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The aim of the work was to study the influence of the researcher on the muscle strength assessment in animals in the
experiment by comparing the results of the automated “inverted grid” test and its classical variant.

Materials and methods. Male lines (Bla/J, n=20; FUS(1-359), n=20; Tau P301S**, n=20) and their background controls
(C57BL/6J, n=20; CD1, n=20) were selected for the study. The dynamics of changes in the muscle deficit of the animals was
evaluated in the automated and classical variant of the “inverted grid” test.

Results. According to the results of the muscle strength assessment of mice with an edited genome of lines FUS(1-359),
Tau P301S**, B6.ADysfP™¢/Genel, using the “inverted grid” test in the classical variant and the automated one, it was found
that statistically significant differences were not obtained in comparison with the results obtained by the classical variant of
the test. The standard error of the mean increases by 23-39% in the classical test compared to the automated one. It was
shown that the standard error of the mean in the classical variant of the test in Tau P301S** mice was 6.24; 5.94; 5.88; 7.38
at 4 age points; in FUS(1-359)* mice, 4.49; 6.8; 6.98 and 4.1; B6.ADysf"™!/Genel mice, 7.66; 7.58; 8.3 and 7.92, respectively.
Conclusion. Thus, the value of the standard error of the results study mean of the changes dynamics in the muscle strength
when using the automated variant of the “inverted grid” test was reduced in comparison with the results of the classical
variant of the test. The results of the study show that the automation of generally recognized behavioral tests is able to
increase the accuracy of the obtained data reducing the influence of a human factor on the manipulation.
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Abbreviations: ALS — amyotrophic lateral sclerosis; HD — Huntington’s disease; PD — Parkinson’s disease; AD — Alzheimer’s

disease; MD — motor deficit; PS — inverted grid; MS — muscle strength.
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Lienb. N3yuntb BAUAHWE UCCeA0BaTENSA HA OLEHKY MbILEYHOM CU/bI Y }KUBOTHBIX B SKCNEPUMEHTE Ha MPUMepe CPpaBHEHUA
pe3ynbTaToB aBTOMATU3MPOBAHHOIO TECTa KNepeBEepPHyTasA CETKa» M ero KAaccMyeckoro BapmaHTa.

Martepuanbl U metogbl. 1A uccnenosaHusa 6biam BbibpaHbl camubl aMHui (Bla/l, n=20; FUS(1-359), n=20; Tau P301S**,
n=20) u nux GpoHoBbIN KoHTpoab (C57BL/6J, n=20; CD1, n=20). AMHAMUKy U3MEHEHWNA MbILIEYHOrO AedULMTA KUBOTHbIX
OLLeHMBaN B aBTOMATM3MPOBAHHOM U KJ1aCCUYECKOM BapUaHTe TecTa «MepeBepHyTasa CeTKa».

Pesynbtatbl. [10 pe3y/ibTaTam OLEHKM MbIWEYHOWM CU/Ibl MbILLEN C PeAaKTMPOBaHHbIM reHOMOM AnHKIA: FUS(1-359)*, Tau
P301S**, B6.ADysf"™!/Gene) npv nomoLum TecTa «nepeBepHyTasn CETKa» B KNACCUYECKOM BapMaHTe M aBTOMaTU3MPOBAHHOM
6bIN10 YCTAHOB/IEHO, YTO CTATUCTUYECKM 3HAUMMbIX PA3INUNIA B CPABHEHWUM C pe3yabTaTaMu, NOAYHEHHbIMW NPU NPOBEeAEHUN
KNacCMYecKoro BapuaHTa Tecta, NoayyeHo He 6bino. CTaHAapTHaA owwnbKa cpefHero Bo3pactana B KNacCMYeckom Tecte
Mo CPaBHEHMIO C aBTOMATM3NPOBaHHbIM Ha 23—39%. Bbl10 NOKa3aHo, YTO CTaHAAPTHAA OWMBKA CPeaHEero B KNaccuyeckom
BapuaHTe TecTa Ha Mblwax MHMM Tau P301S** coctasuna 6,24; 5,94; 5,88; 7,38 B 4-x BO3PaCTHbIX TOYKaX; Ha MbILIax
nmHun FUS(1-359) - — 4,49; 6,8; 6,98 1 4,1; B6.ADysf"™¢/Genel — 7,66; 7,58; 8,3 1 7,92 COOTBETCTBEHHO.

