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ABSTRACT Alzheimer’s disease, first described over a century ago, is currently among the most common
neurodegenerative diseases whose significance is increasingly growing with the aging of populations.
Throughout the entire period of its study, no remedies have been found that would be effective in treating —
or at least significantly slowing — the pathological process, while being sufficiently safe. In this regard, sig-
nificant attention is paid to the development and application of natural peptide drugs lacking side effects.
The present study assessed the effect of the known neuroprotective peptide Semax and its derivative on the
behavioral characteristics and development of amyloidosis in transgenic APPswe/PS1dE9/Blg mice acting as
a model of Alzheimer’s disease. The open field, novel object recognition, and Barnes maze tests demonstrated
that both Semax and its derivative improved cognitive functions in mice. Histological examination showed
that these peptides reduced the number of amyloid inclusions in the cortex and hippocampus of the animals’
brains. These findings demonstrate the high potential of Semax and its derivatives when used to develop
therapeutic and corrective strategies for Alzheimer’s disease.

KEYWORDS Alzheimer’s disease, peptide drug, behavioral testing, histological analysis, amyloidosis.
ABBREVIATIONS AD - Alzheimer’s disease; A — beta-amyloid peptide; APP/PS1 — APPswe/PS1dE9 transgenic
mice; ACTH(4-7) — adrenocorticotropic hormone fragment (4-7); Heptapeptide — Met-Glu-Asp-Arg-Pro-Gly-

Pro peptide; WT — Wild type, C57BL/6 mice.

INTRODUCTION

Alzheimer’s disease (AD) is currently among the most
prevalent neurodegenerative disorders in the elderly
and senile populations [1-4]. The progressive form of
AD can be caused by cerebral disorders, intoxication,
infection, and defects in the pulmonary and circulato-
ry systems, leading to reduced oxygen supply to the
brain, by nutrient and vitamin B12 deficiency, as well
as by tumors [5—8]. AD is the most common type of
dementia and can be defined as a slowly progressive
neurodegenerative disease characterized by the for-
mation of senile plaques and neurofibrillary tangles
via the accumulation of beta-amyloid peptide (AR)
and tau protein within the most affected brain re-
gions: the medial temporal lobe and neocortical struc-
tures [9-11].

110| ACTA NATURAE | VOL. 17 Ne 4 (67) 2025

The number of pharmaceuticals used to treat
Alzheimer’s disease remains limited [12, 13].
Therefore, there is an ongoing need for novel com-
pounds that would mitigate the cognitive impairment
caused by disease progression [14, 15].

Animal models of AD play a crucial role in this
research, as they make possible a detailed inves-
tigation of drug effects on key characteristics of
the disease. The APPswe/PS1dE9/Blg (APP/PS1)
transgenic mouse line, commonly used to study the
mechanisms of AD and methods to correct them, is
such a model [16].

Significant attention is currently directed toward
developing drugs based on natural regulatory pep-
tides, which are characterized by mild action and a
lack of significant adverse effects [17]. Special at-
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tention has been focused on Semax, one of the well-
known and long-used peptide-based drugs contain-
ing the Met-Glu-His-Phe-Pro-Gly-Pro sequence.
Semax is a hybrid molecule carrying an adrenocor-
ticotropic hormone fragment, ACTH(4-7), and the
Pro-Gly-Pro tripeptide, which affords increased re-
sistance to peptidase activity. Semax does not exhibit
any hormonal activity and is included in the Russian
List of “Vital and Essential Drugs for Medical
Application” (Appendix No. 1 to Decree No. 2406-r
of the Government of the Russian Federation, dated
October 12, 2019). It is used to treat neurological pa-
thologies and stress conditions. Semax exhibits noo-
tropic effects, stimulating learning, attention, and
memory formation in animals and humans [18-22].
This very feature makes it a promising candidate
for AD therapy. A preliminary trial of Semax in a
limited cohort of AD patients showed that it can po-
tentially be used to prevent and treat Alzheimer’s
disease [23]. However, a further, more detailed inves-
tigation of the effects of the drug on various char-
acteristics of AD is needed before its broader ap-
plication [24, 25]. Furthermore, it is reasonable to
study other derivatives of this peptide drug, whose
architecture would incorporate structural features
capable of improving the physiological properties of
the potential therapeutic agent. This study employed
a peptide derivative of Semax, with two amino acid
substitutions. These substitutions (His-Phe to Asp-
Arg) resulted in the Glu-Asp-Arg sequence within
its structure. Previous studies using cellular models
of AD had indicated that the Glu-Asp-Arg tripep-
tide plays a positive role in improving the functional
state of neurons [26].

