptor internaliza-

tion are still poorly understood. A dopamine-mediated in-

ternalization of D2-receptors cannot be ruled out, as it has

been described in the rat striatum after amphetamine ad-

ministration (Sun et al. 2003).

Endocytosis is a fundamental mechanism by which neu-

rons control intracellular signalling, nutrient uptake and

synaptic transmission. This process is carried out by cla-

thrin coated vesicles (CCV). In most cell types, CCV me-

diate selective transport from the trans Golgi network

(TGN), and from the plasma membrane to endosomes

(Crowther et al. 1976; Schmid 1997; Kirchhausen 1999).

In brain, endocytosis mediated by CCV is required for

recycling of membrane proteins after the release of neuro-

transmitters during synapses (Richards et al. 2000; Slevnev

and De Camilli 2000). At the nerve terminals, endocyto-

sis must keep up with exocytosis, otherwise an active

presynaptic site would deplete itself of transmitter, and

its membrane would swell out of congruence with postsyn-

apse. It has been proposed that membrane of CCV partici-

pates in reforming of synaptic vesicles, by direct retrieval

or via large cisternal intermediates which pinch off directly

from the plasma membrane. The assembly of the coat in

clathrin coated pits is regulated by specific adaptors (APs)

through interactions with both membrane proteins and cla-

thrin (Kirchhausen 1999). Among the four adaptor com-

plexes described so far, AP-2 appears as the most relevant

component of CCV in endocytosis. This complex is a het-

erotetramer composed by two large subunits (a and b2) and

two smaller ones (m2 and s2). In nervous tissue, two types

of a subunit have been described so far, a1 and a2, al-

though the significance of these two isoforms has not been

explained.

Besides the adaptor complexes, other proteins participate

in the endocytic machinery mediated by clathrin coated

vesicles; e.g. the phosphoprotein AP180, Eps 15, Epsin,

and HIP-1 (Huntingtin interacting protein) (Tebar et al.

1996; Slevnev and De Camilli 2000; Cousin and Robinson

2001; Kalthoff et al. 2002). From a body of evidence, it is

possible that disturbances in the endocytic process at the

nerve terminals are implicated in dysfunctions of the cen-

tral nervous system and in neurodegenerative diseases.

We have previously reported that NMDA glutamatergic

blockade of Acc is an usable model of positive (Gargiulo

et al. 1998, 2005; Acerbo et al. 2002; Martı́nez et al. 2002a)

and negative symptoms of schizophrenia (Martı́nez et al.

2002a, b; reviewed by Gargiulo 2001, 2003; Gargiulo and

Landa 2004). Since the NMDA receptor antagonists play

an important role on cognitive processes, we decided to

comparatively study the action of ionotropic NMDA and

non-NMDA (Kainate and AMPA) glutamatergic transmis-

sion at molecular level and in a working memory test,

taking into account the role of this function in schizophre-

nia. The aim of the present report is to compare the action

of selective blockers of N-methyl-D-aspartic (NMDA)

and non-NMDA glutamatergic receptors injected stereo-

taxically into the Acc on performance in the hole board

test, and on expression of coat proteins in areas of rat

brain, in order to elucidate if the endocytic machinery is

affected and if effects related to exploration strategies and

locomotor activity are observed under these experimental

conditions.

Materials and methods

Reagents

The monoclonal antibodies against a-adaptin (mAB 100=2), g-adaptin

(mAB 100=3), AP-180, synaptophysin, or the biotinylated anti-mouse

IgG, and peroxidase-conjugated avidin were purchased from Sigma Chem-

icals (St. Louis, MO). Chemiluminescent reagents were from Pearce

(Rockford, IL).

Subjects

Male rats from a Holtzman-derived colony, aged 90 days and weighing

240–270 g were used (n¼ 141). They were maintained under controlled

conditions of temperature (22–24�C), humidity (20–25%) and light

cycle of 12L:12D (7:00–19:00 h). Standard rat chow and water were

freely available.
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Surgery

Animals were anesthetized with ether and stereotaxically implanted with

bilateral stainless-steel cannuli into the Acc. Coordinates for cannulae im-

plantation were: anterocaudal: þ3.4; lateral: �2.0; vertical: �4.5, accord-

ing to the Atlas of Pellegrino et al. (1979). The cannuli consisted of an outer

guiding cannula stainless-steel tubing (23-gauge, 15 mm in length) and an

inner removable stylet (30-gauge, 15 mm in length) to prevent obstruction.

