The Imidazoline Receptor Antagonists Idazoxan and Efaroxan
Improve the Spatial and Reference Memory in Rats
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Experimental studies and clinical trials revealed the complex interconnections between imidazoline system
and various other mediators such as epinephrine, norepinephrine; thus, explain their involvement in the
pathophysiological mechanisms of different motor, behavioral and cognitive disturbances. In this study, we
tested the influence induced by idazoxan and efaroxan on the cognitive performances in rats. Groups of 6
adult male Wistar rats were treated intraperitoneally according to the following protocol: group I (Control):
distilled water 0.3 ml/100g; group Il (IDZ): 3 mg/kg idazoxan and group Il (EFR): 1 mg/kg efaroxan. The
effects of the imidazoline receptor antagonists on the rats cognitive functions were assessed using the
radial-arm maze, in order to count the time spent into the arms, the number of baited arms visited, but
previously explored (working memory errors); the time taken to consume all baits and the number of
entering in non-baited arms (reference memory errors). The data were expressed as mean +/- standard
deviation, and statistically analyzed using SPSS version 17.0 Software for Windows, followed by ANOVA
one-way method. The administration of IDZ, as well as of EFR was accompanied by a substantial diminution
in the number of working memory errors, and the period of time to consume all baits, statistically significant
(p<0.01) compared to control group. The use of these two imidazoline receptors antagonists resulted in a
considerable decrease in the reference memory errors number, statistically significant (p<0.01) compared
to the group treated with distilled water. The influence of IDZ on the evaluated parameters was more
accentuated than the effects induced by EFR in all sessions of testing, in this behavioral experimental model.
Our findings indicate that treatment with both imidazoline receptor antagonists, idazoxan and efaroxan was
associated by a facilitation of the short-term memory retention, an enhancement of discriminative spatial
learning, and an improvement of long-term memory performance in radial arm maze in rats.
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Imidazoline is a class of heterocycles formally derived
from imidazole’s by the reduction of one of the two double
bonds. Three isomers are known, 2-imidazolines, 3-
imidazolines, and 4-imidazolines. The 2- and 3-imidazolines
contain an imine center, whereas the 4-imidazolines
contain an alkene group [1]. Discovered in 1984,
imidazoline receptors (11 receptor appears to be a G protein-
coupled receptor involved in inhibition of the sympathetic
nervous system to lower blood pressure; 12 receptor
modulate the level of central monoamines, with potential
antidepressant and antinociceptive activity and 13,
regulates insulin secretion from pancreatic beta cells) are
both central and peripheral, influencing several
physiological and pathological processes [1]. Imidazoline
system is one of the major structures involved in the
functioning of the human body: inhibitory sympathetic
action; neuroprotective effects and mediation of the

nociceptive sensitivity, insulinotropic activity, mediation of
the addictive phenomenon and antidepressant activity [2].
Literature data have revealed the implication of imidazoline
receptors in some pathophysiological (regulation of
adipose tissue formation, feeding behavior) and
pathological pathways involved in epilepsy and processes
of neoplastic cell transformation [3,4]. The potent
neurotransmitter of imidazoline system, agmatine
contributes in the mediation of the body’s response to
stress, in analgesia, drug addiction, withdrawal syndrome
and in neuroprotection [4-6].

Deepening investigations related to the participation of
substances acting on the imidazoline receptors, on behavior,
memory, locomotor activity, is a starting point for getting
new information about the pathophysiological
mechanisms of spontaneous behavior disturbances and
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cognitive disorders [7-9]. The results of investigations on
differentimidazoline agonists have been reported, but few
of these compounds possess selective activity on the
imidazoline receptors. Some potent imidazoline receptor
antagonists were discovered, but their clinical use is not
implemented yet. Previous researches conducted on
laboratory animals have shown that efaroxan and idazoxan
completely blocked the anti-compulsive effects of
agmatine, suggesting the involvement of imidazoline
receptors in anxiety and in obsessive-compulsive disorders
[10,11].

Other experimental investigations have revealed that
agmatine and the imidazoline receptors may be important
therapeutic targets for the treatment of depressive
disorders, after finding that efaroxan and idazoxan blocked
the effects of antidepressant drug bupropion and
antagonized the synergistic activity of its association with
agmatine [3,12].

The results reported so far in this field are few, and, in
most cases insufficient. Studying the possibilities of
pharmacological influence of the motor spontaneous
behavior and the cognitive functions through the
imidazoline system is currently an interesting research
area. Finding in the literature of the diversity and often
controversial data regarding the influence induced by the
imidazoline agents on motor behavior and spatial memory,
justifying the present experimental researches, trying to
elucidate the pharmacodynamics effects of two
imidazoline receptor antagonists idazoxan and efaroxan,
and to assess their involvement in mediating spontaneous
behavior and cognitive functions in laboratory animals.

We aimed to evaluate the effects of two imidazoline
receptors antagonists idazoxan and efaroxan on the spatial
memory performances in rats.

