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O. G. Berchenko, N. O. Levicheva, D. O. Bevzyuk, V. V. Sokolik
Institute of Neurology, Psychiatry and Narcology, Kharkiv, Ukraine

Article info Berchenko, O. G., Levicheva, N. O., Bevzyuk, D. O., & Sokolik, V. V. (2020). The effect of miR-101 on the memory of rats with a

Received 15.07.2020 model of Alzheimer’s disease. Regulatory Mechanisms in Biosystems, 11(3), 354-359. doi:10.15421/022054

Received in revised form
23.08.2020
Accepted 25.08.2020

Memory impairment is a hallmark of Alzheimer’s disease. The clinical diagnosis of the disease is made in the later stages of its
development, when specific therapy of the disease is not always effective. Therefore, the detection of early behavioral manifestations
of memory disorders in the development of the disease will allow the use of preventive therapy aimed at stopping the death of neu-
rons in brain structures. A neuroethological study of working, spatial, and emotional memory was performed in rats 1516 months of
age with a model of early manifestations of Alzheimer’s disease induced by stereotactic administration of 3-amyloid peptide 40 ag-
gregates into the hippocampus. Changes in the neuroethological components of working and spatial memory have been identified.
Testing of working memory showed a violation in rats of recognizing the shape of identical objects, reducing experimental activity to
unfamiliar objects and their differentiation. Spatial orientation disorders have been identified in the Bames labyrinth. Emotional
memory research has shown the preservation of innate forms of protective adaptive behaviour. At the same time, vegetative indica-
tors reflected an increase in emotional tension. Intranasal administration of liposomal miRNA miR-101 involved in liposomes to rats
with a model of early manifestations of Alzheimer’s disease improved neuroethological parameters of working and spatial memory.
Restoration of the level of research activity and differentiation of familiar and unfamiliar objects in the testing of working memory in
rats has been established. Spatial memory in Bames labyrinth testing was improved by reproducing spatial orientation skills and
relieving emotional stress. Thus, the intranasal use of miR-101 in Alzheimer’s disease is a promising approach to prevent the devel-
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opment of amyloidosis and preserve memory in the early manifestations of Alz-heimer’s disease.
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Introduction

One of the first symptoms of Alzheimer’s disease is the irreversible
deterioration of memory up to dementia. In patients, Alzheimer’s demen-
tia is distinguished, which is due to the occurrence and course of cerebral
amyloidosis (formation of a local excess of f-amyloid peptide (AP) ag-
gregates in the foci of cholinergic neurons of the neocortex and hippo-
campus). The presence of a long asymptomatic period is a feature of neu-
rodegenerative pathology of Alzheimer’s disease. During this period, the
manifestations of specific disorders of memory and cognitive functions
are compensated by the mechanisms of the brain (Purdenko, 2014). It has
been shown that the neocortex and hippocampus (Insel & Takehara-
Nishiuchi, 2013; Huijgen & Samson, 2015) are structures that provide
mechanisms for the formation of different types of memory: emotional,
working, spatial (Silachjov et al., 2008; Antunes & Biala, 2012; Grigor-
chuk, 2013). In patients with Alzheimer’s disease, it is the neurons of the
neocortex and hippocampus that suffer the most from the toxicity of A
oligomers, which subsequently form senile plaques characteristic of amy-
loidogenic pathology (Mukhin, 2013). Increased forgetting of available
information as an early manifestation of the disease is due to a decrease in
the amount and time of information retention in working memory. Viola-
tion of the mechanisms of consolidation of memory traces is observed
already in the clinical stage of Alzheimer’s disease.

