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Spatial working memory or short-term place memory is impaired
in schizophrenia. The efficiency of antipsychotic drugs, particularly
of typical antipsychotics, on cognitive deficit in schizophrenia
remains disputable. Inhibition of serotonin (5-HT) 2A/2C receptors
is important for cognitive improvement in schizophrenic patients
treated with antipsychotics. The aim of the present work was to
establish the effect of the 5-HT2A/2C receptor antagonist ritanserin
(2.5 or 5 mg/kg), the dopamine D2 antagonist haloperidol (0.1 or
1 mg/kg), and the atypical antipsychotic risperidone (0.1 mg/kg or
1 mg/kg), which is an antagonist of both 5-HT2A/2C and D2
receptors, on cognitive deficit induced by subchronic administra-
tion of dizocilpine (MK-801, 0.1 mg/kg). We used the active allo-
thetic place avoidance (AAPA) task, requiring the rat to differen-
tiate between relevant and irrelevant stimuli, in a way similar to
disruption of information processing disturbed in schizophrenic
patients. Our results show that treatment with 5-HT2A/2C receptor
antagonists, regardless of their effect on D2 receptors, blocked the
cognitive impairment produced by MK-801. Haloperidol did not
sufficiently reduce the deficit in AAPA induced by MK-801. Inter-
estingly, administration of risperidone and haloperidol alone, but
not ritanserin, impaired the AAPA performance in intact rats.
Ritanserin and risperidone actually improve cognition indepen-
dently of their effect on locomotor activity in an animal model of
schizophrenia-like behavior. This finding is in accordance with the
assumption that some antipsychotics are primarily effective
against cognitive dysfunction in schizophrenia.

animal model of schizophrenia � antipsychotics � cognition �
MK-801 � spatial memory

Schizophrenia is a complex neuropsychiatric illness that af-
fects 1% of the population. In addition to psychotic symp-

toms, cognitive impairment has been found across all subtypes
of the disease (1, 2). It has been established that patients with
schizophrenia are deficient in abstraction, executive function,
verbal memory, language function, vigilance, and attention (3).
Moreover, short-term place memory has been shown to be
impaired in schizophrenia (4, 5), and a deficit in spatial working
memory has even been proposed as an endophenotype marker
for schizophrenia (6).

Antipsychotics of all groups alleviate psychotic symptoms of
schizophrenia, but the effect of typical antipsychotics on cogni-
tive deficit in schizophrenia remains in dispute (7). It has been
suggested that inhibition of serotonin (5-HT) 2A/2C receptors
mediates the cognitive improvement of antipsychotic-treated
schizophrenic patients (8). The aim of the present work was to
establish the effect of the 5-HT2A/2C receptor antagonist
ritanserin, the dopamine D2 antagonist haloperidol, and the
atypical antipsychotic risperidone, which is an antagonist of both
5-HT2A/2C and D2 receptors, on the cognitive deficit induced
by subchronic administration of dizocilpine (MK-801).

Acute or chronic administration of NMDA receptor antago-
nists such as MK-801, phencyclidine, and ketamine in adults is
frequently used as a model of schizophrenia (9–11). The model

is based on the glutamatergic hypothesis of the origin of schizo-
phrenia (12, 13). This hypothesis presumes that by inhibition of
NMDA receptors, secondary activation of the mesolimbic do-
paminergic system as well as associated manifestations of psy-
chosis will occur. The first description of induction of schizo-
phrenia-like symptoms by NMDA antagonists in humans was
reported with phencyclidine (14). Furthermore, in patients,
ketamine-induced symptoms that are individually specific, i.e.,
symptoms that individual patients experienced in spontaneous
relapses (15), support the validity of this model in both healthy
volunteers and in animal testing. Preclinical studies have shown
that repeated exposure to NMDA antagonists such as MK-801
produces schizophrenia-like behavior, including alterations in
morphology and cognitive function (9, 10).

