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Annomayus. IlpencraBieHo IpUMEHEHHE HOBOIO IIOX0/a K aHAIN3Y IOBEIEHHS 1a00paTOPHBIX KPbIC, OC-
HOBAHHOTO Ha IIBETOBOM KOJIMUPOBAaHHH BUEOPsIa. BbUIN BBISIBIEHBI OCOOEHHOCTH TIOBENIEHUS Y KPBIC, HHBEIH-
POBaHHBIX TAJONEPUAOIOM. Y SKCHEPHUMEHTAIBLHON TPYIIBI IBUTATEIbHAS aKTUBHOCTh Ha Tepudepun okaza-
J1ach JOCTOBEPHO HUDKE KOHTPOIBbHOU. bonee Toro, mpocnexxuBanach TCHACHIUA K CYIIECTBEHHOMY CHIDKEHHIO
JIBUTaTeNIbHOM aKTUBHOCTH BO BTOPOH MOJOBHHE TECTOBOTO TEpHoAa. Y KOHTPOJIBHOW M IKCIIEPUMEHTAILHON
IpYNI HaOJI0AaIach BEIpaKEHHAs Pa3HUIA B TaKUX IaTTEPHAX, KaK MPOJBIKEHUE BIIEpe/l, IIOBOPOTHI BIPABO,
BJIEBO U Pa3BOPOTHI Ha3aA. Cpefu CTaTHUECKUX KPUTEPHEB, JOCTOBEPHAS Pa3HULA B MOJIb3Y KOHTPOJIS HaOMI0-
J1aJ1ach B IPONOPLUH CIEAYIOIINX TUIIOB MTOBEIEHU: OOHIOXUBAHUE BO3/lyXa, CTCHOK, 110J1a, 00CIeI0BaHUE TTy-
HOK apeHbl, CTOMKH Ha 3aJHUX Jamax ¢ onopoi u 6e3. [IpuMeHeHue pa3pabOTaHHOIO HAMH METOJIa COBMELICHU S
B OJTHOM KaJIpe TPEX BPEMEHHBIX TOYEK: HACTOSIIETo, ONvbKaiiiero u oonee OTJaJeHHOro OyaylIero, BIIEpBbIe
NO3BOJIMJIO YCTAHOBHTH PsiJi BXKHBIX 3aKOHOMepHOCTeH. Tak, y rpymribl, MOJYyYMBIIEH Tanonepuaol, ropasio
CUJIbHEe, YeM B KOHTpOJIE, OKa3ajlach BBIpaXKeHa IPelICKa3aTeNbHOCTh OyMyIIEero JBUIAaTeIbHOrO MaTTepHa Ha
OCHOBE€ TEKYIICTO IMTOJIOKEHUS I'OJIOBBI I/I/I/IJ'[I/I TYJIOBUIIIA )KUBOTHOT'O. KpOMC TOro, AJisd )XUBOTHBIX, HHBELUPO-
BaHHBIX TaJIONECpUI0JIOM, 61)1.]'[8. CBOMCTBEHHA BbIpa)KCHHAsA CTCPCOTUITHOCTDH MOTOpHOﬁ AKTUBHOCTHU C JOMHUHU-
POBaHHEM OJHOHAIIPABJICHHOTO JIBIDKEHHA. MeTol coBMelIeHus KaapoB crocobeH obecneynTh 0ObeKTHBHOCTD
U BBICOKYIO HAaJEKHOCTb IPH HauOolee CIOKHOM BHAE MOBEJEHYECKOTO aHaNn3a, BBIABICHUM AMHAMHYECKHX
naTTepHOB. B nanpHelIneM 3Tu cBeAeHHUS MOTPeOyIoTCs s OITyYEeHHs ONTHMAJIbHOTO MacCHBa U MIPUEMIIEMO-
ro pa3HooOpa3us JaHHBIX A7 IPUMEHEHHS K HUM METOAOB MALIMHHOTO 00y4eHHs M aBTOMaTH3alliy Hpolecca
pacro3HaBaHUs IATTEPHOB.
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pOBaHMe, ABUTraTeIbHas aKTUBHOCTh, SKCTpaNupaMHUAHBIE PACCTPOHCTBA
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Abstract. The application of a new approach to the analysis of the behavior of laboratory rats based on the color
coding of the video frame sequence is presented. Behavioral features were identified in rats injected with haloperidol.
In the experimental group, motor activity on the periphery of arena was significantly lower than in the control group.
Moreover, there was a tendency to a significant decrease in physical activity in the second half of the test period. In the
control and experimental groups, there was a pronounced difference in such patterns as moving forward, turning right,
left and turning back. Among the static criteria, a significant difference in favor of the control was observed in the
proportion of the following types of behavior: sniffing the air, walls or floor, examination of the arena holes, rearings
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with and without support. The application of the self-developed method, combining three time points in one frame: the
present, the nearest and the more distant future, allowed us to establish a number of important rules. Thus, in the group
that received haloperidol, the prediction of the future motor pattern based on the current position of the head and/or
body of the animal turned out to be much stronger than in the control group. In addition, for animals injected with
haloperidol, a pronounced stereotype of motor activity was characteristic. The combined frames were able to provide
objectivity and high reliability in the most complex behavioral analysis, the dynamic patterns. In the future, this infor-
mation will be required to obtain an optimal array and an acceptable variety of data for applying machine learning
methods and automating the process of pattern recognition.
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Introduction

