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Summary

Prazosin, an aj-adrenoceptor antagonist, is well known for its
depressant effect on motivation and motor activity, while it has
no effect on retention of spatial behavior in several tasks, e.g. in
the Morris water maze and radial arm maze. The role of
a;-adrenoceptors in  operant tasks with stimulus-controlled
behavior has not yet been tested. The present study investigated
the effect of prazosin on the modulation of overall motor activity
and on cognitive performance in a spatial operant task called
object-position recognition task, where operant behavior (lever
pressing) was controlled by spatial stimuli displayed on a
computer screen. This task has been previously showed to be
hippocampal-dependent. Pre-test injection of prazosin at the
dose of 3 mg/kg decreased the responding rate, while it did not
affect the recognition of object’s position. In conclusion, we
validated the new cognitive test with a drug with known
pharmacological effects on behavior and confirmed the
depressant effect of prazosin on motor activity and no effect on
retrieval

of spatial memory in the hippocampal-dependent

operant task.
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Introduction

Noradrenaline is an abundant neurotransmitter in
this
neurotransmitter originate almost exclusively in the

the central nervous system. Fibers releasing

brainstem nuclei, particularly in locus coeruleus
(Berridge and Waterhouse 2003). Noradrenergic neurons
project to many brain areas ranging from the spinal cord
and cerebellum to the forebrain, including neocortex,
hippocampus, amygdala and thalamus (Sirvi6 and
MacDonald 1999). Noradrenaline acts also as a paracrine
neuromodulator and therefore can affect other neuronal
and non-neuronal cells via non-synaptic mechanisms
(O’Donnel et al. 2012). There are three main subclasses
of adrenoceptors: a;-, a,- and B-receptors. The present
study focused on a;-adrenoceptor antagonist prazosin.
Alpha 1-adrenoceptors are members of G-protein coupled
receptors superfamily and signal through the Gy
signaling pathway (Chen and Minneman 2005). At
present, there are three recognized a,- subtypes (oa-,
a;p- and a;p-) and all these subtypes are expressed mainly
postsynaptically. Prazosin crosses the blood-brain barrier
and binds to all a;-adrenoceptors subtypes. Prazosin
binding sites are dense in the cerebral cortex, but very
low or absent in the striatum (Trovero et al. 1992).
Alpha 1-adrenoceptors are present also in the pyramidal
neurons of the CA1-CA3 fields of the hippocampus, hilar
and granular neurons of the dentate gyrus and in the
thalamus (Pieribone et al. 1994).

Noradrenaline plays a crucial role in arousal,
vigilance and attention (Sirvio and MacDonald 1999).
The noradrenergic system affects learning and memory in
some however other

experimental configurations,
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neurotransmitter systems (glutamatergic, dopaminergic,
GABAergic, cholinergic, serotonergic) appear to play
more important role in these processes (for review see
Myhrer 2003). It is well known that the activation of
central a;-adrenoceptors may facilitate motor activity.
(e.g.
locomotor

Administration of a;-adrenoceptors agonists

methoxamine, phenylephrine) enhances
activity in an open-field test and this effect can be
blocked by the administration of prazosin (Heal 1984).
The activation of a;-adrenoceptors promotes vigilance
and exerts influences upon working memory, while has
only a minor effect in the modulation of long-term
memory (Sirvid and MacDonald 1999). Inhibition of
a;-adrenoceptors by prazosin did not affect spatial
performance in the radial arm maze (Liao et al. 2002) nor
1996).

However, the effect of prazosin on retention of the

in the Morris water maze (Riekkinen et al

stimulus-controlled behavior in operant tasks is unclear.

The present object-position recognition task is
an operant task, which was designed to study spatially-
driven behavior in non-locomoting rats (Nekovarova and
Klement 2006, Klement et al. 2010). The rats have to
recognize position of the object located in an inaccessible
part of the environment in this task. Our recent study
showed that rats use hippocampus in the task (Levcik et
al. 2013) similarly as in the tasks with approachable
objects that can be explored by the animals (Mumby ef al.
2002, Gilbert and Kesner 2004). Therefore, this is the
first study, in which the effect of prazosin on spatial
cognition has been studied in a hippocampal-dependent
operant task.

The aim of the present study is to test the
cognitive performance in the previously designed object-
position recognition task with a treatment with known
pharmacological actions on behavior. The main question
was whether a;-adrenoceptor antagonist prazosin will
exert an effect on the measures of cognition due to the
expected effect on the motor responding.

Methods

Subjects and apparatus

The subjects (n=16) were male Long-Evans rats
(3-months old at the beginning of the experiment). The
rats were obtained from the breeding colony of the
Institute of Physiology, Academy of Sciences of the
Czech Republic, and housed in groups of two or three per
cage in a temperature-controlled room (21 °C) with a
regular 12/12 light/dark cycle. Water was freely available

but access to food was restricted to maintain the rats at
90 % of their free feeding weight (380-450g). All
procedures were in accordance with Animal Protection
Code of Czech Republic, EU directive 86/609/EEC and
National Institute of Health guidelines. The rats were
trained in the same apparatus as in our previous study
(Levcik et al. 2013) (Fig. 1A).