After surgery, rats were housed individually and maintained undisturbed for

a week-long recovery.

Apparatus

The Hole-Board apparatus is an Opto Varimex (Columbus Instruments) with

a 42�42�23 cm arena, with a plexiglass floor with 5 holes, each one of

3 cm in diameter. The room was illuminated by a 60 W bulb 1.5 m above the

apparatus. Testing was performed by direct observation, and the vertical,

ambulatory, non-ambulatory and the number of movements were counted

automatically by the OVM apparatus.

Behavioral procedures

The animals were injected, while manually restrained, 10 min before testing.

A 30 gauge, 17 mm long stainless steel injection cannula (dimensioned to

reach precisely the Acc) attached to a 10ml microsyringe (Hamilton) was

introduced into the guide cannula. Volumes of 1ml solution were gradually

injected over 2 min periods into both the left and right Acc. The injection

cannuli were kept in place for an additional minute in order to allow a

diffusion. The rats received bilateral injections of saline or drugs (see below)

10 min before each session.

The rats were placed individually in the center of the OVM apparatus,

and allowed 5 min for free exploration. All the sessions took place between

17.00–19.00 h. Each rat was used only one time. The standard measures

were: rearing, ambulatory movements, non-ambulatory movements, number

of movements, sniffing into the holes, head dipping, total holes exploration

(sniffing and head dipping together). The last parameter was studied order-

ing the holes explored (from the first to the fifth by the number of explor-

atory behaviors displayed into them by each rat).

Drugs

Groups of animals were injected with either ( � ) 2-amino-7-phospho-

noheptanoic acid (AP-7, Research Biomedical International) solution

(0.5 and 1 mg=1 ml), or 2,3-dioxo-6-nitro-1,2,3,4,tetrahydrobenzo-(f) qui-

noxaline-7-sulphonamide disodium (NBQX disodium salt, Tocris) (0.5

and 1 mg=1 ml) both dissolved in saline. Control rats were injected with

1 ml saline.

Immunoblotting

All the procedures were carried out as described by Manzur et al. (2001).

Briefly, after injections, control or treated rats chosen randomly from the

behavioral assays were sacrificed, the brain removed and the medial pre-

frontal cortex and Acc were dissected on a cold plate and placed in individ-

ual tubes with 10 mM Tris-acetate, pH 7.2 containing 0.25 M sucrose, 5 mM

EDTA, 1 mM leupeptin, and 0.1 mM PMSF (homogenization buffer).

The tissues were homogenized separately with a Teflon pestle homoge-

nizer, and postnuclear supernatants were obtained by centrifugation at

1500�g for 10 min. Between 30 and 50 mg of proteins from each ho-

mogenate were solubilized by boiling in sample buffer and analyzed by

SDS-PAGE on 8% acrylamide minigels according to Laemmli (1977).

The proteins were then electrotransferred onto 0.2 mm pore diameter

nitrocellulose membrane (Sartorius) and processed for immunodetection

with either monoclonal antibody against a-adaptin, g-adaptin, AP180 or

sypnaptophysin (each diluted 1:200 in phosphate buffered saline plus

0.05% Tween 20) according to Manzur et al. (2001). Specific protein bands

were detected by the chemiluminescent method, using X-OMAT-LS film

(Kodak), and quantified by densitormetric scanning of the films, and Scion

Image program.

Other procedures

Proteins were measured according to Lowry et al. (1951).

Histology

When the testing was completed, the rats were injected with 1ml saturated

methylene blue solution into the Acc. Fifteen min later they were sacrificed

with an excess of ether. The brains were removed from the skull and fixed in

20% formalin solution. The brains were mounted and frozen in a cryotome

and cut into 40mm sections. The block face was examined with a

10�magnifying lens and the sections containing the injection sites were

saved. Microscopic inspection of these sections served to ascertain the

location of the cannula tips. The locations were transferred to standard

sections taken from a brain atlas (34). We only report data for those rats

which had correct Acc cannula placements, according to the Atlas of

Pellegrino et al. (1979).