Our earlier studies with MK-801 demonstrated a deficit in the
working memory version of the Morris water maze and the active
allothetic place avoidance (AAPA) task (15, 16). The latter is a
spatial memory test that can determine the ability of animals to
organize their behavior efficiently in both normal and patho-
logical conditions. This task requires rats on a continuously
rotating arena to actively avoid an unmarked punished segment
(shock sector). The shock sector is defined relative to the
landmarks of the laboratory environment (room frame) and is
always in the same position in the room (Fig. 1). Successful
performance in the task requires the rat to pay attention to the
extramaze cues to assess its distance from the shock sector. A
unique feature of this task is that the animal must ignore the
irrelevant intramaze cues and focus its attention on extramaze
cues for successful localization of the shock sector (15). In
addition, rats have to solve a conflict between two discordant
subsets of spatial stimuli (extramaze and intramaze cues). We
believe that successful performance in the AAPA task, where
the rat has to differentiate between relevant and irrelevant
stimuli, depends on the mode of information processing dis-
turbed in schizophrenic patients (17, 18).

Several recent studies deal with the effect of antipsychotics in
similar animal models of schizophrenia-like behavior (19–22).
Most published papers have demonstrated the effect of antip-
sychotics on cognitive functions of healthy animals (23–29). The
aim of our research was to investigate the impact of 5-HT2A/2C
receptor antagonism, alone or in combination with D2 receptor
antagonism, on the impairment in a spatial memory task induced
by subchronic administration of MK-801. In addition, we would
like to validate the AAPA task for further screening of new
drugs with an antipsychotic-like profile of effective action
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against the deficit in attention and information processing
observed in schizophrenia.

Results
No vocalizations, increased defecation, or ataxia was observed
during and after the injections of MK-801 or antipsychotics. On
the contrary, visual inspection revealed hyperactivity after the
MK-801 injection, which was later confirmed by measuring the
total distance. Rats were able to maintain correct postural
positions, and their main neurological reflexes were preserved.
Each experiment was evaluated on day 4, when the asymptotic
level of the performance in the AAPA task is reached. We
assessed data from the parameters related to locomotor activity
(total distance) to entrances into the shock area (number of
errors) and to maximum time of avoidance, which reflected the
ability of the rat to remember the shock sector location in the
room frame and to avoid it.

Effect of Ritanserin on Performance in the AAPA Test. Total distance.
The separate two-way ANOVA for 0.1 mg/kg MK-801 and the
lower dose of ritanserin (2.5 mg/kg) showed a significant effect
of MK-801 [F(1,28) � 5.5, P � 0.05]. For the higher dose of
ritanserin (5 mg/kg), there was a significant effect of ritanserin
[F(1,28) � 6.4, P � 0.05]. Subsequent analysis using the Student–
Newman–Keuls test showed a difference between the 2.5-mg
ritanserin group and the group that received 2.5 mg of ritanserin
in combination with MK-801 (Fig. 2 A).
Entrances into the shock area (number of errors). The separate two-way
ANOVA for MK-801 and the lower dose of ritanserin (2.5
mg/kg) showed a significant effect of MK-801 [F(1,28) � 28.8,
P � 0.001]. The effect of ritanserin [F(1,28) � 3.2, P � 0.08] and
the ritanserin/MK-801 interaction [F(1,28) � 3, P � 0.09] did not
reach statistical significance. The two-way ANOVA for the
higher dose of ritanserin (5 mg/kg) showed an effect of MK-801

[F(1,28) � 11.2, P � 0.01] as well as of ritanserin [F(1,28) � 7,
P � 0.05] and an interaction between ritanserin and MK-801
[F(1,28) � 14.2, P � 0.001]. Subsequent analysis using the
Student–Newman–Keuls test showed an increased number of
errors in the MK-801 group (P � 0.001) compared with the
control group. Administration of ritanserin (2.5 mg/kg; P � 0.05)
and ritanserin (5 mg/kg; P � 0.001) blocked the effect of MK-801
on the number of errors (Fig. 2B).
Maximum time of avoidance. The separate two-way ANOVA for
MK-801 and the lower dose of ritanserin (2.5 mg/kg) showed a
significant effect of MK-801 [F(1,28) � 24.2, P � 0.001]. For the
higher dose of ritanserin (5 mg/kg), the two-way ANOVA
showed an effect of interaction [F(1,28) � 8.5, P � 0.01].
Subsequent analysis using the Student–Newman–Keuls test
showed a decrease in maximum time avoidance after the ad-
ministration of MK-801 (P � 0.01) compared with the control
group (Fig. 2C). The combination of 2.5 mg/kg or 5 mg/kg
ritanserin and MK-801 increased this parameter compared with
the MK-801 group (P � 0.05; Fig. 2C).

