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Schizophrenia, bipolar disorder, and attention deficit/
hyperactivity disorder (ADHD) present abnormalities in
emotion processing. A previous study showed that the spon-
taneously hypertensive rats (SHR), a putative animalmodel
of ADHD, present reduced contextual fear conditioning
(CFC). The aim of the present study was to characterize
the deficit inCFCpresented by SHR.Adultmale normoten-
sive Wistar rats and SHR were submitted to the CFC task.
Sensitivity of the animals to the shock and the CFC perfor-
mance after repeated exposure to the taskwere investigated.
Pharmacological characterization consisted in the evalua-
tion of the effects of the following drugs administered pre-
viously to the acquisition of the CFC: pentylenetetrazole
(anxiogenic) and chlordiazepoxide (anxiolytic); methylphe-
nidate and amphetamine (used for ADHD); lamotrigine,
carbamazepine, and valproic acid (mood stabilizers); halo-
peridol, ziprasidone, risperidone, amisulpride, and cloza-
pine (neuroleptic drugs); metoclopramide and SCH 23390
(dopamine antagonists without antipsychotic properties);
and ketamine (a psychotomimmetic). The effects of para-
doxical sleep deprivation (that worsens psychotic symp-
toms) and the performance in a latent inhibition protocol
(an animal model of schizophrenia) were also verified. No
differences in the sensitivity to the shock were observed.
The repeated exposure to the CFC task did not modify
the deficit in CFC presented by SHR. Considering pharma-
cological treatments, only the neuroleptic drugs reversed

this deficit. This deficit was potentiated by proschizophrenia
manipulations. Finally, a deficit in latent inhibition was also
presented by SHR. These findings suggest that the deficit in
CFC presented by SHR could be a useful animal model to
study abnormalities in emotional context processing related
to schizophrenia.
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Introduction

The ability to identify emotionally salient information in
the environment and form an appropriate and rapid be-
havioral response is critical to survival.1 Different psychi-
atric populations, including schizophrenic, bipolar disorder,
and attention deficit/hyperactivity disorder (ADHD)
patients, present abnormalities in emotion processing.2,3

In this respect, impaired recognition of facial emotion has
been demonstrated in schizophrenia, bipolar disorder,
and ADHD patients.2–4

Fear conditioning is one of the most common para-
digms used to study the biological basis of emotion.5,6

In this paradigm, an emotionally neutral conditioned
stimulus (eg, contextual stimulus) is paired with an aver-
sive unconditioned stimulus, eg, a foot shock, during the
acquisition phase. As a result, the contextual stimulus
comes to elicit conditioned fear response during expres-
sion phase, without foot shock presentation, because it
acquires aversive reinforcing properties.5,6 While fear is
an adaptative component of response to aversive stimuli,
inappropriate fear responses may be present in many
common psychiatric problems. For instance, diminished
or exaggerated emotional response to aversive stimuli
may be observed in schizophrenia, ADHD, and bipolar
disorder2 and may trigger nonadaptative response like
suicide.7 In this context, a deficit in contextual fear con-
ditioning (CFC) presented by rats submitted to a excito-
toxic lesion of the hippocampus is reversed by
neuroleptics and has been associated with cognitive def-
icits presented by schizophrenia.8–11

The spontaneously hypertensive rats (SHR) strain has
been suggested as an animal model of ADHD.12,13 This
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strain presents all the behavioral characteristics of the
ADHD: it has sustained attention problems, shows hy-
peractivity in a variety of behavioral paradigms, and is
impulsive.13,14 In addition, a previous study reported
that the emotional memory of SHR, assessed by the du-
ration of freezing response in the presence of a condi-
tioned aversive stimulus, is reduced in relation to
normotensive rats.15

The first aim of the present study was to replicate the
deficit in the CFC test presented by the SHR in compar-
ison to normotensive Wistar rats (NWR). In order to ver-
ify if SHR would be less sensitive to a shock stimulus, we
also evaluated the vocalization after the shock presenta-
tion and the freezing response in animals submitted or
not to the shock. The subsequent experiment was de-
signed in order to evaluate whether retraining to CFC
would diminish a possible novelty-induced anxiety and
distraction effect and, consequently, facilitate the condi-
tioning between the context and the aversive stimulus im-
proving the SHR performance.

In sequence, a pharmacological screening of the effects
of different drugs on the deficit in the CFC presented by
SHR was performed. To this purpose, the doses used
were chosen on the basis of previous studies showing
their effectiveness in animal models of anxiety,16–18

ADHD,19,20 bipolar disorder,21,22 and schizophrenia.23–26

An anxiogenic (pentylenetetrazole) and an anxiolytic
(chlordiazepoxide) drug were tested to determine the
effects of alterations in anxiety levels on the deficit in
the CFC presented by SHR. We also evaluated the effects
of amphetamine and methylphenidate (used for the treat-
ment of ADHD), mood stabilizers (lamotrigine, carbama-
zepine, and valproic acid—used for the treatment of
bipolar disorder), and typical (haloperidol) and atypical
(ziprasidone, risperidone, amisulpride, and clozapine)
neuroleptic drugs (used for the treatment of schizophre-
nia) on the deficit in CFC presented by SHR. Finally, be-
cause neuroleptic drugs specifically improved the CFC
presented by SHR, we also investigated the effects of do-
pamine antagonists without antipsychotic properties
(metoclopramide, dopamine D2 antagonist, and SCH
23390, dopamine D1 antagonist), ketamine (that induces
schizophrenia-related behaviors in animal models 27), and
paradoxical sleep deprivation (reported to worsen psy-
chotic symptoms28) on the CFC response of SHR and
NWR. In addition, we also compared the response of
NWR and SHR to a latent inhibition protocol (a paradigm
extensively used to evaluate the impaired ability to ignore
irrelevant stimuli associated with schizophrenia 29,30).

