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Abstract
The ability of juvenile rats to seek food behavior in radial maze with asymmetrical rein-forcement 
following injection of pharmacological drugs selectively affecting the hippocampal or striatal 
activity was investigated. It has been shown that the ability of animals to form selective attention 
on significant sensory signals and the animal efficiency to wait the delayed discrete reinforcement 
appeared in rats on the different phases of age where hippo-campus and striatum are in competition 
each to another.

Introduction
A number of neurobehavioral investigations 

published in recent years pay a much attention 
to study the role of the hippocampus and ventral 
striatum in the formation and performing of 
food seeking behavior in animals [1-4]. Studies 
with recording of synchronous neuronal activity 
of hippocampus and nucleus accumbens in rats 
performing seeking behavior in the radial maze 
[5,6], as well as the experiments with electrolytic 
lesion of the medial part of the nucleus accum-
bens [1,2] selectively receiving afferent projections 
from hippocampal subiculum region [7,8], have 
demonstrated that these brain structures can 
be involved into synergistic relationships under 
searching for the preferred reinforcement in adult 
rats.

Taking into account an evidence that 
morphological and functional maturation of these 
brain structures take place in the different periods 
of postnatal ontogenesis of rats [9-11] our task 
was directed for studying the ability of animals of 
different ages to form food-seeking behavior in 
intact juvenile rats as well as under the application 
of pharmacological drugs having a selective effect on 
the activity of hippocampus and the striatum.

Method
Experiments were carried out on juvenile Long 

Evans rats performing seeking behavior in a radial 
maze with asymmetric food reinforcement [1]. The 
animals were taken into the experiment starting on 
the age of 3 weeks. The experimental animals were 
trained to enter that reinforced compartments of 
the 4-arm radial maze where the local intramaze 
visual signal was switched on. In one sleeve the 
rats received five drops of milk whereas the visiting 

of other arms they received only the one drop 
(Figure 1). In separate series of experiments the 
ability of animals to form the searching behavior 
was investigated under the delay of maximal 
reinforcement: 5 drops were applied in a discrete 
mode successively presenting by one drops in a row 
with increasing of intervals between each of five 
drops of reinforcement. Construction of the maze 
allows the animal to use the signal marks – clearly 
visible extramaze geometric figures for navigation 
under choice of preferable sleeve of maze. The 
ability of rats to remember the location of maze arm 
with preferred rein-reinforcement (5 drops of milk) 
was tested using the probe trials – the simultaneous 
switching the intramaze local cues signaling 
reinforcement in all arms of the maze (Figure 1). 

The location of the greatest reinforcement 
(5 drops of milk) in the arms of the maze was 
varied daily in a random order. Testing the effects 
of the pharmacological injections on animal 
behavior in maze was carried out by introduction 
of amphetamine (i.p. 0.2-0.5 mg/kg), or the 
subseizured dose of pilocarpine (i.p. 45 mg/kg). 
Following pilocarpine administration, the animals 
were observed to confirm the absence of seizures, 
as evaluated by the Racine scale (Racine, 1972). 
The control rats were given the injection of saline. 
The number of correct choices of arm with the 
greatest reinforcement was recorded. Under 
statistical analysis of the results, the student t-test 
and nonparametric Wilcoxon T-test were used. The 
differences were recognized as significant under 
p<0.05. During experiments the juvenile rats were 
kept together with their females. The study was 
conducted in accordance with the ethical principles 
of the Basel Declaration and the recommendations 
of the Committee on bioethics of Pavlov Institute of 
Physiology.
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Results and discussion
The results of experiments demonstrated that intact juvenile rats 

are able for successful seeking of maximal food in the maze with the 
asymmetrical reinforcement at the age of 5-6 weeks using navigational 
landmarks located outside of maze (Figure 2A). However, under 5-6 
weeks of age the rats were unable to solve this task under introducing 
the delay of maximal reinforcement between separate drops requiring 
formation the braking motor reactions and expectation the next 
portion of delayed reinforcement (so called impulsive or hyperactive 
type of responding). In case of impulsive responding the rats of this age 
were unable to wait at the feeder for the following portions of greatest 
reinforcement (5 drops of milk given in a row) preferring to run to the 
next arm of the maze to get only one drop of milk (Figure 2B).