The effects of Semax and its derivative, the
Heptapeptide Met-Glu-Asp-Arg-Pro-Gly-Pro, on the
behavior of APP/PS1 mice and the amyloid load in
brain tissues were investigated in this study to as-
sess the therapeutic potential of these peptides dur-
ing the development of Alzheimer’s-type pathologic
changes.

EXPERIMENTAL

Animals

The experiments were conducted using 60 male
APPswe/PS1dE9/Blg (APP/PS1) mice with a mixed
C57B16/Chg genetic background and 20 male
C57Bl6/Chg (wild-type, WT) mice. The housing con-
ditions complied with the current sanitary regula-
tions for the design, equipment, and maintenance
of experimental biological clinics: ten animals per
cage; temperature, 22°C; ad libitum access to wa-
ter and forage; and a 12-h light cycle (from 8 a.m.

to 8 p.m.). The laboratory animals with the Specific
Pathogen-Free (SPF) status were procured from
the Research Institute of Pharmacology of Living
Systems at the Belgorod State University (Belgorod,
Russian Federation). All the procedures were con-
ducted in compliance with the Law of the Russian
Federation “On the Protection of Animals from
Cruel Treatment” dated June 24, 1998, the Good
Laboratory Practice (GLP) regulations for preclinical
studies in the Russian Federation (State Standards
GOST 3 51000.3-96 and GOST R 53434-2009), and the
EU Directive (86/609/EEC). All the stages of the study
adhered to the Russell and Burch’s 3R principles.

Synthesis of peptides and their characteristics

The Met-Glu-Asp-Arg-Pro-Gly-Pro peptide
(Heptapeptide) based on the adrenocorticotropic hor-
mone fragment was synthesized by the conventional
liquid-phase peptide chemistry approach using pro-
tected and free L-amino acids. The purity and iden-
tity of the synthesized compound were confirmed by
high-performance liquid chromatography and mass
spectrometry.

Semax, a synthetic peptide drug, an analog of
ACTH, ,,, which is entirely devoid of hormonal ac-
tivity, was obtained according to the procedure de-
scribed previously [4, 18, 25]. All the amino acids were
L-stereoisomers.

The formation of experimental groups

The mice were allocated into four study groups. The
first group (the APP/PS1 group) was used as the pos-
itive control and comprised APP/PS1 mice with con-
firmed manifestations of Alzheimer’s-type pathology.
The second group (the WT group) was the negative
control and comprised wild-type animals. The third
and fourth groups consisted of APP/PS1 mice intra-
nasally administered either Semax (the Semax group)
or its derivative (the Heptapeptide group) at a dose
of 50 pg per kg, starting from the age of 6 months.
The animals received the drug every other day dur-
ing one month (a total of 15 doses). Next, the animals
in the groups were divided into two subgroups. The
first subgroup of animals in each group (10 animals)
was allocated for histological analysis at the age of 7.5
months. The animals in the second subgroup under-
went a one-month washout period during which they
did not receive the drug. At an age of 8 months, the
animals underwent behavioral testing during a 14-day
period. The following tests were conducted: the open
field test, the novel object recognition test, and the
Barnes maze test. Once testing had been completed,
histological examination of the animal’s brain sections
was conducted (Fig. 1).
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Experimental Scheme
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Fig. 1. The experiment design in the study investigating the effects of Semax and the Heptapeptide on APP /PS1 mice

Behavioral testing

The open field test. This test allows one to assess the
locomotor activity of, exploratory behavior, and anxie-
ty in the animals. The animals were placed in an are-
na made of opaque plexiglass (50 X 50 cm base; wall
height, 50 cm) (OpenScience, Russia). A single mouse
was tested for 5 min under ambient lighting condi-
tions of 35—40 lx. The following parameters were doc-
umented in the online test: the total number of move-
ments; the total movement time (s); the total distance
traveled (cm); the average speed of all the movements
(cm/s); the resting time (s); the distance traveled in
the peripheral zone (cm); the total time spent mov-
ing in the periphery zone (s); the distance traveled
in the central zone (cm); the time spent in the cen-
tral zone (s); and the number of center crossings. The
EthoVision software (Version 16, Netherlands) was
used for data recording and processing.