Data analysis

The Kolmogorov Smirnov test was used to decide if the distribution of the

data was normal. One way Anova followed by Student Newman-Kewls

Multiple comparison test was applied. In all cases, a p<0.05 (two tailed)

was considered significant. The results are reported as means � standard

errors (n¼ 18–26).

Results

Histology

Figure 1 shows a schematic representation of the cannula

placements for all the experiments. Histological analysis

shows that the injection site is located in the center of Acc

core for the majority of rats. Only rats showing correct Acc

placements were included in statistical analysis (Fig. 1).

Behavioural experiments

As observed in the Fig. 2, the ambulatory movements were

increased by the lower dose of AP-7 (0.5 mg; p<0.05),

meanwhile, the non-ambulatory movements and number

of movements were only increased by the higher dose of

AP-7 (1 mg; p<0.05). Sniffing and total exploration were

also increased by the dose of 1 mg (p<0.01, Fig. 3). When

holes were considered in order (from the first to the fifth by

the number of exploratory behaviors displayed into them

by each rat), exploration into the most visited holes (first and

second hole) was significantly higher in the AP-7 group than

the corresponding holes of the control group (p<0.05 for

Glutamatergic ionotropic blockade within accumbens 1521



0.5 mg, and p<0.001 for 1 mg, Fig. 4). When the second

hole was compared with the first of the corresponding group,

a significant difference was only observed in the AP-7 group

with a dose of 1 mg (p<0.001). Increasing differences were

observed between the other holes and the first in the ex-

perimental rats. In the saline group, fourth and fifth holes

differed significantly of the first (p<0.05). In the lower

dose AP-7 treated group, the third hole showed differences

with the first (p<0.05), and it was bigger than the third in

the fourth and fifth (p<0.001). In the group treated with

the higher AP-7 dose, a clear difference in exploratory

behaviors was seen between the first an all the other holes

(p<0.001). In the NBQX treated groups, the lower dose

induced a very significant difference (p<0.001) between

all the holes when compared with the first, except the sec-

ond one. In the case of the higher NBQX dose treatment,

no difference was observed between the second and the

first hole, but this comparison with the first hole reached

significant values when it was compared with the third

(p<0.05), fourth and fifth (p<0.001).

Expression of coat proteins is altered in Acc

and prefrontal cortex

AP-2 adaptor complexes are involved in internalization of

macromolecules via clathrin coated vesicles. Here, we ob-

served that expression of the assembly coat protein AP-2 is

altered by the action of the NMDA glutamatergic blockade

agent AP-7 injected within the rat Acc. As shown in the

Fig. 5, expression of both a-subunits (a1 and a2) is sig-

nificantly increased by the treatments but not the phospho-

protein AP-180, neither the g-subunits corresponding to the

AP-1 adaptor complex nor synaptophysin (data not shown).

Additionally, a similar increase of AP-2 was observed in

the prefrontal cortex by the action of AP-7 (Fig. 5) but not

by NBQX (data not shown).

Fig. 2. Top left panel: rearing behavior of

rats injected into the Acc with saline (1ml),

7-aminophosphonoheptanoic acid solution

(AP-7, 0.5 and 1.0mg=1ml) and 2,3 dioxo-6-

nitro-1,2,3,4,tetrahydrobenzo-(f)quinoxaline-

7-sulphonamide disodium (NBQX) solution

(0.5 or 1mg=1ml) 10 min before testing. Top

right panel: ambulatory movements; bottom

panel left, non-ambulatory movements; bot-

tom panel right: number of movements of the

same groups (n¼ 18–26 rats; means � sem;
�p<0.05)

Fig. 1. Frontal brain sections showing the location of the injection site
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Discussion

In the present experiments, we explored the effect of the

NMDA and non-NMDA glutamatergic blockade of Acc in

a working memory test. In line with a previous study, in the

plus maze test (Martı́nez et al. 2002b) ambulatory move-

ments were increased by the lower dose of AP-7 (Fig. 2).

