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loperidol treatment at pre-exposure phase reduces the
sturbance of latent inhibition in rats with neonatal ventral
ppocampus lesions

 traitement par l’halopéridol pendant la phase de pré-exposition réduit

perturbation de l’inhibition latente après lésion néonatale de

ippocampe chez le rat
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A B S T R A C T

Animals with neonatal ventral hippocampal lesions develop during or after adolescence

abnormal behaviors related to schizophrenia such as anxiety and latent inhibition

disruption. The aim of this study was to test whether haloperidol injection prior to pre-

exposure session in the latent inhibition test would facilitate latent inhibition.

Lesioned animals showed a significant decrease in the number and duration of social

interactions, a decrease in the marbles buried, a significant increase in locomotor activity,

and a disruption of latent inhibition. In the conditioned taste aversion test, injection of

haloperidol produced the recovery of latent inhibition. These findings demonstrate that

neonatal lidocaine lesion of the ventral hippocampus can induce behavioral changes

related to schizophrenia, and injection of haloperidol, when restricted only to a three-day

pre-exposure, is sufficient to facilitate latent inhibition.

� 2014 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

R É S U M É

Les lésions néonatales de l’hippocampe ventral chez les rats provoquent des altérations

comportementales, comme l’anxiété et la diminution de l’inhibition latente, deux

comportements relatifs au phénotype schizophrène. Notre travail avait pour objectif de

préciser l’effet facilitateur de l’halopéridol sur l’inhibition latente après son administration

en phase de préexposition à la suite d’une lésion néonatale bilatérale de l’hippocampe

ventral. Nos résultats montrent que les animaux lésés présentent une diminution

significative aussi bien au niveau du nombre de leurs interactions sociales qu’à celui du

nombre de billes enterrées. Chez ces animaux, l’activité locomotrice est largement

augmentée par rapport aux témoins. Le conditionnement d’évitement a montré que la

lésion altère de façon significative l’inhibition latente, qui se trouve diminuée par rapport
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1. Introduction

Several studies have shown that schizophrenia stems
from neurodevelopmental abnormalities that occur during
the process of neurogenesis, neuronal migration, cell
differentiation, synaptogenesis and myelination [1–
5]. The ventral hippocampus, which sends prominent
glutamatergic projections to the prefrontal cortex and
thalamus, sites involved in the structural and functional
alterations seen in schizophrenia [6–9], is a key component
in the pathophysiology of this disease. In order to
understand the underlying pathophysiology and pharma-
cological aspects of schizophrenia, various animal models
have been developed. An animal model based on the
neonatal lesion of the hippocampus shows a number of
behavioral abnormalities related to schizophrenia such as
deficit in latent inhibition [10,11], impaired social behavior
[12] and hyperlocomotion in an open-field test [13]. These
behavioral changes are consistent with enhanced activity
of the nucleus accumbens/striatal dopaminergic system
(DA) and prefrontal cortical dysfunction.

Cognitive impairment is a central manifestation of the
schizophrenic illness [14]. Adult patients with schizo-
phrenia suffer from abnormalities in attention and
information processing. One type of behavioral process
that has been examined in this context is latent inhibition
(LI), which refers to delayed conditioning to a stimulus that
has repeatedly been presented without reinforcement
[15–17]. Disruption of LI, which corresponds to the failure
of schizophrenics to ignore irrelevant stimuli, has received
increasing attention as a viable animal model [18–23]. At
present, it is not clearly understood whether the stage, the
duration of illness, or the treatment by neuroleptics is
responsible for these discrepancies. LI is similar in humans
and animals and can be viewed as reflecting analogous
processes across species [24].

The pharmacology of LI in nonhuman subjects has been
investigated with aversively motivated LI procedures such
as conditioned emotional response, conditioned avoidance
response, conditioned taste aversion, conditioned eye-
blink, and conditioned freezing (for a review, see [25]). It
has been suggested that the dopaminergic system is
involved in the expression of LI (difficulty of learning an
association involving a pre-exposure (PE) stimulus) rather
than in the acquisition of LI (the cognitive processes by
which the stimulus loses its associative capacity)
[26]. Some experiments have demonstrated that haloper-
idol could facilitate LI if it is injected before both the PE and
the conditioned phase [26,27]. Thus, the timing of drug
administration is a critical factor, which still needs to be
clarified. Several studies have been done on the timing of
drug administration by comparing the effects of dopamine
manipulations during the PE phase, the conditioning

phase, or both [27,28]. These studies agree that altered
LI could be observed only when DA neurotransmission is
manipulated during the conditioning phase [28].