3aKknoyeHune. TakMum 06pa3om, 3HAYeHWe CTaHAAPTHOW OWWOKKM cpeaHero pesynbTaToB WMCCNeAO0BaHUA AMHAMMKM
U3MEHEHWMA MbIWEYHON CUAbl NPU UCMONb30BAHMM AaBTOMATU3MPOBAHHONO BapMaHTa TecTa «nepeBepHyTan CeTKa» 6bino
CHUXXEHO B CPaBHEHMM C pe3y/ibTaTaMu NPOBEAEHMUA KIAaCCUYECKOTo BapuaHTa Tecta. Pesynbratbl Mccien0BaHUA MOKa3bIBatoT,
YTO aBTOMATMU3ALMA O6LLENPU3HAHHbIX MOBEAEHYECKMX TECTOB CNOCOOHA NMOBbLICUTL TOYHOCTb MOYYAEMbIX AAHHbIX CHU3UB

B/INAHME Yenose4yeckoro ¢aKTopa Ha npoBegeHne MmaHunynauun.

KnioueBble cnosa: «nepeBepHyTana CeTKa»,

TPaHCreHHble XXNBOTHbIEe

ABTOMaTM3auUmnA;

noeegeH4yeckoe TeCTUpPOBaHUE; Hel poaereHepauusa;

Cnucok coKpaleHuii: BAC — 60KoBo aMUoTpodUYecknin cknepos; bl — 6onesHb XaHTUHITOHA; BIM — 6one3Hb MapKUHCOHa;
BA — 6onesHb Anburerimepa; AL — aBuratenbHbl geduumT; MNC — nepeBepHyTasa ceTka; MC —MblweyHasn cuna.

INTRODUCTION

The  reproducibility and  repeatability  of
experimental results in the biomedical research is a hot
topic of discussion among researchers and has been
intensely debated over the latest 10 years [1]. In the
works by other authors it was shown that from 50 to
90% of the experimental data are non-reproducible and
controversial in their conclusions [2]. Several reasons
for the poor repeatability and reproducibility of the
experimental results are pointed out at once. They are:
a bias in the interpretation of the results [3], an incorrect
approach to the results statistical processing [4], lack of
randomization [5], non-compliance with the rules of the
animal housing (different crowding of animals in the
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cage) [6], neglect of validation of the equipment and
auxiliary materials [7]. Working with animals requires
a special approach to the study design, randomization
of the group and minimization of the experimenter’s
influence on the results of phenotypic tests [8].

Conducting a behavioral study is an integral part for
characterizing neurodegenerative and neuropsychiatric
diseases in animal models. Over the past 30 years,
behavioral testing has become ubiquitous in neurological
and genetic animal studies [9].

From 1940 to 1989, a PubMed library search on
“mice” and “behavior” found about 1800 articles,
mostly related to behavior genetics, drug testing, and
neurobiology, but only one article reported a behavior
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analysis of transgenic mice [10]. From 1990 to 2023, the
number of articles on behavior testing of genetically
modified mice alone grew to 28 000 [11].

In studying the dynamics of neurological diseases
symptoms in transgenic animals, various behavioral tests
are used, one of which are the tests aimed at detecting
motor disorders that provide a good phenotypic
characterization of the disease. In order to interpret the
therapy efficacy of a model disease of an experimental
animal on humans, it is necessary to obtain, in addition
to molecular, also a phenotypic confirmation of the
disease identity [12]. This tool is an integral component
of modern protocols for studying disease mechanisms
using experimental models and genetically modified
laboratory animals [13]. Behavioral research provides
a quantitative and qualitative marker of human disease
symptoms and is a preclinical tool for evaluating the
efficacy of new therapies [14].