Methods and Materials

Subjects

Male NWR and SHR, 5 month old, of our own colony
were housed under conditions of controlled temperature
(22�C–23�C) and lighting (12/12 h light/dark cycle, lights

on at 7:00 AM). Groups of 5–6 animals were kept in Plex-
iglas cages (41 3 34 3 16.5 cm), with free access to food
and water. The animals were maintained in accordance
with the guidelines of the Committee on Care and Use
of Laboratory Animal Resources, National Research
Council, United States.

Drugs

Chlordiazepoxide, pentylenetetrazole, amphetamine,
SCH 23390, valproic acid, ketamine (Sigma—St Louis,
MO), risperidone, lamotrigine (Torrent—São Paulo,
Brazil), metoclopramide (Le Petit—São Paulo, Brazil),
and methylphenidate (Novartis—São Paulo, Brazil)
were diluted in 0.9% saline. Haloperidol (Sigma) and
amisulpride (Sanofi-Synthélab—São Paulo, Brazil)
were dissolved in lactic acid and then diluted in distilled
water. Ziprasidone (Pfizer—São Paulo, Brazil) and car-
bamazepine (Sigma) were dissolved in Tween 80 and then
diluted in distilled water. Clozapine (Novartis) was dis-
solved in acetic acid and then diluted in distilled water.
Saline, distillated water plus acid lactic or Tween were
used as control solution depending on the drugs used
in each experiment. All the solutions were injected intra-
peritoneally in a volume of 1 ml/kg of body weight. In all
the experiments, the solutions were administered before
the training session of the CFC task.

CFC Task

On the first day (training session), the rats were individ-
ually placed in a dark chamber with a grid floor (22 3

22 3 22 cm). After 150 seconds, 0.4-mA foot shocks last-
ing 5 seconds were applied every 30 seconds for the sub-
sequent 150 seconds. Thirty seconds after the last foot
shock, the animal was removed from the apparatus.
The contextual conditioning test (test session) was per-
formed 24 hours after the training. Each animal was
placed in the same dark chamber, without receiving
foot shocks. The freezing duration (defined as complete
immobility of the animal, with the absence of vibrissae
movements and sniffing) was quantified during 5
minutes. Each animal was used in only one experiment.

Evaluation of Vocalization

Vocalization during the presentation of foot shocks was
quantified. Scores ranging from 0 to 4 were attributed to
the animal’s vocalization every time the shock was deliv-
ered. The grading system was as following: 0—no vocal-
ization, 1—until 2 seconds of vocalization, 2—more than
2 seconds of vocalization, and 3—vocalization and jump.
In each group, total sum of vocalization scores for each
animal was used for statistical analysis.

Paradoxical Sleep Deprivation

Each rat was placed inside a water chamber (22 3 22 3 35
cm) onto a platform of 7 cm in diameter immersed in
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water until 1 cm of its surface. When the rat enters the
paradoxical phase of sleep, it looses the tonus of muscles,
touches the water, and reawakens. Control rats were
placed inside the water chamber, but, instead of water,
the chamber was filled with sawdust bedding.31 Paradox-
ical sleep–deprived and control rats were kept inside the
chambers for 4 days and had free access to food and water.

Experimental Design

Experiment 1—Vocalization Response to the Shock and
Freezing Response to the CFC. NWR and SHR were
subjected to the training session of the CFC with the pre-
sentation or not of the shock (n = 8–9). During the shock
presentation in this session, the vocalization was quanti-
fied. The freezing duration was quantified in the test ses-
sion performed as described above.

Experiment 2—Effects of Reexposure to the CFC NWR
and SHR (n = 7) were subjected to the training and test
sessions (trial 1) of the CFC. Seven days later, they were
reexposed to a second training and test sessions (trial 2) of
the CFC task.

Experiment 3—Effects of an Anxiogenic (Pentylenetetra-
zole) and an Anxiolytic (Chlordiazepoxide) Drug on the
CFC NWR and SHR (n = 7–8) were treated with sa-
line, 5 mg/kg chlordiazepoxide, or 10 mg/kg pentylenete-
trazole. Thirty minutes after chlordiazepoxide or 5
minutes after pentylenetetrazole injections, the rats
were submitted to the CFC training session.

Experiments 4 and 5—Effects of Amphetamine or Methyl-
phenidate on the CFC NWR and SHR (n = 8–9) were
treated with saline or 2.5 mg/kg amphetamine (experi-
ment 4) or with saline or 2.5 mg/kg methylphenidate (ex-
periment 5). After fifteen minutes, the rats were
submitted to the CFC training session.