The present study has two major objectives: (1) to
evaluate the long-term effects of the nVH lesion by
lidocaine injection in rats at postnatal day 7 and validate
if this models aspects of schizophrenia, and (2) to
investigate the effect of haloperidol injection at the pre-
exposure phase of LI to assess dopaminergic involvement
in LI and whether dopamine is a contributing factor in the
expression (learning) or in the acquisition of LI (the
cognitive process).

2. Material and methods

2.1. Animals

The experiments involved 20 Sprague-Dawley rats,
maintained in the central animal care facility under
constant temperature conditions (20 � 2 8C), 12 h/12 h
light/dark cycle and food and water available ad libitum.

All procedures were conducted in conformity with approved
institutional protocols and with the provisions for animal
care and use prescribed in the Scientific Procedures on Living
Animals ACT 1986 (European Council directive: 86/609 EEC).
All efforts were made to minimize animal suffering.

2.2. Surgery

At postnatal day 7 (PND7), pups were randomly
separated into two groups: (1) a control group given
normal saline injection (0.3 mL) and (2) a lesioned group
given 1% lidocaine (Laprophan1; 0.4 mg/3 mL) injection in
the ventral hippocampus. Hypothermic anesthesia was
induced in the pups by placing them on ice for about 6–
7 min and then secured on a Styrofoam platform mounted
on a stereotaxic frame (David Kopf Instruments). An
incision was made in the skin overlying the skull and
0.3 mL of Lidocaine or vehicle (0.9% NaCl) was injected
bilaterally into the ventral hippocampus (AP, 2.8 mm; ML,
3.5 mm; and VD, 5.0 mm relative to bregma as defined by
Lipska et al. [3]). The micosyringe was withdrawn 3 min
after injection and the skin incision closed. The pups were
warmed and returned to their mothers. After the weaning,
the animals were housed in new cages by group and
gender. Behavioral testing started on PND 56.

2.3. Validation of nVH lesion model for schizophrenia like

behavior

Prior to the LI test, animals were screened for
schizophrenia-related behavior and hippocampal lesion-
ing. All behavioral testing was performed from 9 am to

au témoin. Ce résultat est confirmé par le test d’aversion gustative conditionnée.

Cependant, nous avons pu montrer que l’administration d’halopéridol avant chaque

session de pré-exposition permet de faciliter l’inhibition latente.

� 2014 Académie des sciences. Publié par Elsevier Masson SAS. Tous droits réservés.
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pm and video recording done using a video camera
C). The animals were gently handled for 2 min/day and
ividually familiarized with the testing room and the test
nas for 5 min/day one week prior to testing.
After each test, debris (bedding, faeces, etc.) were
oved from the test apparatus, and the interior surfaces
ned thoroughly with 70% ethanol, then water, and
ed dry. An interval of 5 min was used between tests to
ure complete drying and dissipation of any residual
r of alcohol.

Only rats showing behavioral changes related to schizo-
enic-like criteria and specific lesions to the ventral
pocampus were included in this study. Behavioral
essment (described below) was done using the open
d test (to assess locomotor activity and emotional
ctivity), the social interactions test, the marbles burying

 (to assess anxiety and to verify the hippocampal lesion)
 the conditioned avoidance response (to assess latent
ibition alteration). In rats that showed the behavioral
notype related to schizophrenia-like symptoms, the
ct haloperidol injection on LI test was investigated using

 conditioned taste aversion paradigm.

1. Open field test in novel environment (PND56)

This test has been regularly used to assess locomotor
ivity and emotional reactivity in rodents (for a review,

 Wilson et al., [29]). During two sessions of 3 min each,
motor activity of 16 animals from the two groups

ioned and control) was examined. The apparatus
sisted of an open box of 100 � 100 � 40 cm, with the
r divided into a grid of 5 � 5 squares. The total area was
 cm2. The apparatus was illuminated with a 70–W bulb

 a height of 40 cm.

2. Social interactions test (PND70)

Twenty-four hours before the test, control (n = 8) and
oned (n = 8) animals were housed individually in new
es with food and water available ad libitum. The cages
re maintained in close proximity to facilitate auditory

 olfactory contact. The social interaction test was
formed in an open field apparatus (100 � 100 � 40 cm),
h lighting conditions similar to the animal facility
ditions. Two animals from the same group (lesioned or
trol) were introduced into the apparatus and social
avior was measured by counting of the total number
 the total duration of contacts between the animals in a
 session of 10 min.

