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Abstract—ODbjective: The dopamine transporter knockout (DAT-KO) rats are an optimal model for studying at-
tention deficit hyperactivity disorder (ADHD). This model has tremendous potential for biotranslational research
to guide the development of new approaches to ameliorating the symptoms of human neuropsychiatric disorders.
However, studies of learning and memory in DAT-KO rats have difficulties and limitations due to their pronounced
hyperactivity. The aim of this study was to reveal the most effective behavioral tasks for experiments at DAT-KO
rats. We analyzed the dynamics of tracks in different mazes as an indicator of task successful learning Methods:
During long-term experiments we tested several behavioral paradigms such as 8-Arm Radial Maze, Hebb-Williams
maze, T-maze, Red Box apparatus. The comparison of learning differences of DAT-KO and WT rats was made.
Results and Discussion: DAT-KO rats were able to learn in all selected maze types, but they learned significantly
less efficiently than WT rats. DAT-KO rats also showed perseverative patterns, such as repeatedly entering error
zones and returning to previously visited areas. However, in experiments involving manipulative behavioral tasks,
this perseverative activity was useful for successful task performance. The configuration of the tracks during explo-
ration of the maze also differed between the two groups of animals, reflecting the rate and efficiency of learning.
Conclusions: Choosing and developing the most adequate methodological approaches can help to evaluate the
novel pharmacological approaches to ADHD treatment. Selecting appropriate behavioral tests for hyperactive rats

is also essential for creating training techniques for patients with ADHD.
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INTRODUCTION

Attention deficit hyperactivity disorder (ADHD)
is the pathology most often diagnosed in childhood
(Posner et al., 2020; Shrestha et al., 2020). This
neurodevelopmental disorder is polygenic and affects
up to 12% of children and more than 4% of adults
(Danielson et al., 2018; Faraone et al., 2021). In adults,
ADHD symptoms are remaining approximately at
50% of patients. The main symptoms of ADHD are
hyperactivity, inattention and impulsivity, but significant
links have been found between ADHD symptoms and
physical health (asthma, sleep problems) (Galéra et al.,
2022; Grace, 2016). Moreover, the patients with ADHD
also demonstrate decreased abilities to learn new tasks,
working memory impairment and reduced motivation

(Tripp and Wickens, 2009; Volkow et al., 2011; Asherson
et al., 2016; Arjona Valladares et al., 2020; Jang et al.,
2020; Ortega et al., 2020; Luo et al., 2023; Salari et al.,
2023; van der Plas et al., 2025;). It is generally accepted
that ADHD is connected with the dopamine (DA) system
dysfunction (Viggiano et al., 2004). The dopamine
system is involved in the modulatory control of reward
evaluation, cognition, locomotion (Wise, 2004), and
formation of memories for reward—cue associations
(Dalley et al., 2005; Bromberg-Martin et al., 2010; Ko
etal., 2013; Tripp and Wickens, 2024). This system also
is very important for realization such forms of complex
behavior as decision making (Bardgett et al., 2009) and
social behavior (Homberg et al., 2016). Abnormal DA
system functioning also occurred during development
of different neurological and psychiatric disorders, such
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as Parkinson disease, schizophrenia, and bipolar disorder
(Lee et al., 2024; Wu et al., 2025).

There are different hypotheses about ADHD nature
which include genetic and environmental factors
interaction that contribute to this pathology. One of the
most promising approaches to ADHD treatment is the
creating the animal’s models for study this disease. Some
models may allow to investigate not only ADHD, but also
other neurological disorders (Creed and Goldberg, 2018;
Dougnon and Matsui, 2022; Cabana-Dominguez et al.,
2023; Lee and Yoon, 2023).