Traditionally, experiments conducted on laboratory animals for various scientific purposes retain a high level
of importance and relevance. First, the data obtained in such studies are needed in the pharmaceutical industry
[Sysoev et al., 2022], since the life and health of human patients depend on the results, evaluating the effective-
ness and safety of drugs.

Schizophrenia is a serious and still insufficiently understood mental disorder that affects about 1% of the
general population [Harris et al., 2013]. Despite the fact that the true causes and mechanism of development of
this disorder have not been well established, there are quite effective medical approaches of the treatment that
can supress many of the schizophrenic symptoms. However, a complete cure of such patients is not yet possible,
although in some cases a long-term remission can be achieved. The most common medicine that has been suc-
cessfully used for a long time to treat the symptoms of the schizophrenia spectrum is the antipsychotic drug
haloperidol. Nevertheless, a number of features and side effects [Irving et al., 2006] characterizes the action of
the drug. In experimental practice, when evaluating the pharmacological effect, it is customary to rely on the
degree of suppression of disorders at the behavioral level [Drozdov et al., 2011].

Behavior is an objective indicator of the functioning of the nervous system and the effects of pharmacologi-
cal drugs on the body. Understanding the activity of the brain as a whole is based not only on the study of mo-
lecular, genetic, physiological and other aspects, but also on behavioral features that clearly reflect the key func-
tion of the brain — control of movements and motor activity in general.

One of the main difficulties in interpreting the results of behavioral tests is the subjectivity of the assessment
of certain isolated criteria by different researchers [Tecott, Nestler, 2004]. Often it results in an oversimplifica-
tion and one-pointedness of the range of selected analysis methods. In our study, we made an attempt to get as
close as possible to the automated method of recording and processing animal behavior patterns, using the video
sequence color coding method [Molodij, 2020]. Thus, the purpose of our study is to reveal the effects of
haloperidol on the formation of behavioral patterns in laboratory rats in the open field test using novel self-
developed color-coding method.

Materials & Methods

Animals. The study was carried out in accordance with the principles of the Basel Declaration and the Order
of the Ministry of Health of the Russian Federation dated April 1, 2016 No. 199n “On Approval of the Rules for
Good Laboratory Practice”, as well as the recommendations of the Russian Ministry of Health. The rats were
kept under standard vivarium conditions on a 12-hour day/night cycle and with free access to water and food.
The experiments were carried out on 20 outbred male rats weighing 250-300 g.

Animal sampling and description of experiments. The animals were divided into 2 groups of 10 rats in
each. Experimental animals were injected with a solution of haloperidol intraperitoneally at a concentration of
0.3 mg/kg, with an injection volume of 0.5 ml. As a control, physiological saline was administered, also in a
volume of 0.5 ml. The drug exposure time was 20 minutes [Sysoev et al., 2022]. Next, the rats were placed in the
“open field” setup, which was a round black experimental arena, 97 cm in diameter, divided into 19 sectors of
equal area, and equipped with holes in the floor. Video recording was carried out using a Canon 5D camera, at
the rate of 30 frames per second, for 3 minutes, at 320 lux illumination. The camera was controlled remotely
using the EOS Utility software. The images of arena were displayed on the experimenter's monitor.

341



Visualization and data analysis. The following behavioral patterns were recorded: moving forward, turning
the head/body to the right, to the left, turning back, standing on the hind legs with and without support against
the wall, examining holes, sniffing the space, grooming, and freezing.

Most of the video recordings were viewed in their original form. At that time, the main patterns were identi-
fied, described and counted. Further, using the Python programming language in the Google Colab environment,
the records were processed using the OpenCV library. Color-coding of video recordings made it possible to dis-
play the present (t=0), the near future (t=0.33 s) and the more distant future (t=1.66 s) in different colors and
combine all three in one frame. Thus, each frame was the result of the augmentation procedure.