3. Marble burying (PND 70)

This test was used to assess the level of anxiety and for
avioral verification of nVH lesioning [30–32]. The cage

s filled approximately to a depth of 5 cm with wood chip
ding, lightly tamped down to make a flat even surface.
 bedding substrate can be reused if it was flattened and
ped down again between trials since the re-use of
ding does not affect the burying/digging performance of
sequent rats [33]. Twenty-one glass marbles (orange and
ite) were placed in a regular pattern on the surface,
nly spaced out 4 cm apart. The test consisted in placing

 animal in each cage for 30 min and counting the number
arbles buried (to 2/3 their depth) with bedding.

2.4. Latent inhibition

2.4.1. Conditioned avoidance response (PND 75)

This test was conducted according to the protocol
described by Greksh et al. (1999) [11] to assess whether
nVH lesioning caused a disruption of latent inhibition (LI).
Haloperidol effect on LI was not evaluated using this test
since several studies have showed that DA manipulations
during the pre-exposure in a conditioned avoidance
response test are without effect on LI (for a review, see [25]).

The shuttle box apparatus (BIOSEB, LE 916) was divided
into two compartments of the same dimensions
(25 � 29 � 38 cm) separated by a 5-cm hurdle. The condi-
tioned stimulus (CS) was a sound produced by a buzzer and
the unconditioned stimulus (US) was an electric foot shock
of 0.2–0.4 mA, delivered through stainless steel rods
covering the floor. The acquisition and retention of a
conditioned reaction in a two way shuttle box were tested in
control and lesioned animals, with and without pre-
exposure to the conditioned stimulus. The groups consisted
of (1) control – pre-exposed, (2) control – not pre-exposed,
(3) lesioned – pre-exposed, and (4) lesioned – not pre-
exposed.

This test consists of three sessions. (i) In the pre-exposure

session, the animals perceive a sound (conditioned stimulus)
delivered 60 times at intervals of 30, 60, and 90 s. (ii) The
training session consists of 80 trials started immediately after
pre-exposure. After application of the conditioned stimulus,
the animals have to move to the alternate compartment of
the shuttle box to avoid the unconditioned stimulus (shock).
The conditioned stimulus–unconditioned stimulus interval
was 1 s. The stimuli are switched off when the rat has moved
to the goal compartment. Each trial is limited to 30s. (iii) The
retention session is performed 24 h after the training session,
in order to evaluate learning performance and memory. This
relearning test was carried out in the same manner as the
training session, but without pre-exposure to the sound.

2.4.2. Conditioned taste aversion (CTA)

Once the schizophrenia phenotype of this animal model
was validated, the effect of single administration of
haloperidol during the pre-exposure phase on LI using
the conditioned taste aversion paradigm was assessed. The
CTA test was performed according to the protocol
described in Bethus et al. [56] to evaluate the effect of
intraperitoneal (IP) injection of 0.1 mg/kg of haloperidol
(Haldol1 2 mg/mL, Jansen-Cilag) prior to the pre-exposure
session. For the CTA conditioning, the aversion was
induced by a single IP injection of 127 mg/kg of lithium
chloride (LiCl) (0.5 M, Aeros organics). The conditioned
stimulus in CTA was a 5% sucrose solution, which was
prepared as needed and stored at 4 8C.

2.4.3. Habituation and base line

The day before starting the habituation period, rats
were water deprived, receiving water for only 30 min/24 hr
in their home cage. This phase lasted 6 days.