The nmovel object recognition test. This test was used
to assess the animals’ cognitive functions, and memo-
ry in particular, by exploring the animals’ preference
for exploring a novel object compared to a familiar
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one. The test is subdivided into three phases: the ha-
bituation, training, and testing phases. The open field
test was conducted on day 1 of the novel object rec-
ognition test. On day 2 of the test, the animal was also
placed in the arena for 5 min; two objects (toys) of
the same color were placed in certain zones. On day
3, the animal was placed in the arena for 5 min again,
one of the objects being replaced with a new one of
a different color. The following parameters were re-
corded using the EthoVision software: the locomotor
activity, the number of approaches made toward the
novel and familiar objects, and the time spent near
them. After data analysis, the preference index for
the novel object was calculated using the formula:

Pl = b
" b+4a

where a is the number of approaches to the old object
and b is the number of approaches to the novel object.

- 100%,

The Barnes maze test. This test was used to study
spatial learning and memory of the animals. The ob-
jective of the Barnes maze test was to let a mouse
explore the space and memorize the location of the
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escape box using the configuration of distal visual
cues placed around the testing area. The setup con-
sisted of an arena 122 cm in diameter, with 40 holes
5 cm in diameter, one of them being the exit (the
escape box). The distal visual cues were four black-
and-white images with different figures and pat-
terns, positioned in the cardinal directions (north,
south, west, and east).

The Barnes maze test was carried out during five
days: four days were intended for training and learn-
ing, and day 5 was the test day. During the first four
days, the animals were placed in the arena for 3 min.
After that, if the rodent had managed to find the es-
cape box on its own, the box with the mouse inside
was carefully transferred to its home cage. If the ani-
mal had failed to find the escape box independently,
the experimenter gently guided it towards the box.
Each rodent made four trials per training day with
a 15-min interval. On day 5, the escape box was re-
moved, and the hole was covered with a partition.
The animal was placed in the arena for 5 min. The
EthoVision software was used to measure the dis-
tance traveled, animal velocity, latency to find the tar-
get zone, and time spent near the former location of
the escape box.

Histological examination

The animals were euthanized by cervical dislocation,
and tissue specimens were prepared for analysis. The
brain was dissected and fixed with Carnoy’s solution
(six parts 96% ethanol, three parts chloroform, and
one part glacial acetic acid) overnight. Tissue was de-
hydrated using a sequential series of ethanol solu-
tions of increasing concentration: 75% solution, 1 h;
96% solution (I), 5 min; 96% solution (II), 45 min; 100%
solution (I), 5 min; 100% (II). After incubation in a
100% ethanol-chloroform (1:1) mixture for 30 min
and in chloroform (I) for 1 h, the specimens were
left overnight in chloroform (II) and the tissues were
then impregnated with paraffin (3 changes, 1 h each)
at 60°C. Paraffin blocks were prepared using a Leica
EG1160 tissue embedding center (Leica Biosystems).
Paraffin sections (8 pm thick) were mounted onto
polylysine-coated glass slides.

Five glass slides, each containing ten brain sections,
were prepared from a 400 um thick brain region; ev-
ery fifth brain section was placed on a single glass
slide. The sections were then deparaffinized in xylene
for 20 min, rehydrated by sequential incubation in
ethanol solutions (100% solution, 10 min; 95% solution,
5 min; and 50% solution, 5 min), followed by three
washes with deionized water for 5 min. The sections
were stained with a Congo red dye solution (0.5%
Congo red in 50% ethanol) for 5 min, differentiated in

a 0.2% KOH solution in 80% ethanol for 1 min, washed
thrice with deionized water for 5 min, and embed-
ded into the Immu-Mount™ aqueous-based mountant
(Thermo Scientific).