Effect of Risperidone on Performance in the AAPA Test. Total distance.
A separate two-way ANOVA for 0.1 mg/kg MK-801 and the
lower dose of risperidone (0.1 mg/kg) showed no effect of the
drug [F(1,28) � 2.5, P � 0.05], MK-801 [F(1,28) � 0.2, P � 0.05],

Fig. 1. Schematic drawing of the AAPA setup. (A) The arena is located in a
room containing an abundance of extramaze cues. An animal is tracked via
overhead TV camera registering the infrared light-emitting diode (LED) car-
ried by the rat. The diode power source wire and a shock wire run in parallel
in a cable attached to the rat. The TV camera is connected to a computerized
tracking system (iTrack), located in an adjacent room. Time position series of
the animal’s track are stored for an offline analysis by a specialized program
(TrackAnalysis). (B) Schematic top view of the arena, with the to-be-avoided
sector denoted by a black line.

Fig. 2. Effect of ritanserin on performance in AAPA task. (A) There is no
change in total distance traveled during the session compared with control
group or MK-801 group. However, a difference was found between 2.5 mg/kg
ritanserin and 2.5 mg/kg ritanserin plus MK-801 (#, P � 0.05). (B) Concerning
number of errors, MK-801 treatment impaired performance (***, P � 0.001)
compared with the control group. However, both doses of ritanserin atten-
uated the effect of MK-801 (§§§, P � 0.001; §, P � 0.05, respectively) compared
with the MK-801 group. Moreover, there is a difference between 2.5 mg/kg
ritanserin and 2.5 mg/kg ritanserin plus MK-801 (#, P � 0.05). (C) Administra-
tion of MK-801 decreased the maximum time of avoidance (**, P � 0.01). Both
doses of ritanserin blocked the worsening effect of MK-801 (§, P � 0.05).
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or interaction [F(1,28) � 3.5, P � 0.05]. Similarly, no effect on
the traveled distance was found after administration of the
higher dose of risperidone (1 mg/kg), effect of drug [F(1,28) �
1.9, P � 0.05], MK-801 [F(1,28) � 0.1, P � 0.05], and interaction
[F(1,28) � 0.5, P � 0.05].
Entrances into the shock area (number of errors). A separate two-way
ANOVA for MK-801 and the lower dose of risperidone (0.1
mg/kg) showed a significant effect of MK-801 [F(1,28) � 10.4,
P � 0.01] and an interaction [F(1,28) � 26.6, P � 0.001] but no
effect of risperidone alone. The separate two-way ANOVA for
MK-801 and the higher dose of risperidone (1 mg/kg) showed an
effect of risperidone [F(1,28) � 5.2, P � 0.05] and an interaction
[F(1,28) � 32, P � 0.001] but no effect of MK-801. Subsequent