2.4.4. Pre-exposure phase

This phase consisted of 3 sessions of pre-exposure (one
session per day) during which rats had access either to
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sucrose 5% or to water for 30 min. Forty-five minutes
before starting each session, the animals were injected IP
with either haloperidol or vehicle. Throughout this session,
lesioned and control animals were randomized into
4 groups according to their exposure and treatment status:
(1) Group 1 (PE-HAL): control animals pre-exposed to
sucrose 5% and given an IP injection of haloperidol before
each pre-exposure session (n = 5), (2) group 2 (PE-VEH):
control animals pre-exposed to sucrose 5% and given
normal saline injection before each pre-exposure session
(n = 5), (3) group 3 (NPE-HAL): control animals not pre-
exposed to sucrose 5%; access to water only during 30 min,
and injected with haloperidol before every pre-exposure
session (n = 5), (4) group 4 (NPE-VEH): control animals not
pre-exposed to sucrose 5%, access to water only during
30 min and then injected with normal saline before every
pre-exposure session (n = 5), group 5 (PEL-HAL): lesioned
animals pre-exposed to sucrose 5% and received an IP
injection of haloperidol before each pre-exposure session
(n = 5), (6) group 6 (PEL-VEH): lesioned animals pre-
exposed to sucrose 5% and given a normal saline injection
before each pre-exposure session (n = 5), (7). group 7
(NPEL-HAL): lesioned animals not pre-exposed to sucrose
5%; access to water only during 30 min, and then injected
with haloperidol before every pre-exposure session (n = 5),
and (8) group 8 (NPEL-VEH): lesioned animals not pre-
exposed to sucrose 5%, access to water only during 30 min
and then injected with normal saline before every pre-
exposure session (n = 5).

2.4.5. Conditioning phase

Twenty-four hours after the pre-exposure session,
animals of different groups had access only to sucrose
5% for 30 min, followed by IP injection of LiCl. The rat must
learn to associate the gastrointestinal discomfort induced
by the injection of LiCl with the consumption of sucrose.

2.4.6. Test day

After one day of recovery between the conditioning
phase and the test day with only tap water available for
30 min in the usual drinking bottles, the animal had to
choose for 30 minutes between a drinking bottle contain-
ing water and another containing 5% sucrose. This test was
to assess the strength of the association between the CS
and the US. At the end of each session, the volume of water
and/or sucrose consumed was measured to evaluate the
effectiveness of the treatments within the different groups.

2.5. Histological procedure

Nissl staining technique was used to verify the lesion
site. After completion of all behavioral experiments, the
animals were anesthetized with pentobarbital (40 mg/kg)
and transcardially perfused with saline and 4% parafor-
maldehyde solutions. Brains were carefully removed, and
stored in 4% paraformaldehyde solution for 24 h, then
cryoprotected in 30% sucrose for at least 48 h before
sectioning with the cryomicrotome (Leica Microsystems,
Germany) at 40 mm. Sections were mounted on gelatine-
coated slides and stained with Cresyl violet and examined
under a photonic microscope (Leitz). Paxinos and Watson

[34] atlas was used for neuroanatomical orientation. The
lesion was considered successful if the ventral portion of
the hippocampus was bilaterally was lesioned without
affecting the dorsal part.

2.6. Statistical analysis

Statistical analysis was performed using SigmaPlot
11.0 software. Inter-group comparison was performed
using one-way analysis of variance (ANOVA). For the open
field, results were evaluated using the repeated measure-
ment one-way ANOVA test (lesion as factor), and for the CAR
test, two-way ANOVA test was performed with the lesion
and the pre-exposure as factors. For the CTA paradigm, the
data was evaluated by three-way ANOVA test, with lesion,
pre-exposure and drug treatment as factors. All these tests
were followed by post hoc testing with the Holm–Sidak
method for pairwise multiple comparisons. The significance
threshold was set at P < 0.05.

3. Result

3.1. Lesion site verification

Histological examination of the Nissl rat brains
sections, using the atlas of Paxinos and Watson [34] to
verify lesions site, showed that all lesioned rats had
extensive lesions within the ventral hippocampus, while
most of the dorsal part was spared (Fig. 1). The ventral
hippocampus region was consistently shrunk and the
lesion site was almost devoid of neurons. Animals with an
incomplete bilateral destruction of the ventral hippo-
campus, a unilaterally destroyed ventral hippocampus, or
lesions in the dorsal part of the hippocampus were
excluded from further analysis of the behavioral data. In
control animals, the hippocampus is morphologically
intact.

3.2. Open field test

The results showed that the distance travelled was
affected by nVH lesion. It was increased in lesioned
animals compared to the controls (Fig. 2). The quantitative
data analysis showed that during the first trial, locomotor
activity was significantly higher (90 � 3.32 cm) compared
to the second trial (6.17 � 2.06 cm) in control group (F

(2,17) = 163.10; P < 0.001), as well as in lesioned group
(108.17 � 10.35 cm vs. 62.83 � 3.16 cm) (F (1,11) = 11.31;
P < 0.05).