The genetic models of ADHD include spontaneously
hypertensive rat (SHR), the Naples high excitability
(NHE) rat, the dopamine transporter (DAT) knock-out
mouse and rats, the SNAP-25 deficient mutant coloboma
mouse, mice expressing a human mutant thyroid hormone
receptor, a nicotinic receptor knock-out mouse, and a
tachykinin-1 (NK1) receptor knock-out mouse (Russell,
2011; Regan et al., 2022; Kim et al., 2024). In these
models different behavioral tasks used for revealing
attention abnormalities. One of the such task is the
5-Choice serial reaction time task (Fizet et al., 2016). This
task also may be used for measuring the motor impulsivity
(Higgins and Silenieks, 2017; Fox, 2004). However, our
experience allows us to suppose that these tasks may be
very difficult to use for spontaneously hyperactive DAT-
KO rats. A strain of mice with knockout of DAT gene
(DAT-KO mice) was created (Ide et al., 2018; Giros et al.,
1996; Gainetdinov et al., 1999). After it the strain of DA
transporter knockout (DAT-KO) rats that have no DA
reuptake and thus elevated extracellular DA levels was
developed (Leo et al., 2018). The strain of DAT-KO rats
is the most useful model for investigation of cognitive
impairments in ADHD due to abilities of these animals
to learn the complex behavioral tasks.

In the present study we have compared different
behavioral tasks in order to select the most appropriate
ones for DAT-KO rats training. We tested several
cognitive tasks such as 8-arm radial maze, Hebb-Williams
HW maze, T-maze, Red Box apparatus and compared
successfulness of task solution by DAT-knockout rats.
Here, we focused on the tracking, perseverative activity,
and tactics that animals choose to explore mazes as
indicators of potential task learning success. The main
objective of the study was to identify the most significant
criteria of task successfulness learning in order to
determine the most appropriate behavioral settings for
training hyperactive rats.
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MATERIALS AND METHODS

Animals

All experiments were conducted on male DAT-KO and
wild-type (WT) rats (3—4 months old) in accordance with
the guidelines established by FELASA and RusLASA
concerning the care and use of laboratory animals. A total
of 84 rats were used in the four series of experiments:
39 dopamine transporter knockout (DAT-KO) rats and
45 control wild-type (WT) rats. Animals were sourced
from the Vivarium of St. Petersburg State University.
Before the experiments, rats were maintained in [VC
cages (RAIR IsoSystem World Cage 500; Lab Products,
Inc., Seaford, DE, USA) with free access to food and
water, at a temperature of 22°C, 50-70% relative humidity
and a 12 h light/dark cycle. Experiments were carried out
between 2 and 6 pm. We videotaped the animal’s behavior
and analyzed its parameters using a video tracking system
(EthoVision XT, Noldus Information Technology, VA,
USA).

The 8-Arm Radial Maze

In this experiment 10 DAT-KO and 15 control WT
were used. The 8-arm radial maze consisted from the
central arena and 8 open arms. The central area of the
maze was 40 cm in diameter, 8 arms were 37 cm long
and numbered 1 to 8 clockwise. At the end of each arm
the food reinforcement was placed (Brown and Giumetti,
2006). The rats were trained to visit each arm only
once. Repeated visits to a previously visited arm were
considered incorrect. In addition to recording the distance
travelled, the duration of the task and the number of errors
made during the test (Kurzina et al., 2020), we compared
the trajectories of knockout and control rats at different
stages of the learning.

The Hebb-Williams (HW) Maze

The experiment involved 10 rats DAT-KO and
10 WT control rats. HW maze was made in accordance to
parameters of Pritchett and Mulder (Pritchett and Mulder,
2004). The HW maze consisted of a square area 75 x 75 cm,
with start and goal boxes and the interior walls. The walls
of the maze were moveable and it was possible to create
different routes through the maze and different layouts
were used to diminish habituation’s influence. Rats were
trained to find the optimal way from the start box to a goal
box to obtain food reinforcement. The ways from error