After brain fixation, dehydration, incubation, and
paraffin embedding, tissue was sectioned and stained
with Congo red dye. The total number of plaques
across all the brain sections in the cortical and hippo-
campal regions was counted for each group through-
out the study, and the arithmetic mean was calculat-
ed. Amyloid plaques were counted using the QuPath
v0.5.1 software.

Statistical analysis

The descriptive statistics were employed for the sta-
tistical analysis of the data. All the behavioral testing
data were characterized by parametric distribution by
the Kruskal-Wallis H test. Two-way analysis of vari-
ance (two-way ANOVA) using generalized linear mod-
els (GLMs) was applied for intergroup comparisons
in the Barnes maze test. Intergroup comparisons of
changes in the histological variables were performed
using the Kolmogorov—Smirnov test. Furthermore,
the Siddk correction was used to control for the type
I error rate during multiple hypothesis testing, which
adjusts the significance threshold based on the num-
ber of planned comparisons. Differences were consid-
ered statistically significant at p < 0.05. The statistical
analysis was conducted using the Statistica 10.0 soft-
ware.

RESULTS

The effects of Semax and Heptapeptide

on animal behavior

Mouse behavior in the open field test was evaluat-
ed at the first stage of the study (Fig. 2). A compar-
ative analysis of the behavior of the animals in the
WT and APP/PS1 groups revealed that the develop-
ing pathology in APP/PS1 mice statistically signifi-
cantly reduced the number of entries into the center
of the arena and entries into the periphery zone, as
well as the time spent in the center of the arena.
Administration of Semax prevented all these behav-
ioral impairments in APP/PS1 animals. Furthermore,
administration of Semax made the animals generally
more active; their velocity and total distance traveled
increased. Administration of the Heptapeptide statisti-
cally significantly increased the time spent in the pe-
riphery zone compared to the APP/PS1 animal group.
However, the Heptapeptide exerted no significant ef-
fect on animal velocity, distance traveled, the number
of entries into the periphery zone or center of the
arena, or time spent in the center.
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Fig. 2. Results of the open
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The novel object recognition test was subsequently
conducted (Fig. 3). On test day 3, the animals from
the APP/PS1 group traveled a greater distance at a
higher velocity compared to the animals in the WT
group. Meanwhile, interest in exploring the novel ob-
ject in APP/PS1 mice was significantly lower com-
pared to that in wild-type mice. No differences in the
preference index were observed for these two groups.

Administration of the Heptapeptide had no effect
on the animals’ velocity, distance traveled, or explo-
ration of the novel object. However, the preference
index in these animals increased by almost 30% com-
pared to that in the APP/PS1 mice. Administration
of Semax significantly increased interest in the novel
object and the preference index for the novel object
in the animals.

The Barnes maze test was then conducted. At the
first stage of testing, the animals were trained during
four days (Fig. 4). No significant differences in veloc-
ity and distance traveled were uncovered among all
the studied groups, except for the animals receiving
Semax. This drug significantly increased the velocity
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APP/PST WT  HP

T
Semax

and reduced the distance traveled by the animals. On
test days 2 and 3, the latency to find the target zone
was significantly reduced in these animals; however,
their performance deteriorated on test day 4.

On day 5 of the Barnes maze test, the experimen-
tal trial was performed, where the animals were
let go in the arena; the results are shown in Fig. 5.
The APP/PS1 animals traveled a greater distance at
a higher velocity and were slower to find the zone
where the escape box had previously been located
compared to the wild-type animals.