Currently, the clinical treatment protocols for Alzheimer’s disease
prefer symptomatic treatment with central acetylcholinesterase inhibitors,
cholinomimetics and NMDA receptor antagonists in compensatory thera-
py, as well as neuroprotection with nootropics, which aims to preserve and
maintain life of neurons (Bullock, 2002). However, such a strategy is not
able to prevent the constantly progressing dementia, but only to delay it.
Therefore, one of the leading strategies for the treatment of Alzheimer’s
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disease is the development of approaches that do not affect the symptoms,
but the pathological mechanisms of cerebral amyloidosis. Individual
v-secretase modulators (an enzyme that secretes B-amyloid peptides from
AP precursor protein (APPP) during amyloidogenic processing) have
been shown to be able to specifically inhibit its activity against ABPP
without interfering with the metabolism of other substrates of this enzyme
(Raven et al., 2017). It has been experimentally found that anti-inflamma-
tory therapy, such as curcumin, has a positive effect not only on chronic
inflammation, which invariably accompanies the course of amyloidosis,
but also directly inhibits the excessive formation of -amyloid peptides
(Sokolik et al., 2017).

Gene therapy that regulates or blocks overexpression of a single gene
at the posttranscriptional level by means of the corresponding miRNA has
proved to be promising (Wang et al., 2012; Shaik et al., 2018). It is shown
that miR-101 is able to specifically interact with its "seed" site with the
template RNA of the AP precursor protein and, thus, repress the expres-
sion of the APPP gene (Francis et al., 2010). However, since their dis-
covery in 1998, miRNAs have not lived up to the expectations of pharma-
ceutical companies (Eisenstein, 2019), because the problem of targeted
delivery of these molecules to target organs and body tissues has not been
solved.

Upon introduction into the bloodstream or subcutaneously, the bulk
of the miRNA ended up in the liver regardless of the type of carrier,
whether liposomes, liproteins, N-acetylgalactosamine (GalNAc), etc.
To solve the problem of direct delivery of miR-101 to the central nervous
system, in addition to direct traumatic injections into the cerebrospinal
fluid, you can use its intranasal course administration in liposomal form.

The aim of the study is to explore the influence intranasal administra-
tion of liposomal miR-101 on memory processes in late adult rats in expe-
rimental modeling of Alzheimer’s disease.
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Materials and methods

Research design. Procedures with experimental animals were ap-
proved by the Commission on Ethics and Deontology of SI “Institute of
Neurology, Psychiatry and Addiction of the National Academy of Medi-
cal Sciences of Ukraine” and performed in accordance with the General
Ethical Principles of Animal Experiments (Kyiv, 2011), “The procedure
for conducting experiments and experiments on animals by scientific
institutions” (No 249 of 01.03.2012), the Law of Ukraine “On protection
of animals from cruel treatment” (Ne 3447-1V of 21.02.2006). The study
was conducted on a general group of male rats 15-16 months of age,
weighing 300-500 g (n = 33). Animals were randomly divided into two
groups: expetimental (n= 17) and comparison group (n= 16).

Simulation of Alzheimer’s disease in all rats was performed by ste-
reotactic administration of aggregated AB40_Human (China Peptides Co,
China), in the left hippocampus at a dose of 15 nmol/L -amyloid peptide
40, which was pre-dissolved in double-distilled water and aggregate du-
ring the day (Fig. 1). Large coarse conglomerates of Ap40 were dispersed
by ultrasound and sterilized immediately before administration. The vo-
lume of the injected suspension of AB40 in aggregate form was 10 pL, the
rate of injection through the needle of the chromatographic syringe —
0.03 plL/s, the duration of administration — 5 minutes. Stereotactic coordi-
nates of the hippocampus were determined from brain maps of rats Fitko-
va and Marshall, as quoted by Buresh et al. (1962), which corresponded to
the distance from the point of intersection of the sagittal suture with breg-
ma: F=2mm, L =2 mm, H= 3.5 mm. The operations were performed
under general anesthesia under intra-abdominal injection of sodium thi-
opental solution (50 mg/kg).