Statistical analysis. Statistical processing of the results was carried out using the Student's t-test or the
Mann-Whitney U-test using the Past and Excel computer programs. The normality of data distribution in the
samples was determined using the Shapiro-Wilk test. For the actual presentation of the obtained data, such indi-
cators of descriptive statistics as the arithmetic mean + standard error of the mean (SEM) were used. Differences
between groups were recognized as statistically significant if the probability of the calculated difference between
the samples was p < 0.05. If the significance limit was exceeded, the differences were considered non-significant
(N.S.). In addition, when studying the dependence of the expression of motor activity in experimental rats on the
time factor, one-way analysis of variance (ANOVA) was used, followed by a pairwise post hoc comparison
based on the Tukey’s test. Differences were defined as significant at p < 0.05.

Results and Discussion

The open field test makes it possible to analyze motor activity, exploratory behavior, and anxiety in rats and
mice [Carola et al., 2002]. The analysis of motor patterns of behavior is one of the main reasons for conducting
this test. Therefore, from the total volume of the revealed patterns, we first studied the motor ones. Among the
variety of dynamic patterns, to assess the overall motor activity in the center and on the periphery of the arena,
we took into account the following simple ones: forward movement, turns to the right, left and 180°, as well as
the direction of the head forward, right or left. Injection of the antipsychotic drug haloperidol resulted in signifi-
cant differences in the motor activity of the animals compared to the control, and mainly at the periphery of the
arena. In the group that received haloperidol, motor activity in the periphery was significantly lower and
amounted to 19.341.18 cases of any dynamic patterns compared to 42.2+4.24 in the control; p <0.001 (Fig. 1). It
is interesting to note that there were no significant differences in motor activity in the center of the field between
the groups, since the representatives of both groups spent a relatively small part of the time in the central sectors
of the arena compared to the time spent near the walls of the field.

A Periphery of the open field B Center of the open field

e

I < ]

Averaged number of behavioral patterns

|
0 || I “

Control Haloperidol Central Haloperidal

Fig. 1. The average number of overall dynamic behavioral patterns on the periphery (A) and in the center
(B) of the «open field» arena of the «Control» (left columns) and "Haloperidol" (right columns)

In general, many researchers determine the restless behavior or anxiety of animals by the proportion of time
spent in the open space of the arena compared to hiding in the shelter [Wahlsten, 2011]. However, as a rule, the
very fact of a shorter stay in the center is explained by natural causes, since rodents tend to avoid large, open,
and brightly lit spaces [Prut and Belzung, 2003].
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We calculated the average sum of patterns for consecutive 30-second segments of a total 3-minute-long re-
cording. Thus, the total registration time was reduced to six discrete time points. During the first minute of regis-
tration, the activity in both groups was the same. Later, in animals injected with haloperidol, a gradual decrease
in activity began, and by the last minute of the recording, their activity fell to minimal values.

This tendency to decrease in activity may indicate insufficiency in the action of the dopaminergic system of
the brain, antagonized by haloperidol. It is well known that dopamine plays a key role in the modulation of mo-
tor functions. The lack of its synthesis, overproduction, as well as blocking of dopamine receptors, leads to the
development of pathological forms of some forms of behavior, manifested in violations of locomotion. Thus,
dopamine deficiency leads to hypokinesia, as in Parkinson's disease [Zvezdochkina et al., 2004].

Based on the dispersion analysis of recorded time points, it was found that the dynamics of changes in the ac-
tivity of two groups differ significantly at three time points: 4, 5, and 6, which corresponded to the last 1.5
minutes of recording. It follows that animals treated with haloperidol cease to reveal curiosity and normal activi-
ty much earlier than control animals. The calculated probabilities of differences for the mentioned time points
were: p < 0.0006, p <0.0002, and p < 0.0001 for the points 4, 5 and 6, respectively.

It has been previously found that treatment with haloperidol, as well as with similar antipsychotics, pro-
nounces extrapyramidal disorders [Strange, 2008]. Side effects of a dynamic nature that affect motor activity are
associated with symptoms such as tremor, bradykinesia, muscle rigidity, etc. Indeed, while observing the video
files, we have identified a number of cases that confirm mentioned phenotypes. For example, most treated rats
often stood still or freeze for various periods, while convulsively shaking their heads or, as it were, “nodding”. In
general, their movements were slowed down, with repeated cases of uneven gait and atypical paw placement or
"sliding" on their side to the left or right against a background of general unsteadiness.

Figure 2 shows a pairwise comparison of the main motor patterns in two groups of rats. Analysis using the
Student's t-test showed that the p-values of the differences in the number of head turns to the right and left were
statistically insignificant (in all cases p > 0.05).