Experiment 6—Effects of Mood Stabilizers on the
CFC NWR and SHR (n = 7–8) were treated with sa-
line, 30 mg/kg carbamazepine, 200 mg/kg valproic
acid, or 20 mg/kg lamotrigine. Thirty minutes after lamo-
trigine or carbamazepine and fifteen minutes after val-
proic acid injections, the rats were submitted to the
CFC training session.

Experiment 7—Effects of a Typical (Haloperidol) and
Atypical (Ziprasidone, Risperidone, Amisulpride) Antipsy-
chotic Drugs on the CFC NWR and SHR (n = 10) were
treated with saline, 0.5 mg/kg haloperidol, 2 mg/kg zipra-
sidone, 0.5 mg/kg risperidone, or 50 mg/kg amisulpride.
Thirty minutes later, the rats were submitted to the CFC
training session.

Experiment 8—Effects of a Dopamine D2 Antagonist
(Metoclopramide) and a Dopamine D1 Antagonist (SCH

23390) on theCFC NWR and SHR (n = 7–8) were trea-
ted with saline, 10 mg/kg metoclopramide, or 0.5 mg/kg
SCH 23390. Thirty minutes after metoclopramide or fif-
teen minutes after SCH 23390 injections, the rats were
submitted to the CFC training session. The dose and
schedules of treatment used for metoclopramide and
SCH 23390 have proven to be effective in animal models
of dopamine receptor blockade, such as apomorphine-
induced stereotyped behavior.32,33

Experiments9and10—ADose-ResponseCurveofAmphet-
amineandMethylphenidateontheCFC In order to verify
if the effect of these psychostimulants would not be re-
lated to the dose chosen, dose-response curves were per-
formed.

NWR and SHR (n = 8–9) were treated with saline or
0.5 mg/kg, 1 mg/kg, 2.5 mg/kg, or 5 mg/kg amphetamine
(experiment 9) or with saline, 0.5 mg/kg, 2.5 mg/kg, or 5
mg/kg methylphenidate (experiment 10). After fifteen
minutes, the rats were submitted to the CFC training
session.

Experiments 11 and 12—ADose-Response Curve of Halo-
peridol andClozapineon theCFC In order to verify if the
effect of neuroleptic drugs would not be related to the
dose chosen, dose-response curves were performed.

NWR and SHR (n = 8) were treated with saline or 0.25
mg/kg, 0.5 mg/kg, 1 mg/kg haloperidol (experiment 11),
or with saline or 2.5 mg/kg, 5 mg/kg, or 10 mg/kg cloza-
pine (experiment 12). After thirty minutes, the rats were
submitted to the CFC training session.

Experiment 13—Effects of Ketamine on the CFC NWR
and SHR (n = 10) were treated with saline or 10 mg/kg
ketamine. After fifteen minutes, the rats were submitted
to the CFC training session. The dose and schedules of
treatment used for ketamine have proven to be effective
in animal models of schizophrenia.27

Experiment 14—Effects of Paradoxical Sleep Deprivation
on the CFC NWR and SHR (n = 5–6) were sleep de-
prived or not during 96 hours. Immediately after sleep
deprivation, the rats were submitted to the CFC training
session. The schedules of the experimental procedure
used for paradoxical sleep deprivation has proven to
be effective in enhancing dopamine-related behaviors
such as apomorphine-induced aggressive behavior and
stereotypy.34–37

Experiment 15—Comparison of Latent Inhibition, A Puta-
tive Animal Model of Schizophrenia, in NWR and
SHR NWR and SHR (n = 8–9) were previously ex-
posed or nonexposed to the apparatus for 5 minutes,
without shock presentation, during 3 consecutive days.
Twenty-four hours after the third exposure, the animals
were submitted to the CFC training session.
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Experiment 16—Effects of Ketamine, Haloperidol, and
Clozapine on Freezing Behavior Observed in a Different
Context This experiment was designed in order to verify
whether some drugs used would change the freezing
scores when the animals were tested in a context different
from the box where they received the foot shocks.

NWR and SHR (n = 6) were treated with saline, 10 mg/
kg ketamine, 0.5 mg/kg haloperidol, and 2.5 mg/kg clo-
zapine. Thirty minutes after haloperidol or clozapine and
fifteen minutes after ketamine injections, the rats were
submitted to the CFC training session. Twenty-four
hours later, each animal was placed in the open-field ap-
paratus (a circular wooden box with 97 cm in diameter
and 32.5 cm high and an open top) and was observed
for freezing quantification.

Statistical Analysis

Data were analyzed by multivariate analysis of variance
(MANOVA) (time 3 strain) or 2-way analysis of variance
(ANOVA) (strain 3 treatment) followed by appropriate
post hoc analyses: Duncan test or Student t test or Stu-
dent paired t test. The P < .05 was used as a criterion for
statistical significance.

Results

Experiment 1

No differences between NWR and SHR were found in
the sum of scores of vocalization (figure 1A). Concerning
freezing behavior in the test session, 2-way ANOVA
revealed significant shock effect (F1,30 = 283.6; P <
.05), strain effect (F1,30 = 143.7; P < .05), and shock 3

strain interaction (F1,30 = 130.3; P < .05). Post hoc anal-
ysis revealed that NWR and SHR that had received
shock in the training session presented enhanced freezing
response when compared with the respective groups that
had not received the stimulus. However, the freezing re-
sponse observed in SHR previously exposed to the shock
was significantly lower than that observed in NWR sub-
mitted to the same procedure (figure 1B).