Fig. 1. Stereotactic administration of f-amyloid peptide 40 aggregates
in the left hippocampus of rats

To study the processes of memory recovery in animals with a model
of Alzheimer’s disease we performed intranasal administration of lipo-
somal miR-101 (OOO “NPF Sintal”, RF) to rats of the experimental
group for 10 days. The liposomal form of miR-101 was obtained by the
method of lipid films (Shulga, 2014). For 10 sessions of administration,
each animal of the experimental group received 2.5 x 10" molecules of
miR-101, the volume of a single portion of liposomal miRNA was 20 pL.
The effect of miR-101 was chosen because it is a key operator of matrix
RNA (mRNA) function for the Ap precursor protein (ABPP) due to the
formation of a complex with its subsequent deactivation and therefore able
to inhibit ABPP synthesis and amyloidogenic processing of the latter (Vi-
lardo et al., 2010; Amakiri et al., 2019). Animals in the reference group did
not receive liposomal miR-101.

Neuroethological testing of working memory. Working memory was
characterized based on the natural ability of rats to learn something new
(reaction to the novelty of the stimulus). We evaluated the ability of ani-
mals to recognize new objects based on the detection of changes in the
physical properties of the object and the fixation of these characteristics

(memorization) (Abdurasulova et al., 2019). The test of working memory
was as follows. Two days before testing, the rat was placed in an experi-
mental cage for 10 min to adapt to the experimental conditions. On the 3rd
day, the animal was placed in the center of the cage in front of two identi-
cal objects Al and A2 (identical wooden cubes measuring 2.0 x 4.5 x
3.0 cm; located at a distance of 15 cm from each other) and for 5 min we
recorded the duration of the research reaction: the total time of sniffing
objects at a distance of less than 2 cm or touching them with the nose/foot
(training phase). On day 4, a similar procedure was performed (test phase),
with object A2 being replaced by any new object B (B1, B2, B3 or B4).
Namely: object B1 — a rectangular parallelepiped measuring 1.0 x 8.0 x
1.5 cm, object B2 — a triangular pyramid measuring 4.0 x 5.0 cm, object
B3 —a sphere with a diameter of 5 cm, object B4 — a truncated cone mea-
suring 3.5 x 5.0 cm. We recorded the study time of the new object (B1,
B2, B3 or B4) and the familiar object A1, and calculated the percentage of
discrimination, which was the time spent on the study of the new object,
relative to the total study time of both objects in the testing phase (Tzyy-
Nan & Yi-Ping, 2014; Gulljaev et al., 2017). Working memory metrics
was determined in the initial state, on the 5-6th day after intrahypocampal
administration of AB40 aggregates, on the 8-9th day of intranasal course
of liposomal miR-101.

Exploration of spatial (short-term and long-term) memory in the Bar-
nes labyrinth. A Bames’ labyrinth was used to study spatial memory
(Fig. 2). At the heart of the Bames maze technique is the physiologically
determined desire of rats to avoid brightly lit open spaces and the search
for a protective chamber with a focus on the configuration of distal visual
signals located around the test area (Attar et al., 2013; Sysoev, 2019).
The Barnes labyrinth includes a round platform (121 cm in diameter) with
16 evenly spaced holes (9 cm in diameter) that is raised 85 cm above the
floor. The holes are 7.5 cm from the edge of the platform. Under one of
the holes is a protective chamber — a plastic box measuring 24 x 15 cm.
The surface of the platform is equipped with a bright light source (150 W),
which is at a height of 40 cm from the middle of the maze. Orientations of
animals in space served as visual signals — large geometric shapes located
on both sides of the labyrinth. The starting area for the experimental ani-
mal was a cylinder with a diameter of 20 cm.