CELL AND TISSUE BIOLOGY Vol. 19 Suppl. 1 2025
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Fig. 1. Examples of tracks in the (a) 8-arm maze recorded
during the experiments: (b) for wild-type rats and (c) for
dopamine transporter knockout (DAT-KO) rats. Asterisks
indicate the location of food reinforcements at the ends of the
maze arms; /, 2, 3, 4, and 7—days of training.
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zones not leading to the finish were marked. We tested
several different configurations of the HW maze’s inner
walls. In addition to analyzing the distance travelled,
task duration, number of errors and number of returns to
the starting box (Kurzina et al., 2022), we analyzed the
configuration of DAT-KO and WT rats tracks.

T-Maze

A total of 10 DAT-KO and 10 WT rats were included
in this experiment. The T-maze had the following
parameters: a starting area of 50 X 16 cm and two arms
of 50 x 10 cm each. The rats were trained to choose the
arm of the maze that contained reinforcement. The arm
with food reinforcement was randomly selected for each
rat (Deacon, 2006). Our experiment consisted of training
the rats to make the correct choice (training) followed by
retraining (re-training). Retraining was done by changing
the reinforced arm of the maze to the opposite arm. For
example, a rat was trained to choose the right arm of the
maze, and in the retraining stage, the reinforcement was
placed to the left arm of the maze. In addition to formally
counting and analyzing the number of errors (Belskaya
etal., 2024), we compared the configuration of DAT-KO
and WT rats trajectories during learning and re-learning.
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Red Box Apparatus

In this experiment 9 DAT-KO and 10 control WT rats
were used. Red Box apparatus made after Gilbert and
Kesner (Gilbert and Kesner, 2003) consisted of a box with
nontransparent red plexiglas walls. A removable guillotine
door divided the apparatus into a small starting compartment
(40 x 40 cm) and an experimental compartment
(85 x 40 cm) in which the objects were presented.
Objects were placed on the food wells, which contained
reinforcement. The rats were trained to move the familiar
objects (cubes) with food reinforcement and not to
move non-rewarded novel objects (other geometric
forms), which never had reinforcement under them. In
our previous study (Kurzina et al., 2021), we analyzed
the distance travelled by the animals, the duration of
the task, and the number of erroneous trials (i.e. when
familiar objects with reinforcement were not moved and
new objects without reinforcement were moved). The
present study focuses on a comparative analysis of track
configurations in DAT-KO and control WT rats.

RESULTS

We found that the DAT-KO rats were able to learn
tasks in all selected maze types, but the learning rate
and the efficiency of learning was significantly lower
than that for the WT rats. It should be noted that along
with hyperactivity, DAT-KO rats showed perseverative
patterns when solving spatial tasks: returns to previously
visited areas of the maze, multiple entries into error zones.
In this study, the tracks of the animals in the 4 types of
mazes were analyzed. The data showed that DAT-KO rats
used different from WT rat’s spatial exploration strategy
which was reflected in longer trajectories in the maze.

8-Arm Maze

In our experiments in 8-arm radial maze (Fig. 1a) we
revealed that DAT-KO rats were able to learn behavioral
task but their performance was significantly worse than
in WT rats. The knockout rats took more time to learn
the task rules in the 8-arm maze, the duration of task
performance and distance travelled was significantly
longer (Kurzina et al., 2020). Knockout animals needed
more days of training to reach the training criterion of
finding all eight reinforcements at the end of each maze
arm (Figs. 1b, 1c).