The post hoc analysis showed that in the first session,
lesioned animals had increased locomotor activity
(108.17 � 10.35 cm) compared to the control (90 � 3.32 cm)
(t = 3.36; P < 0.05). Also during the second session the distance
travelled was significantly higher in lesioned rats
(62.83 � 3.16 cm) compared to the control (6.17 � 2.06)
(t = 17.7; P < 0.05) (Fig. 2).

3.3. Social interactions test

For social interactions, two parameters were measured:
the total number of contacts between two animals from
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 same group, and the total duration of active social
raction. With regards to the total number of contacts,

 behavioral analysis showed that control animals
ried out the majority of contacts within the first
inutes, whereas lesioned animals spent the majority
heir time exploring the apparatus and started inter-

ing by the end of the trial. The analysis of the number of
tacts made by each group showed controls (150 � 2.18)
racted more than lesioned rats (39.38 � 1.80) (F
3) = 1572; P < 0.001) (Fig. 3A). The active social interac-

 duration was less in lesioned animals (192.29 � 6.55s)
pared to the controls (435.5 � 17.31 s) (F (1,13) = 178,04;

 0.001) (Fig. 3B).

3.4. The marble burying test

In this test, the control group was more active and
explored more of the cage compared to the lesioned group.
After exploration, animals began the burying behavior. The
control group buried 75% of marbles, which was sig-
nificantly greater than those buried by the lesioned group
(34.35%; H = 11.725 with 1dF; P < 0.001) (Fig. 4).

3.5. Assessment of latent inhibition in conditioned avoidance

response test

During the habituation phase to the new environment
(10 min), control animals spent more time grooming and
rarely moved to the other compartment (1.9 � 0.28 times).
In contrast, the lesioned group visited and explored regularly
the two compartments with an average of 13.1 � 0.43 times.
During this habituation phase, increased movement to the
center and edges of the compartment was only observed in
lesioned rats.

During the conditioning phase, the pre-exposed ani-
mals showed a significant latent inhibition compared to
the 3 other groups.

Statistical analysis between all lesioned and all
control animals showed that the lesioned animals
showed increased number of conditioned reactions (F

(2,19) = 11.22; P < 0.001). When comparing between the
different pre-exposed and non-pre-exposed groups, the
results showed that the pre-exposure to CS also affected
the number of conditioned reactions; (F (2.19) = 4.137;
P < 0.05).

Post hoc analysis showed that the PEL group learned
more quickly the association compared to the PEC group
((32 � 1.37 vs 11.4 � 0.6) (t = 2.34; P < 0.05)) and the NPEL

1. (Colour online.) Histological evaluation of the ventral hippocampal lesion induced by neonatal injection of lidocaine. (A) Drawing showing the

nsion of the ventral hippocampal damage observed in adulthood. Gray and dark areas indicate maximal and minimal extents of damage, respectively.

oronal Nissl-stained sections at approximately –4.8 mm from the bregma showing the ventral hippocampus of a control rat, and (C) a typical neonatal

ral hippocampal lesion, characterized by thinning of the structure likely by cell loss (stars) and enlarged ventricles, whereas the dorsal part of the brain

cture remains morphologically intact. Bar = 100 mm.

2. Changes in locomotor activity in control rats and after a neonatal

teral administration of lidocaine into the ventral hippocampus during

two trials of the Open Field Test. Data presented as means � SEM (***:

.001; **: P < 0.01; *: P < 0.05).



Z. Ouhaz et al. / C. R. Biologies 337 (2014) 561–570566
made more conditioned reactions compared to the NPEC
((31 � 0.95 vs. 27 � 2.45) (t = 0.37; P < 0.05)). Thus, a
significant interaction between the lesion and pre-exposure
status was found (F (2,19) = 3.93, P < 0.05) (Fig. 5A).

Statistical analysis of the retention session showed that
only in the lesioned animals the number of conditioned
associations was affected (F (2.19) = 40.75; P < 0.001) and
that the pre-exposure status had no effects (F (2.19) = 1.81;
P = 0.19) (Fig. 5B).

3.6. The effect of haloperidol injection on LI in conditioned

taste aversion test

For this test, two parameters were analyzed: sucrose
consumption and total liquid consumption. This allows us
to ascertain whether the sucrose consumption changes
were compensated by water consumption or were due to a
general decrease in the total liquid consumption.