The administration of the Heptapeptide significant-
ly reduced the distance traveled by the animals and
their velocity, increased the time spent in the area
where the escape box had previously been located,
and reduced the latency to find the target zone com-
pared to the APP/PS1 animal group. However, the
Heptapeptide did not significantly affect the num-
ber of entries into the target zone. The drug Semax
significantly reduced the velocity, distance traveled,
time spent in the target zone, the number of entries
into the target zone, and the latency to find the area
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Fig. 3. Results of the novel object recognition test on day 3. Total distance traveled (A); the number of approaches
to the novel object on day 3 (B); velocity (C); discrimination index (D); * — p < 0.05, ** — p < 0.01, respectively
(compared to the untreated APP /PS1 group); # —p > 0.05, ## — p < 0.01, ### — p < 0.001, respectively
(APP /PS1 mice compared to wild-type animals) (Kruskal-Wallis H test). n= 10

where the escape box had previously been located.
Therefore, both the Heptapeptide and Semax led to a
notable correction in the behavioral parameters of the
APP/PS1 animals to a level comparable to that in the
wild-type animals.

The results of histological studies
The histological examination was performed to assess
the effect of Semax and Heptapeptide on the devel-
opment of amyloidosis in APP/PS1 mice. Experiments
were carried out at two time points: the number of
amyloid plaques in the animal brain was determined
two weeks (in mice aged 7.5 months) and 1.5 months
(in mice aged 8.5 months) after drug administration.
In the animals aged 7.5 months, therapy with
Heptapeptide and Semax reduced the number of
amyloid plaques in the cortical area by a factor of
1.6 and 2.8, respectively, compared to the untreated
animals (Fig. 6). An analysis of the size distribution
of amyloid plaques revealed that most of them were
sized < 100 pm? those were the recently formed in-
clusions whose size would further increase with age.
Heptapeptide and Semax significantly decreased the
prevalence of this plaque population.

The same trend was observed when analyzing am-
yloid plaques in the hippocampal area (Fig. 6). The
number of amyloid plaques in the Heptapeptide and
Semax groups was 1.7-fold and 2.6-fold smaller than
that in the APP/PS1 group, respectively. The drug-
induced reduction in the plaque count was most sig-
nificant for the population of amyloid inclusions with
an area of < 100 um?

In the APP/PS1 animals aged 8.5 months, the
number of amyloid plaques was significantly in-
creased both in the cortex and hippocampus (Fig. 7).
Meanwhile, the protective effects of Heptapeptide
and Semax were nearly identical to that observed
for the 7.5-month-old animals. The numbers of
amyloid plaques in the cortex of the mice in the
Heptapeptide and Semax groups were 1.8-fold and
2.2-fold smaller than that in the APP/PS1 group.
The number of plaques in the hippocampus of the
mice in the Heptapeptide group was 1.6-fold small-
er compared to mice in the APP/PS1 group, while
the animals in the Semax group had 1.7 times few-
er plaques. A size distribution analysis of amyloid
plaques revealed that the largest reduction in num-
ber was observed for plaques sized up to 100 pum? in
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mice of both ages (7.5 and 8.5 months) that had re-
ceived the drugs.

DISCUSSION

The peptide Semax, which exhibits neuroprotective
and nootropic properties, is a long-acting memory en-
hancer [17]. The proposed modifications to Semax,
yielding the Heptapeptide, are expected to enhance
the effect of the peptide on the key pathological fea-
tures of AD.

Testing of animal behavior revealed that APP/PS1
mice had significantly impaired behavioral and cog-
nitive characteristics compared to those of wild-type
mice. After a course of peptide drugs, many of these

Plaque area, ym?

functions were restored, either completely or partially.
Semax exhibited a significant favorable effect in the
open field and novel object recognition tests. In the
Barnes maze test, the Heptapeptide improved certain
behavioral parameters of APP/PS1 mice to a level
comparable to that of wild-type animals. Semax had a
positive effect on an even greater number of param-
eters in this test.

Hence, a number of behavioral and cognitive char-
acteristics in animals with a Alzheimer’s-type pathol-
ogy showed improvement one month after the course
of peptide drugs.

