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Abstract—Development of novel approaches to behavioral test data analysis is of considerable
importance for both fundamental research and experimental neuropharmacology. Antipsychotic
agents used to treat positive and negative symptoms in schizophrenia are of particular interest.
Although antipsychotics exert potent effects on animal behavior in simple behavioral tests, they can
be difficult to distinguish from other CNS-depressing agents, such as sedatives. In this paper, we
propose color coding of video sequences as a method for the analysis of behavioral pattern structure
in rats, using the effects of haloperidol, a typical antipsychotic, in the Open field test as an example.
The study was carried out on outbred albino male rats weighing 250—300 g. Three-min video
sequences of rat behavior in the Open field test were processed using Python and the OpenCV
library in the Google Colab 3 environment. Color coding allowed the present (f = 0), near-future
(t=0.33s), and the more distant-future (= 1.66 s) location of an animal in the Open field arena to
be marked with different colors and overlaid within a single frame. Using the proposed 3-timepoint
color coding method, we were able to detect specific effects of haloperidol on animal behavioral
patterns, which are undetectable via conventional techniques of behavioral data analysis in the
Open field test. This method proved effective for data analysis and processing, and the results were
in accordance with other author’s data obtained using computerized and conventional visualization
techniques.
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INTRODUCTION

Schizophrenia is one of the widespread and still
understudied mental disorders that affects about
1% of the human population [1]. Although its
developmental mechanisms are not fully under-
stood, a number of pharmacological targets have
been proposed, acting on which antipsychotics can
relieve the symptoms of this disease [2]. Neverthe-
less, the drugs in current use do not completely
come up expectations of physicians and patients, as
they do not adequately treat the so-called “minus”
symptoms and cognitive impairments. Moreover,
the intake of typical antipsychotics inevitably
entails the development of such unwanted sequelae
as parkinsonism and dystonia in patients [3]. That
is why searching for novel drugs to treat schizo-
phrenia is of great importance.

The accomplishment of this task requires effi-
cient methods for screening new potentially active
compounds. Among these methods, behavioral
tests using small laboratory animals play an
important role, because, on the one hand, they
model certain aspects of the real clinical situation
while, on the other hand, allowing the assessment
of the results of in silico and in vitro studies not
always extrapolatable to in vivo systems. In addi-
tion, behavioral testing is inexpensive, while
enabling an answer to the question of whether the
compound under study is psychoactive [4].

Detecting exactly the antipsychotic activity of a
potential molecule is not a routine task. For
example, while the effects of anxiolytics or seda-
tives can be detected in the Open Field (OF) or
Elevated Plus Maze (EPM) tests without any
preparation of test animals, in the case of a poten-
tial neuroleptic, a prior modeling of schizophre-
nia is indispensable. To date, many models of this
disease have been proposed, which can be divided
into pharmacological, surgical and genetic mod-
els [5]. Each of these models is quite good at
reflecting some or other symptoms of schizophre-
nia in humans, however, they all take a lot of time
and, most importantly, require a huge consump-
tion of laboratory animals.

A fair question arises of whether it is possible to
detect the specific antipsychotic effect of a drug
using simple behavioral setups without prior mod-
eling of the disease. To do this, it is necessary to
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search for novel approaches to analyzing video
records of animal behavior. Importantly, one of
the main difficulties in interpreting the results of
behavioral tests is still the subjectivity of assessing
some or other criteria by different experimenters,
as well as the oversimplification and unidirection-
ality of the chosen methods of analysis [6].

In the present study, we used the method for
detecting dynamic behavioral patterns using color
coding of video sequences to analyze the effect of
haloperidol on the behavior of laboratory rats in
the OF test. Haloperidol was chosen as a refer-
ence typical antipsychotic with a strong antipsy-
chotic action without a pronounced sedative
effect [7, 8]. The OF test was chosen as the sim-
plest and most frequently used setup in assessing
the behavior of small laboratory animals [9].