The average number of movements in the control group was as follows: forward 12.2+2.4, 180° turns
3.3+0.4, right and left 11.8+1.9 and 11.642.2, respectively. For the group treated with haloperidol, these parame-
ters were: forward 3.6+1.0, backward 1.840.5, right and left 3.2+0.6 and 3.6+0.6, respectively. Statistical analy-
sis demonstrated that the numbers of shifts forward and turns to the sides and back in the treated group were sig-
nificantly smaller compared to the control: p<0.004, p<0.001, p<0.002 and p<0.028, respectively.

In addition to the mentioned motor patterns, the following indicators were also calculated: sniffing the walls,
floor, air, grooming, rearing with and without support on the wall, etc. Applying the Mann-Whitney test, we
found that the differences between the control group and the haloperidol-treated group were significant for most
indicators: air sniffing 4.74£0.65 vs. 12.1£2.9 (p < 0.05), wall sniffing 2.9+0.8 vs. p < 0.001), floor sniffing
0.4+0.2 vs. 2.240.5 (p < 0.02), rearing with support 1.2+0.5 vs 4.4£1.0 (p < 0.4) and without support 0.2+0.1 vs
1.6£0.6 (p < 0.02). The cases of grooming among groups did not differ statistically (p > 0.05). The "freezing"
pattern was recorded only in the group injected with haloperidol solution.

Such indicators of behavioral activity, which are mentioned above, as a rule, indicate the degree of orienting-
exploratory activity, anxiety, and the emotional component as such. Thus, a study conducted by Zvezdochkina et
al. [2004] revealed a pronounced decrease in orienting-exploratory behavior in laboratory rats after injection of
haloperidol in the open field test, as well as a decrease in the number of grooming acts, which has considered
indicating an increase in anxiety and the development of inhibitory processes in the CNS. However, such an in-
dicator as grooming cannot be defined as an unambiguous factor of anxiety, since it can also mean a comfortable
and calm state in which the animal is. Based on this, the variability of this parameter should not be considered as
a marker of the effect of haloperidol, or any other pharmaceutical preparation of a similar family. It is also unde-
niable how important the role of the emotional component in motor functions is, since it has been found that it is
the mesocorticolimbic pathway that modulates the responses that are associated with fear and anxiety [De Souza
Caetano et al., 2013].

A study by Drozdov et al. [2011] also confirms a decrease in locomotor activity in rats after haloperidol ad-
ministration. It appears that our results are not random, but reflect an objective trend. The dose factor of the ad-
ministered drug, as we assume, is also of great importance. Studies have not found a minimum dose that would
cause the effect of reducing motor functions. Nevertheless, the inhibition of motor activity in rats in the study by
Amtage and Shmidt [2003] was registered already following the introduction of 0.1 mg/kg of haloperidol. This
does not exclude the onset of catalepsy. As a rule, it is initiated at doses higher than previously described, how-
ever, at a dose of 0.1 mg/kg, the development of catalepsy is not excluded.

Using color-coding corresponding to three time points, we tried to predict the future position of rats based on
the position of the head, tail, or torso. To do this, we have chosen four patterns that will happen in future: shift
forward, 180° turn, right and left turns. The collected quantitative data were divided among these four groups. It
has been suggested that the turn of the tail in one direction or another serves as a sign by which one can deter-
mine the likelihood of certain patterns in the near future. It also drew attention to the fact that animals often turn
their tail and/or head in the direction of future movement. For analysis, three parts of body were selected in the
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present: the position of the head, tail and torso. Each of the factors was related to the future in the following way:
can the position of each part of the body serve as a predictive guide for future movement to the right, left, for-
ward or backward?
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Fig. 2. Comparison of the average number of dynamical patterns between control (dark gray) and
haloperidol (light gray) groups.

A, 180°, back; B, forward movement; C, turns right; D, turn left; E, head turned right; E, head turned left

The position of the tail as a predictive criterion was not justified. Using the t-test, we found that only the head
and torso were predictive for the four selected patterns. Indeed, we recorded a rather high probability that
haloperidol-injected rats increased the predictive power of head and/or trunk position compared to control group
(p<0.008). In addition, it was noted that in the haloperidol group there were fewer failures in predictions.

The color coding method used here has shown its effectiveness in data analysis and processing. The results
obtained are consistent with data from various sources, in which both traditional imaging methods and modern
ones were used. This concerned the factor of the side effect of haloperidol on the decrease in motor activity, ori-
enting-exploratory behavior, and features of the trajectory of motor activity. Thus, the color coding method
opens up new perspectives in working with biological images using a relatively simple technique. For the effi-
cient operation of neural networks, the creation of a larger database is required. We hope that in the near future,
the combination of traditional methods for studying the brain and the effect of drugs on it, with modern methods
of machine learning and computer vision will make it possible to identify motor disorders and other neurological
disorders in patients at the early stages of pathology development. It may also help in the search for new drugs
and methods for the treatment and prevention of brain diseases in humans.
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