Fig. 2. Barnes labyrinth for the study
of spatial memory in experimental animals

In the Barnes labyrinth, the animal went through three stages: adapta-
tion, training and testing of short-term and long-term memory. During
adaptation, the animal was placed in a cylinder located in the center of the
platform and the light was tured on. After 10 minutes, the cylinder was
lifted and the animal was directed to the protective chamber. If the rat did
not enter the protective chamber for 2 min, it was forcibly directed to the
hole with the protective chamber. As soon as the animal was in the protec-
tive chamber, the light was tumed off and the animal was left inside the
box for another 2 minutes. During training, the animal was also placed ina
cylinder in the starting area and the light turned on. After 10 minutes, the
cylinder was raised and the animal was given the opportunity to see the
maze for 3 minutes. In the Bames labyrinth we recorded the time of suc-
cessful search for a hole with a protective chamber and the trajectory of
movement. The study was stopped after the rat entered the protective
chamber, in which the animal was left for another 1 minute. We con-
ducted 4 studies per day with an interval between studies of 15 min for
4 days. Testing of short-term memory was performed on the 5th day with
a closed hole in the protective chamber, 24 hours after the last day of
training. The procedure was performed similarly to the training process,
but the animal was allowed to explore the maze only for 90 seconds.
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We determined whether the rat remembered the location of the protective
chamber or not. The time of finding the protective chamber, the number of
approaches to it, the time spent near the protective chamber, the trajectory
of the rat, autonomic reactions were recorded. The same testing was re-
peated on the 11th day after intrahypocampal administration of AB40
aggregates (Alzheimer’s disease model) and after the 10th day of intrana-
sal administration of liposomal miR-101 (in the experimental group) and on
the 26th day of the Alzheimer’s disease model without treatment (in the
comparison group). To do this, rats were retrained to search for a protec-
tive chamber, but located in a different location than in previous tests.

Evaluation of long-term spatial memory was performed similarly to
short-term, only without any prior training. All parameters in experimental
animals were recorded in the initial state, on the 7th and 21st day after
intrahypocampal administration of AB40 aggregates and after a course
(10 days) of intranasal administration of liposomal miR-101.

Testing of emotional memory by the method of conditioned-reflex
emotional reaction of avoidance. The study of the features of emotional
memory was performed using the technique of conditioned-reflex emo-
tional response avoidance (CRERA) (Bevziuk et al., 2020). The emotional
conditioned reaction of avoidance was performed in a specially equipped
chamber divided into two parts by a partition with a window. Voltage was
applied to the floor electrodes in this chamber (threshold of nociceptive
pacing stimulation from 3.0 to 3.5 V); the current was turned on by clo-
sing the contacts. The conditional signal for the rat was the sound of a
metronome with a frequency of 120 min, and its unconditional rein-
forcement was carried out by electric current. The animals in the chamber
were given a conditional signal, after which the next 10 s of sound was
combined with unconditional reinforcement. If during this time the rat did
not move to another part of the chamber, the metronome was turned off,
and electric stimulation was carried out for another 5 s. The duration of the
inter-signal period was chosen randomly in the range of 2 to 3 minutes to
prevent the development of a conditioned reflex in the animal for a while.
They were presented with no more than 6 combinations of conditional
signal and unconditional reinforcement per day. The conditioned reflex
was considered to be produced if the rat moved to another part of the
chamber during one experimental day during the action of the conditioned
signal at least 5 times in a row. The share of such behavioral responses as
extrasignal, signaling, avoidance responses, sample responses, and auto-
nomic responses that accompany CRERA production was expressed as a
percentage of the number of conditional signal combinations with uncon-
ditional reinforcement presented at individual stages of the experiment on
average. Assessment of memory function was performed before the intro-
duction of AB40 aggregates, on the Sth day of Alzheimer’s disease simu-
lation and after 10 days of intranasal administration of liposomal miR-101
or without treatment.

Statistical data processing was performed using the program Statistica
6.0 (Statsoft Inc., USA, 2001). After pre-establishing the normality of the
data distribution in each group, the mean and standard deviation (x + SD)
were calculated. Single-factor dispersion analysis ANOVA was used to
detect statistically significant differences between groups. Differences
were considered significant at P < 0.05 using the Tukey test.