When animals had only access to water before the
conditioning phase (phase of habituation and pre-exposure

for the two groups: NPEL-VEH and NPEL-HAL), the total
consumption of liquid did not change from one group to
another. During the habituation phase, the NPEL-HAL group
consumed 5 � 0.07 mL, which was not statistically different to
the volume consumed by the NPEL-VEH (5.83 � 0.48 mL;
H = 3.938 with 1 degree of freedom; P = 0.056; Fig. 6). The same
observation was made for the consumption by the PEL-HAL
group (5.60 � 0.56 mL) in comparison to the PEL-VEH group
(5.20 � 0.57 mL (F(1.8) = 1.050, P = 0.335). During the pre-
exposure session (P1, P2 and P3), the consumption increased
compared to the other days when pre-exposed animals had
only access to water (PEL-HAL: 7.47 � 0.49 mL; PEL-VEH:
7.21 � 0.59 mL; F (1.5) = 0.113; P = 0.7). The NPEL-HAL group
consumed 6.29 � 0.15 mL and the PEL-HAL consumed
7.47 � 0.49 mL (F(1.4) = 5.07, P = 0.087), the NPEL-VEH group
and the PEL-VEH consumed 6.20 � 0.66 mL and 7.21 � 0.6 mL,
respectively (F(1.4) = 2.809, P = 0.169) (Fig. 6A).

During the test day, only sucrose consumption was
evaluated. Three-way ANOVA analysis of the results was
performed considering lesion, pre-exposure and haloper-
idol as main factors. This analysis showed a significant
effect of lesion (F (1.32) = 53.683, P < 0.001), pre-exposure
(F (1.32) = 20.541, P < 0.001) and haloperidol (F (1.32) =
134.461, P < 0.001) on aversive behavior (Fig. 6B).

The interactions between factors were highly signifi-
cant: the effect of the lesion by pre-exposure (F

(1.32) = 17.094, P < 0.001); between the effect of lesion
by haloperidol (F (1.32) = 145.003, P < 0.001) and between
the effect of pre-exposure by haloperidol (F (1.32) = 58.586,
P < 0.001). The interactions between the three factors:
lesion, pre-exposure, and haloperidol were also highly
significant (F (1.32) = 74.486, P < 0.001).

4. Discussion

The present study had two main aims: first to validate
lidocaine-based nVH lesion as a model of schizophrenia
and second to determine the effect of a single injection of
haloperidol (HAL) prior to the pre-exposure phase on
latent inhibition (LI). Our results show that nVH lesion
caused a significant reduction in social interactions, an

Fig. 3. Social interaction responses recorded during a 10-min direct interaction between a rat and another one belonging to the same group, in controls and

after neonatal administration of lidocaine into the ventral hippocampus. A. Number of contacts; B. social contact duration. Data are expressed as

means � SEM (***P < 0.001).

Fig. 4. Comparison of the numbers of buried marbles in the marble

burying test during a 30-min session between control and lesioned

animals after a neonatal bilateral administration of lidocaine into the

ventral hippocampus. Data presented as means � SEM (***: P < 0.001).
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rease in stress and anxiety and increased locomotor
ivity, as well as disruption of latent inhibition. Also,

inistration of HAL during the pre-exposure session
wed facilitation of LI.
Lidocaine, a local anesthetic, when administered at a
h dose, can cause neuronal damage by as yet unknown
chanism [35]. Blas-Valdivia [36] found that a bilateral
ction of lidocaine into the ventral hippocampus of
nates caused a mild reduction of neurons and some
ctural alterations such as chromatin condensation,
leus loss, and cell shrinkage. These structural abnorm-
ies could underlie the neuronal atrophy observed in our
dy. Gold et al. (1998) [37] has shown that application of
caine to dorsal root ganglia neurons at concentrations

ater than 10 mM causes neuronal death, and a 4-min
lication of 30 mM is sufficient to induce neuronal
th.
The neurosurgical procedures used in the current study
e been described previously (Lipska et al.) [4]. As the

behavioral and cognitive effects were only present in the
lesioned group and not in the sham operated controls, it is
unlikely that the observed effects were due to the surgical
procedure or the anesthesia used.

The analysis of the two sessions of the open field test for
‘‘emotional reactivity/exploration’’ showed differences in
animal’s behavior between the control and lesioned
groups. Locomotor activity in the periphery of the
apparatus, and the total locomotion decreased over the
two sessions for the two groups. However, locomotor
activity of lesioned animals remained higher during the
second session, while immobility time increased only
slightly compared to the controls. In general, these results
are in accordance with the data reported in the literature
concerning the open field test [38] the heuristic model of
schizophrenia [3,12].