analysis using the Student–Newman–Keuls test showed an in-
crease in the number of errors in the MK-801 group (P � 0.001;
Fig. 3B). Administration of both doses of risperidone decreased
the number of errors induced by MK-801 (P � 0.001). Admin-
istration of risperidone alone increased the number of errors
(P � 0.05 for 0.1 mg/kg risperidone; P � 0.001 for 1 mg/kg
risperidone).
Maximum time of avoidance. A separate two-way ANOVA for
MK-801 and the lower dose of risperidone (0.1 mg/kg) showed
a significant effect of MK-801 [F(1,28) � 11.4, P � 0.01],
risperidone [F(1,28) � 6.5, P � 0.05], and an interaction
[F(1,28) � 13.1, P � 0.001]. The two-way ANOVA for the higher
dose of risperidone (1 mg/kg) showed an effect of interaction
[F(1,28) � 22.6, P � 0.001]. Subsequent analysis using the
Student–Newman–Keuls test showed a decrease in maximum
time of avoidance in the MK-801 group (P � 0.001; Fig. 3C). The
combination of 1 mg/kg risperidone and MK-801 increased this
parameter compared with the MK-801 group (P � 0.01). How-
ever, risperidone alone without the MK-801 treatment decreased
the parameter at both doses (P � 0.001 for 0.1 mg/kg risperidone;
P � 0.01 for 1 mg/kg risperidone).

Effect of Haloperidol on Performance in the AAPA Test. Total distance.
A separate two-way ANOVA for 0.1 mg/kg MK-801 and the
lower dose of haloperidol (0.1 mg/kg) showed no effect of the
drug, MK-801, or interaction. For the higher dose of haloperidol,
we found an effect of the drug [F(1,28) � 35.6, P � 0.001], and
post hoc testing showed that 1 mg/kg haloperidol decreased
locomotor activity in intact rats (P � 0.001; Fig. 4A).
Entrances into the shock area (number of errors). A separate two-way
ANOVA for MK-801 and the lower dose of haloperidol (0.1
mg/kg) showed a significant effect of MK-801 [F(1,28) � 21.7,
P � 0.001] and an interaction [F(1,28) � 15.1, P � 0.001] but no
effect of haloperidol alone. The separate two-way ANOVA for
MK-801 and the higher dose of haloperidol (1 mg/kg) showed an
effect of MK-801 [F(1,28) � 22.2, P � 0.001] and an interaction
[F(1,28) � 30.9, P � 0.001] but no effect of haloperidol.
Subsequent analysis using the Student–Newman–Keuls test
showed an increase in the number of errors in the MK-801 group
(P � 0.001; Fig. 4B). Administration of the higher dose of
haloperidol (1 mg/kg) decreased the number of errors induced
by MK-801 (P � 0.001), but the effect could be caused by altered
locomotor activity after the administration of the higher dose of
haloperidol. Administration of haloperidol alone increased the
number of errors (P � 0.001 for 0.1 mg/kg haloperidol; P � 0.01
for 1 mg/kg haloperidol).
Maximum time of avoidance. A separate two-way ANOVA for
MK-801 and the lower dose of haloperidol (0.1 mg/kg) showed
a significant effect of MK-801 [F(1,28) � 16, P � 0.001],
haloperidol [F(1,28) � 23.2, P � 0.05], and an interaction
[F(1,28) � 15.6, P � 0.001]. The two-way ANOVA for the higher
dose of haloperidol (1 mg/kg) showed an effect of MK-801
[F(1,28) � 7.1, P � 0.01], haloperidol [F(1,28) � 19.6, P � 0.001],
and an interaction [F(1,28) � 18.7, P � 0.001]. Subsequent
analysis using the Student–Newman–Keuls test showed a de-
crease in the maximum time of avoidance in the MK-801 group
(P � 0.001; Fig. 4C). Haloperidol treatment had no effect on the
disturbed maximum time of avoidance induced by MK-801.
However, haloperidol alone without MK-801 treatment de-
creased the parameter at both doses (P � 0.001).

Discussion
Results of the present work demonstrate that MK-801 did not
change locomotor activity, but decreased performance in the
AAPA task. Both parameters of learning (the maximum time
avoided and the number of errors) were impaired after MK-801
administration. The deficit in cognitive function after MK-801
treatment has been well described elsewhere (15, 19, 20, 22, 23).