Results

Working memory. Administration to rats of aggregated B-amyloid
peptide 40 in the hippocampus led to a gradual violation of the mecha-
nisms of working memory. On the 5th day after administration of the neu-
rotoxin, the rats” information about the experience of recognizing familiar
objects was stored. The study time of the same familiar subjects did not
differ from the original data. However, the study time of the new unfami-
liar stimulus B2 (triangular pyramid) decreased compared to baseline
(Table 1).

On the 16th day after administration of the neurotoxin, there was a de-
terioration in the recognition of identical objects. The time of their study
was significantly (P < 0.05) different from the original data. Interest in the
unfamiliar object B3 (bullet) decreased. The study time was significantly
(P < 0.05) decreased compared to baseline and values after the 5th day of
neurotoxin administration (Table 1). The discrimination rate was 53% vs.
65% of baseline values (Fig. 3).

Table 1

Time of study of familiar and unfamiliar objects in rats after
intrahypocampal administration of B-amyloid peptide 40 aggregates
and intranasal administration of liposomal miR-101 (s, x + SD)

Intranasal
Model of The model of the liposomal
Characteristics Output ., discase Alzhei-  administration
Alzheimer’s L. . .
of the group data discase mer’s without miR-101 in
treatment Alzheimer’s
.
Date Othday 5-6thday 16-17thdays 16-17th days
Group name common  common comparison experimental
n 33 33 16 17
Identical Al 202425 100+£20° 128+25" 82+28"
objects A2 216+23 98%17 227+48 89426
Familiar Al 96+ 1.7d 10.1+13 123445 132+1.7
and Bl 235431 ~ - —
unfamili 52 - 162+0.8 S -
objects 3 - - 112+18 e
B4 — — — 29.8+5.1

Note: *— P < 0.05 compared to baseline, °— P < 0.05 compared to the 5-6th day of
Alzheimer’s disease, © — P < 0.05 compared to the 16-17th day of Alzheimer’s
disease without treatment, ¢ — P < 0.05 compared to the familiar object (A1); the
reliability of the differences between the samples was evaluated using the single-
factor dispersion analysis (ANOVA), using the Tukey test; Al and A2 — familiar
objects, B1, B2, B3, B4 —unfamiliar objects; “~”— not investigated.
portion, %
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Fig. 3. Coefficient of discrimination in the test working memory in rats
under the influence of intrahypocampal administration of aggregates of
B-amyloid peptide 40 and intranasal administration of liposomal miR-101:
I—baseline, IT —model of Alzheimer’s disease on the 6th day of the study,
III—model of Alzheimer’s disease on the 17th day of the study without
treatment, IV — intranasal administration of liposomal miR-101 in Alz-
heimer’s disease on the 17th day of the study; x + SD,n=133;a—P <0.05
compared to the original data; b— P <0.05 compared with the 17th day of
Alzheimer’s disease; here and in Figure 6 the reliability of the differences
between the samples was evaluated using ANOVA

Intranasal administration of miR-101 in the form of liposomes repro-
duced the perception of new information on the study of identical objects
and the differentiation of different shaped objects. Rats spent the same
amount of time exploring similarly shaped objects. Objects that differed in
shape aroused the interest of animals. The experimental activity signifi-
cantly (P < 0.05) increased compared with the indicators observed in the
simulation of Alzheimer’s disease (Table 1, Fig. 3).

Spatial memory. A study of short-term spatial memory in rats in the
Bames labyrinth showed that the introduction of AB40 aggregates reduced
the time spent at the opening of the protective chamber on both the 11th
and 26th day of Alzheimer’s disease simulation (P < 0.05, Table 2), 1. ¢. in
animals the forgetting of the location of the opening of the protective
chamber was observed.