MATERIALS AND METHODS

The experiments were carried out on 20 male
outbred albino male rats weighing 250—300 g. The
animals were kept under standard conditions at a
12-h light/dark cycle and ad libitum access to
water and food.

The rats were divided into two groups (experi-
mental and control) by 10 animals in each. Exper-
imental animals (haloperidol group) were
intraperitoneally (i.p.) administered with a halo-
peridol solution (Welfarm, Russia) at a dose of
0.3 mg/kg in a volume of 0.5 mL. The animals
administered i.p. with physiological solution in
the same volume made up a control group. Drug
exposure time was 20 min [10], after which the rat
was placed in the OF test apparatus (Open Sci-
ence, Russia) which represented a circular black
arena 97 cm in diameter, divided into 19 segments
of equal area and having holes in the floor. Video
sequences were recorded for 3 min using a
Canon 5D camera (Canon Inc., Japan) at the rate
of 30 frames per second and illuminance level of
250 lux (with uniform illumination of the whole
arena and no illumination gradient). The room
place with the OF test apparatus was screened
from the rest of the working space using a mono-
chrome medical privacy screen. The camera
operation was controlled remotely using the EOS
Utility software (Canon Inc., Japan); images were
displayed on the experimenter’s monitor.
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Fig. 1. General locomotor activity in the control and haloperidol rat groups. (a) Mean total number of motor patterns in the
peripheral and central Open field segments over the entire recording time (3 min). (b) Locomotion dynamics in the Open field

test during consecutive 30-s time intervals. *** p < 0.001.

The following behavioral motor patterns were
recorded during video analysis: left/right head/
body turns, forward movement, 180° turns (turn
back movement), wall-supported and unsup-
ported rearing on hind legs, hole exploration
(head dipping/peeping into holes), sniffing the
air, grooming, and freezing. Pattern count-based
validation of general locomotor activity was
accomplished by a standard method of manual
counting of sector boundary crossings. Part of the
video records were viewed in their initial form,
with the main motor patterns being identified and
recorded. Next, using Python and the OpenCV
library in the Google Colab 3 environment, the
records were processed. Using color coding, the
present (£ = 0), near future (r = 0.33 s), and more
distant-future (f = 1.66 s) positions of the animal
were marked with different colors and overlaid
within the same frame.

The data were statistically processed using Stu-
dent’s #-test or Mann—Whitney U-test using PAST
4.03 and Excel 2016 (Microsoft, USA). Normality
of data distribution in the samples was assessed
using the Shapiro—Wilk test. Two-way repeated
measures analysis of variance (ANOVA) followed
by the Tukey’s pairwise comparison post hoc test
were used to analyze the dependence of motor
activity on the time factor. Intergroup differences
were considered statistically significant at p < 0.05.
Data in bar charts are presented as M + SEM.

RESULTS AND DISCUSSION

The OF test allows assessing locomotor activ-
ity, orientational-exploratory behavior, and anxi-
ety level in rats and mice [11]. Since an analysis of
behavioral motor patterns is the basis for the OF
test, it is the motor patterns that were analyzed
first out of the whole complex of the patterns
identified.

Among the variety of motor patterns for assess-
ing general locomotor activity in the center and at
the periphery of the arena, the following were
taken into consideration: 180°, right and left
turns, forward movement, as well as right, left and
forward head reorientation. Statistically signifi-
cant differences in the locomotor activity of con-
trol and haloperidol-treated animals were only
obtained at the periphery of the arena. In the hal-
operidol group, locomotor activity was signifi-
cantly lower: the total number of patterns over the
entire recording period was 19.3 £ 1.2 vs. 42.2 +
4.2 in the control group (p < 0.001) (Fig. 1a).