Experimental part
Material and method

All experimental procedures were conducted in
accordance with the European Communities Council
Directive 2010/63/EU on the Protection of Animals Used
for Scientific Purposes, the Committee for Research and
Ethical Issues of International Association for the Study of
Pain guidelines and were approved by University of Medicine
and Pharmacy Grigore T. Popa Institutional Animal Care
and Use Committee. Every effort was made to minimize
the number of animals used and the potential distress. All
animals were euthanized at the end of the experiment in
accordance with the legislation.

Animals and experimental protocol

All reagents were purchased from Sigma Aldrich GmbtH,
Steinheim, Germany; and included idazoxan and efaroxan,
were dissolved in distilled water, the solutions being
prepared extemporaneously.

Young healthy adult (150-200g, 4-6 months) male Wistar
rats were used in the present study. Animals were housed
of 2 individuals per cage, in climate-controlled
(20x4°Celsius, 50+5% relative humidity, 12 h light/dark
cycles) facility, individually ventilated cages containing
shaving bedding material, with regular rodent chow and
water ad libitum. Groups of 6 rats were injected
intraperitoneally with the following formulations: group |
(Control): distilled water 0.3 mL/100 g body weight; group
[1 (IDZ): 3 mg/kg body weight idazoxan; group Ill (EFR): 1
mg/kg body weight efaroxan.

The involvement of imidazoline agents in the
maintenance of spatial cognition, the radial eight-arm
maze, was used. This behavioral test was designed to
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assess the animal‘s reference and working memory
performances, being included in the same group with other
specific behavioral models (Y-maze, T-maze, elevated arm
maze, swimming test) [14-17].

This apparatus consists of a central platform (with 30
cm diameter), elevated above the floor, and eight
identically radial arms. On the distal part of each arm, a
detachable recessed cup can be placed, or removed by
covered up. The scheme of this maze ensures that after
searching for food at the end of each arm, the rat is forced
to reach the central platform, before starting a new
exploration. The animal permanently has eight potential
choices.

Supplementary, a video camera placed above the
device and connected to a computer in other room, was
used to evaluate the animal‘s behavior without distressing
it. The sessions of testing, were video-recorded and
successively analyzed by an independent researcher,
blinded to the treatment circumstances. After preliminary
acclimation to the testing room conditions, there were two
daily training sessions of separately five minutes, in which
the rat was allowed to move freely through the maze
without food. Thereafter, the animal was motivated to
explore a single arm for discovering a piece of cheese as
the bait. Before each trial, the selected arms were baited
with a piece of cheese, placed in the special food cups. All
eight arms of the maze were reachable, but, four of them,
were arbitrarily baited. The arms were not re-baited during
the trial. At the beginning of the evaluation, the rat was
positioned in the central area, allowed to explore the maze
and to locate the food in 5 minutes testing sessions. [18,19].
Revisits of the arms previously entered were scored as
errors. The trial was interrupted when the animal visited all
eight arms.

The following parameters were evaluated: the total
number of arms, explored during five minutes; the number
of new arms visited during the first eight entries in an non-
baited arm; the number of entering in an arm containing
bait, but previously visited (working memory errors); the
number of non-baited arms explored (reference memory
errors); the time taken to consume all baits.

In this behavioral experimental model, the decreasing
in errors of working memory (relevant elements for
measuring short-term memory) signifies a facilitator effect
on the short-term memory [19,20]. The reducing of time
required for the consumption of all baits corresponds to an
enhancement of the discriminative spatial memory by
increasing the accuracy of choosing the arm in radial arm
maze [18,21,22]. The decreasing in the number of
reference errors (important elements to quantify the long-
term memory), corresponds to a favorable effect on the
long-term memory [23-25].

The data were presented as arithmetic mean =+ standard
deviation (SD) of mean, and analyzed using SPSS program
for Windows 10, version 17.0, ANOVA method. P- values
less than 0.05 were statistically significant compared to
control group.

Results and discussions

The treatment of IDZ (3 mg/kg) and with EFR (1 mg/kg)
slightly prolonged the time spent in the arms, but statistical
non-significant comparing with the group treated with
distilled water in each session of testing in radial arm maze
in rats (fig. 1).

The effects of IDZ to extend the time spent in the arms
were sizable more accentuated than of EFR within the
experiment (fig. 1). The use of IDZ was associated with
the reduction in the number of the baited arms visited, but
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Fig. 1. The influence of IDZ and EFR on the time (seconds) spent

in the arms, in radial arm maze test. Values were presented as
mean = SD of time spent in the arms.

already explored, statistically significantly (**p<0.01)
compared to control group (fig. 2).

The administration of EFR reduced the number of errors
related to finding the rewards, statistically significant
(**p<0.01) compared with the group treated with distilled
water in the third, fourth and in the last four sessions of
testing in radial arm maze (fig. 2).
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Fig. 2. The influence of IDZ and EFR on the number of baited arms
visited, but previously explored in radial arm maze test. Values
were presented as mean =+ SD of the number of baited arms
visited, but previously explored. **p<0.01 vs control

The effects of IDZ on the decreasing in the number of
baited arms visited, but previously chosen, were more
intense than of EFR in this behavioral experimental model
inrats (fig. 2). Intraperitoneal injection of IDZ, respectively
of EFR did not substantially modify the number of
consumed baits, compared to distilled water group in radial
arm maze (fig. 3).