We showed that the 8-arm maze, in which the animal
must enter each arm of the maze for reinforcement once
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Fig. 2. Examples of Hebb-Williams maze apparatus with
different configurations of the (a) inner walls, and tracks of
(b) WT and (c¢) DAT-KO rats during experiments. Asterisks
indicate the location of food reinforcements in the target box.

avoiding repeated incorrect arm entries, was the most
difficult task for DAT-KO rats. As can be seen in Fig. 1,
knockout animals repeatedly entered the maze arms
despite on previously have taken reinforcement. The track
shape and length also reflects that knockout animals often
visited arms at an angle of 135° to the previously visited
arm, and even ran in a straight line from one arm to the
opposite arm (Fig. 1c). It was clearly different from the
tactic of WT rats which selected maze arms at a 45° to
the previously visited arm, i. e. selected an adjacent arm
in order to efficiently obtain reinforcement (Fig. 1b). We
revealed that DAT-KO rats demonstrated pronounced
perseveration and formed behavioral tactics different
from those in control animals. The dynamics of tracks
showed that WT rats are able to form optimal behavioral
tactic to the end of training, whereas DAT-KO rats even
at final stage of learning failed to choose optimal tactics
of reinforcement getting. This qualitative analysis of rat’s
behavior in the spatial maze enables us better understand
behavioral features of hyperactive rats. So, DAT-KO rats
were able to learn spatial task in open 8-arm maze but
they demonstrate deficit in working memory and their
behavioral tactics significantly differ from behavioral
tactics in control animals. We suppose that high levels
of DA and subsequently high level of hyperactivity in
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DAT-KO rats lead to perseveration and influenced on
formation not optimal behavioral tactics.

HW Maze

In the next series of experiments, we used the HW
maze to compare rats' spatial learning abilities. DAT-KO
rats were found to be able to learn this task, but again their
performance was less successful compared to WT rats.
DAT-KO rats showed marked hyperactivity in comparison
with WT animals and took longer to reach the target box.
WT rats learned the task rules faster than DAT-KO rats,
which showed a deficit in finding the correct path to the
target. In addition, DAT-KO rats also showed an increased
number of returns that indicated perseverative activity
during task performance. We hypothesize that due to
the hyperactivity of DAT-KO rats, their behavioral task
performance was significantly worse than that of WT rats
(Kurzina et al., 2022; Volnova et al., 2023).

The examples of rat tracks in the HW maze shown
in Fig. 2 clearly illustrate the differences between the
knockouts and the WT animals. When pre-tested in an
arena without interior walls (Fig. 2 left), WT rats explore
the maze and avoid entering the open part of the maze
and found the food reinforcements relatively quickly
(Fig. 2b). The hyperactivity of DAT-KO rats is expressed
in a continuous, chaotic movement through the maze
arena, with multiple entries into the target zone and
returns to the start even without trying to pick up food
(Fig. 2b). It should be noted that the need to perform
the behavioral task slightly reduced the hyperactivity
of DAT-KO rats compared to their behavior in the maze
without interior walls (Fig. 2b). However, the spatial
exploration tactics of the maze differed between control
and knockout rats. When testing in HW maze with
variable wall configurations, WT rats always chose the
optimal path (Fig. 2b), whereas DAT-KO animals path
was longer, (Fig. 2¢). DAT-KO rats also made returns and
entered error zones before reaching the target box and
receiving food reinforcement (Fig 2¢). We demonstrated
that while WT rats found the target box quickly and
accurately, dopamine transporter knockout DAT-KO rats
took additional turns and reversals. We suppose that DAT-
KO rats use different from WT rats strategies, such as
following the walls of the maze which helps hyperactive
rats may be with the involvement of vibrissae apparatus
navigate more effectively.

CELL AND TISSUE BIOLOGY Vol. 19 Suppl. 1 2025
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Fig. 3. Examples of (a) T-maze configurations during learning
(left) and re-learning (right) stages of experiment; tracks
made by (b) WT and (c) DAT-KO rats. Asterisks indicate the
location of food reinforcements in the maze arm, an empty
square indicates the absence of reinforcement.

