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Abstract

Background. The recent investigations offer to conduct the study of Alzheimer disease
(AD) mechanisms using diverse experimental models. However, behavioral and cognitive
impairment in rats at the different stages of vascular model of dementia of Alzheimer's type
developed by us has not been investigated. Subjects and methods. The experiment was
performed on 32 male WAG rats weighing 180-250 g which were divided into 4 groups.
Rats from group 1 and 3 were injected aqueous solution of sodium nitrite at a dose of 50 mg/kg
of body mass intraperitoneally during 14 and 28 days respectively. Groups 2 and 4 received
500,000 mesenchymal stem cells in suspension intravenously against a background of
experimental nitrite-induced AD. To estimate the behavioral reactions and cognitive functions
the Open Field Test (OFT) and Passive Avoidance test (PAT) were used. Results. In all experimental
groups in most cases significant decrease in vertical and horizontal activity (p <0.05) and an
increase in the number of defecation in the OFT were found. Rats from group 3 had the
drop in locomotor, research and orientation activity. In the OFT and PAT in groups 2, 4
improvement in research activity and significant cognitive functions recovery was observed
(p=0.012) after stem cell correction. Conclusion. Progression of the protective inhibition
and cognitive impairment was found during the experiment. Stem cell administration had
positive effects on brain function recovery.
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Introduction

According to the World Health Organization
(2019) around 50 million people have dementia
worldwide with nearly 10 million new cases every
year. Alzheimer disease (AD) is the most common
form of dementia and may contribute to 60—70%
of cases [1]. Incremental increase of dementia
of Alzheimer's type leads to researching the
mechanisms of the disease onset and progression.
The main amyloid cascade hypothesis involves
the excessive production of amyloid plaques with
their subsequent accumulation and future nerve
cells apoptosis [2]. It is obvious that this theory
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cannot alone exactly elaborate the all steps of
neurodegeneration. The scientists propose other
supplemental pathways of progressive neurons
injury and loss. It is well known that oxidative
stress, neuroinflammation cause endothelial
dysfunction that could play the crucial role in
development neurodegeneration [3].

The recent investigations offer to conduct the
study of AD mechanisms using diverse
experimental models. There are plenty of
transgenic and non-transgenic animal AD models
n vivo and in vitro tissue, cell, molecular simulation
models [4]. One of the most common psycho-
pharmacological model of Alzheimer's type
dementia is induced by scopolamine. It was
published that the activity of choline acetyl-
transferase was dropped in the cortex of AD
patients [5]. It was associated with brain lesions
and clinical performance [6; 7]. The cholinergic
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hypothesis of AD was accepted and chronic
administration of scopolamine during 28 days was
allowed for further AD researching [8; 9].

We have developed another model of
dementia of Alzheimer's type where the endothelial
dysfunction triggered amyloid formation and
cognitive impairment. This model caused by
chronic administration of aqueous solution of
sodium nitrite intraperitoneal at dose at 50 mg/kg
of body mass during 2 weeks [10]. It was not
investigated the behavioral and cognitive
impairment at the different stages of disease and
after stem cells injections.

2. Purpose, subjects and methods

2.1. Purpose

The aim of our study was to assess the
changes of behavioral reactions and cognitive
functions in rats with vascular model of Alzheimer's
type dementia at the different stages of disease
before and after stem cells administration.

2.2. Subjects & Methods

The experiment was performed on 32 male
WAG rats weighing 180250 g which were divided
into 4 groups. Rats from group 1 (sodium nitrite
2 weeks, n=8) and group 3 (sodium nitrite 4 weeks,
n=8) were injected aqueous solution of sodium
nitrite at a dose of 50 mg/kg of body mass
intraperitoneally during 14 and 28 days (2 and
4 weeks), respectively, resulted in the development
of dementia of Alzheimer's type of vascular
genesis. Group 2 (sodium nitrite 2 weeks + stem
cells, n=8) and group 4 (sodium nitrite 4 weeks +
stem cells, n=8) received 500,000 mesenchymal
stem cells (MSCs) in suspension intravenously
against a background of experimental nitrite-
induced AD.

All institutional and national guidelines for the
care and use of laboratory animals were strictly
followed. The Ethics and Bioethics Commission of
Kharkiv National Medical University (October 10,
2018, minutes of the meeting Ne®) confirmed that
the design and manipulations during this experiment
were compliant to bioethical requirements of EU
Directive 2010/63/EU on the protection of animals
used for scientific purposes and the Council of
Europe Convection for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (ETS123).