The most significant data were collected through
the histological examination of animals’ brains.
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Amyloid plaques were detected in the cerebral cor-
tex and hippocampus two weeks after the administra-
tion of the peptide during one month. At this stage,
the mean number of amyloid plaques in the APP/PS1
group was > 350 per mm? while this number de-
creased 1.6-fold and 2.8-fold in the Heptapeptide and
Semax groups, respectively. The peptides pri-
marily reduced the number of small plaques
(sized < 100 pm?), which is indication that they in-
hibit the formation of new plaques. As expected, the
mean plaque number in the hippocampal region was
smaller (< 50 per mm?). In APP/PS1 mice, the pep-
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tides also reduced the number of plaques (1.7-fold for
the Heptapeptide group and 2.6-fold for the Semax
group). Therefore, at this stage, course therapy with
either peptide significantly reduced the formation of
amyloid plaques in both brain regions, Semax being
the more efficient of these two peptides.

The next histological examination stage was con-
ducted 1.5 months after drug administration using
animal brain specimens. During this period, the mean
number of plaques (per mm?) in the cerebral cor-
tex of APP/PS1 animals had exceeded 400. In the
Heptapeptide and Semax groups, this value increased
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only slightly, remaining significantly lower (1.8- and
2.2-fold, respectively). Similar findings were obtained
for the hippocampal specimens. Hence, both peptides
decreased the number of amyloid inclusions within
tissues, and this effect persisted for 1.5 months post-
administration. The effect of these peptides may po-
tentially be based on an important feature of many
peptides: their ability to allosterically interact with
various receptors, thus altering their impact on con-
trolled signaling pathways [27].

The previously proposed concept of amyloid matri-
ces relies on a long-term interplay between modified
beta-amyloid variants and partner proteins, includ-
ing the alpha-4 nicotinic acetylcholine receptor. The
resulting complexes can act as seeds for pathological
aggregation of intact beta-amyloid molecules to in-
duce the formation of amyloid plaques [28, 29]. Hence,
it is fair to hypothesize that both of the studied pep-
tides bind allosterically to receptors, including acetyl-
choline ones, and alter their configuration, thus either

fully preventing or substantially reducing the degree
to which they bind to the modified form of beta-am-
yloid. In this case, this particular amyloid plaque for-
mation pathway can be inhibited by the peptides un-
der study; this inhibitory effect persists for more than
a month following the treatment course.

Our findings demonstrate that intranasal adminis-
tration of Semax or Heptapeptide improves the cog-
nitive function in the mouse model of Alzheimer’s
disease. Both Semax and Heptapeptide significantly
reduce the amyloid load in the animal brain. These
data prove that Semax and its derivatives are promis-
ing for developing therapeutic and corrective strate-
gies for Alzheimer’s disease. ®
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Foundation (grant No. 19-74-30007, behavioral
tests and histological examination) and the State
Assignment to the National Research Center
“Kurchatov Institute” (peptide design and synthesis).

REFERENCES

1. Scheltens P, Blennow K, Breteler MMB, et al. Alzheim-
er’s Disease. Lancet. 2016;388(10043):505-517. doi: 10.1016/
S0140-6736(15)01124-1

2. Kuhla A, Rihlmann C, Lindner T, et al. APPswe/
PS1dE9 mice with cortical amyloid pathology show a
reduced NAA/Cr ratio without apparent brain atrophy: A
MRS and MRI study. Neurolmage Clin. 2017;15:581-586.
doi: 10.1016/j.nicl.2017.06.009

3. Konttinen H, Cabral-da-Silva MEC, Ohtonen S, et al.
PSEN1AEY, APPswe, and APOE4 Confer Disparate
Phenotypes in Human iPSC-Derived Microglia. Stem Cell
Reports. 2019;13(4):669-683. doi: 10.1016/j.stemcr.2019.08.004

4. Koroleva SV, Myasoedov NF. Semax As a Univer-
sal Drug for Therapy and Research. Biology Bulletin.
2018;45(6):589-600. doi: 10.1134/S1062359018060055

5. Cummings J, Lee G, Ritter A, Sabbagh M, Zhong K.
Alzheimer’s disease drug development pipeline: 2019.
Alzheimers Dement (N Y). 2019;5:272-293. doi: 10.1016/j.
trei.2019.05.008

6. Bairamova SP, Petelin DS, Akhapkin RV, et al. The
endogenic neurosteroid system and its role in the patho-
genesis and therapy of mental disorders. Res Results
Pharmacol. 2023; 9(1):61-69. doi: 10.18413/rrpharmacol-
0gy.9.10015