Pretraining

The time scheme of the experiment is shown in
Figure 1C. Food-deprived rats were trained to press the
lever in the operant chamber for food reward under the
continuous reinforcement schedule. The food reward was
one to three 20 mg pasta pellets. The rats required from
three to nine sessions lasting approximately 30 min to
learn the operant behavior. During the training a white
rectangle (width x height: 40 x 300 pxl) was displayed at
position 380 pxl (Fig. 1B). We refer to this 2-dimensional
rectangle as to an object. Each rat was randomly assigned
to one of the two apparatuses and it was trained there
only.

Object-position recognition task

The white rectangle was displayed on the screen
during the whole session. The rats were conditioned to
press the lever for food reward when the rectangle was
displayed in the reward position and not to press when it
was displayed in the two non-reward positions (Fig. 1B).
The rectangle was displayed in the reward position at
the beginning of the training session. It changed its
position every 35 s. The order of presented positions was
pseudorandom. The rats were trained for 34 sessions. The
duration of the presentation of the rectangle in one
position changed during the training but it was fixed to
the 35 s mentioned above in the last 16 training sessions.
Each apparatus had its own pseudorandom sequence as in
our previous study (Levcik et al. 2013). The sequence
was repeated three times during the training sessions,
thus, the sessions lasted 31.5 min. Initially, the rats were
rewarded for each correct response. Later, when they
preferentially responded to the reward stimulus, the
continuous reinforcement schedule was replaced by the
variable ratio schedule with geometric distribution of the
number of presses necessary for getting the reward. The
average number of responses necessary for activating the
feeder was gradually increased to four. The first response
after the change of the stimulus was never rewarded.

After 34 standard sessions, when all the rats had
reached an asymptotic performance, they were assigned
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A 24” LCD computer screen

- hopper

operant chamber

reward non-reward
position positions
380 pxl 1 pxI
600 pxI
TIME SCHEME OF THE
EXPERIMENT

* Pretraining
(3-9 sessions)

Object-position recognition task

* training
(34 standard sessions)

* habituation infusion
(2 mg/kg or 3 mg/kg prazosin)

» 2 standard sessions
» control session (saline)

* test session
< (2 mg/kg or 3 mg/kg prazosin)

Fig. 1. A: Experimental apparatus. B: Stimuli presented on the
computer screen in the object-position recognition task. C: Time
scheme of the experiment.

to the 2mgkg and 3 mgkg groups to match their
cognitive performance. Thereafter, the rats received a
habituation intraperitoneal injection of 2 mg/kg (n=8) or
3 mg/kg of prazosin (n=8) and were left in their
homecages until the next day. Then the rats underwent

the control session (saline application) after two standard
sessions following the habituation infusion of prazosin
and the test session (2 mg/kg or 3 mg/kg prazosin
application) the next day.

Drug application

Prazosin (Sigma-Aldrich, Czech Republic) was
dissolved in distilled water at a concentration of
0.5 mg/ml and injected intraperitoneally 20 min prior to
behavioral testing at the dose of 2 mg/kg or 3 mg/kg in
the test session. The same volume of saline (0.9 %
solution of NaCl) was injected in the same way in the
control session. The doses of prazosin were chosen on the
basis of previous experiments in our laboratory, which
were done in the active place avoidance task (Stuchlik

and Vales 2008).

Data analysis

We analyzed the overall responding rate
(number of presses per second; expressed in Hz) and the
cognitive efficiency (ratio of reward and non-reward
presses) of rats. The responding rate was analyzed during
the whole session. However, the data analysis of the
cognitive efficiency was restricted to those periods of
stimuli presentation which were preceded by the non-
reward periods and only to the first 15 s of these periods.
This restriction was introduced in order to decrease the
effect of the reaction of the feeder on behavior. For
example, an animal may keep responding not because it
sees the reward stimulus on the screen but because its
immediately preceding responses were reinforced (for
detailed information see Levcik ef al. 2013). One rat was
excluded from the analysis of the cognitive efficiency
because it pressed the lever only once in the test session
(2 mg/kg of prazosin) and this response was not made in
the first 15 s of the stimulus presentation. The results are
reported as means + SEM. Statistical tests were done with
R software. Group means were compared by the
Wilcoxon signed rank tests. The level of significance was
set to 0.05. Holm-Bonferroni correction was used to keep
the level of significance of the multiple comparisons 0.05

(Holm 1979).
Results

The assignment of the rats to the 2 mg/kg and
3 mg/kg groups was done to match their cognitive
efficiency in the last standard session before the
habituation infusion (2 mg/kg group: 0.834+0.05; 3 mg/kg
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group: 0.79+£0.04; Wilcoxon rank sum test: W=36.5,
P=0.6742). The overall responding rate tent to be lower in
the 2 mg/kg group, although the difference was not
significant (2 mg/kg group: 0.11+£0.04 Hz; 3 mg/kg group:
0.14+0.02; Wilcoxon rank sum test: W=15, P=0.083).