The standard method for assessing locomotor
activity by counting sector boundary crossings
revealed the same regularity: 92.3 = 10.5 and
32.9 + 4.9 sector crossings in the control and hal-
operidol groups, respectively (p < 0.001). The dif-
ference in the number of sector crossings in the
same group is due to the counting approach: when
counting the chosen patterns, the sector-crossing
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event was only recorded upon action initiation,
after which the animal was free to carry on mov-
ing and crossing several sectors. In the long run,
both methods can be used to reveal abnormalities
in the structures responsible for movement initia-
tion and planning. At the same time, by far lower
locomotor activity was clearly observed in the
central segments of the arena; no statistically sig-
nificant intergroup differences were found in the
center of the OF (Fig. 1a).

Figure 1b shows the mean sums of patterns
within each successive 30 s of the experiment.
Thus, the total recording time was reduced to
7 temporal zones. The dynamics of ups and downs
of motor activity were traced, however, during the
first minute of the experiment, the activities in
both groups were statistically indistinguishable.
Starting from the second minute, haloperidol-
treated animals showed a marked decrease in their
activity. In the control group, a similar decrease
also took place, although it was only observed
during the last minute of the recording, when the
mean numbers of patterns in the rats of both
groups came closer again.

Such a downward tendency of locomotor activ-
ity may have been a consequence of hypokinesia
induced by dopaminergic deficiency that devel-
oped against haloperidol administration and indi-
rectly affected locomotion. The neurotransmitter
dopamine plays an important role in the modula-
tion of motor functions [13], while dopamine
deficiency or blockade of dopamine receptors
lead to the development of a number of patholog-
ical behaviors, including those related with loco-
motor activity [14].

Two-way repeated measures ANOVA revealed
a significant intergroup difference that was ampli-
fied by the time factor (p < 0.001), while the
Tukey’s pairwise comparison post hoc test
showed that the locomotor activity dynamics in
the groups was significantly different within the
following periods: 90—120, 120—150, and 150—
180 s (p <0.001). In other words, the haloperidol-
treated animals stopped moving around the OF
much earlier than the control individuals.

It has previously been found that haloperidol,
like many other typical antipsychotics, exerts a
considerable side effect on locomotor activity and
causes pronounced extrapyramidal disorders,
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which are clinically manifested by tremor, brady-
kinesia, muscle rigidity, etc. [15]. This circum-
stance could not help affecting the pattern of rat
activity. The frequency and duration of freezing
episodes in the control and haloperidol groups
were significantly different (Figs. 2a and 2b).
Overall, the movements against the haloperidol
background were somewhat slower and were
accompanied, as mentioned above, by head turns
(Fig. 2¢). Intermittent speeding-up and slowing-
down episodes were often observed in the control
group as well, because they are the elements of
normal locomotion in rats [16—18]. However, it is
important to note that such acceleration—decel-
eration alternations were observed far less fre-
quently in the haloperidol group compared to the
control, suggesting the appearance of pronounced
drug-induced locomotor stereotypy and monot-
ony (Fig. 2d). Behavioral monotony, and perhaps
a related decrease in exploratory activity, were
manifested by fewer supported rears (Fig. 2e)
(4.5+ 1.0 vs. 1.3 £ 0.4 in control vs. haloperidol
groups, respectively; p < 0.01), as well as by a
decrease in the number of exploratory hole-sniff-
ing episodes (6.9 = 1.9 vs. 2.0 = 0.8 in control vs.
haloperidol groups, respectively; p < 0.05).

At the same time, no intergroup differences
were revealed for the other conventional behav-
ioral patterns, such as rearing without support,
sniffing the air as one of the manifestations of the
orientational reflex, and grooming.

The application of the method of temporal-
color coding, which allows overlaying three con-
secutive animal’s positions within a single frame—
in the present, near future (in 0.33 s), and more
distant future (in 1.66 s), enabled us to record one
or another behavioral event most objectively (as
far as it is possible in principle). The behavioral
patterns identified using this method are exempli-
fied in Fig. 3.

