ScienceRise: Pharmaceutical Science Nel (35)2022

UDC 615.21:577.112.6
DOI: 10.15587/2519-4852.2022.253372

THE EFFECT OF A MODIFIED FRAGMENT OF NEUROPEPTIDE Y ON SPATIAL
MEMORY AND LEARNING IN THE MORRIS WATER MAZE

Thnat Havrylov, Sergiy Shtrygol’, Dmytryi Kavraiskyi

Neuropeptide Y (NPY) is a biologically active neuropeptide that is responsible for a large list of physiological process-
es. We propose a short modified fragment of NPY that should at least partially have a spectrum of biological activity of
the original peptide. The compound was named nonapeptide NP9.

The aim of our study was to investigate the ability of the modified fragment of NPY to influence spatial memory and
learning.

Materials and methods: the study was performed on 24 one-year-old random-bred female rats weight 220-250 g. The
animals were divided into 3 groups of 8 rats each: treated with a solvent (0.9 % NaCl), a solution of peptide NP9
0.02 mg/kg and the drug “Semax’ 0.1 mg/kg. All drugs were administered intranasally. The study of the effect of the
peptide NP9 on spatial memory and learning ability was performed in the psychopharmacological test the Morris water
maze. Navigation parameters were analyzed using Noldus EthoVision XT 14 video tracking software. The escape laten-
cy, the distance moved, the average velocity and the meander were recorded. An inter-quadrant analysis of rat behavior
was also performed, for which the frequency of appearance and time spent in certain quadrants were recorded.

Results: nonapeptide NP9 in the Morris water maze test demonstrated the ability to accelerate the time to find a hidden
platform, reduce the distance traveled, meander, and optimize the search strategy.

Conclusions: NP9 peptide has demonstrated the ability to positively influence learning and spatial memory. The im-
provement in cognitive performance of animals administered with the peptide NP9 was no less than that of the reference
nootropic drug Semax. These results substantiate the feasibility of further research with the aim of pharmaceutical de-

velopment of a new nootropic drug
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1. Introduction

Mental and neurological disorders are an urgent
problem. Their prevalence has increased by 16 % in
recent years, with further growth expected due to popula-
tion aging and the impact of adverse factors such as
armed conflict and migration [1]. Political and military
crises contribute to the mass displacement of the popula-
tion. The number of internally displaced persons in-
creased from 33.9 million in 1997 to 79.5 million in
2019, including 2.1 million Ukrainian citizens who have
been forced to leave their place of residence due to the
Russian aggression that has been going on since 2014
[2]. The prevalence of depression, anxiety and cognitive
disorders among refugees is at least three times higher
than in the general population [3]. The pharmacotherapy
of these disorders is often ineffective and is almost al-
ways associated with a variety of adverse reactions [4]
and therefore needs to be reviewed and improved. In this
aspect, multifunctional products of peptide design attract
attention. The vast majority of peptide drugs are designed
to treat metabolic or immunological disorders [5]. Some
drugs of peptide structure are used in diseases of CNS.
Examples are “Cerebrolysin” (EVER Neuro Pharma
GmbH, Austria) contains low molecular weight biologi-
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cally active neuropeptides from the brain of pigs, has a
normalizing effect on cognitive impairment, improves
memory [6], “Cortexin” (Geropharm, Russia), “Cor-
tagen” (Geropharm, Russia), “Semax” (Peptogen, Rus-
sia), “Selank”  (Peptogen, Russia), “Noopept”
(Otisipharm, Russia) [7]. Despite long experience in the
use of peptidergic drugs for the treatment of CNS disor-
ders, the question of their clinical effectiveness remains
open. The range of such drugs in Ukraine is small.
Therefore, further search and proof of the effectiveness
of new peptide agents for the treatment of CNS disorders
is an urgent task.

Neuropeptide Y (NPY) is a biologically active
peptide that is one of the most abundant neurotransmit-
ters in the central and peripheral nervous systems. In
humans, it is able to activate 4 types of its own Y-
receptors (Y1, Y2, Y4 and Y5), which are responsible for
various processes, and their expression occurs in many
parts of the central nervous system. They are known to
play an important role in the regulation of food consump-
tion, energy homeostasis, circadian rhythms, stress re-
sponse, etc [8].