It should be noted that for rats under the conditions of testing, the en-
trance to the protective chamber was closed, which increased their search
activity. There was a movement of rats in a circle with a consecutive long-
er study of false holes (Fig. 4). That is, at an early stage of Alzheimer’s
disease there was an inhibition of the process of extracting spatial informa-
tion from the engram of memory and a partial violation of its reproduc-
tion. Intranasal course of liposomal miR-101 for 10 days in rats with an
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experimental model of Alzheimer’s disease restored short-term spatial
memory. A probable decrease in the search time for the protective cham-
ber was revealed (Table 2). The animals immediately went to the protec-
tive chamber, examined the entrance to it, and the trajectory was similar to
the original data, which indicated an improvement in the analytical
processes of the rat brain under the influence of miR-101 (Fig. 4d).

Table 2

Influence of intrahypocampal administration of B-amyloid

peptide 40 aggregates and intranasal administration of liposomal miR-101
on short-term spatial memory in rats in the Barmes labyrinth (x + SD)

(Fig. 5¢). There was a probable decrease in the number of approaches to
the security chamber. Intranasal administration to rats of the experimental
group of liposomal miR-101 for 10 days restored memories of the loca-
tion of the protective chamber. Animals of the experimental group spent a
large amount of time near it, compared with rats of the comparison group
(Fig. 5¢, d).

Table 3

Effect of intrahypocampal administration of B-amyloid peptide 40
aggregates and intranasal administration of liposomal miR-101

on long-term spatial memory in rats in the Barnes labyrinth (x + SD)

The model of the Intranasal liposomal

The model of the Intranasal liposomal

Characteristics Output Al\l;[hogizrf’s disease administration Characteristics ~ Output Al\];[hogier:e)rf’s disease Alz- administration
of the group data discase Alzheimer’s miR-101 in of the group data discase heimer’s without miR-101 in
without treatment Alzheimer’s disease treatment  Alzheimer’s disease
Date Othday 1lthday 26th day 26th day Date Othday  7thday 21stday 21stday
Groupname  common common comparison experimental Groupname  common  cOMmMON  comparison experimental
n 18 18 10 8 n 18 18 10 8
Search time for b Search time for
security chamber, s 85+18 105+13 10.7+4.0 62+14 security chamber, s 85+18 165+£20" 95+2.1 120+25
Time spent near the a o be Time spent near the o
security chamber, s 221420 15217 166+ 1.2 254+4.1 security charmber, s 221422 140430 164+4.6 21.5+£76
Number of Number of ap-
approachestothe 5 o3 ygi07 3801 45402 proachestothe 5 53 39103 32400 35404
security chamber, T R T T security chamber, T T T T
conventional units conventional units

Note: * — P < 0.05 compared to baseline, ° — P < 0.05 compared to the 11th day of
Alzheimer’s disease, °— P < 0.05 compared to the 26th day of Alzheimer’s disease
without treatment; the reliability of the differences between the samples was eva-
luated using ANOVA.

Fig. 4. The trajectories of rats in the Barnes labyrinth after intrahypocam-
pal injection of AP40 and intranasal injection of liposomal miR-101
(short-term spatial memory testing): a — the original data of rats; b — 11th
day after the introduction of AB40 aggregates; ¢ — the 26th day after the
introduction of AP40; d —after 10 days of intranasal injection of liposomal
miR-101, 7 —entrance to the protective chamber, 2 — false holes

‘When rats were tested for long-term spatial memory on the 7th day of
Alzheimer’s disease simulation, probable changes were found. The ani-
mals forgot the experience gained, a lot of time was spent searching for a
protective chamber, sniffing fake holes. When compared with the initial
data, the search time for the protective chamber and the number of ap-
proaches to it increased (P < 0.05), and the time spent near the chamber
decreased (P <0.05, Table 3).

Subsequently, on the 21st day after the introduction of AB40 in rats,
the violation of recognition of the familiar location of the protective cham-
ber persisted. This was manifested in the chaotic movements of animals
through the maze and ignoring of the opening to the protective chamber

Note: * — P < 0.05 compared to baseline, ® — P < 0.05 compared to the 7th day of
Alzheimer’s disease; the reliability of the differences between the samples was eva-
luated using ANOVA.