Figure 3a shows a typical example of brief sniff-
ing of the air (yellow, arrow), which is quickly
replaced by another behavior (red). Sniffing at the
arena walls ((3b), yellow, arrow) looks similar,
with the difference that it continues to occur in
the more distant future with an offset (red). A typ-
ical example of grooming is shown in panel (c),
while hole exploration in panel (d). Panels (e) and
(f) demonstrate brief unsupported and supported
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rears (gray only, arrows) replaced in both cases in
the near future by other types of behavior (red).
The above patterns of behavioral activity typi-
cally indicate the degree of animals’ orienta-
tional—exploratory activity and anxiety, as well as
the emotional component as such. For example, a
study by Zvezdochkina et al. [14] revealed a pro-
nounced decrease in rat orientational—explor-
atory behavior in the OF test after haloperidol

administration, and a decrease in the grooming
pattern frequency, which suggested an increase in
animal anxiety and the development of inhibitory
processes in the CNS.

However, such a pattern as grooming cannot be
identified as an unambiguous anxiety marker, as it
can also imply a comfortable and quiet state in
which the animal is staying. Proceeding from, the
variability of such a pattern should not be

JOURNAL OF EVOLUTIONARY BIOCHEMISTRY AND PHYSIOLOGY Vol. 59 No.1 2023



COLOR CODING ASSESSMENT OF HALOPERIDOL EFFECTS

Air sniffing

{zmne 2753
8862 97

Hole
peeping

279

{izmme 2347
866:.78

Arena wall
sniffing

firmng 5430,
see: 181

Grooming

; Unsupported
rearing

y= Supported
ey rearing

Fig. 3. Representative examples of some behavioral patterns, color-coded in the present, near future (in 0.33 s; gray and yel-
low), and more distant future (in 1.66 s; red). (a) Sniffing of the air above the arena. (b) Sniffing at the arena walls. (¢) Groom-
ing. (d) Sniffing of holes in the arena floor. (¢) Wall-unsupported rearing. (f) Wall-supported rearing. Arrows indicate the

regions critical for pattern identification.

regarded as a marker of the effect of haloperidol or
any other psychoactive compound. Moreover,
one cannot deny that the emotional component
plays an important role in motor functions, since
it has been found out that it is the mesocortico-
limbic pathway that modulates the reactions that
are associated with fear and anxiety [19].

Unfortunately, the allowance for such behav-
ioral patterns is complicated and carries the risk of
excessive subjectivity of assessments. The analysis
of simple motor patterns, whose interpretation is
unambiguous, appears much more effective and
reasonable. These simple motor parameters
include forward movement, 180e turn, left and
right turns, and head turns. Figures 4a—4f show a
pairwise comparison of these motor patterns in
two rat groups. Statistical analysis revealed that
the differences were statistically significant for all
patterns except head turns.

In the control group, the mean number of for-
ward movements was 12.2 £ 2.4 vs. 3.6 = 1.0 in
the haloperidol group (p < 0.01) (Fig. 3a),
180° turns—3.3 £ 0.4 vs. 1.8 = 0. 5 in the haloper-
idol group (p < 0.05) (Fig. 3b), right or left turns—
11.8+19and 11.6 £ 2.2 vs. 3.2 £ 0.6 and 3.6 =
0.6 in the haloperidol group, respectively (p <
0.001 and p < 0.01, respectively) (Figs. 3c, 3d).
Taken together, these data clearly indicate a
reduced baseline locomotor activity, which
includes forward movement and turns, while the
other motor events (head turns), orientational

reflexes, and general anxiety level remain approx-
imately intact.

However, the question remains unclear to what
extent the current position of the animal, or its
slight offset for 0.3 s, can serve as a predictor of
further movement. In other words, is there a rela-
tionship between the vector of short-term offset
and that of more distant movement? If such a
relationship does exist among the intact animals,
then to what extent does it persist or violate under
the effect of haloperidol?