Experiment 2

MANOVA revealed significant time effect (F1,12 = 11.17;
P < .05) and time 3 strain interaction (F1,12 = 6.75; P <
.05) on freezing response. In trial 1, SHR presented less
freezing response when compared with NWR (t = 4.63;
P < .05). In trial 2, no differences between strains
were observed. The comparisons between trials revealed
a decrease in freezing response in trial 2 only for NWR
(t = 3.93, P < .05—figure 2).

Experiment 3

Two-way ANOVA showed significant treatment effect
(F2,41 = 123.3; P < .05), strain effect (F1,47 = 387.0;
P < .05), and treatment 3 strain interaction (F2,47 =

164.4; P < .05). Post hoc analysis revealed that the freez-
ing response was significantly reduced in SHR group
when compared with NWR group treated with saline,
as previously observed. Moreover, chlordiazepoxide de-
creased and pentylenetetrazole increased the freezing re-
sponse in NWR when compared with the saline-treated
group. However, no differences were seen among SHR
groups treated with these drugs (table 1).

Fig. 1. (A) Shock-Induced Vocalization of Normotensive Wistar
Rats (NWR) and Spontaneously Hypertensive Rats (SHR) During
the Training Session of Contextual Conditioning. (B) Freezing
response (s) of NWR and SHR that received (shock) or not
(nonshock) theshock in the trainingsession.*P< .05compared with
nonshock group. #P< .05 compared with NWR group. (A) Student
t test and (B) Two-way analysis of variance followed by Duncan test.
Data are reported as mean 6 SE.

Fig. 2. Freezing response (s) of Normotensive Wistar Rats (NWR)
and Spontaneously Hypertensive Rats (SHR) During the First
(Trial 1) and Second (Trial 2) Test Session. *P< .05 compared with
trial 1. #P< .05 compared with NWR group. Multivariate analysis
of variance followed by Student t test between strains and paired t
test between trials. Data are reported as mean 6 SE.
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Experiment 4

Two-way ANOVA showed significant treatment effect
(F1,31 = 219.8; P < .05), strain effect (F1,31 = 101.8; P <
.05), and treatment 3 strain interaction (F1,31 = 84.5;
P< .05).Posthocanalysisshowedthatthefreezingresponse
was significantly reduced in SHR group when compared
with NWR group treated with saline. The amphetamine
decreased the freezing response in both strains when com-
pared with the respective control groups (figure 3A).

Experiment 5

Two-way ANOVA showed significant treatment effect
(F1,32 = 11.0; P < .05), strain effect (F1,32 = 38.9; P <
.05), and an interaction between these factors (F1,32 =
6.8; P < .05). Post hoc analysis revealed that freezing re-
sponse was significantly reduced in SHR group when
compared with NWR group treated with saline. The
methylphenidate significantly decreased the freezing re-
sponse in NWR groups. No differences were seen among
SHR groups treated with saline or methylphenidate. In
addition, the SHR group treated with 2.5 mg/kg methyl-
phenidate presented diminished freezing response when
compared with the respective NWR group (figure 3B).

Experiment 6

Two-way ANOVA showed significant treatment effect
(F3,54 = 15.9; P < .05), strain effect (F3,54 = 30.9; P <
.05), and an interaction between these 2 factors
(F3,54 = 12.8; P < .05). Post hoc analysis showed that
freezing response was significantly reduced in SHR group
when compared with NWR group treated with saline.
Although all mood stabilizers decreased freezing re-
sponse in NWR, they did not modify freezing response

in SHR. The freezing response in NWR treated with
lamotrigine was higher than that presented by carbama-
zepine- and valproic acid–treated NWR and SHR treated
with lamotrigine (table 1).

Experiment 7

Two-way ANOVA showed significant treatment effect
(F4,90 = 24.0; P < .05), strain effect (F1,90 = 151.7; P <
.05), and an interaction between these 2 factors (F4,90 =
26.8; P < .05). Post hoc analysis showed that freezing re-
sponse was significantly reduced in SHR group when
compared with NWR group treated with saline. The hal-
operidol treatment significantly reduced the freezing re-
sponse of NWR while enhanced this response of SHR,
when compared with the respective control groups.
The treatment with risperidone, ziprasidone, and ami-
sulpride was able to increase the freezing response in
both strains when compared with the respective saline
groups. In addition, NWR treated with these drugs pre-
sented higher freezing responses when compared with
SHR treated with these atypical neuroleptics (figure 4).