Given that locomotor activity is considered as an index
of emotional reactivity in rodents [30], the increased
locomotor activity in lesioned animals could be related to

5. Learning (A) and retention (B) in an active avoidance test (Shuttle box) with and without pre-exposure to the conditioned stimuli. Results obtained

 80 trials in control animals and after a neonatal bilateral administration of lidocaine into the ventral hippocampus. PE: pre-exposed group; NPE: non-

exposed group. Data presented as means � SEM (*P < 0.05).

6. Total liquid consumption (sucrose and water) (A) and sucrose consumption (B) during every session (in mL), in control animals and after a neonatal

teral administration of lidocaine into the ventral hippocampus. B: base line, P1–P3: pre-exposure session from day 1 to day 3. Cond: conditioning phase,

: test day. PEL: pre-exposed lesioned group; NPEL: non-pre-exposed lesioned group; PE: pre-exposed control group; NPE: non-pre-exposed control
p. Data presented as means � SEM (***: P < 0.001).
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the alteration of dopaminergic afferents in the prefrontal
cortex, indicating a high level of anxiety [37]. This alteration
may lead to an overactive mesolimbic system, as suggested
by Carter and Paycock [39]. Increase of dopamine levels in
the nucleus accumbens has been shown to increase
locomotor activity in animals. This nucleus is directly linked
to the amygdala, from which it receives signals involved in
emotional processing, and sends signals to areas involved in
movement, such as the globus pallidus and the lateral
nucleus of the amygdala [1]. Based on this, we hypothesise
that the increased anxiety reported in this test could be
explained by a diminution of the influence of the prefrontal
cortex to the amygdala.

The marble burying test also showed that hippocampal
damage significantly reduced the number of buried
marbles, which is consistent with other studies on mice
[33]. This test has been validated as an isomorphic model
of anxiety [31]. The results of social interaction test
showed that animals from the control group interact more
than animals from the lesioned group, suggesting that the
hippocampus is involved in anxiety and asocial attitude.
Our results are consistent with those obtained in Sprague–
Dawley lesioned rats by ibotenic acid [5] and by lidocaine
[36]. This social deficit is attributable to both the time the
rats spend during the social contacts and the number of
contacts; i, e. each social encounter of lesioned rats, on
average, is of shorter duration compared to controls.
Several studies have shown the involvement of the
hippocampus in the different sequences of social behavior
(initiation, arrest, prosecution) [40]. Indeed, studies have
shown that social behavior is sensitive to manipulations of
dopamine and glutamate receptor agonists in D1 and D2
and an NMDA receptor antagonist (phencyclidine).

The disruption of latent inhibition has received
increasing attention in animal models of schizophrenia
[41]. Here, we tested the alteration of this paradigm after
neonatal lesion of the ventral hippocampus. The weaken-
ing of the subsequent performance in pre-exposure CS
position has been demonstrated repeatedly in two-way
avoidance learning [42]. This paradigm requires some
effort and involves locomotion, but which does not allow
the animal to learn that there is a place of refuge. Thus, the
most effective intrinsic index is absent and the animal
must use external cues or changes in stimuli such as the
interruption of the CS. The important feature of this index
is that it does not indicate the end of a danger (associated
with the shock), but it indicates the beginning of a safety
signal (see [43]).

Our results clearly showed an impairment of latent
inhibition in the lesioned group compared to the control.
The pre-exposure to repeated NS induces selection and
classification of the stimulus as irrelevant information in
the control group, unlike the lesioned animals that, despite
pre-exposure to-be-conditioned stimulus, classed it as
relevant information [44]. These results are in agreement
with those obtained by Caine et al. [45], Grecksch et al.
[11], and Killcross et al. [46]. Several studies have shown
that latent inhibition depends on the integrity of the
hippocampal formation [47,48]. Indeed, neural activity in
the hippocampus, amygdala and prefrontal cortex controls
LI via their projections to the nucleus accumbens.

During the retention trial, the results showed that the
lesioned group retained the association more readily than
controls, supporting the conclusion that only latent
inhibition was disrupted by nVH lesion but not acquisition
or memory storage. Our control animals showed an
increase in LI, because even if the session was performed
without pre-exposure, the same degree of acquisition
delay was observed. The passage of time may have
important effects on LI. Several studies have postulated
that the insignificance of the US is sensitive to context and
time, i.e., the approach accommodates a loss of inter-
ference that occurs when either a context switch [49] or a
retention interval [50] occurs between pre-exposure and
learning session. There are also implications for the effects
of time following the learning session, i.e., an increase in LI
over time [51,52]. According to the same reasoning, we
assumed that the disruption of latent inhibition increased
over the time and that the association was very strong.