Thus, due to a 3-timepoint color coding, we
attempted to predict the future location of ani-
mals by certain regularities. To do this, we
selected 4 patterns in the more-distant future: for-
ward movement, 180° turn; right or left turns.
According to this set, the collected data were
divided into the four appropriate groups.

Next, we hypothesized that animal’s head, tail,
or body turns to one or another side serve as signs
that can be used to determine the likelihood for
certain patterns to arise in the more distant future
(t = 1.66 s). It was also noted that animals often
turned their tail and/or head toward future move-
ment. Therefore, these three factors were chosen
for analysis at the present time and in the near
future. Each of the factors corresponded to the
future behavior in the following way: whether ani-
mal’s head, tail or body were facing the same
direction where the animal was going to move in
1.66 s, namely, forward, backward (turn back),
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right or left. Figure 5 exemplifies how the sorting
was carried out in accordance with these factors.

In Fig. 5, panel (a) shows the offset (in yellow)
of the head, tail and whole body, roughly codirec-
tional with the future animal’s position (red).
Panel (b) demonstrates a very slight non-co-
directional offset of the head and tail (yellow) rel-
ative to the near-future position (red). Panel (c)
depicts a pronounced codirectionality, while
panel (d) shows a weak counterdirectionality
(non-co-directionality).

The animal’s head, tail and body most often
assumed an independent position, so they were
considered separately in further analysis. When
analyzing the obtained data on the position of the
head, tail and body as predictive criteria for future
movement, there were revealed different tenden-
cies that varied considerably from one animal to
another, as well as between the main types of
locomotion (forward, turn back, left and right
turns). However, did these tendencies depend on
the effect of haloperidol? To answer this question,
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it was necessary to calculate the codirectionality
to non-co-directionality ratio in each animal in
each of the motor patterns. Since there was no
solid evidence to consider left and right turns sep-
arately, they were combined into a common pat-
tern. In the analysis of rectilinear motion, the
animal’s head, tail and body occupied co- and
non-co-directional positions in approximately
the same number of cases. However, in other
cases, these body parts more often occupied
rather a non-co- than a codirectional position. In
this regard, the non-co-directionality to codirec-
tionality proportion was applied, but not vice
versa, although it was not of fundamental impor-
tance. A sort of “directionality index” was thus
calculated, representing the proportion of the
total number of non-co-directional to codirec-
tional head, tail and body positions for each of the
three motor patterns (forward movement, turn
back, right and left turns. All proportions were
calculated individually for each animal and then
summarized in Tables 1—3.

The calculation algorithm for the directionality
index was as follows.

1. The patterns of forward movements, turn
back (180° turns), right or left turns were selected.

2. For each animal in each pattern, the position
of the head, body and tail both at the present and
near-future (0.33 s), as well as more-distant-

future (i.e., in 1.66 s), time were considered. If the
position of any body part at the present and near-
future time coincided with the position of the same
body part in the more-distant future, this move-
ment was called codirectional; otherwise, it was
considered non-co-directional. For example, in
Fig. 5b, one can see that the head, body and tail are
turned to the right, hence we added by one codi-
rectional motion for each body part for this animal.

3. Finally, in each animal and pattern for each
body part, the number of co- and non-co-direc-
tional movements was summed up, and the ratio
of non-co- to codirectional movements was then
calculated.

In this form, the data assumed the appearance
suitable for a two-way ANOVA. The first factor
reflected the directionality indices for the head,
tail and body, distributed between rows 1 to 10
(for the head), 11 to 20 (for the tail), and 21 to 30
(for the body). The second factor matched the
groups (control or haloperidol) situated in two
columns. The results of two-way ANOVA carried
out in the MATLAB R2020a environment are
presented in Tables 1—3.