Experiment 8

Two-way ANOVA showed significant treatment effect
(F2,39 = 205.8; P < .05), strain effect (F1,39 = 398.7;

Table 1. Freezing Response (s) of Normotensive Wistar Rats
(NWR) and Spontaneously Hypertensive Rats (SHR) Treated
With Saline (SAL), 5 mg/kg Chlordiazepoxide (CDZ), or 10 mg/kg
Pentylenetetrazole (PTZ)—Experiment 3; SAL, 30 mg/kg
Carbamazepine (CBZ), 200 mg/kg Valproic Acid (VPA), or 20 mg/
kg Lamotrigine (LAM)—Experiment 6

Experiment Treatment
NWR SHR
Mean 6 SE Mean 6 SE

3 SAL 93.32 6 7.68 40.05 6 1.89#

CDZ 48.57 6 5.09* 37.32 6 2.35
PTZ 232.86 6 9.34*,þ 26.25 6 5.23#

6 SAL 157.63 6 15.32 33.25 6 5.95#

CBZ 28.12 6 10.60*,� 23.87 6 5.81
VPA 19 6 7.06*,� 25 6 11.79
LAM 81 6 25.25* 13.5 6 4.19#

Note: Two-way analysis of variance followed by Duncan test.
Data are reported as mean 6 SE.
*P < .05 compared with SAL group; þP < .05 compared with
CDZ group; �P < .05 compared with LAM group; #P < .05
compared with NWR group.

Fig. 3. (A) Freezing response (s) of Normotensive Wistar Rats
(NWR) and Spontaneously Hypertensive Rats (SHR) Treated With
Saline (SAL) or 2.5 mg/kg Amphetamine (AMPH) or (B) Saline
(SAL) or 2.5 mg/kg Methylphenidate (METH) Before the Training
Session. *P < .05 compared with SAL group. #P < .05 compared
with NWR group. Two-way analysis of variance followed by
Duncan test. Data are reported as mean 6 SE.
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P < .05), and an interaction between these 2 factors
(F2,39=100.3;P< .05).Posthocanalysisshowedthat freez-
ing response was significantly reduced in SHR group when
compared with NWR group treated with saline. Metoclo-
pramide did not modify the freezing response of both
strains when compared with the respective saline groups.
However, the SCH 23390 decreased the freezing response
of NWR and SHR groups when compared with the rats
treated with saline and metoclopramide (figure 5).

Experiment 9

Figure 6A shows the dose-response curve of amphet-
amine on the CFC. Two-way ANOVA showed signifi-
cant treatment effect (F4,77 = 142.24; P < .05), strain
effect (F1,77 = 96.69; P< .05), and an interaction between
these factors (F4,77 = 58.41; P < .05). Post hoc analysis
showed that the freezing response was significantly re-
duced in SHR group when compared with NWR group
treated with saline. All the amphetamine doses decreased
the freezing response in both strains when compared with
the respective control groups. In addition, the 0.5 mg/kg
amphetamine-treated NWR presented an increased
freezing response when compared with NWR treated
with all the other doses and when compared with SHR
treated with 0.5 mg/kg amphetamine.

Experiment 10

Figure 6B shows the dose-response curve of methylphe-
nidate on the CFC. Two-way ANOVA showed signifi-
cant treatment effect (F3,64 = 8.11; P < .05), strain
effect (F1,64 = 53.57; P< .05), and an interaction between
these factors (F3,64 = 6.95; P < .05). Post hoc analysis
revealed that freezing response was significantly reduced

in SHR group when compared with NWR group treated
with saline. All the doses significantly decreased the freez-
ing response in NWR when compared with the saline-
treated group. The freezing response presented by 5 mg/kg
methylphenidate-treated NWR was significantly lower
than that presented by 0.5 mg/kg methylphenidate-treated

Fig. 4. Freezing response (s) of Normotensive Wistar Rats (NWR)
and Spontaneously Hypertensive Rats (SHR) Treated With Saline
(SAL), 0.5 mg/kg Haloperidol (HAL), 2.0 mg/kg Ziprasidone
(ZIPRA), 0.5 mg/kg Risperidone (RISP), or 50 mg/kg Amisulpride
(AMI) Before the Training Session. *P < .05 compared with SAL
group. #P < .05 compared with NWR group. þP < .05 compared
with HAL. �P< .05 compared with RISP group. aP< .05 compared
with ZIPRA. Two-way analysis of variance followed by Duncan
test. Data are reported as mean 6 SE.

Fig. 5. Freezing Response (s) of Normotensive Wistar Rats (NWR)
and Spontaneously Hypertensive Rats (SHR) Treated With Saline
(SAL), 10 mg/kg Metoclopramide (METO), or 0.5 mg/kg SCH
23390 before the training session. *P < .05 compared with SAL
group. #P < .05 compared with NWR group. þP < .05 compared
with METO. Two-way analysis of variance followed by Duncan
test. Data are reported as mean 6 SE.

Fig. 6. (A) Freezing Response (s) of Normotensive Wistar Rats
(NWR) and Spontaneously Hypertensive Rats (SHR) Treated With
Saline (SAL), 0.5 (AMPH 0.5), 1 (AMPH 1), 2.5 (AMPH 2.5), or 5
(AMPH 5) mg/kg Amphetamine or (B) Saline (SAL), 0.5 (METH
0.5), 2.5 (METH 2.5), or 5.0 (METH 5) mg/kg Methylphenidate
Before the Training Session. *P < .05 compared with SAL group.
#P < .05 compared with NWR group. þP < .05 compared with
AMPH 0.5 or METH 0.5 group. Two-way analysis of variance
followed by Duncan test. Data are reported as mean 6 SE.
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NWR. No differences were seen among SHR groups
treated with saline or methylphenidate. In addition, the
SHR groups treated with saline or 0.5 or 2.5 mg/kg
methylphenidate presented diminished freezing response
when compared with the respective NWR groups.