7. Khan S, Barve KH, Kumar MS. Recent Advancements
in Pathogenesis, Diagnostics and Treatment of Alzheim-
er’s Disease. Curr Neuropharmacol. 2020;18(11):1106-1125.
doi: 10.2174/1570159X18666200528142429

8. Stepenko YV, Shmigerova VS, Kostina DA, et al. Study
of the neuroprotective properties of the heteroreceptor
EPOR/CD131 agonist of peptide structure in tau-pro-
teinopathy modeling. Res Results Pharmacol. 2024;10(2)
41-47. doi: 10.18413/rrpharmacology.10.492

9. Platt B, Drever B, Koss D, et al. Abnormal cognition,
sleep, EEG and brain metabolism in a novel knock-in
Alzheimer mouse, PLB1. PLoS One. 2011;6(11):e27068. doi:
10.1371/journal.pone.0027068

10. Lysikova EA, Kukharsky MS, Chaprov KD, et al. Be-
havioural impairments in mice of a novel FUS transgenic
line recapitulate features of frontotemporal lobar degen-
eration. Genes Brain Behav. 2019;18(8):e12607. doi: 10.1111/
gbb.12607

11. Forest KH, Alfulaij N, Arora K, et al. Protection against
B-amyloid neurotoxicity by a non-toxic endogenous
N-terminal B-amyloid fragment and its active hexapep-
tide core sequence. J Neurochem. 2018;144(2):201-217. doi:
10.1111/jnc.14257

12. Kozin SA, Barykin EP, Mitkevich VA, Makarov AA.
Anti-amyloid therapy of Alzheimer’s disease: Current
state and prospects. Biochemistry (Mosc). 2018;83(9):1057-
1067. doi: 10.1134/S0006297918090079

13. Istrate AN, Tsvetkov PO, Mantsyzov AB, et al. NMR
solution structure of rat af(1-16): toward understanding
the mechanism of rats’ resistance to Alzheimer’s disease.
Biophys J. 2012;102(1):136-143. doi: 10.1016/j.bp;j.2011.11.4006

14. Cummings J, Fox N. Defining Disease Modifying
Therapy for Alzheimer’s Disease. J Prev Alzheimers Dis.
2017;4(2):109-115. doi: 10.14283/jpad.2017.12

15. Sengupta U, Nilson AN, Kayed R. The Role of
Amyloid-f Oligomers in Toxicity, Propagation, and Im-
munotherapy. EBioMedicine. 2016;6:42-49. doi: 10.1016/j.
ebiom.2016.03.035

16. Lysikova EA, Kuzubova EV, Radchenko AI et al.
APPswe/PS1dE9/Blg Transgenic Mouse Line for Mod-
eling Cerebral Amyloid Angiopathy in Alzheimer’s
Disease. Mol Biol (Mosc). 2023;57(1):85-94. doi: 10.31857/
S0026898423010081

17. Ashmarin IP, Nezaviba'tko VN, Myasoedov NF, et al.

A nootropic adrenocorticotropin analog 4-10-semax (15
years experience in its design and study). Zh Vyssh Nerv
Deiat Im I P Pavlova. 1997;47(2):420-430

18. Myasoedov NF, Grivennikov IA. Neuropeptides and
their analogues in the regulation of the functions of the
mammalian nervous system, including humans. From the
synthesis and study of their mechanisms of action to the

VOL. 17 Ne 4 (67) 2025 | ACTA NATURAE | 119



RESEARCH ARTICLES

creation of new generation medicines. In: Problemy i per-
spektivy molekulyarnoi genetiki [Problems and prospects
of molecular genetics]. Moscow: Nauka; 2004.2:195-236.

19. Potaman VN, Antonova LV, Dubynin VA, et al. En-
try of the synthetic ACTH(4-10) analogue into the rat
brain following intravenous injection. Neurosci Lett.
1991;127(1):133-136. doi: 10.1016/0304-3940(91)90912-d

20. Ponomareva-Stepnaia MA, Bakharev VD, Nezavibatko
VN, Andreeva LA, Alfeeva LYu, Potaman VN. Sravnitel-
nye issledovaniia analogov AKTG(4-10) stimulatorov
obucheniia i pamiati. Khimiko-farmatsevticheskii zhur-
nal. 1986;20(6):667—670.