The most thoroughly studied NPY receptors are
now Y1 and Y2. It is known that they are most expressed



ScienceRise: Pharmaceutical Science

Nel (35)2022

in the cerebral cortex, amygdala, hippocampus, hypo-
thalamus. These are areas of the brain that play an im-
portant role in learning and memory [9]. In the review
Gotzsche et al. [10] states that NPY exhibits the ability to
modulate neuroplasticity, synaptic transmission, and
affect certain types of memory. The effects on memory
can be both stimulatory and inhibitory depending on the
dose of NPY, the neuroanatomical sites and subtypes of
the receptors it affects, and the phase of memory during
which it is administered [10]. Many studies point to the
interrelated effects of NPY on memory processes and the
regulation of the stress response [10-12].

Suppression of fear conditioning, facilitates ex-
tinction of negative emotional experiences, which occurs
due to the simultaneous action on Y1- and Y2-receptors
[12], affects the body's resilience to stress, prevents emo-
tional exhaustion. NPY also improves the consolidation
and retention of non-social memory by acting on Y1
receptors, and could improve the retrieval of social
memory through both Y1 and Y2 receptors [13]. NPY
and Y1 receptor agonists have been found to improve
memory in a model of Alzheimer's disease [14]. The
exogenous NPY, acting on the Y2-receptors impairs
acquisition and spatial memory consolidation, but in-
creases the expression of NPY gene and through Y1-
receptor — neurogenesis, presumably necessary for long-
term retention [10]. The important effect of Y2-receptors
on spatial memory and learning is confirmed by the fact
that Y2-receptor antagonists, in contrast, have a positive
effect on learning in the Morris water maze [9]. In other
experiments, NPY blocked the amnestic effect of colchi-
cine [14], anisomycin, scopolamine [15] and disocylpine
(MK-801) [16].

Therefore, the actual problem could be considered
investigation of the activity of low molecular weight,
preferably selective ligands of certain types of NPY
receptors, which contributes to a better understanding of
NPY system and necessary for relevant pharmaceutical
development [17]. The original neuropeptide Y molecule
consists of 36 amino acid residues. We offer its short-
ened modified fragment, which, in contrast to the origi-
nal peptide, consists of 9 amino acid residues. This
makes the peptide cheaper and easier to manufacture, and
therefore more acceptable for further implementation. It
is known that the C-terminal region of NPY is responsi-
ble for binding to receptors [18], therefore we proposed
an amino acid sequence H-L-lle-L-Asn-L-Leu-L-Nle-L-
Ser-L-Arg-L-Asn-L-Arg-L-Tyr-NH, as a modified C-
terminal fragment of NPY. Amino acid substitutions at
positions 4, 5, and 7 should not disrupt the tertiary struc-
ture and affect binding to NPY receptors, it is also possi-
ble that they could reduce the rate of peptide proteolysis
[19]. Thus, the object of our study was a modified frag-
ment of human NPY, what received the laboratory code
"nonapeptide NP9". The peptide NP9 must at least par-
tially exhibit a spectrum of biological activity character-
istic of NPY, which can be useful in the treatment of
cognitive and anxiety disorders. But it is possible that,
like the original peptide, NP9 may have other mecha-
nisms of action and pharmacological effects that are not
related to the NPY system. Previous studies have shown
the presence of high anxiolytic [20] and nootropic [21]
properties of NP9.

The aim of our study was to investigate the abil-
ity of the modified fragment of NPY to influence spatial
memory and learning.

2. Planning (methodology) of research

Taking into account the results of previous studies
[21] and the ability of NPY affect memory and learning,
our aim was to test the presence of the corresponding
properties in its modified derivative — NP9, in particular,
the effect on spatial memory and learning.

In addition to economic benefits, the shorter ami-
no acid sequence and consequently lower molecular
weight (1148 Da) determine the potential pharmacokinet-
ic benefits of NP9, as it suggests the ability to transneu-
ronal transport in brain neurons by intranasal (i.n.) ad-
ministration. Considering the literature sources that indi-
cate the ability of the NPY molecule to enter the brain in
30 minutes [22], it is logical to assume no worse bioa-
vailability of its shorter analogue. Therefore, the intranasal
route of administration of NP9 is selected. This prevents
the rapid destruction of the peptide by proteases from the
stomach, blood serum, etc. It also allows the peptide to
enter the CNS directly, bypassing the blood-brain barrier,
what leads to high cerebral bioavailability and a decrease
in the side effects on peripheral organs [23].

The Morris water maze (MWM) test was used to
assess the effect of nonapeptide NP9 on spatial memory
and learning [24-26].