T-Maze

During learning in the T-maze, DAT-KO rats
demonstrated pronounced patterns of perseverative
activity and learned and performed the behavioral task
significantly worse than WT rats (Belskaya et al., 2024),
which was consistent with our data for DAT-KO rats in
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other types of mazes. All WT rats were able to meet the
training criteria, whereas only about half of the DAT-KO
rats chose the reinforced arm of the maze with minimal
errors. Fig. 3 (left) illustrates the tracks of the rats at this
stage of the experiment. Re-learning rats in the T-maze
revealed another distinctive behavioral feature of DAT-
KO rats. Among control WT animals, all rats were able to
re-learn and chose a new (reinforced) arm of the T-maze
(Fig. 3b, right). In contrast, DAT-KO rats continued
to choose the arm that previously contained the food
reinforcement (Fig. 3c, right).

It is important to note the different patterns of WT
and DAT-KO rats’ activity during testing. The rats in the
control group demonstrated a small delay before choosing
the correct turn into the arm of the maze. The knockout
rats, which had learned the correct choice in the previous
“learning” stage, ran through the starting box without
delay during re-learning, showing pronounced behavioral
rigidity. Thus, during re-learning, DAT-KO rats revealed
the rigid perseverative activity of choosing the previously
learned path even in the absence of reinforcement.

Red Box

In learning non-spatial manipulative object recognition
tasks (Red box apparatus) under the conditions of novel
object presentations DAT-KO rats were able to learn
to move familiar objects and not to move novel once
(Fig. 4a). It should be noted that for DAT-KO rats the
period of acquisition of task rules was longer than in WT
rats. It was also found that DAT-KO rats demonstrated
pronounced hyperactivity and perseverative reactions

Fig. 4. Examples of (a) Red box apparatus configurations: during the pretest period in the empty arena (left), and during the experimental
phase with familiar objects (cubes) and novel objects (various geometric shapes); examples of tracks made by (b) WT and (c) DAT-KO
rats during experiments. Asterisks indicate the location of food reinforcements under the familiar objects.

CELL AND TISSUE BIOLOGY Vol. 19 Suppl. 1 2025
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in comparison with control rats. The time of object
exploration and distances covered were also longer in
knockout rats. During re-testing DAT-KO rats were able
to performed task from the first day and even made fewer
errors than control animals because the time they needed
to run and move first object was shorter (Kurzina et al.,
2021).

It should be noted the different ways in which
WT and knockout DAT-KO rats explore the Red Box
apparatus arena. At the initial stage of training without
objects exploration (Fig. 4) WT rats quickly run around
the arena (Fig. 4b) while DAT-KO rats many times run
around it (Fig. 4). After the objects presentation WT rats
choose the most optimal, shortest path to explore familiar
objects and receive reinforcement by moving them. When
presenting novel objects, WT rats in some cases do not
even approach them and tended to leave the arena quickly
(Fig. 4b). In contrast, DAT-KO rats tended to investigate
both familiar and novel objects for longer time. Knockout
rats ran around objects, studying them before moving
familiar figures and receiving reinforcement. DAT-KO
rats also carefully explore new objects in a similar manner
(Fig. 4c). Paradoxically, a high level of perseverative
activity positively influences on the ability of DAT-KO
rats to learn to move an object and retrieve food from
the rewarded familiar objects and not to move the non-
rewarded novel objects. This may be due to the longer
period of exploration of the objects, which the knockout
animals remember well enough. The dynamics of tracks
allows us to think that namely motor memory helps WT
rats faster learn the task rules, whereas for hyperactive
DAT-KO rats longer objects exploration plays a crucial
role and facilitates their memory for object’s shape,