At a higher, we observed an increase in non-ambulatory

movements and the total number of movements (Fig. 2).

It appears to point that the increasing ambulatory activity

displayed with the lower dose of AP-7, ended in the disor-

ganization of behaviour, with the prevalence of stereotyped

non ambulatory behaviours, increasing significantly the

number of movements. Head dipping was not modified

by the treatment, however sniffing was increased signifi-

cantly, resulting in an increase of total exploration (Fig. 3).

However, sniffing, a more stereotyped and incomplete

searching behaviour into the holes, is clearly increased by

the drug treatment with the higher dose (Fig. 3).

The fact that only the first and the second holes differed

significantly of the corresponding saline holes, and not the

others, could be considered an important argument in the

same way (Fig. 4). Rats of the AP-7 groups display stereo-

typed exploration mainly in two holes, and in the case of

the higher dose, even a clear difference can be observed

between the first and the second hole, indicating the preva-

lence of one hole over all the others. Taking into account

that the exploratory strategy used by this group of rats is

mainly sniffing, it can be considered that stereotypies re-

sult from the pharmacological procedure we used, with the

prevalence of mechanic movements over a searching strat-

egy. The impossibility for correct the rat exploration strat-

egy could be related to previous findings; with the same

pharmacological procedure an increase in correcting trials

was observed in pigeon cognitive tasks (Gargiulo et al.

1998, 2005; Acerbo et al. 2002). At this point we have

observed that the mentioned increase could be considered

as a stereotyped choice persistence (Robbins 1991). This

behaviour could be also related to difficulties in the re-

versal learning, classically linked to damage in the Acc

(Taghzouti et al. 1985; Gal et al. 1997).

The hole board allows the simultaneous assessment of

working memory (WM) and reference memory (RM) in rats

(Oades and Isaacson 1978; van der Staay 1999). The hole

board is classically used with some holes baited with one

food pellet each. In these conditions it has been reported

that normal rats develop a fixed food search pattern or food

search strategy (Oades and Isaacson 1978; Oades 1981a, b,

1982; van der Staay et al. 1990a, b; van der Staay 1999).

This schedule enables the differentiation of working mem-

ory and reference memory. In our conditions, with only one

exposure to the test, we are measuring only working mem-

ory. The aim of the present study was to evaluate the effects

of glutamatergic blockade without interference of appeti-

tive component. By this reason we did not reinforce the

holes with pellets, aiming to study disruptions of searching

behaviors with no rewards, and using only one exposition

Fig. 3. Top: sniffing behavior of rats injected into the Acc with saline (1ml),

7-aminophosphonoheptanoic acid solution (AP-7, 0.5 and 1.0 mg=1 ml) and

2,3-dioxo-6-nitro-1,2,3,4,tetrahydrobenzo-(f)quinoxaline-7-sulphonamide

disodium (NBQX) solution (0.5 or 1 mg=1 ml) 10 min before testing. Medi-

um: head dipping, and bottom, total exploration of movements of the same

groups (n¼ 18–26 rats; means � sem; �p<0.05)
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in conditions of novelty. This situation, with a concomitant

Acc glutamatergic blockade, has been reported to produce

an increase in dopamine release in this nucleus (Carlsson

et al. 1998).

It has been proposed that a glutamate deficiency leads to

hiperactivity of monoaminergic systems (Carlsson et al.

2000). This phenomenon may be potentiated by other stim-

ulatory conditions. The mechanisms appears to be that cor-

tical glutamate regulates monoaminergic neurons in two

ways, one directly by means of fibers projecting to their

somatodendritic areas, or accelerators, and indirectly, pro-

jecting to the GABAergic interneurones, or brakes. The bal-

ance between the both ways appears to be regulated by

feedback loops, and the involvement of the thalamus has

been postulated (Carlsson et al. 1998). When the dopamine

release is induced by means of amphetamine, the brake

relative to the accelerator appears to be strengthened to

counteract that release, and a feedback loop, that probably

involves the thalamus, appears to be involved. The simul-

taneous administration of MK-801 enhanced the release of

dopamine and the full effect of amphetamine, because of

the unconstrained condition of the feedback system (Miller

and Abercrombie 1996). Clinically, this phenomenon has

been observed in drug free schizophrenic patients using

SPECT (Laruelle et al. 1996).