Stages that were used:

1. Literary sources analysis;

2. Preparation of all equipment, setting up video
camera and video tracking software;

3. Grouping of animals;

4. Give the case groups the prescribed doses;

5. Training of animals;

6. Probe trial;

7. Obtained data analysis.

3. Materials and methods

3.1. Materials

Based on our order the nonapeptide NP9 was syn-
thesized by Shanghai Apeptide Co., Ltd. (China). Quality
test was performed by two methods (high performance
liquid chromatography and chromatography coupled to
MS spectroscopy) and showed 99 % of purity. A freshly
prepared solution of the NP9 peptide was used at a dose
of 0.02 mg/kg for rats. For this, the NP9 substance was
dissolved in a 0.9 % NaCl solution so as to provide the
required concentration when administered in a volume of
0.02 ml i.n. For i.n. administration, an insulin syringe
with a blunt needle was used.

As a reference drug was used “Semax” (Peptogen,
Russia) at a dose of 0.1 mg/kg, i.n. This heptapeptide
(Met-Glu-His-Phe-Pro-Gly-Pro) is a synthetic analogue
of ACTH,.1. The criteria for selection of the reference
drug were peptide structure, positive effects on cognitive
functions and i.n. route of administration [27].

3.2. Methods

3.2.1. Study design

The equipment for the Morris water maze consist-
ed of a circular pool (120 cm in diameter and 55 cm in
height) filled with water (26+1°C) to 45 cm. At equal
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distances from each other along the edge of the pool
were located 8 different plastic colored cues (external
landmarks). The perimeter of the pool was marked in
accordance with the cardinal direction (N, E, S, W), what
conditionally delimited it into 4 equal quadrants: north-
western (NW), northeastern (NE), southwestern (SW),
southeastern (SE). In a fixed position in the SW quadrant
was the escape platform (9 cm in diameter). During train-
ing session, the platform was 1.5 cm above the surface of
the water.

For two consecutive days, the animals received
drugs and solvent and trained to find a platform. For this,
the animals three times (from different positions) each
day were placed in the pool (facing pool wall) for 60 s.
The starting points was chosen 3 distal equidistant from
the platform positions at the walls of the pool — N, NE, E.
On the first day, the animals were sequentially placed
from the position in the clockwise direction (from N), in
the second — anti (from E). The interval between a train-
ing trials on one day was approximately 120 s. The ani-
mals that were unable to find the platform within
60 seconds, were set on the platform for 20 seconds. The
animals that independently found the platform remained
on it for 15 s.

On the third day, a probe trial was performed. The
platform was immersed 1 cm below the water level. The
water was made opaque with powdered milk. Video
tracing was performed using a video camera (TRUST
Viveo HD 720P) located above the pool. Navigation
parameters were analyzed using Noldus EthoVision XT
14 video trakcing software. The animals began the test
from the NE quadrant. The escape latency, the distance
moved, the average velocity and the meander were rec-
orded. An inter-quadrant analysis of rat behavior was
also performed, for which the frequency of appearance
and time spent in certain quadrants were recorded. The
percentage of time spent in the quadrant of total time was
calculated using the formula:

% Ztime spent in the qudrant
0=
latency time

%100 %.

3.2.2. Experimental animals and grouping

Studies in the MWM test were performed on one-
year-old random-bred female rats weight 220-250 g. The
animals were obtained from the vivarium of the Central
Research Laboratory (National University of Pharmacy,
Kharkiv, Ukraine). The preclinical study was also con-
ducted there. Experiments were carried out in accordance
with the U.K. Animals (Scientific Procedures) Act, 1986
and “Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protec-
tion of animals used for scientific purposes”. The animals
were housed in standard polypropylene cages and kept at
20-26°C and 50 % humidity in a well-ventilated room
with a 12 h light/dark cycle with free access to food and
water. All experimental protocols were approved by the
Bioethics Commission of the National University of
Pharmacy (Protocol No 3 of 20 March 2019, Kharkiv,
Ukraine).

The animals were divided into 3 groups of 8 rats
each. Group 1 — animals intact control, treated with saline
i.n.; Group 2 — animals treated with solution of peptide NP9
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0.02 mg/kg i.n.; Group 3 — animals treated drug “Semax”
0.1 mg/kg i.n. All drugs were administered for two consecu-
tive days 30—-35 minutes before training session.