DISCUSSION

Here we report the results of our long-term experiments
in DAT-KO rats while learning spatial and non-spatial
behavioral tasks. It is established that DA is involved in
various cognitive processes such as learning, memory
and attention. The DA system dysfunction leads to the
appearance of neurological and psychiatric disorders such
as Parkinson disease, Huntington’s disease, schizophrenia
and ADHD (Viggiano et al., 2004; Lee et al., 2024; Wu
et al., 2025). The generation of new animal models is
necessary to investigate the molecular mechanisms
underlying these diseases. The development of the
DAT-KO mice, which lack the DA reuptake transporter,
has been very fruitful for translational research (Ide
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et al., 2018). Later, a line of rats with a deletion of the
DA transporter gene, the DAT-KO rats, was created
(Leo et al., 2018). This animal model has allowed us
to study the cognitive impairments associated with DA
transporter dysfunction. DAT-KO rats are characterized
by elevated extracellular DA levels and marked locomotor
hyperactivity and perseverative motor patterns. In
addition to hyperlocomotion, DAT KO rats demonstrated
reduced social interaction and saccharin preference.
Marked stereotypes and gait changes were also observed
in these animals (Mallien et al., 2022). It has also been
demonstrated that pronounced hyperdopaminergia
in DAT-KO rats may significantly contribute to the
motivation/effort-cost relationship in rodents (Savchenko
et al., 2023). Transporter knockout rats have been
shown to be a useful model for ADHD research. Since
cognitive impairments in ADHD include impaired spatial
memory, our studies provide the characteristics of spatial
orientation and manipulative activity in DAT-KO rats.

The aim of our study was to select the most appropriate
behavioral methods to detect behavioral abnormalities
in knockout animals and identify alternative behavioral
tactics that help them to solve the task in different
mazes. We investigated the dynamics of hyperactivity
and perseverative patterns during learning in DAT-KO
rats. Analysis of the locomotion in all types of the used
mazes allowed us to reveal the important indicator of the
successfulness of learning. We suppose that formation
of the optimal strategy mainly depends on the ability of
the animals to learn task rules. Knockout rats were able
to learn in all selected maze types, but the learning rate
and efficiency of learning was significantly lower than
that of WT rats. It was found that in spatial tasks without
additional cues such as Hebb-Williams maze, DAT-KO
rats were able to learn tasks rules much more slowly than
WT rats, and the level of task performance never reached
that of control animals. Their tracks also demonstrate the
perseverative tendency and strictly differ from WT rats
runs. The similar result was obtained when the animals
were tested in an 8-arms maze. It is possible to think that
DAT-KO rats are not able clearly remember previously
visited arm and form the most successful behavioral
tactic. The analysis of tracks confirms this assumption.
DAT-KO rats demonstrate the large amounts of repetitive
tracks unlike WT rats. This fact reflects the deficiency
in cognitive maps formation in knockout rats. It should
be noted that hyperactivity and perseveration in solving
spatial tasks were very high in DAT-KO rats and did not

CELL AND TISSUE BIOLOGY Vol. 19 Suppl. 1 2025
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decrease during training. The task performance in the
8-arms maze was directly related to the time that the rat
remained in the maze and is connected with the enhanced
amounts of perseverative reactions (Kurzina et al., 2020).

The perseverative patterns of activity even without
reinforcement were found in T-maze and reflect the
expressed rigid tactics in these tasks in knockout rats.
DAT-KO rats that had learned the rule of choosing
the reinforced arm showed pronounced rigid tactics in
the re-training experiment, continuing to choose the
arm without reinforcement (Belskaya et al., 2024).
Paradoxically, the perseverative activity of knockout rats
in solving non-spatial behavioral tasks in the Red Box
setup involving manipulative behavior facilitated task
learning (Kurzina et al., 2021). DAT-KO rats not only
successfully manipulated familiar objects while receiving
food reinforcement, but also effectively discriminated
them from novel non-reinforced objects what clearly
shows the tracks analysis. The DAT-KO rats more often
run around the objects than control animals. Knockouts
spent more time exploring novel objects during training
and were able to retain task rules in memory for three
months. Thus, the behavioral inflexibility of DAT-KO
rats resulted in making significantly fewer errors during
task performance than WT rats.