Experiment 11

Figure 7A shows the dose-response curve of haloperidol
on the CFC. Two-way ANOVA showed significant treat-
ment effect (F1,56 = 3.01; P < .05) and an interaction be-
tween strain and treatment factors (F1,56 = 50.82; P <
.05). Post hoc analysis revealed that freezing response
was significantly reduced in SHR group when compared
with NWR group treated with saline. Post hoc analysis
revealed that all the doses of haloperidol decreased freez-
ing response in NWR when compared with the saline-
treated group. On the other hand, all the doses of
haloperidol increased the freezing response of SHR
when compared with the saline-treated group. The
SHR groups treated with 0.5 or 1.0 mg/kg haloperidol
presented higher freezing response when compared
with NWR treated with these same doses.

Experiment 12

Figure 7B shows the dose-response curve of clozapine on
the CFC. Two-way ANOVA showed significant treat-
ment effect (F1,56 = 5.29; P < .05) and an interaction be-
tween strain and treatment factors (F1,56 = 17.37; P <
.05). Post hoc analysis revealed that freezing response
was significantly reduced in SHR group when compared
with NWR group treated with saline. All the clozapine
doses decreased freezing response presented by NWR.
On the other hand, 2.5 and 5.0 mg/kg clozapine enhanced
the freezing response presented by SHR when compared
with the saline-treated group and with NWR with the
same treatments.

Experiment 13

Two-way ANOVA revealed significant treatment effect
(F1,36 = 173.3; P < .05), strain effect (F1,36 = 75.3; P <
.05), and an interaction between these 2 factors (F1,36 =
40.0; P < .05). Post hoc analysis showed that freezing re-
sponse was significantly reduced in SHR group when
compared with NWR group treated with saline. The ket-
amine treatment reduced the freezing response in NWR
and SHR groups when compared with respective saline
group. No difference was seen between NWR and
SHR treated with ketamine (figure 8A).

Experiment 14

Two-way ANOVA revealed significant sleep deprivation
effect (F1,17 = 141.6; P < .05), strain effect (F1,17 = 54.5;
P< .05), and an interaction between these 2 factors (F1,17 =
24.9; P < .05). Post hoc analysis showed that freezing re-
sponse was significantly reduced in non–sleep-deprived
SHR when compared with NWR. Sleep deprivation sig-
nificantly decreased the freezing response in both strains.
No differences were seen between sleep-deprived SHR
and NWR (figure 8B).

Experiment 15

Two-way ANOVA revealed significant strain effect
(F1,30 = 40.1; P < .05) and exposure 3 strain interaction
(F1,30 = 4.2; P < .05) on freezing response. Post hoc anal-
ysis revealed that the NWR, but not the SHR, previously
exposed to the apparatus presented lower freezing re-
sponse when compared with the respective nonexposed
group. Both SHR groups presented lower freezing re-
sponse when compared with the respective NWR groups
(figure 9).

Experiment 16

Two-way ANOVA showed no significant effects (table 2).
No differences in the freezing response were seen among
the groups.

Fig. 7. (A) Freezing Response (s) of Normotensive Wistar Rats
(NWR) and Spontaneously Hypertensive Rats (SHR) Treated With
Saline (SAL),0.25 (H 0.25), 0.5 (H0.5), or 1 (H 1) mg/kgHaloperidol
or (B) saline (SAL), 2.5 (C 2.5), 5 (C 5), or 10 (C 10) mg/kg Clozapine
Before the Training Session. *P < .05 compared with SAL group.
#P< .05 compared with NWR group. þP< .05 compared with H
0.25 group. dP< .05 compared with H 0.5 or C 2.5 and C 5. Two-
way analysis of variance followed by Duncan test. Data are reported
as mean 6 SE.
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Discussion

The decrease in the performance of SHR in the CFC task
observed in this study corroborates a previous work.15

This reduced fear response could be related to a dimin-
ished sensitivity to the shock. In this respect, a number of
studies indicate that SHR have abnormal sensitivity to
pain, suggesting both a decrease and an increase in the
reactivity to painful stimuli, indicating that the pain phe-
notype of the SHR varies with nociceptive tests.38–40 The
strain difference in CFC in this study did not appear to be
related to pain sensitivity because the vocalization during

the shock presentation was the same for both strains. In
addition, although SHR presented a decrease in freezing
response, it is important to note that they are able to ex-
hibit this behavior (increase in freezing response induced
by previous exposure to the shock compared with ani-
mals that were not exposed to this aversive stimulus).
In parallel, attention deficits have been described as
a prominent feature of SHR. In this respect, procedures
that could facilitate the learning of the task could ame-
liorate the deficit in CFC presented by SHR. Contrary
to this idea, repeated conditioning training did not pre-
vent the deficit in CFC presented by SHR.