Fig. 3. Effect of risperidone on performance in AAPA task. (A) There is no
change in total distance traveled during the session compared with control
group or MK-801 group. (B) Administration of risperidone alone increased the
number of errors at both doses (*, P � 0.05; ***, P � 0.001, respectively)
compared with control group. However, both doses of risperidone with
MK-801 decreased the number of errors compared with MK-801 group (§§§,
P � 0.001; §, P � 0.05, respectively), and the difference between the 1-mg/kg
risperidone group and the 1-mg/kg risperidone plus MK-801 group was sig-
nificant (###, P � 0.001). (C) Both doses of risperidone decreased the maximum
time of avoidance (***, P � 0.001) compared with the control group. However,
the high dose of risperidone with MK-801 increased the parameter compared
with the MK-801 group (§§, P � 0.01) and the 1-mg/kg risperidone group (##,
P � 0.01).
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In our work, we demonstrated that administration of an NMDA
antagonist induced impairment in spatial memory independent
of its effect on locomotor activity, which means that the NMDA
receptor antagonist causes disruption in a spatial cognitive task
independent of its effects on behaviors such as stereotypy,
ataxia, locomotor activity, etc., which simulates positive symp-
toms in schizophrenia (30).

Many effective atypical antipsychotics possess a high affinity
as antagonists at the 5-HT2A/2C receptor (23). In our work, we
compared the effect of 5-HT2A/2C receptor and D2 receptor
antagonists on the deficit in spatial learning induced by MK-801.
It has been suggested that a 5-HT2A receptor antagonist with
weak D2 receptor blockade properties may be more efficient in
treatment of schizophrenia-like behavior than selective antag-
onists (8). Therefore, we compared our data with the atypical
antipsychotic risperidone, which blocks both 5-HT2A/2C recep-
tors and D2 receptors (8, 30).

We found that administration of antipsychotics produced
cognitive impairment in intact rats; however, ritanserin (antag-

onist of 5-HT2A/2C receptors) did not affect cognitive functions.
In addition, haloperidol at the higher dose inhibited locomotor
activity, which prevented the rats from successfully solving the
task. The finding that antipsychotics at some doses impair spatial
learning in intact rats has been described (18, 19, 23–25, 29, 32).
However, in one study the administration of 0.1 mg/kg risperi-
done improved consolidation processes during a delayed radial
maze task (31).

The situation apparently changes when antipsychotics or
ritanserin is used in combination with drugs that have been
proposed to induce psychosis, such as MK-801 in our model. We
show that the selective 5-HT2A/2C receptor antagonist dose-
dependently decreased the number of errors and simultaneously
increased the maximum time of avoidance compared with the
MK-801 group. Similarly, risperidone at both doses blocked
the effect of MK-801 without changing the locomotor activity of
the rats. Haloperidol at the higher dose decreased the number
of errors but had no effect on the maximum time avoided. The
seemingly positive effect of haloperidol on the number of errors
could, however, be explained by its suppressing effect on loco-
motor activity.

Our results showed that treatment with 5-HT2A/2C receptor
antagonists, regardless of their activity at the D2 receptor,
blocked the cognitive impairment induced by MK-801. The D2
receptor selective antagonist haloperidol did not sufficiently
change the deficit in AAPA induced by MK-801. Interestingly,
administration of risperidone and haloperidol, but not ritan-
serin, impaired performance in the AAPA test in intact rats. It
appears that inhibition of the D2 receptor is responsible for
cognitive impairment in intact rats (not treated with MK-801).

In accord with our finding, Addy et al. (33) published results
indicating a difference in the effect of clozapine depending on
whether it was used on intact rats or rats with a deficit in working
memory induced by fimbria fornix lesions. We suggest that
antipsychotics may only improve cognitive performance when
some alteration of neuron network function is present. This
alteration may be caused by an NMDA antagonist administra-
tion or structural lesion.

Testing the efficacy of drugs to alleviate MK-801-induced
behavior changes is one of the experimental approaches for
screening a new drug with an antipsychotic-like profile (34–36).
To date, there are few studies confirming the effect of atypical
antipsychotics on cognitive function in NMDA-antagonist
treated rats (19–22). In these studies, different paradigms were
used for the testing of cognitive function such as reversal
learning (19), the instrumental conditional discrimination task,
reference memory in the radial arm maze task (21), and the
five-choice serial reaction time task (18). The AAPA task used
in our experiments is a highly complex approach to the study of
cognitive functions in rats. Effective performance demonstrates
the rat’s cognitive flexibility and faultless information processing
as well as attention (16). Therefore, animals with an MK-801-
induced deficit are a promising screening tool for testing newly
developed drugs with antipsychotic-like properties.