Creating an animal with an edited genome that
mimics the human disease phenotype is important
for the study of basic pathophysiological cascades and
the development of new methods for the pathology
treatment.

There are various genetically modified mouse
models for studying pathophysiological aspects of
neurodegeneration and myodystrophies. The most
commonly used models of these diseases are transgenic
mouse models of amyotrophic lateral sclerosis (ALS),
Huntington’s disease (HD) [15], Parkinson’s disease (PD)
[16, 17], and Alzheimer’s disease (AD) [18]. The motor
dysfunction present in these transgenic mice can be
categorized as motor deficits (MD), impaired balance,
coordination or muscle strength (MS) [19].

The tests that can show phenotypic manifestations
of MD are “CatWalk”, “Narrowing track”, “Staircase”,
“Staircase with rungs”, “Open field”. One of the most
used tests to assess a motor impairment is the “inverted
grid” (IG), which is used to assess the limb strength
of mice, their coordination and endurance. The test
involves engaging all four of the animal’s limbs to fixate
to a wire grid, allowing a non-invasive measurement
of the animal’s MS, showing a sustained limb tension,
counteracting the effects of gravity. The stimulus for
keeping the animal on the grid is a fear of heights.
The parameters of interest are assessed by placing
the animal on an ID and determining the duration of
its fixation on the grid. The test evaluates the MS, a
movement coordination and balance of the animal by
measuring how long it can hold on the inverted screen
before falling down [20].
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In the experiments related to the study of therapy
for muscular dystrophies, a number of symptoms of the
disease are investigated, such as MD associated with
the progression of muscle atrophy in the proximal limb
muscles [21]. To study the dynamics of the disease,
scientists use behavioral tests that can interpret the
clinical improvement of the animal’s health from
therapy. One of such tests is the «inverted grid».

Creating automated forms of settings for conducting
behavioral studies of animals, is able to objectify the
study, eliminate the adverse effect of a researcher-
animal interaction on the test, optimize the duration of
the test and reduce labor costs for its implementation.
The protocol automation allows to obtain more data for
a statistical comparison between the groups without
additional manipulations with the animal [22, 23].

This article describes a comparative study of a
classical variant of the “inverted grid” test and its
automated form to use it to determine MD and MS
dynamics in mice with a confirmed phenotype of human
neurodegenarative and myodystrophic diseases.

THE AIM of the work was to study the influence of
the researcher on the muscle strength assessment in
animals in the experiment by comparing the results of
the automated inverted grid test and its classical variant.

MATERIALS AND METHODS

Animals

Males of the lines Bla/J (n=20), FUS(1-359)* (n=20),
Tau P301S** (n=20) and their background controls
(C57BL/6J, n=20; CD1, n=20) were selected for the
study and kept in groups according to their age, genetic
background and group in the experiment. The animals
were kept in the SPF vivarium of Belgorod State National
Research University (BSU) under the conditions of
artificially regulated daylight hours (12 h of dark and
12 h of light) at a temperature regime from +22 to
+26°C, a relative humidity in the housing system from
50 to 65%, had a free access to food and water. The
work was guided by ethical principles for the treatment
of laboratory animals in accordance with the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(ETS No. 170). All painful animal manipulations were
performed in accordance with the regulatory standards:
Directive 2010/63/EU of the European Parliament and of
the Council of the European Union dated September 22,
2010 on the protection of the animals used for scientific
purposes. Experimental studies were approved by the
Bioethical Commission of the BSU (Minutes No. 15/10
of 29.10.2021).
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Study design

For a comparative study of the MD registration and
MS change dynamics using the classical “inverted grid”
test and its automated form in male transgenic animals
and their background controls of the B6.ADysfP™/Gene),
FUS(1-359)*, and Tau P301S** lines at 4 age points (the
manifestation period of clinical disease signs) for each
cohort of mice (Fig. 1).