Open Field test (OFT) was used to characterize
behavioral reactions such as locomotion, anxiety,
neophilia (ability to adapt rapidly to extreme
change) and exploration. Our OFT apparatus had
a circle area with holes into the walls and the
field marked with a grid and square crossings.
The main variables recorded during the next 300

sec were: crossings (number of times the line of
a square is crossed with all 4 legs), head dipping
(number of putting rat's head into the hole),
rearings (number of times the animal stands on
its hind legs), grooming (frequency of grooming
activity), number of defecation [11-13]. The
animals were tested in the beginning of experiment
before sodium nitrite injections, just after sodium
nitrite injections and before stem cells injections
and in 2 weeks after sodium nitrite and stem cells
injections

Cognitive functions were evaluated using
Passive Avoidance Test (PAT). In PAT formation
of'the conditioned reflex was fixed during 180 sec.
If animal crossed from the light to the dark
compartment with mild foot shock next day after
training, the passive avoidance response or
conditioned reflex was not formed (0). If rat
avoids the entry to the dark compartment and
stays at the light compartment the passive
avoidance response is formed (1) [14; 15].

Primary culture of MSCs was obtained from
bone marrow cell suspension flushed out of rat
femurs. The cells were washed in Hanks' balanced
salt solution, centrifuged at 450g for 10 min and
plated in 75 cm? culture flasks at a density of
4x105 cells/cm? in DMEM/F12 (1/1) containing
2mM L-glutamine, 10% FBS (SIGMA-ALDRICH,
cat.n. F7524) and 2 pul/ml, Antibiotic Antimycotic
Solution (SIGMA-ALDRICH, cat.n. A5955). The
medium with nonadherent cells was discarded
after 24 hours of the culture and fresh medium
was added to the adherent fibroblast-like MS
cells. They were cultured at 37?C and 5% CO2
in air in an CO2 - incubator for 14 days in the
medium changed every 3 days. All reagents for
culture were purchased from SIGMA-
ALDRICH [16].

To evaluate the behavioral reaction changes
inside each group during different periods (before
sodium nitrite injections, just after sodium nitrite
injections and before stem cells injections, 2 weeks
after sodium nitrite injections) one-way ANOVA
test was used. To estimate the stem cells
efficiency on cognitive functions Pearson's chi-
squared test was used. If p values were below
0.05, the difference was statistically significant.
All numerical data were analyzed using IBM
SSPS Statistics.
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3. Results & Discussion

Analyzing the behavioral reactions during one-
way analysis of variance the Levene's test
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showed a large dispersion of data with identical
variation of samples in group 1 (significant point
>0.05), which indicates a single adherence to the
conditions of the experiment. Throughout the
experiment, there was a significant decrease in
the number of head dipping into the holes by almost
3 times, which indicates a decrease in research
activity. A significant increase in the number of
defecations by almost 3 times confirms an increase
in anxiety inrats (p<<0.05). An insignificant decline
in the number of rearings and grooming is a non-
specific manifestation of a decrease in orientational-
research activity, which correlates with a
decrease in number of head dipping into the holes.

[Poshivalov, V. P. (1978). Jetiologicheskij atlas
dlja farmakologicheskih issledovanij na
laboratornyh gryzunah. Moscow.]. At the same
time, there is a decrease in locomotive activity,
which is accompanied by an insignificant decrease
in the number of crossings (7able I).

Rats from group 2 showed a significant
decrease in locomotion. Comparing the number
of'head dipping into the holes at different periods
of time the explorative activity in 2 weeks after
the stem cells administration was less expressed
than before the experiment, but higher than before
the stem cells correction. It can be assumed that
the recovery of explorative activity in animals is

Table 1

Open Field Test (OFT) behavioral reaction results in group 1 (sodium nitrite 2 weeks)

Behavior . . MeanzCl SD (standart| Levene's | Significant | ANOVA,
. Period of time ' : L .
reactions (confidence interval)| deviation) test point p-value
crossing 2:1’:3{: rf]‘;i't‘f(;?] 36.69+9.85 16.31
after sodium
nitrite injection 38.46+9.69 16.03 0.069 0.934 0.622
in 2 weeks after
sodium nitrite 29.5+22.52 14.15
injection
head dipping - before sodium 3.85¢1.15 1.91
into the holes |nitrite injection
after sodium
nitrite injection 1,85¢1,63 2,70 1.931 0.165 0.044
in 2 weeks after
sodium nitrite 1,25+1,52 0,96
injection
. before sodium
rearing nitrite injection 2.5+1.95 2.33
after sodium
nitrite injection 5.6313.09 3.7 2.993 0.077 0.059
in 2 weeks after
sodium nitrite 1.751£2.72 1.71
injection
defecations | PSfore sodium 120.74 1.22
nitrite injection
after sodium
nitrite injection 0.92+0.94 1.55 0.212 0. 81 0.019
in 2 weeks after
sodium nitrite 3.25+2.39 1.5
injection
. before sodium
grooming nitrite injection 0.69+0.57 0.95
after sodium
nitrite injection 0.690.57 0.95 3.345 0.05 0.332
in 2 weeks after
sodium nitrite 0 0
injection