In conclusion, subchronic administration of risperidone (an
antipsychotic with a high affinity to both 5-HT2A/2C and D2
receptors) ameliorated cognitive impairment in an animal model of
schizophrenia-like behavior. A corresponding human double-blind
study has shown that risperidone is more effective than clozapine in
improving spatial working memory (4) and also improves working
memory in the verbal modality and attention (37) in schizophrenia
patients. Our results point out that the 5-HT2A/2C receptor
antagonists risperidone and ritanserin can ameliorate the cognitive
deficit induced by an NMDA antagonist, whereas the same dose of
risperidone but not ritanserin may impair cognitive function in
intact rats. We believe that inhibition of the D2 receptor is
responsible for the effect in intact animals. This work demonstrates
a tool for testing drugs with a proposed effect on cognitive

Fig. 4. Effect of haloperidol on performance in AAPA task. (A) The high dose
of haloperidol (1 mg/kg) inhibited locomotor activity of rats with or without
MK-801 treatment (***, P � 0.001). The higher dose of haloperidol also
decreased locomotion with respect to MK-801 alone (§§§, P � 0.001). (B)
Administration of haloperidol increased the number of errors without MK-
801 treatment (***, P � 0.001; **, P � 0.01, respectively) compared with the
control group. The high dose of haloperidol decreased the number of errors
in MK-801-treated rats (§§, P � 0.01), but the effect is caused by reduced
locomotion. (C) Both doses of haloperidol decreased the maximum time of
avoidance (***, P � 0.001). There was no effect of haloperidol treatment on
the MK-801-induced decrease of the maximum time of avoidance.
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impairment in schizophrenia. In addition, we show that ritanserin
and risperidone actually improve cognition independent of their
effect on locomotor activity in an animal model of schizophrenia-
like behavior, which is in accordance with the assumption that some
antipsychotics are primarily effective against cognitive dysfunction
in schizophrenia.

Methods
Animals. Specific pathogen-free naive male adult rats of the Hannover
Wistar strain (112 rats total, 5 months old, weighing 350 – 450 g), obtained
from the breeding colony in Konarovice, Czech Republic, were used in the
experiment. Animals were accommodated two per cage in 25- � 30- �
45-cm transparent plastic cages in an air-conditioned laboratory animal
room with constant temperature (22°C) and 12/12 light/dark cycle (with the
lights on at 7:00 a.m.). All animals were implanted under light diethylether
anesthesia with a low-impedance connector made from a hypodermic
needle piercing the rat’s skin between the shoulders. The sharp end of the
needle was cut off and bent with tweezers to form a small loop, which
prevented the connector from slipping out and provided anchor for an
alligator clip that was connected to a wire delivering electric shocks against
the grounded floor. Water and food were available ad libitum throughout
the experiments. All manipulations were done in accord with the Law on
Animal Protection of Czech Republic and with the appropriate directive of
the European Communities Council (86/609/EEC).

Drugs. MK-801 (Sigma–Aldrich) at the dose of 0.1 mg/kg was dissolved in saline
and injected i.p. at the volume of 1 ml/kg 30 min before testing. Risperidone
(0.1 and 1 mg/kg; Zentiva); haloperidol (0.1 and 1 mg/kg; Sigma–Aldrich), and
ritanserin (2, 5, and 5 mg/kg; Sigma–Aldrich) were dissolved in 15 �l of glacial
acetic acid per ml of saline solution and injected i.p. 60 min before testing at
the volume of 1 ml/kg. All animals received the same volume of liquid per kg
of body weight. Control animals received vehicle.