Fear conditioning has been used to study fear learning
in certain anxiety disorders.5,6 Indeed, reduced levels of
anxiety can decrease fear-related responses.41,42 In accor-
dance, the acquisition of CFC in NWR was improved by
the anxiogenic drug pentylenetetrazole and impaired by
the anxiolytic drug chlordiazepoxide. It is well known
that SHR show low indices of basal anxiety–like behav-
ior.17,43–46 Hence, a low basal anxiety could account for
the deficit of CFC presented by SHR. This does not seem
to be the case considering that neither pentylenetetrazole
nor chlordiazepoxide modified this deficit.

Abnormalities in emotion processing have been related
to schizophrenia, bipolar disorder, and ADHD.2,3 In this
context, the next series of experiments addressed the
effects of different drugs classically used to treat these
pathologies.

Amphetamine and methylphenidate are recommended
medications for the ADHD treatment. These drugs were
not able to ameliorate the deficit presented by the SHR at
any dose tested (Figures 3A and 3B and 6A and 6B). In-
deed, these drugs even decreased the acquisition of CFC
in both NWR and SHR. Thus, CFC deficit presented by
SHR did not seem to be related to the emotional process-
ing impairment presented by ADHD. In accordance, al-
though SHR strain has been proposed as an animal
model to study this pathology, 13,14 other groups have
also reported the absence of beneficial effects of methyl-
phenidate on ADHD-like behaviors in SHR.47,48

Fig. 8. Freezing Response (s) of Normotensive Wistar Rats (NWR)
and Spontaneously Hypertensive Rats (SHR) Treated With Saline
(SAL) or 10 mg/kg Ketamine (KET) (A) or Submitted to 96 h of
Sleep Deprivation (SD) or Not (NSD) (B) Before the Training
Session. *P < .05 compared with SAL or NSD groups. #P < .05
compared withNWR group.Two-wayanalysis ofvariance followed
by Duncan test. Data are reported as mean 6 SE.

Table 2. Freezing Response (s) Observed in a Different Context of
Normotensive Wilstar Rats (NWR) and Spontaneously
Hypotensive Rats (SHR) Treated With Saline (SAL), 10 mg/kg
Ketamine (KET), 0.5 mg/kg Haloperidol (HAL), or 2.5 mg/kg
Clozapine (CLO)

Experiment Treatment
NWR SHR
Mean 6 SE Mean 6 SE

16 SAL 5.66 6 1.56 3.83 6 1.42
KET 3.33 6 52.58 2.16 6 0.7
HAL 4.33 6 2.43 2.0 6 0.68
CLO 4.66 6 1.89 2.33 6 1.05

Note: Two-way analysis of variance. Data are reported as
mean 6 SE.

Fig. 9. Freezing Response (s) of Normotensive Wistar Rats (NWR)
and Spontaneously Hypertensive Rats (SHR) Preexposed (EXP) or
Not (NEXP) to the Apparatus Before the Training Session. *P< .05
compared with trial 1 or NEXP group. #P < .05 compared with
NWR group. Two-way analysis of variance followed by Duncan
test. Data are reported as mean 6 SE.
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To address if the deficit in the acquisition of CFC
presented by SHR would be related to bipolar disorder,
we tested 3 mood stabilizers: valproic acid, lamotrigine,
and carbamazepine. Contrary to this possibility, these
drugs did not alter the deficit in the acquisition of
CFC presented by this strain. In addition, they impaired
the acquisition of CFC in NWR.

Typical and atypical neuroleptic drugs are the conven-
tional treatment for schizophrenia. In NWR, all the doses
of the typical neuroleptic haloperidol and the atypical
neuroleptic clozapine impaired the acquisition of the
CFC and the atypical neuroleptic drugs risperidone,
ziprasidone, and amisulpride improved it. In accordance,
an impairment in the acquisition of the CFC produced by
haloperidol and clozapine was previously reported.49 On
the other hand, the deficit in CFC presented by SHR was
reverted by all the neuroleptic drugs used here. Notewor-
thy, all the doses of haloperidol and clozapine induced
different effects on the acquisition of CFC in NWR (im-
pairment) and in SHR (improvement). These opposite
effects indicate that the deficit in CFC presented by
SHR could be related to a deficit in emotional memory
processing characteristic of schizophrenia. In this respect,
the atypical neuroleptic quetiapine was able to revert the
deficit in CFC presented by animals submitted to an exci-
totoxin-induced hippocampal lesion,8 an animal model
of schizophrenia.9

Nevertheless, these results could merely reflect a mod-
ulatory effect of dopaminergic agents on the acquisition
of the CFC.6 In order to verify this hypothesis, we eval-
uated the effects of a D1 (SCH 23390) and a D2 (meto-
clopramide) antagonist without antipsychotic action on
the deficit of CFC presented by this strain. Corroborating
the association of this deficit with schizophrenia-related
emotional processing impairments, the acquisition of the
CFC in SHR was not improved by these dopamine antag-
onists. In fact, as described previously for normotensive
rats,50,51 SCH 23390 impaired the acquisition of the CFC
in both strains.