Pharmacological correction of ADHD-like behavior
in DAT-KO rats is important both for understanding the
mechanisms of the observed behavioral abnormalities
and for testing new potential drugs. Therefore, we also
needed to choose an experimental design that would
allow us to assess the effects of drugs that improve
behavioral performance in knockout rats. The HW maze
was very convenient (Pritchett and Mulder, 2004). In this
experimental setup, the rats were trained to remember
the basic rule (search food reinforcement in the goal
box of the maze). The animals then performed the task
of searching food in several maze arenas that differed in
the position of the inner walls. Layouts of arenas with
the same complexity were chosen. This made it possible
to test different pharmacological substances on a group
of animals at intervals of several days.

In our previous experiments, pharmacological
behavioral correction was performed by modulating a2 A-
adrenoreceptor activity using the a2A-adrenoreceptor
agonist guanfacine (Volnova et al., 2023). It reduced
DAT-KO rat’s hyperactivity, perseverative activity and
time spent in error zones of the maze, and improved
spatial working memory indicators. Decrease the time
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spent in error zones and distance travelled were found.
Perseverative activity patterns were also reduced.
In contrast, the yohimbine, an a2A-adrenoreceptor
antagonist, impaired these parameters (Kurzina et al.,
2022). Our results support the efficiency of guanfacine as
an effective pharmacological treatment for hyperactivity.
Both guanfacine and atomoxetine (the norepinephrine
reuptake transporter) are currently known to be used for the
treatment of ADHD. Thus, all behavioral techniques used
revealed significant abnormal behavioral characteristic
of DAT-KO rats. We observed motor hyperactivity,
reduced task efficiency, difficulties in performing spatial
navigation tests in mazes, and pronounced perseverative
behavior patterns. In our opinion, tests that combine
spatial navigation with manipulative behavior and object
discrimination are the most promising.

The perseverative activity observed in DAT-KO rats
may be reduced by including objects in the spatial task,
which may interrupt hyperlocomotion due to the rats
exploring the objects and the additional motor task of food
retrieving. The imposition of objects also slows down the
rate of running. In this context, the Red Box apparatus
seems to us the most appropriate for training hyperactive
rats. Moreover, as mentioned above, DAT-KO rats were
able to keep in memory this behavioral task up to three
months (Kurzina et al., 2021). This apparatus also allows
to change behavioral tasks applying different objects or
their interposition. It is possible to reveal differences in
learning object-object and object-place tasks. We suppose
that in this apparatus the investigation of spatial memory
in DAT-KO rats may be carried with minor design changes
when adding transparent door before the start chamber.
The behavioral tasks in HW and T-mazes can also be used
to train hyperactive rats because they include not only
spatial tasks, but also retrieving food from food wells.
However, the manipulative component is less pronounced
in these tasks.

We suggest that such an integrated approach may also
improve the learning performance of children with ADHD
and increase the translational potential of DAT-KO rats
model application. The tracks analysis allows quickly
detect the ability of animals to learn the task rules and is
an indicator of task validity.

CONCLUSION

Animal models contribute to our understanding of the
role of neurochemical, genetic and environmental factors
in the development of ADHD. The data presented above
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proved that DAT-KO rats are a valid model for studying
the pathological mechanisms underlying ADHD. The
behavioral techniques used helped to select the most
appropriate training methods for the knockout animals.
At the same time, the use of spatial and non-spatial tests
made it possible to identify the specific features of the
DAT-KO rat’s behavior. We suppose that there is a need
to develop and test more effective teaching methods
for children and adults with ADHD. The translational
significance of the data obtained consists in the fact
that analyzing of the behavior of hyperactive DAT-KO
rats can help us to develop the adequate approaches to
learning ADHD patients and select the most effective
training methods.

ABBREVIATIONS AND NOTATION

ADHD—attention deficit hyperactivity disorder;
DA—dopamine;

DAT—dopamine transporter;
DAT-KO—dopamine transporter knockout;
WT—wild type;

HW-—Hebb-Williams maze.
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