Experimental groups of the B6.ADysf"™!/Genel
mouse line were established at weeks 50, 51, 52 and 53,
respectively.

1) The group for studying the dynamics of MD and
MS in the B6.ADysf’™¢/Genel” line (n=10) using the
classical variant of the IG (Bla/J) test.

2) The group for studying MD and MS dynamics in
the C57BL/6J line (n=10) using the automated variant
of the IG (b/C57BL/6)) test. The group is control to the
Bla/J** line.

3) The group for studying the dynamics of MD and
MS in the line B6.ADys®™¢/Genel’” (n=10) using the
automated variant of the IG (Bla/J) test.

4) The group for studying MD and MS dynamics in
the C57BL/6J line (n=10) using the classical variant of
the 1G (b/C57BL/6J) test. The group is control to the
Bla/l line.

Experimental groups of the FUS(1-359) mouse line
were established at weeks 11, 12, 13 and 14, respectively.

1) The group for studying the dynamics of MD and
MS in the FUS(1-359)* line (n=10) using the classical
variant of the IG (FUS(1-359)) test.

2) The group for studying the dynamics of MD and
MS in FUS(1-359)* (n=10) using the automated variant
of the IG (FUS(1-359)) test.

3) The group for studying the dynamics of MD
and MS in the CD-1 line (n=10) using the automated
variant of the IG (CD-1) test. The group is control to the
FUS(1-359)* line.

4) The group for studying dynamics of MD and MS
in CD-1 line (n=10) using the classical variant of the IG
(CD-1) test. The group is control to the FUS(1-359)* line.

Experimental groups of the Tau P301S** mouse line
were established at weeks 16, 17, 18 and 19, respectively.

1) The group for studying the dynamics of MD and
MS in the Tau P301S** line (n=10) using the classical
variant of the IG (Tau P301S**) test.

2) Group of studying the dynamics of MD and MS
in the Tau P301S** line (n=10) using the automated
variant of the IG (Tau P301S*") test.

3) The group for studying the dynamics of MD and
MS in the C57BL/6J line (n=10) using an automated
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variant of the IG (C57BL/6J) test. The group is control to
the Tau P301S** line.

4) The group for studying the dynamics of MD and
MS in the C57BL/6J line (n=10) using the classical variant
of the IG (C57BL/6J) test. The group is control to the Tau
P301S** line.

Three lines of mice exhibiting symptoms of the
disease affecting the motor function were used. The FUS
line (1-359)* has a nervous system with an expressed
transgenic sequence encoding an aberrant form of a
human FUS protein with a deleted nuclear localization
signal under the neuron-specific Thy-1 promoter [24].
The most common disease-associated mutations of
the FUS gene affect the nuclear localization signal of
the C-terminus of the encoded protein, causing its
accumulation in the cytoplasm and at least a partial
depletion of its nuclear pool [25]. This mouse line models
amyotrophic lateral sclerosis. This neurodegenerative
disease is characterized by a loss of neurons in the motor
areas of the brain and spinal cord. The FUS(1-359)*" line
is characterized by the manifestation presence of the
motor impairment symptoms and MS in a mono-allelic
mutant animal at the 15™ week of life [26].

The study made use of the Tau P301S** transgenic
mice that express human Tau (1N4R) with the P301S
mutation [27]. The identification of disease-causing
mutations in MAPT, the Tau gene, in cases of frontal
temporal dementia, has shown that a dysfunction of
the Tau protein is sufficient to cause neurodegeneration
and dementia [28]. These mice show a progressive
neurofibrillary tangle pathology and neurodegeneration
in the brain and spinal cord. In the spinal cord, the Tau
pathology leads to the dramatic loss of motor neurons
(approximately 50%) and an early, progressive and
severe motor impairment [29]. The manifestation of
lower limb MD begins at about 3 months of age [30].