3.2.3. Statistical analysis

MS Excel 2016 and STATISTICA v.12 software
were used for calculations. Analysis of the data ranges using
the Kolmogorov-Smirnov test and the Shapiro-Wilk nor-
mality test showed that there was sufficient evidence to
reject the notion of a normal probability model. All obtained
results were processed using descriptive statistics and pre-
sented as M+SD, Me (Qq; Q3) or in percentage terms. The
statistical difference between the groups was determined
using Mann-Whitney U test. In inter-quadrant analysis,
intragroup differences were identified using the Wilcoxon
test. Intergroup differences in the time spent in the quadrant
(after recalculating in percent) were determined using the
Mann-Whitney test. The differences were considered statis-
tically significant at p<0.05.

4. Results

The results of the experiment show that animals
that received both drugs (NP9, “Semax”) better remem-
bered the location of the platform. These conclusions are
based on the results of the study (Table 1). The time
spent by animals to search for the platform decreased (for
the peptide NP9 group — by 32.9 %, for the “Semax”
group — by 50.8 %). The escape latency is an important
parameter, but it could lead to erroneous conclusions,
because it significantly depends on the velocity of the
animals. The velocity of rats of the “Semax” group did
not change significantly, while in animals of the peptide
NP9 group it decreased by 20.2 %. In addition, the length
of the path that the animals traveled in search of the plat-
form has decreased (for the peptide NP9 — by 63.2 %,
p<0.05, for “Semax” — by 59.0 %). This may mean that
the animals of the peptide NP9 group remembered the
location of the platform no worse than the animals of the
“Semax” group, because they traveled the distance about
the same, and spent more time searching for the platform
due to the lower swimming speed. A lower velocity may
additionally indicate decreased anxiety of animals or an
energy-saving search strategy. The meander characterizes
the tortuosity of the trajectory of movement, and the
degree of its change, in a certain sense, meant the confi-
dence of animals in the chosen trajectory of movement.
The analysis shows that the animals moved more confi-
dently, as in the NP9 group the meander decreased by
57.7 % (p<0.01), and in the “Semax” group — by 66.0 %
(p<0.01).

The results of inter-quadrant analysis (Table 2) al-
low not only to identify the presence of memories of the
location of the platform, but also to assess the search
strategy, its direction.

All animals more often appeared in the NE
quadrant, while other quadrants visited approximately
equally. As indicated in the method, the test was start-
ed from the NE quadrant, and the researcher was also
located nearby, which from the previous experience of
the animals, rescued them from the pool. This proba-
bly influenced the final preference for this quadrant.
But the animals of the peptide NP9 group did not lin-
ger in the starting NE quadrant. As a result, they spent
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more time in the target SW quadrant and less in the
starting quadrant, what we see when comparing with
control group (by 2.8 and 1.9 times, respectively,
p<0.01) and with animals of the “Semax” group (by
1.3 and 1.4 times, respectively, p<0.05). Animals of
the “Semax” group also showed a significantly longer
duration of time spent in the target quadrant (p<0.01)

and less in the start (p<0.05) relative to the control,
but no statistically significant difference was found
when comparing intragroup preferences, whereas rats
of the nonapeptide NP9 group significantly 2.1 times
more time was spent in the target quadrant than in the
starting one (p<0.05).

Table 1

Effects of NP9 and “Semax” on spatial memory and learning in the Morris water maze; M+SD, Me (Qy; Q3)

Group, n Escape latency, s Distance moved, cm | Velocity, cm/s | Meander, degree/cm
Vehicle control, (1-8) 85.0+63.4 1670.0+1184.6 21.8+6.7 38.3+10.4
’ 74 [33; 136] 1706 [552; 2340] 20 [18; 26] 40 [34; 46]
_ 57.0441.8 614.74463 5% 17.4+4.9 16.2+11.6%*
NP9, 0.02 mg/kg, (n=8) 54 [26; 73] 501 [275; 911] 17 [15; 21] 13 [8; 20]
_ 4195317 685.24636.0 23.2+8.0 13.047.4%*
Semax, 0.1 mg/kg, (n =8) 35 [16; 64] 515 [262; 920] 21 [19; 27] 15 [6; 19]