Fig. 5. The trajectories of rats of both groups in the Bamnes labyrinth after
intrahypocampal injection of AB40 and intranasal injection of liposomal
miR-101 (long-term spatial memory testing): a — the original data of rats;
b—Tth day after the introduction of AB40; c—21st day after the introduc-
tion of APB40; g—after 10 days of intranasal administration of liposomal
miR-101; / —entrance to the security chamber, 2 — fake holes

Emotional memory. Studies in rats of emotional memory using the
conditioned reflex response of stimulus avoidance found that the quantita-
tive and temporal rates of stable conditioned reflexes to avoid the negative
stimulus during intrahypocampal administration of AB40 aggregates did
not change, compared with the rates of conditioned reflexes to. Thus, the
latent periods of conditioned reflex responses on the 5th day of Alzhei-
mer’s disease simulation were 8.1 + 0.4 s against the indicators before the
introduction of neurotoxin 8.5 & 1.3 s, the number of conditioned reflex
responses was 76.9 + 10.4% against 72.2 + 10.1%, respectively. Howe-
ver, the severity of the manifestations of inter-signal reactions changed.
There was an increase in the proportion of signaling reactions from 15.4 +
4.3% to0 29.6 + 5.9%, which reflected a violation of the structure of beha-
viour in the animals, both at the stage of afferent synthesis and at the stage
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of decision making, which was probably associated with processing of
afferent information, the formation of dominant motivation (Fig. 6).
In addition, the rats again had reactions to the samples, as an indicator of
indecision in the performance of conditioned reflex reactions and violation
of mechanisms in the acceptor of the result of the action of Anokhin
(1968). A probable increase in the number of unconditional avoidance and
grooming reactions (P < 0.05), along with an increase in autonomic reac-
tions (urination, defecation) indicated an increase in anxiety and distress

(Fig. 6).

portion, %
120

100

a
80 a
60
40 a a a
2 ot AL o
0 _
1 II III v \% VI

Fig. 6. Change in intersignal responses in rats after simulation of Alzhei-
mer’s disease and intranasal administration of liposomal miR-101:

[ — initial data of rats, (] — model of Alzheimer’s disease (5th day after
administration of AB40 aggregates), Ed —after 10 days of treatment with
liposomal miR-101 Alzheimer’s disease; inter-signal reactions:

I signal reactions, I — sample reactions, Il - extra-signal reactions,
IV —unconditional avoidance reactions, V — vegetative manifestations,
VI - grooming; x + SD, n=9; *—P < 0.05 compared with the original
data of rats, see Figure 3

Intranasal administration of liposomal miR-101 did not affect the
conditioned reflex activity of rats (Fig. 6), but led to the removal of emo-
tional stress in the implementation of conditioned reflex reactions to ac-
tively avoid pain stimuli.

Discussion

The cognitive impairments that accompany neurodegenerative age-
related diseases are an urgent medical problem today. Animal models are
widely used to study the pathogenesis of these diseases, neurobehavioral
disorders and the effectiveness of therapy (Zhang et al., 2012; Wahl et al.,
2017). Memory impairment is a specific feature of Alzheimer’s disease,
so the study of associative learning, learning with a change in spatial orien-
tation, working, spatial and emotional memory is an important tool for
determining cognitive dysfunction, the establishment of pathogenetic
mechanisms and the choice of treatment (Webster et al., 2014; Bengoet-
xea et al.,, 2015; Zarifkar, 2019). Among the behavioral tests for the study
of cognitive impairment in Alzheimer’s disease, the most notable are
neurobehavioral tests, which are associated with clinical manifestations of
memory impairment in humans. The tests used in our study relate to ob-
ject recognition (working memory), which excludes rewards or penalties
(Bengoetxea et al., 2015) and spatial orientation (spatial memory) (Mu-
gantseva, 2010; Webster et al., 2014).