A subline of B6.ADysfP™d/Gene) (Bla/J) mice in which
a spontaneous insertion in intron 4 had been detected
by chance, was also used. This type of pathology is a
phenotypically heterogeneous progressive muscular
dystrophy caused by mutations in the DYSF gene, which
encodes a transmembrane protein dysferlin involved in
a sarcolemma repair. It is also involved in the membrane
repair, in the intracellular vesicle system and in the
development of T-channels in the skeletal muscle [31].
The diseases are characterized by muscle weakness and
atrophy that progress slowly and symmetrically in the
proximal limb girdle muscles at about the 50* week of
the animal’s life [32].
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Assessment of muscle strength and motor deficit

The dynamics of changes in the muscle deficit
of the animals were assessed in the automated and
classical variants of the IG test [33]. In case of using
the automated variant, the animal was placed in the
center of a 25x25 cm grid with the holes of 5x5 mm
width and the thickness of 0.5 mm. Turning the net with
the animal was performed at a preset speed using an
automated platform. The net was mounted on supports
with an adjustable height (from 30 to 100 cm in 10 cm
increments), above a cage with a thick layer of bedding.
The animal was placed on the net, after the animal had
steadily grasped the net with all four paws, the protocol
was started on the management controller. After that,
the net was turned with the animal by 180° by means of
a servo drive. In this case, the weight of the net with the
laboratory animal was registered by the corresponding
strain gauge sensor, and a jump-like change in the
weight of the net was interpreted as a fall of the animal
from the net with the registration of the time of the
actual presence on it and showing off this result on the
display. After the completion of the protocol, the animal
was removed from the test by sliding the cage out of the
setup.

The automated variant of the test was made on
the equipment according to the patent for invention
No. 2815584 “Automated device for conducting the
behavioral “inverted grid” test “.

When the classical variant of the setup was used,
the inverted grid was a 25x25 cm wire mesh of 5x5 mm
mesh size with a wire diameter of 0.5 mm, surrounded by
a 4 cm partition to prevent the mouse from attempting
to climb over to the other side. The test was used to
assess a movement coordination and MS of the both
pairs of limbs. The mice were placed in the center of
a wire mesh that had been inverted and placed 50 cm
above a soft surface. The time of the animal’s fall was
recorded or the animal was removed from the net if the
time reached 180 sec [31].

Statistical processing

Statistical processing was performed using GraphPad
Prism Software 8.0 program (GraphPad Software Inc.,
USA). Depending on the type of the traits distribution
and equality of variance, the significance of the obtained
results was evaluated using parametric (ANOVA) or
nonparametric (Mann-Whitney U-test). The unpaired
Student’s t-test was used to identify differences in the

Study design
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Figure 1 — Study design
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Note: Experimental (Bla/J, n=20; FUS(1-359)*", n=20; Tau P301S**, n=20) and control (C57BL/6J, n=20; CD1, n=20) mice.
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intergroup comparisons. The results were considered
reliable at p <0.05.

RESULTS

In a comparative study of the classical variant
of the IG test and its automated form to determine
MD and MS dynamics in mice with a confirmed
human neurodegenarative  and
phenotype, the following
reported [21, 34, 35].

As a result of the IG test, the degree of an increase
in the MD symptoms and a decrease in the MS in Tau

myodystrophy
results were previously

P301S** line mice (Fig. 2) compared to the control group
(C57BL/6)), in case of the automatic variant of the IG
test (Tau P301S**) was 32.17, 48.67, 67.67 and 82.17%
(p <0.001) at 16, 17, 18, 19 weeks of age, respectively. In
case of a classical variant test, the group (Tau P301S**)
had 22.17, 39.34, 61.83 and 72.17% (p <0.0001) at 16,
17, 18, 19 weeks of age, respectively, compared to the
control group (C57BL/6J). Thus, the difference in the
results obtained from the two variants of the IG test
were 10, 9.33, 5.84, and 10% at 16, 17, 18, and 19 weeks
of age, respectively.