Note: statistical significant differences. Relative to the vehicle controle group: * — p<0.05; ** — p<0.01. n — number of animals in

the experiment

Table 2
The inter-quadrant analysis of the behavior of animals in the Morris water maze; M+SD, Me (Q; Q)
Sw NE
Group, n Parameter (Platform) SE NW (Start)
Time spent. s 10.7+6.4 1941428 | 16.0+14.2 | 35.2+33.4°5C
pent, 10 [7; 13] 22 [5;31] | 14.2[7;18] | 25.8[13; 48]
. . 15.445.6 23.149.6 | 20.3+10.7 | 38.0+12.1°F€
= 0
Vehicle control, (n=8) Percentage of time, % 15[14:19] | 23 [21:30] | 21 [11: 26] 35 [31; 45]
Frequency of appearance 4.5+3.1 6.6+4.7 4.8+4.0° 7.5+5.9
quency of app 4[3: 6] 7[2:11] | 4[L 6] 8 [2; 12]
Time spent. s 24.1+182 | 13.249.9% [ 9.24+2.8B 12.8+10.5"8
pent, 22[10;33] | 12[6;16] | 92;16] 11[5; 19]
. 43.1£12.5%%# | 27.2+13.0 | 13.1£9.7° | 20.2+7.1%+#"°
= 0
NP9, 0.02 mg/kg, (n=8) Percentage of time, % 40 [34:55] | 26 [18:35] | 15 [4; 22] 21 [15: 27]
Frequency of abpearance 43421 4.7+4.3 3.0£1.9" 5.9+5.1%
ey o1 AP 413,61 | 4[2:6 | 4[24 52, 7]
Time spent. s 11.4+8.3 8.1£6.6° | 8.9+23 12.0+9.7°
pent 9[6:;15] | 8[3;11] | 10[3;15] | 10[4;19]
. 31.9+11.2%% | 18.1£9.2% | 20.8£11.6 28.1+5.9%
= 0
Semax, 0.1 mg/kg, (n =8) Percentage of time, % 31[23:42] | 18 [15; 23] | 22 [15: 27] 30 [25: 32]
Frequency of abpearance 2.9+2.4 33133 2.9+2.8 3.9+3.2°¢
AHeney o7 8PP 2024 | 3015 | 3[1;4] 411; 6]

Note: statistical significant differences. Relative to the vehicle controle group: * — p<0.05; ** — p<0.01; relative to the Semax group:
# — p<0.05. Wilcoxon signed-rank test. Relative to NW: A — p<0.05; relative to SW: B — p<0.05; relative to SE: C — p<0.05.

n — number of animals in the experiment

5. Discussion

The results of the study indicate that nonapeptide
NP9 improves spatial memory and learning no worse
than the peptide nootropic “Semax”. But, in contrast to
the reference drug, the search strategy for animals of the
peptide NP9 group is aimed more at searching specifical-
ly in the target area of the maze. The animals spent more
time and studied the external landmarks in the SW quad-
rant, where the platform was located. NP9 animals also
chose an energy-saving search strategy because they
moved more slowly, swam shorter distances as a trend,
and visited quadrants more often, but did not spend much
time on non-target quadrants.

The results of the experiment are consistent with
the data of the Méndez-Couz experiments et al. [9],
where Y2 receptor antagonists improved platform loca-
tion memory in the MWM. This suggests that nonapep-

tide NP9 belongs to Y2 receptor antagonists. Additional-
ly, this is indicated by the results of previous experi-
ments, which revealed the anxiolytic properties of the
peptide [20], and, as is known, Y2-receptor antagonists
show the ability to reduce anxiety behavior [28].

Findings shows the presence of nootropic proper-
ties of NP9 which are apparently due to the effect on the
Y2 receptors. But further in-depth study of nonapeptide
NP9 is required for a clear understanding of the exact
mechanisms of action of the obtained effects.

Study limitations. Without further study of its
biochemical mechanisms of action, it is obviously incor-
rect to claim that the detected effects are due to exposure
only to the NPY system.

Prospects for further research. The results indi-
cate the feasibility of further in-depth study of the
nonapeptide NP9 for the development a nootropic drug.
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6. Conclusion

A study of the effect of nonapeptide NP9 on spa-
tial memory and learning in rats in the Morris water maze
was performed. The results showed that nonapeptide NP9
(0.02 mg/kg) and the reference drug Semax
(0.1 mg/kg), when administered i.n., significantly im-
proved memory retention in rats in the Morris water maze.
The improvement in learning and spatial memory of the
animals of the peptide NP9 group was no worse, and in
some parameters better than the animals of the group of
the reference nootropic “Semax”. An inter-quadrant analy-
sis of the search of the platform shows that there is some
difference in the search strategy, which is probably due to
different mechanisms of influence on memory and learn-
ing. The mechanisms by which nonapeptide NP9 could

improve cognitive processes are not clearly defined. The
mechanisms could be associated with NPY system or
other targets. These results substantiate the feasibility of
further study of biomarkers of the mechanism of action of
NP9 and interaction with Y2 receptors for further pharma-
ceutical development in order to create a new nootropic
drug with additional anxiolytic properties.
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