Working memory is a function that has been frequently

reported as disrupted in schizophrenic patients (Egan et al.

2001; Keri et al. 2001), and it is a function closely related

to frontal cortex (see Goldman-Rakic 1995), and Acc re-

ceives glutamatergic projections of this zone (Pennartz et al.

1994; Grace 2000). It has been proposed that the Acc in-

tegrates different functions, such as affective facilitation

(amygdala), contextual constraints (hippocampus) and goal

directed motor plans (prefrontal cortex) (Grace 2000). In

Acc limbic structures have overlapping input with the do-

pamine system, and the result of this integration is a goal-

directed movement limited by contextual information and

emotional significance of stimuli (Grace 2000), and we are

here blocking glutamatergic cortical inputs.

Fig. 4. Comparison of holes exploration in frequency order in rats injected

in the Acc with saline (1 ml), 7-aminophosphonoheptanoic acid solution

(AP-7, 0.5 and 1.0mg=1ml) and 2,3-dioxo-6-nitro-1,2,3,4,tetrahydrobenzo-

(f)quinoxaline-7-sulphonamide disodium (NBQX) solution (0.5 or 1mg=1ml)

10 min before testing (n¼ 18–26 rats; means � sem; �p<0.05;
���p<0.001 compared to the corresponding number hole in saline con-

trol group; þp<0.05; þþp<0.01; þþþp<0.01 compared to the first

hole of his group or dose)

Fig. 5. Expression of AP-2 complexes in nucleus

accumbens (Acc) and in medial prefrontal cortex

(mPFC) of rat brain after injection with AP-7 or

saline within the Acc. Inmunoblot analysis of AP-2

from homogenates of the tissues. Bars graphics rep-

resent the relative optical density (a1þa2 sub-

units) � SD from six experiments (n¼ 6) calculated

in arbitrary units from the films (�p<0.05). Top

panels: representative pictures of the immunoblots
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Stereotyped behaviour has been analysed in terms of

cognitive functions (Robbins 1991). The absence of a de-

termined intention could be considered as a failure of goal

directed parameters (Grace 2000), or the absence of inten-

tional movements, with the prevalence of spontaneous not

directed movements, disrupted by pharmacological block-

ade. They have been previously linked to dopaminergic

stimulation (Le Moal 1995; Lyon and Robbins 1975), how-

ever, our results demonstrate a relationship with glutama-

tergic blockade, and it could be supposed that stereotyped

behaviours induced by dopamine could be mediated by

inhibitory interactions with glutamatergic terminals, since

they have been widely described (Schmidt and Kretschmer

1997; Schmidt 1998; Moore et al. 1999; Nicola et al.

2000). The interference of attention with this pharmaco-

logical procedure has been previously postulated by us as

a model of schizophrenia, in a perception recognition task

(Gargiulo et al. 1998, 2005; Acerbo et al. 2002), starting

from our previous clinical findings (Del Vecchio and

Gargiulo 1992).

Recovery of membrane proteins following a synaptic

process is crucial for maintenance of membrane homeosta-

sis at the nerve terminus and also for the neuronal plastici-

ty. We observed that AP-7 and NBQX induced an increase

of AP-2 expression in Acc and in the prefrontal cortex in

rats treated with this drug. This could be related with an

increase of endocytic activity via clathrin coated vesicles in

these areas of the brain. Besides the blockade of glutamate

receptors in Acc it is also possible that these drugs may

induce internalization and inactivation of these receptors in

neurons. On the other hand, the dopamine D3 receptor,

which is highly enriched in Acc, has been suggested to

play an important role in reinforcement and reward (Levant

1997; Richtand et al. 2001). Activation of D3 receptors

regulate GABAA receptor function through a clathrin coat-

ed vesicle endocytosis, suppressing the efficacy of in-

hibitory synaptic transmission in Acc (Chen et al. 2006).