Values are mean+confidence interval (CI) for the mean.
Variances for each group do not statistically significantly differ. ANOVA results may be considered

correct (Levene's test, significant point > 0,05).

The influence of time on behavior results is statistically significant (ANOVA, p-value<0,05).
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associated with the effect of stem cells. Reducing
the number of defecations and the number of
crossings hypothesizes the animal stress becomes
less. However, according to Kaluev A.V. (2002),
Markel "A.L. (1981), this type of reaction signifies
the development of defensive inhibition in response
to stress factors (pain factor resulting from
injections and open field testing) (7able 2).

In rats from group 3 there was a drop in all in-
dicators against a background of the increase in the
number of defecation (an increase in anxiety levels).

found. Thus, the decrease in horizontal and vertical
locomotion in contrast to increased anxiety level is
not corrected by stem cells. It is possible that
protective inhibition in this case is due not only to
the administration of sodium nitrite, but also to
chronic pain stress (Table 4).

The variances of all results of behavioral
reactions in control group were not significantly
different.

During PAT conditional reflex was formed in
81.25% of cases in rats from group 2, 4 who received

Table 2

OFT behavioral reaction results in group 2 (sodium nitrite 2 weeks + stem cells)

Behavior Period of time MeanzCl SD Levene's | Significant | ANOVA,
reactions (confidence interval) | (standart deviation) test point p-value
crossing before sodium nitrite 41.5+15.9 19.02
injection
after sodium nitrite injection,
before stem cells injections 38.75¢12.92 1545 1.107 0.349 0.031
in 2 weeks after sodium
nitrite and stem cells 19.5£12.76 15.26
injection
head dipping into pe_forc_a sodium nitrite 5.542 72 3.5
the holes injection
after sodium nitrite injection,
before stem cells injections 1.75¢1.53 1.83 2215 0.134 0.010
in 2 weeks after sodium
nitrite and stem cells 2.5+1.26 1.51
injection
rearing it;]‘j*;‘;rt?oi"d'“m nitrite 2.88+1.44 1.73
after sodium nitrite injection,
before stem cells injections 3.13+2.16 259 1.661 0.214 0.892
in 2 weeks after sodium
nitrite and stem cells 2.63+1.54 1.85
injection
defecation before sodium nitrite 1.38+1.26 1.51
injection
after sodium nitrite injection,
before stem cells injections 1.75¢1.244 149 0.092 0.913 0.68
in 2 weeks after sodium
nitrite and stem cells 1.13+1.04 1.25
injection
grooming E}?;%;?oio“"“m nitrite 1.13+1.04 125
after sodium nitrite injection,
before stem cells injections 1.38+1,54 1.85 2.595 0.098 0.667
in 2 weeks after sodium
nitrite and stem cells 0.75+0.74 0.89
injection

Values are mean+confidence interval (CI) for the mean.
Variances for each group do not statistically significantly differ. ANOVA results may be considered

correct (Levene's test, significant point > 0,05).

The influence of time on behavior results is statistically significant (ANOVA, p-value<0,05).

Conspicuous is the fact that the number of
crossings and head dipping into the holes with
heterogeneous data variance are reduced by 4 and
11 times respectively (p <0.001). It is probably asso-
ciated with large damage of brain tissue (7able 3).

In rats from group 4 2 weeks after stem cells
injection insignificant raise of the number of head
dipping into the holes groups compared to period
of time after finishing of sodium nitrite
administration and before stem cells injection was

stem cells. While in group 1, 3 the conditional reflex
was not formed in 37.5% of cases. These results
demonstrate positive effects of stem cells on
cognitive recovery in rats (Table 5).