Changes in working, spatial and emotional memory in rats caused by
intrahypocampal administration of B-amyloid peptide 40 aggregates, are
associated with impaired storage and retrieval of information about the
experience due to dysfunction of brain structures — hippocampus and
anterior neocortex, which agrees with the data (Mugantseva & Podolski,
2009) on the weakening of the interneuronal connections between the
hippocampus and the neocortex under the action of aggregated -amyloid
peptide. Earlier Sokolik et al. (2019) showed that the introduction of AB40
aggregates into the hippocampus leads to an increase in the concentration
of toxic endogenous AP42 by 36.2% in the neocortex and 27.3% in the
hippocampus. This increase in the concentration of toxic B-amyloid pep-
tide 42 is characteristic of the development of preclinical and early clinical
stages of Alzheimer’s disease, when the clinical manifestations of the
disease are compensated by brain mechanisms (Purdenko, 2014). There-
fore, our model allows us to consider it as adequate for the study of early
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manifestations of memory disorders in Alzheimer’s disease. It should be
noted that the detected memory impairments depend not only on the
length of time the information is stored — short-term or long-term memory,
but also on the type of memory. The most demonstrative were violations
of the components of short-term and long-term spatial memory, in terms
of finding the location of the protective chamber. It has been shown that
spatial memory impairment in patients with Alzheimer’s disease is asso-
ciated with impaired interspheric information (Delbeuck etal., 2003).
Working memory, as a process of storing information during the experi-
ment, also changed: violations of the differentiation of the shape of objects
and decision-making were found.

It is known that the mechanisms of memory are closely related to
emotions, their morpho-functional substrate is the limbic-neocortical sys-
tem of the brain (Vinogradova, 1975; Makarenko, 1980). However, we
did not detect emotional memory impairment with the use of the classical
conditioned reflex reaction of active avoidance of the pain stimulus at an
early stage in the development of experimental Alzheimer’s disease. It is
clear that the innate forms of protective and adaptive behaviour in this
period of the disease are preserved. However, there were manifestations of
behavioral components that accompany conditioned reflex responses.
These are test reactions, unconditional avoidance reactions and autonomic
reactions — urination and defecation, which can be assessed as an increase
in anxiety.

Recently, researchers have focused on finding approaches to inhibit
amyloidogenesis in Alzheimer’s disease by influencing the molecular
mechanisms of B-amyloid peptide formation at the posttranscriptional
level. In this regard, noteworthy are small non-coding RNA molecules —
miRNAs, which are involved in the regulation of gene expression, diffe-
rentiation, proliferation and apoptosis of cells (Siegel et al., 2011; Olde
Loohuis et al., 2012). MicroRNA inhibits gene expression in two ways:
by interaction with template RNA or excludes the gene due to epigenetic
modulation of the genome. It has been shown that miR-101 microRNA is
able to inhibit the synthesis of B-amyloid peptide precursor protein (APPP)
at the stage of its translation. This leads to the elimination of the accumula-
tion of excess ABPP and its processing in the amyloidogenic scenario
(Vilardo et al., 2010; Amakiri et al., 2019).

Intranasal administration of miR-101 in liposomal form to rats with a
model of early manifestations of Alzheimer’s disease led to the improve-
ment of short-term spatial memory, the effectiveness of which was deter-
mined by the reproduction of components (skills) of spatial orientation.
The improvement in working memory was manifested in the restoration
of the level of research activity of rats and the differentiation of familiar
and unfamiliar objects. Apparently, the positive effects of miR-101 when
introduced into the body in liposomal form are due to their intranasal
delivery to the target brain structures of the hippocampus and neocortex
and the regulatory effect on the processes of amyloidosis.

Conclusion

Intranasal administration of miR-101 in liposomal form to late adult
rats with an experimental model of Alzheimer’s disease, resulting from
the introduction of B-amyloid peptide 40 aggregates into the hippocam-
pus, improves working and spatial memory: restores the level of research
activity objects; increases the efficiency of spatial memory due to the re-
production of spatial orientation skills; improves the emotional state of rats
in the implementation of conditioned reflex reactions of active avoidance
of painful stimuli.
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