The analysis of the overall responding rate
showed no effect of the dose of 2 mg/kg of prazosin on
motor activity (Fig. 2, upper left). The overall responding
rate of rats was 0.10+0.03 Hz in the control session and
0.07+0.03 Hz after the application of 2 mg/kg of prazosin
(Wilcoxon signed rank test: V=6, P-adjusted=0.1094).
The dose of 3 mg/kg decreased the responding rate to
55+5 % of control (Fig. 2, upper right). The overall
responding rate of rats was 0.14+0.02 Hz in the control
session and 0.08+0.01 Hz after the application of
3 mg/kg of prazosin (Wilcoxon signed rank test: V=6,
P-adjusted=0.0156). The reduction of the lever-pressing
activity was observed in all rats in the test session with
the dose of 3 mg/kg.

The dose of 2 mg/kg had no effect on cognitive
performance in the object-position recognition task
(Fig. 2, lower left). The ratio of reward and non-reward
0.73£0.01
0.77+£0.01 after the application of 2 mg/kg of prazosin
(Wilcoxon signed rank test: V=17, P-adjusted=0.6875).
Injection of the dose of 3 mg/kg also did not alter the

presses was in the control session and

cognitive efficiency (Fig. 2, lower right). The ratio of
reward and non-reward presses was 0.81+£0.03 in the
control session and 0.87+0.03 after the application of

3 mg/kg of prazosin (Wilcoxon signed rank test: V=6,
P-adjusted=0.2968).

Discussion

We have demonstrated that a;-adrenoceptor
antagonist prazosin (3 mg/kg, i.p.) decreased the overall
motor activity without affecting the cognitive
performance in the object-position recognition task. The
lower dose (2 mg/kg, i.p.) had no effect on the responding
rate nor on the cognitive efficiency.

The absence of the effect of prazosin on the
responding rate at the 2 mg/kg dose might be due to the
low responding rate in the corresponding control session.
The rats assigned to this 2 mg/kg group tent to in general
respond at lower rate than the rats assigned to the
3 mg/kg group.

Other studies investigated effects of prazosin in
operant tasks. Overwhelming majority of these tasks
assessed its effect on the responding rate and motivation.
For instance, prazosin (0.5 mg/kg, 1i.p.) decreased
food self-

administration operant tasks (Dwoskin and Sparber 1983,

responding rate  (lever-pressing) in
Zhang and Kosten 2005). However, the application of
this drug at similar or higher doses (0.25-2 mg/kg, i.p.)
did not reduce food self-administration in other studies
(Forget et al. 2010, Lé et al. 2011). These dissimilar
results could be explained by different schedules of
reinforcement used in the studies mentioned above. The
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effect of prazosin on lever-pressing in operant food self-
administration tasks was distinguishable only in
experiments that applied higher fixed ratio (e.g. FR-15) in
their experimental protocol. Prazosin also affects the
rewarding effects of several drugs, e.g. nicotine, alcohol,
cocaine and heroin (Zhang and Kosten 2005, Wee et al.
2008, Greenwell et al. 2009, Forget et al. 2010, Lé et al.
2011, Verplaetse et al. 2012). Although the motivational
processes for food-seeking and drug-seeking are not the
same, the effect of prazosin on motivation is evident. In
the present study, prazosin (3 mg/kg, i.p.) decreased the
responding rate (to 55+5 % of control), which is in
agreement with the general depressant effect of this drug
on motivation and/or motor activity.

Several studies showed that prazosin does not
alter spatial cognition in common behavioral tasks.
Prazosin (0.5 mg/kg or 5 mg/kg, ip.) did not impair
cognitive performance in place and/or cue version of the
radial arm maze, while the high dose increased the time
to complete the cue task (Liao et al. 2002). This drug (at
doses 0.1, 0.3, 1 and 2 mg/kg, i.p.) also did not induce
cognitive deficit in retention of the hidden platform
version of the Morris water maze, although the highest
dose decreased swimming speed (Riekkinen ef al. 1996).
In agreement, we showed that prazosin had no effect on
spatially-driven cognition although it decreased the motor
activity in the object-position recognition task.

The effect of prazosin on the stimulus-controlled
behavior in operant tasks has not been extensively studied.
To our knowledge, there are only two studies which
assessed the role of prazosin on performance in this kind of
operant tasks and both of them were focused on attention
(Puumala et al. 1997, Berridge et al. 2012). Prazosin
(0.3 mg/kg, subcutaneous; s.c.) slightly reduced the choice
accuracy in the 5-CSRTT (five-choice serial reaction time
task) (Puumala ef al. 1997), while the dose 0.5 mg/kg (i.p.)
had no effect on sustained attention (Berridge et al. 2012).
In contrast, we assessed the effect of prazosin on the
stimulus-controlled  behavior in the hippocampal-
dependent operant task studying spatial cognition.

In a few studies, a non-specific effect of prazosin
on performance in behavioral tasks was observed. Hahn
and Stolerman (2005) reported that prazosin (1 mg/kg, s.c.)
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