Conclusion

1. In all experimental groups with chronic
stress caused by prolonged intraperitoneal
administration of aqueous solution of sodium nitrite
and single intravenous administration of stem cells
suspension, protective inhibition develops. It is
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Table 3
OFT behavioral reaction results in group 3 (sodium nitrite 4 weeks)
Behavioral Period Mean=ClI SD Levene's Significant ANOVA,
reactions of time (confidence interval) | (standart deviation) test point p-value
crossing i‘;ﬁ;‘;?oz"d'“m nitrite 40.71+10.23 11.06
ﬁ]fj‘eegtis::'”m nitrite 19.71415.22 16.46 6.783 0.006 0.000
in 2 weeks after sodium
nitrite injection 10.4324.1 4.43
head dipping into pejorg sodium nitrite 4.8642.23 3.06
the holes injection
f:]fjteegtis;:'“m nitrite 0.71+0.88 2.41 5.166 0.017 0.000
in 2 weeks after sodium
nitrite injection 0.43£0.49 0.95
rearing it:]?‘faoc';?oiod'“m nitrite 4.29+3.45 3.73
fanfj‘g;tis;:'“m nitrite 0.43+0.49 0.53 4.825 0.021 0.006
in 2 weeks after sodium
nitrite injection 0.570.73 079
defecation before sodium nitrite 0.57+0.73 0.79
injection
ﬁ]fj‘eegtis::'”m nitrite 0.86+1.35 1.46 2.482 0.112 0.362
in 2 weeks after sodium 1.43+0.9 0.98
nitrite injection T i
grooming il:')’]?;(();?oiodlum nitrite 2.83+3.75 2.48
f:]fjteegtis;:'“m nitrite 2+0.73 2 4.507 0.026 0.335
in 2 weeks after sodium 0 0
nitrite injection

Values are mean+confidence interval (CI) for the mean.

Variances for each group do not statistically significantly differ. ANOVA results may be considered
correct (Levene's test, significant point > 0,05).

The influence of time on behavior results is statistically significant (ANOVA, p-value<0.05).

Table 4
OFT behavioral reaction results in group 4 (sodium nitrite 4 weeks + stem cells)

Behavioral Period of time MeanzCl SD Levene's | Significant | ANOVA,
reactions (confidence interval) | (standart deviation) test point p-value
crossing before sodium nitrite injection 34+11.33 13.55
after sodium nitrite injection,
before stem cells injections 18.6318.2 9.8 1.475 0.252 0.004
in 2 weeks afte_r s_odl_um nitrite 13.63+7.98 955
and stem cells injection
_head dipping _be_forg sodium nitrite 4134314 3.76
into the holes _|injection
after sodium nitrite injection, 1.63+1.09 1.3 1.982 | 0.163 0 .201
before stem cells injections
in 2 weeks afte_r s_od|_um nitrite 2.88+2.02 242
and stem cells injection
rearing before sodium nitrite injection 3.5+2.36 2.83
after sodium nitrite injection,
before stem cells injections 1.25¢1.07 1.28 2409 | 0114 0.137
in 2 weeks after sodium 1.75+1.99 2.38
nitrite and stem cells injection
defecation before sodium nitrite injection 0.375+0.62 0.74
after sodium nitrite injection,
before stem cells injections 0.75:0.87 1.04 1.213 0.317 0.073
in 2 weeks afte_r s_odl_um nitritg 1.63+1.09 13
and stem cells injection
grooming before sodium nitrite injection 0.75+0.97 1.16
after sodium nitrite injection,
before stem cells injections 0.75¢0.74 0.89 0.398 0.677 1
in 2 weeks afer_s_odu_Jm nitrite 0.75+1.46 175
and stem cells injection

Values are mean+confidence interval (CI) for the mean.

Variances for each group do not statistically significantly differ. ANOVA results may be considered
correct (Levene's test, significant point > 0,05).

The influence of time on behavior results is statistically significant (ANOVA, p-value<0.05).
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Table 5

Passive Avoidance Test (PAT): cognitive function comparison between group with stem cell
injections (group 2+group 4) and group without stem cells injections (group 1+group 3)

Sodium nitrite 1, 3 weeks | Sodium nitrite 2, 4 weeks
Test . . Altogether
groups without stem cells groups with stem cells
Failed 10 3 13
Passed 6 13 19
Altogether 16 16 32

Actual and expected results are statistically different. (Pearson's chi-squared test, p=0.012(<0.05).

accompanied by decrease in vertical and
horizontal activity and increase in the number of
defecation, as determined by testing in the open
field.

2. In all rats with a 4-week disease model,
the drop in locomotor, research and orientation
activity was found. Probably, it means that the
brain tissue is damaged significantly.
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3. In the OFT in all animal from groups 2, 4
improvement in research activity in comparison
with that before stem cells introduction was
observed.

4. In the PAT higher percentage of rats from
groups 2, 4 passed this test which indicates the
significant cognitive functions recovery after stem
cell correction.
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