A dopamine-mediated internalization of D2-receptors has

been described in the rat striatum after amphetamine ad-

ministration (Sun et al. 2003). Grace (2000) has proposed

that pathological disruptions in one of the glutamatergic

afferent system that innervate the Acc (hippocampus, amyg-

dala, or PFC) causes a decrease in tonic DA levels, and a

consequence there would be a potent disinhibition of phasic

DA release. This phasic DA release could be related to an

increased internalization of DA receptors via clathrin coat-

ed vesicles. Interestingly, other coat proteins, as AP-180

were not changed by the treatment with the drugs, suggest-

ing that the effect could be directed to certain populations of

clathrin coated vesicles. Future evaluations may elucidate

if AP-7 and=or NBQX induce direct internalization of

D2=D3 receptors in Acc.

The increase in clathrin activity within the medial pre-

frontal cortex could be explained by an overloading of

cortical activity due to a decrease in the thalamic filter ac-

tivity, as we hypothesized previously (Gargiulo and Landa

2004), as related to mechanism of schizophrenia (Gargiulo

2001, 2003; Gargiulo and Landa 2004), and leading to

judgement disorders, such as schizophrenia, mainly related

to perceptual organization deficits (Peters et al. 2002).

These cognitive deficits could be considered as central facts

of schizophrenia and its neural disorders (Holden 2003a),

mainly the glutamatergic neurotransmission dysfunctions

(Holden 2003b). A subcortical disbalance between dopa-

minergic and glutamatergic pathways from brainstem and

cortex, respectively, has been proposed as biological base

of schizophrenia (Carlsson et al. 2000). Direct and indirect

pathways are controlled by glutamatergic corticostriatal

fibers, acting as brakes (indirect pathway) or accelerators

(direct pathway, see Carlsson et al. 2000). The indirect path-

way is a striatal GABAergic system that protects the cortex

of a sensory overload and hyperarousal, exerting its in-

hibitory effect through the inhibition of thalamocortical

glutamatergic neurons. Hyperfunction of dopaminergic

pathways, or a functional decrease of corticostriatal gluta-

mate pathways leads to schizophrenic psychotic states

(Carlsson et al. 1998, 2000). The direct pathway appears

to exert an excitatory influence. In our present experimental

conditions, the blockade of Acc could be inducing a de-

crease in the indirect pathway, with a functional decrease

of thalamic filter, leading to cortical hyperactivity.

Interestingly, positron emission tomography experiments

done in normal subjects with ketamine at subanesthetic

doses, studying the brain regions that are involved in

NMDA-receptor mediated psychoses, show also frontal

cortex hyperfunction (Breier et al. 1997; Vollenweider

et al. 1997). The activation was observed within the medial

prefrontal cortex and anterior cingulate cortex, and corre-

late positively with symptom formation (Vollenweider et al.

1997). We used here a highly selective NMDA antagonist

injected into the brain area postulated as the neural sub-

strate of phencyclidine psychoses.

We conclude from present results and previous studies

(Gargiulo et al. 1998, 2005; Acerbo et al. 2002; Martı́nez

2002a, b) that a glutamatergic blockade of the Acc appears

to lead to cognitive disturbances, such as disruption of

working memory, and that here they appear to be related

to interference with searching strategies, and by this way

with the recognition of novel places, necessary for the ac-

quisition of a new environmental map. The relevance of the

Glutamatergic ionotropic blockade within accumbens 1525



Acc for the goal directed behaviours was here observed.

Additionally, this blockade causes disruption of perceptual

discrimination, affective flattening and loose of goal direct-

ed behaviors, remembering some core symptoms, as the

syndromatic essence of schizophrenic psychoses. The rele-

vance of glutamatergic blockade of Acc for the emulation

of schizophrenic symptoms is here, once more, strongly

suggested. Additionally, an increase in general stereotyped

behaviours is showing the relevance of glutamatergic cor-

tical inputs to Acc to direct and manage these movements.

Furthermore, activation of synaptic activity within Acc

and, even more, in medial PFC, gives additional similarities

to this model when compared to human schizophrenia

(Breier et al. 1997; Vollenweider et al. 1997).
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