As a result of the IG test, the degree of an increase in
MD symptoms and a decrease in MS in the FUS(1-359)*"
mice (Fig. 3) compared to the control group (CD-1), in
case of the automatic variant of the test (FUS(1-359)*
was 21.83, 53.17, 72.67 and 90.5% ( p <0.0001) at 11,
12, 13, 14 weeks of age, respectively. In case of the
classical variant test, the FUS(1-359)* group had 16.17,
40.67, 61.67 and 73.33% (p <0.0001) at 11, 12, 13 and
14 weeks of age, respectively, compared to the control
group (CD-1). Thus, the difference in the results obtained
from the two variants of the IG test was 5.67, 12.5, 11
and 17.17% at weeks 1-4 of the study.

As a result of the IG test, the degree of an increase
in MD symptoms and a decrease in MS in the Bla/)
line mice (Fig. 4) compared to the control group
(C57BL/6J) in case of the automatic variant of the IG
(Bla/J) was 25.83, 33.51, 33 and 58.67% (p <0.0001)
at 12, 13, 14 and 15 weeks of age, respectively. In
case of the classical variant test, the group (Bla/J) had
41.17, 44.67, 51.83, and 59.33% (p <0.0001) at 50,
51, 52, 53 weeks of age, respectively, compared to
the control group (C57BL/6J). Thus, the difference in
the results obtained from the two variants of the IG
test were 15.34, 11.67, 0.5, and 0.67% at weeks 1-4
of the study.

Using the automation example of the well-known
“inverted grid” test, the authors wanted to show the
differences in the results obtained when using the
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automated complex and the classical test on three
sublines of transgenic animals (Fig. 5). It was shown that
the standard error of the mean in the classical variant
of the test on Tau P301S** line mice was 6.24, 5.94,
5.88, and 7.38 at 4 age points, and on the FUS(1-359)*
line mice it was 4.49, 6.8, 6.98, and 4.1; Bla/J was 7.66,
7.58, 8.3, and 7.92, respectively. The analysis of the data
from the automated variant of the I1G test showed the
standard error of the mean as 5.1, 4.93, 3.42, and 2.26
in the Tau P301S** line, respectively, and 4.24, 4.52,
5.19, and 2.9 in the FUS(1-359)7" mice; Bla/J, 5.24,
4.52, 4.7, and 4.85, respectively. Thus, automating
the test and reducing the experimenter’s influence
decreased the standard error of the mean in mice of
the Tau P301S+/+ line by 36.6%, FUS(1-359)*" by 23.1%,
B6. ADysfr™md/Gene) by 38.5%.

It is generally accepted that the experimenter
influences the outcome of the experiment and the
interpretation of its results, so it is important to
automate this variable and minimize the experimenter’s
influence on both the experiment itself and its
interpretation [36, 37].

DISCUSSION

Behavioral testing of animals in experimental
studies to determine MD and MS has been used to
estimate the efficacy of pharmacological therapies in
many disease models. The first experimental article
that mentioned the IG test date by 1986".

The tests known as “Open field”, “Inverted grid”,
and “Rotating rod”, are widely used in the experimental
work related to the effectiveness estimation of the
diseases therapeutic correction, the main symptoms
of which are coordination disorders and motor deficits.
Nowadays, there is a possibility for researchers
to automate classical tests, which minimizes a
human contact with a animal thus making the study
more objective and accurate; it also contributes to
increasing the throughput capacity of the installation.
Strictly speaking, this work shows that it is possible
to automate a large number of behavioral tests widely
known to the research community, which will increase
the intensity of experiments.

The examples include the Cat walk test, the
essence of which is to automate the registration
of the animal’s paws position during its gait by
means of the infrared radiation, which had been done
before, by applying ink to the subject’s paws and placing
it on sheets of paper.