21. Levitskaya NG, Glazova NYu, Sebentsova EA, et al.
Investigation of the Spectrum of Physiological Activi-
ties of the Heptapeptide Semax, an ACTH 4-10 Ana-
logue. Neurochemical J. 2008;2(1-2):95-101. doi: 10.1134/
S1819712408010182

22. Levitskaya NG, Sebentsova EA, Glazova NYu, et al.
Study on the neurotropic activity of the products of
Semax enzymatic degradation. Dokl Biol Sci 2000;372:243-
246

23. Mjasoedov NF, Gavrilova SI, Kalyn JaB, et al, inven-
tors; Federal Service for Intellectual Property, assignee.
Agent and method for prevention and treatment of the
patients with Alzheimer’s disease. Russian Federation

120 | ACTA NATURAE | VOL. 17 Ne 4 (67) 2025

patent RUS 2384343. March 20, 2010.

24. Ilina AR, Popovich IG, Ryzhak GA, Khavinson VKh.
Prospects for use of short peptides in pharmacothera-
peutic correction of Alzheimer’s disease. Adv Geront.
2024:37(1-2):10-20. doi: 10.34922/AE.2024.37.1-2.001

25. Ponomareva-Stepnaia MA, Nezavibatko VN, Antono-
va LV, et al. Analog ACTG(4-10) stimulator obucheniia
prolongirovannogo deistviia. Khimiko-farmatsevticheskii
zhurnal. 1984;18(7):790-795.

26. Ryzhak GA, Ilina AR. Prospects of using peptide
drugs for the prevention and treatment of Alzheim-
er’s disease. Problems of Geroscience. 2024;4:223-226.
doi: 10.37586/2949-4745-4-2024-223-226

27. Vyunova TV, Andreeva LA, Shevchenko KV, Myasoe-
dov NF. An integrated approach to study the molecular
aspects of regulatory peptides biological mechanism.

J Labelled Comp Radiopharm. 2019;62(12):812-822.
doi: 10.1002/jlcr.3785

28. Kozin SA, Makarov AA. The convergence of Al-
zheimer’s disease pathogenesis concepts. Mol Biol (Mosk).
2019;53(6):1020-1028. doi: 10.1134/S0026898419060107

29. Barykin EP, Garifulina AI, Kruykova EV, et al. Isom-
erization of Asp7 in Beta-Amyloid Enhances Inhibition of
the alpha7 Nicotinic Receptor and Promotes Neurotoxic-
ity. Cells. 2019;8(8):771-787. doi: 10.3390/cells8080771




	Targeted Radionuclide Detection of Malignant Tumors Using Affibody
	mRNA-Based Personalized Cancer Vaccines: Opportunities, Challenges and Outcomes
	Gut Microbiota and Short-Chain Fatty Acids in the Pathogenesis of Necrotizing Enterocolitis in Very Preterm Infants
	The Role of EPFL Peptides in Plant Development and Stress Responses
	Mitophagy in Age-Dependent Neurodegeneration
	Whole-Genome Sequencing Uncovers Metabolic and Immune System Variations in Propionibacterium freudenreichii Isolates
	Comprehensive Characterization of Five Lactococcus Strains: From Phenotypic Traits to Genomic Features
	Dimephosphon Radioprotective Properties on the Model of Radiation Injury In Vivo
	Chiral Chromatographic Analysis of Amino Acids with Pre-column Derivatization by o-Phthalaldehyde: Improving the Determination of Enantiomers Using Ion-Pair Reagents
	The Potential of the Peptide Drug Semax and Its Derivative for Correcting Pathological Impairments in the Animal Model of Alzheimer’s Disease
	Recombinant Production, Species-Specific Activity at the TRPA1 Channel, and Significance of the N-Terminal Residue of ProTx-I Toxin from Thrixopelma Pruriens Tarantula Venom