Strengthening the hypothesis that the deficit in CFC
presented by SHR is related to schizophrenia impair-
ments, opposite to the effects produced by neuroleptic
drugs, the administration of ketamine as well as sleep
deprivation potentiated this deficit. In addition, these
manipulations also impaired the acquisition of the CFC
in NWR. In this way, ketamine induces schizophrenia-
related behaviors in animal models27 and reinstates
psychosis in remitted schizophrenic patients,52 evidences
that support the glutamatergic hypothesis of schizophre-
nia.53 Additionally, paradoxical sleep deprivation has
been reported to worsen psychotic symptoms,28 improve
depressive symptoms,54 and impair attention.55 In accor-
dance with this line of reasoning, amphetamine also po-
tentiated the deficit in CFC presented by SHR. In this
respect, amphetamine precipitates or aggravates psy-
chosis.56 Within this context, while the release of striatal

dopamine induced by amphetamine is increased in
schizophrenic patients,57 the release of dopamine from
striatal slices induced by this drug is increased in SHR
when compared with normotensive rats.58

Based on the above, we also compared the latent inhi-
bition expression in NWR and SHR. Latent inhibition is
defined by a decrement in the conditioning between a con-
ditioned stimulus (eg, the context) and an unconditioned
stimulus (eg, the shock) when the conditioned stimulus is
previously presented without being paired to the uncon-
ditioned stimulus.59 This attentional learning has been
suggested to correspond to our ability to selectively at-
tend to important information in our environment and
ignore the irrelevant stimuli.60 In this context, an absence
of latent inhibition process has been described for schizo-
phrenic61 and is one of the most used paradigms to study
attentional deficits in animal models of schizophrenia.30

Supporting this rationale, latent inhibition is disrupted
by amphetamine, an effect that is reversed by neuroleptic
drugs (see Moser et al29and Weiner30). Our data show
that latent inhibition process was expressed by NWR
but not by SHR (experiment 15). In this respect, the im-
pairment in CFC presented only by NWR submitted to 2
trials of the CFC task (experiment 2—training/test fol-
lowed by training/test) could be related to processes un-
derlying interferences in associative learning as the latent
inhibition phenomenon or the impairment to induce
a conditioned response after a preexposure to the uncon-
ditioned stimulus,62 a phenomenon similar to latent inhi-
bition that is also disrupted by amphetamine.63 The
interpretation of these data in the context of the results
obtained from the dose-response curves of psychostimu-
lants and neuroleptic drugs reinforces the schizophrenia
component of the CFC deficit presented by SHR.

Corroborating the schizophrenic-like profile of at least
some behaviors of SHR strain, deficits in prepulse inhi-
bition of startle64–67—a paradigm to study sensorimotor
gating deficits in schizophrenia68—have been described
in this strain. In addition, while the prevalence of tardive
dyskinesia, a late side effect of long-term treatment with
neuroleptic drugs,69 is decreased in schizophrenia when
compared with affective disorders,70 we have recently de-
scribed that the SHR did not develop oral dyskinesia in
animal models of tardive dyskinesia.71,72

In summary, the deficit in CFC presented by the SHR
strain is specifically reverted by neuroleptic drugs and
potentiated by proschizophrenia manipulations. These
effects are contextual specific because the administration
of neuroleptic drugs or ketamine did not change the freez-
ing scores observed in a context different from that where
the foot shock was conditioned (experiment 16). In addi-
tion, although the acquisition of the CFC in NWR is di-
versely altered, all the proschizophrenia interventions
impaired it. Taken as a whole, this body of evidence
strongly suggests that the deficit in CFC presented by
SHR is related to emotional processing abnormalities in
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schizophrenia. In this context, an impaired recognition of
fear in schizophrenia related to an abnormal functional in-
tegration in amygdala networks has been suggested.73–75

The mechanisms linking the core symptoms of schizo-
phrenia and their biological bases are not well estab-
lished. As advocated by Hemsley,76,77 a comprehensive
cognitive model proposes that a weakening of contextual
influences is central to this pathology. This model propo-
ses ‘‘that it is a weakening of the influence of stored mem-
ories of regularities of previous input on current
perception which is basic to the schizophrenic condi-
tion.’’76 In this respect, the appropriate stored regularities
would not be correctly activated by spatial and temporal
context.78,79 These abnormalities in the information pro-
cessing modulated by context have been linked to the core
symptoms of schizophrenia as delusions, hallucinations,
disorganization, loss of sense of personal identity, nega-
tive symptoms as well as schizophrenics’ disturbances in
latent inhibition, and prepulse inhibition paradigms
(reviewed in Hemsley76,77). In parallel, a disjunction in
emotional processing has been linked to the core symp-
toms of schizophrenia. Specifically, the relationships be-
tween the expression and the perception of emotions and/
or emotional experiences are altered, and these disturban-
ces seem to be linked to the negative as well as the positive
symptoms of schizophrenia (reviewed by Aleman and
Kahn 80). In this sense, the rationale of impairment in
emotional contextual processing could explain the deficit
in CFC presented by the SHR strain.

Animal models can undoubtedly contribute to the un-
derstanding of the complexity of schizophrenia. The
functioning of context perception has been addressed
in behavioral paradigms such as latent inhibition and pre-
pulse inhibition of startle. In this way, the present study
suggests that the deficit in CFC presented by the SHR
strain could be useful to shed light on the disturbances
in the processing of emotional context associated with
schizophrenia.
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