The successful solution of the task with delay of reinforcement 
was observed in 8-12 weeks aged rats (the so-called reflexive type of 
responding). According to this type of responding the experimental 
animals become capable of generating a brake reaction while 

Figure 1. Scheme of the radial maze and test procedure of rats. 1 – radial 4-arm maze; 2 – extramaze visual landmarks (geometric figures); 3 – 
intramaze signal (light bulbs); 4 – capacity with a pipeline for storage and supply of reinforcements in liquid form (milk); 5 – means for feeding 
reinforcement (solenoid); 6 – loci feeders; 7, 9 – infrared sensors to switch on the signal lights and drip feed system after approaching the animal 

to the trough; 8 – the central area of the maze; 10 – drip feed unit; 11 – video camera. 

 

 

 Figure 2. Formation of selective attention to sensory signals (A) and the ability to form motor inhibition (B) in animals of different ages. On the 
abscissa axis – age of experimental rats; on the ordinate axis – the number of correct answers; light columns – intact animals; shaded – after 

injection of pilocarpine; dark – after injection of amphetamine.

waiting for the next portion of reinforcement receiving as a result 
the maximally possible reward and minimizing the loss of energy 
directed to unprofitable seeking the reward in the maze. Injections of 
subcutaneous dose of pilocarpine resulting to change in the activity of 
hippo-campal neurons or amphetamine accompanied by an increase in 
the level of dopamine in the neo-striatum had in our experiments the 
different effects on the formation of processes of selective attention to 
navigatory landmarks or motor inhibition in animals of different ages. 
Particularly the injection of pilocarpine caused violation of selective 
attention on all studied terms (5-12 weeks) of postnatal development 
of rats regardless of the presence or absence of delay of reinforcement. 
At this low dose of pilocarpine, 45 mg/kg/d, no behavioral signs of 
epilepsy were observed in the animals (all rats presented with Racine’s 
score of zero). Introduction of amphetamine in rats (8-12 weeks of 
postnatal development) caused predominant disorder of behavior with 
reinforcement of delay resulting to pronounced impulsive (hyperactive) 
behavioral responding. 
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The results of the experiments demonstrated that under complication 
of behavioral task tested it is possible to distinguish two groups of 
animals that differ in the character and rate of response ("impulsive" and 
"reflexive" types of behavior) as well as the rate of formation of selective 
attention reactions in the radial maze with asymmetric reinforcement. 
Thus, the adult animals demonstrate predominant "reflexive", and 
juvenile rats – "impulsive" type of responding. The impulsivity index 
in juvenile rats in comparison with adult animals varied significantly 
pointing to the different periods of morphologic and functional 
maturation of the brain brake systems in postnatal onto-genesis of rats. 
The rate of formation of selective attention reactions was increased with 
age in both groups of rats.

Behavioral experiments carried out on juvenile rats with using 
pharmacological probes demonstrated that the process of formation of 
selective attention to significant sensory stimuli and the development 
of the ability to form inhibitory motor reactions in rats tested under 
the delay of reinforcement appear at different age periods and probably 
to be controlled by different neuronal systems which include the 
hippocampus and striatum.

Our data related to the effects of the injection of a subcutaneous dose 
of pilocarpine on the ability of rats to choose the maze sleeve with the 
highest reinforcement is in agreement with electrophysiological studies 
[12-14] which showed a decrease in the theta activity of hippocampal 
neurons and associated brain structures after administration of small 
doses of pilocarpine which do not cause epilepsy in experimental rats. 
As shown by our previous studies [5,6] synchronization of pronounced 
theta activity of hippocampal neurons and ventral striatum was observed 
with the correct choice of rat preferred reinforcement in the radial maze. 
The results obtained in our experiments on juvenile animals and known 
data on clinical testing of children of different ages showed that nature 
of the responding under formation of selective attention reactions in 
juvenile rats has the common features with the typology of children 
responding. It gives a good opportunity to consider the juvenile animals 
with selective hippocampal and neostriatum injuries as an effective 
animal model of attention deficit and hyperactivity disorder, as well as 
successfully use a new developed method [12] for assessing attention 
disorders with hyperactivity in children and adolescents.
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