The effects of IDZ the number of consumed baits were
comparable to those of the EFR in all moments of testing
in the experiment (fig. 3).
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Fig. 3. The influence of IDZ and EFR on the number of consumed
baits in radial arm maze test. Values were presented as mean + SD
of the number of consumed baits
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The treatment with IDZ and EFR was accompanied by
the decrease in the number of non-baited arms visited,
statistically significant (**p<0.01) compared to control
group, at each session of testing (fig. 4). The effects of IDZ
on the diminution of the number of arms without food
visited, was more powerful than of the EFR in radial arm
maze in rats (fig. 4)
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Fig. 4. The influence of IDZ and EFR on the number of non-baited
arms visited in radial arm maze test. Values were presented as
mean =+ SD of the number of non-baited arms visited

By evaluating the effects of IDZ and EFR in this behavioral
test, we obtained information regarding the influence
induced by these imidazoline receptors antagonists on the
cognitive functions in laboratory animals, particularly on
the working and reference spatial memory. We
investigated the repercussion of IDZ and EFR
administration on the working memory, which give animals
the possibility to remember the entries in the arms
previously explored; and on the reference memory, which
offers animals the option of discriminative chose the arms
containing the reward during the sessions of testing.

Using this standardized behavioral model, it was shown
that the administration of idazoxan and efaroxan was
associated with the decrease in the number of baited arms
visited, but previously explored, which corresponds to an
improving of the short-term and the discriminative spatial
memory. In addition, we demonstrated that the treatment
with these two imidazoline receptors antagonists was
accompanied by the reducing the number of entries into
the arms without food, suggesting the facilitation of long-
term memory in radial arm maze in rats. The activity of
idazoxan on the investigated parameters was more intense
than of efaroxan on the same moments of testing in the
experiment.

Inthe last years, several neuro-pharmacological studies
regarding the involvement of I imidazoline receptors in
modulation of behavior, cognitive functions and motor
activity were focused on the research of two I1, l
imidazoline and alpha 2 adrenergic receptors antagonists:
efaroxan and idazoxan [26]. A new (+) 2- (Ethyl-2,3-
dihydrobenzofuranyl)-2-imidazoline derivative dexe-
faroxan, the (+) enantiomer of efaroxan, a potent and
selective a2 antagonist, has demonstrated a facilitator
effect on the cognitive functions in the passive avoidance
test, in rats with scopolamine-induced memory deficit [27-
30]. Moreover, dexefaroxan showed to increase the
memorizing performance in passive avoidance test, to
improve the spatial memory in Morris swimming test in
rats, and to increase the performance of the object
recognition, in the specific behavior model in mice [31-
34]. It also improves the cognitive functions in knockout
mice with Alzheimer disease [35].

Other researches evaluated the effects of agmatine on
the memory alterations, similar to those produced in
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Alzheimer’s disease, where the fragment A&2 25-35 of beta
amyloid (the neurotoxic component of beta amyloid AR 1-
42), plays a crucial role in the pathogenesis of this
degenerative disorder (causing cognitive deficits in
rodents). It was proved that agmatine significantly reduced
the disturbances in spatial learning and memory, induced
by beta amyloid fragment A&2 25-35, in different behavioral
models, such as swimming test, radial arm maze and the
object recognition test [36]. It was also, revealed that,
agmatine prevented the alteration of lipopolysaccharide-
induced spatial memory in swimming test in rats [27].
Moreover, agmatine was found to diminish the activation
of caspase-3 in the hippocampus (considered to be an
indicator of neuronal apoptosis), caused by lipo-
polysaccharide, thus suggests its neuroprotective effects
[37,38].

The use of selective I, imidazoline and of alpha 2
adrenergic receptors agonist moxonidine, demonstrated
the evident recovery of cognitive functions in rats with
Huntington’s disease, experimentally induced by 3-
nitropropionic acid (3-NPA), in Morris swimming test and
in elevated plus maze, respectively the improvement of
learning ability, memory and of the biochemical
disturbances [3]. These findings suggest that the
substances modulating the activity of 11 imidazoline
receptors may be potential agents for the treatment of
degenerative brain disorders.

The treatment with moxonidine and clonidine,
significantly attenuated the learning and memory deficits,
diminished the brain damage, reduced the oxidative stress
and the activity of the central cholinesterase. The results
suggest the beneficial role of these agonists of imidazoline
receptors on vascular dementia induced by the subacute
ischemia in the brain [11,39,40].

Conclusions

In our experimental conditions, the administration of
the imidazoline receptors antagonists idazoxan and
efaroxan resulted in short-term memory retention
enhancement, an improvement of discriminative spatial
learning, and a facilitation of long-term memory in radial
arm maze in rats.
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