Apparatus and Behavioral Procedures. The AAPA apparatus is a dry arena task
in which animals are trained to avoid a room frame fixed stable sector on a
continuously rotating arena (38). It consists of a smooth metallic circular arena
(82 cm in diameter), enclosed with a 30-cm-high transparent Plexiglas wall and
elevated 1 m above the floor of a 4- � 5-m room containing an abundance of
extramaze cues. Every animal was initially placed opposite a shock sector onto
the arena, which started to rotate. Animals had to avoid an unmarked,
60-degree sector identified solely by its relationships to distal room cues.
Therefore, the animals had to move actively in the direction opposite to the
arena rotation; otherwise it was passively transported to the shock sector.

The shock sector was at the north of the four arbitrarily defined cardinal
compass directions, and it remained in a stable spatial position throughout the
training. The rats wore a latex harness, which carried an infrared light-
emitting diode between the animal’s shoulders. A computer-based tracking
system (iTrack; Bio-Signal Group) located in an adjacent room recorded the
rat’s position every 40 ms. Position time series were stored for offline analysis
(TrackAnalysis; Bio-Signal Group). Whenever the rat entered the to-be-
avoided sector for �500 ms, the tracking system delivered a mild, constant
current foot shock (50 Hz, 0.5 s, 0.4–0.7 mA) and counted an entrance. If the

rat did not leave the sector, additional shocks were given every 1,200 ms, but
no more entrances were counted until the rat left the sector for �300 ms.
Shocks were delivered through the implanted needle and the arena floor (the
highest voltage drop was between rats’ paws and grounded floor). We used
a compact floor instead a grid, to allow accumulation of intramaze landmarks
[a condition necessary for generation of a conflict between arena and room
frames (39)]. The current was individualized for each rat to elicit a rapid escape
response but to prevent freezing; however, in most cases, animals responded
appropriately to 0.6 mA.

Design of Experiments. Rats (n � 112) were divided into three independent
experimental groups (ritanserin, haloperidol, risperidone). For each of the
groups, the same control and MK-801-treated rats were used as reference. The
number of animals in each group was 8. Each day, the control animals received
1 ml/kg saline with 15 �l of glacial acid per ml of saline (60 min and 30 min
before behavioral testing). Risperidone (0.1 and 1 mg/kg), haloperidol (0.1
and 1 mg/kg), and ritanserin (2.5 and 5 mg/kg) were injected each day 60 min
before testing the volume of 1 ml/kg. MK-801 at the dose of 0.1 mg/kg was
injected each day at the volume of 1 ml/kg 30 min before testing. All animals
received the same volume of liquid per kg of weight.

Animals were trained on four consecutive daily sessions in the AAPA task,
with the shock sector stretching from the center of the arena to its north
circumference. Experimental sessions in AAPA lasted 20 min, and each rat had
one session every day, carried out during daylight hours.

The following parameters were recorded and analyzed to assess behavior
of rats in the AAPA. The total distance traveled in a session (total distance) was
measured on the arena frame (which only takes into account active locomo-
tion of rats). The number of entrances into the shock sector (number of errors)
reflected the efficiency of spatial performance in the AAPA task. The maxi-
mum time a rat spent in the safe part of the arena between two errors in a
particular session was also recorded (maximum time of avoidance). It reflected
the ability to remember the shock sector location and to avoid it. We suggest
that the last of the parameters shows best the ability of rats to solve the task
appropriately.

Data Analysis. Data were divided into three independent experimental groups
(ritanserin, haloperidol, risperidone). The parameters analyzed (total dis-
tance, number of errors, and maximum time of avoidance) were taken from
day 4, when the asymptotic level of performance in the AAPA task is reached.
Within the experimental group, the effect of particular dose treatment was
evaluated separately. Thus, the separate two-way ANOVAs were run with
each particular dose of ritanserin, risperidone, or haloperidol treatment as
one factor and MK-801 treatment as the second factor. When appropriate,
comparisons between treatment groups were conducted by using the
Student–Newman–Keuls post hoc test; P � 0.05 was considered significant
(Statistica 5.5). The control group and MK-801 group were the same for each
experiment.
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