Several studies have investigated the pharmacology of
LI in animal models. Studies on glutamatergic activity in
the hippocampus have shown that infusion of NMDA
receptor antagonists reduces LI [53], whereas studies on
the manipulation of dopaminergic activity have provided a
potential link between dopaminergic hyperactivity and
cognitive dysfunction observed in schizophrenia
[47]. Thus, an increase of dopamine by systemic injection
of amphetamine impairs latent inhibition [46,54]. Further
studies have shown that both the disruption and
enhancement of LI by dopaminergic drugs is modulated
by the mesolimbic DA system. For example, infusions of
amphetamine in the nucleus accumbens disrupt LI,
whereas haloperidol microinjected into the shell cells
enhances LI [29,54]. A more recent study by Nelson et al.
[55] has provided novel insights into DA mechanisms in LI.
Their results indicated that in isolation D1 receptors do not
play a role in the modulation of LI by the DA. Nonetheless,
the demonstration that antagonism of D1 receptors
restored normal LI in amphetamine-treated rats suggests
that the activity of D1 receptors, likely through interactive
effects with D2 receptors, contributes to the dopaminergic
modulation of behavioral processes underlying LI [55].

In the present work, the effect of a single injection of
haloperidol (HAL) during the pre-exposure phase of LI
using the taste aversion conditioning paradigm was
examined. The haloperidol dose (0.1 mg/kg) was selected
on the basis of previous published reports [13,56] and that
dose of 1 mg/kg is the maximum dose that can be used
without effect on motor/locomotor and social behaviors
after a single injection. Beker and Gresksch [57] have
demonstrated that only subchronic (over 10 days) HAL
administration could have an effect on social behavior.
Here, we found that haloperidol administration signifi-
cantly increased the volume of sucrose consumed by the
lesioned group compared to the control. This result is
similar to that obtained by Bethus et al. [57]. Conversely,
others studies have demonstrated that administration of
neuroleptics such as haloperidol during the conditioning
phase facilitates LI and assumed that this effect was due to
the increase in DA during the conditioning phase, but did
not consider possible effects of DA during the phase of pre-
exposure [26,47,58].
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Several studies have examined the effects of injection of
 agonists during the pre-exposure phase, suggesting
t increased systemic levels of DA during pre-exposure
se has no effect on LI [16,29]. However, all experiments
alidate LI as a model to test antipsychotics have shown
t many of these drugs are effective only when they are
cted before the conditioning phase, but not before the
-exposure [59–61].
Consistently with this view, data summarized by
ow [62] show that LI is reduced when the context is
nged between the pre-exposure and conditioning
ses. It is further often suggested that one type of
text shift that can result in reduced LI is that of the
ceived internal state, usually termed ‘‘state-depen-
cy’’. It is unquestionable that our procedure involved
h internal state shifts between the pre-exposure and

 conditioning phases. Since many studies have shown
t the dose we used can serve as a discriminative

ulus in drug discrimination studies [63,64], we
uld stress that HAL does have the potential for
ducing a perceived internal state. In order to explain
 results, we propose that there is a different
aminergic mechanism rather than a state-dependant
ct. Another explanation is based on the number of pre-
osure sessions used. All of the reports that showed that
rmacological manipulation of DA during pre-exposure

ineffective in disruption of LI were based on the
adigm in which the pre-exposure was confined to a
gle pre-exposure session while the stimulus was still
el. In this study, by separating the session to 3 daily
-exposure sessions, memory consolidation effects
ld be involved.
When HAL injection is given before each phase of PE,
re was potentiation of LI. These results support the role
A transmission in the acquisition of LI, as proposed by

majuk et al. [65]. The results of this study suggest that
 dopamininergic system is involved in the expression of
(learning of an association involving a pre-exposed

ulus) rather than the acquisition of LI (the cognitive
cess by which the stimulus loses its associative ability)
].
In this study, we have demonstrated that nVH lesions
sed behavioral changes related to schizophrenia, such
yperlocomotion, anxiety, and LI disruption and lends

port to the theory that exclusive administration of HAL
re-exposure phase facilitates LI.
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