From Table 1, it follows that while moving for-
ward, the directionality index significantly
depended on the animals’ body parts which
behaved differently. At the same time, haloperidol
administration had no statistically significant
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Table 1. Two-way analysis of variance for forward movement (control/haloperidol)

Forward movement Sum—(()g-ss)quares Degrees((ég freedom Mea(n Ni%l)lares F P{)(;l;abbililt:y;
Columns (animal groups) 0.0001 1 0.00009 0 0.99
Rows (body parts) 27.85 9 3.1 2.97 0.01
Interaction 7.8 9 0.9 0.8 0.6
Error 41.7 40 1.04
Total 77.4 59
Table 2. Two-way analysis of variance for turns back (control/haloperidol)

Forward movement Sum—?g—ss)quares Degrees(gg freedom Mea(n Ni%l)lares F P{)c;l())%bililt:y;
Columns (animal groups) 10.5 1 10.5 10.7 0.002
Rows (body parts) 16.1 9 1.8 1.9 0.1
Interaction 15.4 9 1.7 1.7 0.1
Error 39.5 40 0.99
Total 81.6 59
Table 3. Two-way analysis of variance for right and left turns (control/haloperidol)

Forward movement Sum—(()g-ss)quares Degrees((ég freedom Mea(n Ni%l)lares F P{)(;l;abbililt:y;
Columns (animal groups) 47.85 1 47.85 30.05 0.0000005
Rows (body parts) 126.7 19 6.7 4.19 0.000003
Interaction 100.3 19 5.3 3.32 0.0001
Error 127.4 80 1.6
Total 402.2 119

effect on the non-co-directionality to codirec-
tionality proportion (Fig. 6) and, accordingly,
there was no interaction between the factors.
From Table 2, it follows that the factor of the
animal group (control or haloperidol) had a statis-
tically significant effect (p < 0.01) on the direc-
tionality index. At the same time, the factor of the
influence of head, tail or body position, as well as
their interaction with the animal group, was not
detected. Consequently, the hypothesis about the
effect of haloperidol on future locomotion pattern
planning is confirmed: after haloperidol adminis-
tration, non-co-directionality relative to future
movement stops dominating over codirectional-

ity, as observed in the control (Fig. 6).

Lastly, Table 3, which combines the informa-
tion on left and right turns, demonstrates a very
high level of statistical significance that the direc-
tionality index depends on the animals’ affiliation
with one of the groups. Nevertheless, the effect is
also associated with the position of a specific body
part (head, tail or body). Moreover, there is a sta-
tistically significant interaction between these fac-
tors, and, thus, the haloperidol effect is reflected
to the greatest extent in the position of the head
and body, and to a lesser extent, in the position of
the tail. Anyway, as with the turn back movement,
haloperidol administration sharply reduces the
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animal and for each motor pattern by dividing the number of non-co-directional head, tail or body locations by the number of
codirectional locations. Differences between control and haloperidol groups were statistically significant for 180° and left/
right (side) turns, but not for forward movement (see Tables 1—-3), *** p < 0.001, ** p < 0.01.

frequency of the non-co-directional body part
position before the turns (Fig. 6).

We can, therefore, affirm that haloperidol is to a
much greater extent (vs. controls) associated with a
codirectional body orientation when turning side-
ways and 180°, whereas moving forward, it has no
effect at all (Fig. 6). In other words, in certain
cases, the animal becomes more predictable, which
may be due to haloperidol-induced bradykinesia.

The 3-timepoint color-coding method, we
applied here, proved its effectiveness in data anal-
ysis and processing. The results obtained are well
consistent with the literature data obtained using
both conventional and computerized imaging
methods. An indisputable advantage of the pro-
posed method is that it opens up new possibilities
in working with biological images, employs a rela-
tively simple technology, and expands the analyti-
cal arsenal of modern studies by objectifying the
process and thus reducing the impact of the
human factor. The method allows recording
rather small movements and visualization of the
dynamics of objects overlaid within the same
frame. We believe that this method, when com-
bined with others, will help assess the effects of
psychoactive compounds in their pharmacologi-
cal screening more accurately and quickly.
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