! Kordower JH, Felten SY, Felten DL, Gash DM. Behavioral sequelae
following MPTP administration in mice. A neurotoxin producing a
parkinsonian syndrome. Orlando: Academic Press; 1986. P. 413-417.
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Note: medians and standard error of the mean are presented. Samples were tested for normality, and statistical significance was assessed using
the Mann-Whitney U-test (****p <0.0001). A — classical IG test, B— automated IG test.

Classical test

Automatic test

80 — 80 " s
"Inverted grid" Inverted grid
60 T * o—J—o T T o 60 T * = Fu - Ta
* * *
* 4 I* *
g 407 * ; < 40 x i
£ * * = *
= * =
20 - 4 -
S K 207 x - FUs(-359] ] j\
-e— CD-1 __\E : -m CD-1 --\§
0 T T T T 0 T T T T
11 12 13 14 11 12 13 14
A Period, weeks B Period, weeks
Figure 3 — Examination of motor deficits in the FUS(1-359)*" line using automated and classical variants
of the “inverted grid” test
Note: medians and a standard error of the mean are presented. Samples were tested for normality and the statistical significance
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Figure 4 — Examination of motor deficits in the Bla/J line using automated and classical variants
of the “inverted grid” test

Note: medians and a standard error of the mean are presented. Samples were checked for normality, and statistical significance
was assessed using the Mann-Whitney U-test (****p <0.0001). A — classical IG test, B — automated IG test.
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C - Bla/J, using automated and classical variants of “inverted grid” test

Many research groups are working to develop a fully
automated system for behavioral testing. For example,
the system “IntelliCage” has been developed [11].
Apart from automating the work, it avoids potentially
disturbing conditions for animals and has a wide range
of different study protocols, but except the considerable
advantages, this system cannot completely replace all
the known classical behavioral tests. Another prominent
example is the complete automation of a home cage
for continuous testing of mice [38]. Undoubtedly, this
development is a valuable tool for comprehensive
phenotyping, but a large amount of data to process and
the speed of tests are not suitable for all experimental
work.

In some cases, the tests that currently already use
automatic tracing of the animal movement (EthoVision
and VideoMot) are also being automated and improved.
For example, a new tool “Minopontikos” was proposed
for the Morris Water Maze test [39]; it allows combining
different methods of calculation and interpretation of
results.

The carried out automation of the “inverted grid”
has shown that in addition to reducing the standard
error of the mean compared to the classical test by 23-
39%, it also increases the efficiency factor by reducing
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the time spent on the test. Consequently, thereby the
throughput of the test is increasing and the number of
new indirect numerical values obtained are increasing,
too (e.g., recording the angle at which the animal loses
its fixation with the net). On average, a standard manual
phenotypic testing of 30-40 mice (including recording of
the spontaneous activity and data analysis) takes 20 h of
working time. Another important advantage of the setup
is the standardization of the mesh rotation speed and
height of its installation relative to the cage with a shock-
absorbing cover, which allows reducing the difference in
the experienced stress among the mice.

Study limitations

The results of the study may be affected by a small
sample size, conducting the research on experimental
and control animals at different times of the circadian
rhythm, unsatisfactory animal housing, including a high
stress load on the experimental subject, a close proximity
of the experimenter near the device during testing.

CONCLUSION

Nowadays, an integral part of the experimental
work with animals is the use of phenotypic tests.
However, at the same time, inaccuracies in estimating
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the parameters of the animal behavior sharply reduce
the value of the results of the whole experiment and
lead to significant financial costs. That is why all over
the world, the development of systems of automatic
registration and behavior estimation is actively carried
out. The work has been done on the “inverted grid” test
automation.

During the comparative characterization of the
classical test with the automated one, the value of

the standard error of the study mean result of the
MS dynamics change, was reduced in comparison
with the results of the classical variant of the test
when using the automated variant of the “inverted
grid” test. The results of the study show that the
automation of generally recognized behavioral tests
is able to increase the accuracy of the obtained data,
reducing the influence of the human factor on the
manipulation.
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