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ABSTRACT

Every year, the number of people diagnosed with Alzheimer’s disease is rapidly increasing. Despite numerous 
studies, it was not possible to select a therapy that would reliably slow down the course of the disease and result in 
its complete cure. In this case, any consideration of the issue related to the search for drugs to eliminate cognitive 
and psychoemotional disorders in Alzheimer’s disease is a pressing problem that deserves special attention.

We collected articles from the PubMed database published over the past 10 years. The aim of this review was 
to analyze the latest experimental data and results regarding the relationship between Alzheimer’s disease and 
the activity of neuropeptides, such as oxytocin, vasopressin, and neuropeptide S, and describing the effects that 
occur upon their administration. This will allow for a more complete understanding of the problem and update 
information on this issue. The ability of neuropeptides to restore impaired cognitive functions in an animal model 
of Alzheimer’s disease is examined in more detail.

Detailed information on the relationship and positive effect of the studied neuropeptides on Alzheimer’s disease 
allows to consider these neuropeptides as potential drugs for the treatment of this disease.
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РЕЗЮМЕ

С каждым годом количество людей с диагностированной болезнью Альцгеймера стремительно увеличи-
вается. Несмотря на многочисленные исследования, подобрать терапию, которая бы надежно замедляла 
течение болезни и приводила бы к полному излечению, не удалось. В таком случае любое рассмотрение 
вопроса, касающееся поиска лекарственных веществ для коррекции когнитивных и психоэмоциональных 
нарушений при развитии болезни Альцгеймера, является актуальной проблемой, заслуживающей особого 
внимания.  

Проводился сбор статей из базы данных PubMed, опубликованных за последние 10 лет. Целью настояще-
го обзора является анализ последних экспериментальных данных и результатов, касающихся взаимосвязи 
между болезнью Альцгеймера и активностью таких нейропептидов, как окситоцин, вазопрессин и 
нейропептид S, а также описывающих эффекты, которые возникают при их введении. Это позволит более 
полно понять проблематику и обеспечит актуализацию сведений по данному вопросу. Наиболее подробно 
рассматривается способность нейропептидов восстанавливать нарушенные когнитивные функции у 
лабораторных животных с моделью болезни Альцгеймера.

Детально изложенная информация о наличии взаимосвязи и положительном влиянии изучаемых нейро-
пептидов на болезнь Альцгеймера позволяет рассматривать данные нейропептиды в качестве потенциаль-
ных лекарственных препаратов для лечения данного заболевания.
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INTRODUCTION
Alzheimer’s disease (AD) is the most common 

neurodegenerative disorder. Current estimates indicate 
that 44 million people worldwide are diagnosed with 
dementia at present. It is predicted that by 2050, this 
number will increase by more than 3 times as the 
population ages. The prevalence of AD increases 
approximately twofold every 5 years after the age of 
65 [1]. 

Although significant efforts have been made to 
study this disease, it is difficult to treat due to its 
complex multifactorial pathological physiology. 
To date, there is no therapy that has been proven to 
influence the pathology and course of the disease. 
Currently, approved drugs provide only temporary 
symptomatic relief, so the search and development 
of new drugs for the treatment of AD is underway  
[1, 2].
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This disease is caused by hereditary mutations 
in the genes encoding the transmembrane amy-
loid precursor protein (APP), or the proteins prese-
nilin 1 and presenilin 2 [3], associated with Abeta 
(Aβ) metabolism, which is the main biomarker  
of AD [4].

Early diagnosis and proper treatment of the 
disease can significantly improve the quality of life 
and functioning of patients, as well as reduce the 
severity of cognitive (memory loss, disorientation) 
and neurobehavioral disorders (depression, 
apathy, delusions, hallucinations, sleep disorders). 
Cholinesterase inhibitors (Donepezil, Galantamine, 
and Rivastigmine) and a glutamate NMDA receptor 
antagonist (Memantine) are drugs approved by 
clinical guidelines for the basic treatment of AD [5, 
6]. Unfortunately, these drugs cannot provide a full 
recovery, but can only reduce the severity of cognitive 
and behavioral disorders. This is the reason for the 
active search for new medicinal substances that would 
not only slow down the development and severity of 
symptoms, but also provide targeted effects on key 
links in the pathogenesis of the disease.  

HYPOTHALAMIC HORMONES:  
OXYTOCIN AND VASOPRESSIN

Vasopressin (AVP) and oxytocin (OXT) are two 
related neuropeptides that differ in only two amino 
acids. They are evolutionarily ancient and highly 
conserved neuropeptides in phylogeny that regulate a 
wide range of physiological functions [7]. 

Neuropeptides are produced mainly in the 
supraoptic nuclei (SON) and paraventricular nuclei 
(PVN) of the hypothalamus [8] and are transported 
to the posterior pituitary gland, where they are stored 
and ultimately released into the bloodstream, exerting 
an endocrine effect [9]. They are also synthesized 
in some other cells of the central nervous system 
and peripheral organs. Thus, AVP is additionally 
synthesized by cells of the suprachiasmatic nucleus, 
bed nucleus of the stria terminalis, and medial 
nucleus of the amygdala [10]. OXT is also produced 
by neurons of the peripheral nervous system: in 
osteoblasts of the bone marrow, liver, in nerve fibers 
of the gastrointestinal tract, subcutaneous adipose 
tissue [11], cardiomyocytes, adipose tissue, beta 
and alpha cells of the islets of Langerhans in the  
pancreas [12]. 

An interesting fact is that magnocellular neurons 
of the SON and PVN can release OXT and AVP from 
non-synaptic areas such as dendrites [13] via bulk 

transmission. This type of transmission results in a 
much more diffuse signal, which can potentially affect 
a large number of neurons within the intercellular 
space, since the distance over which such a signal 
propagates significantly exceeds the size of the synaptic 
cleft. The release of OXT and AVP is caused by 
various osmotic, reproductive, and social stimuli. The 
excretion of OXT and AVP occurs during childbirth 
as well as aggressive and social interactions. OXT is 
also released during mating, lactation, and in response 
to subtler social stimuli, including vocalization, eye 
contact, and touch [14]. 

When released into the systemic circulation, 
neuropeptides have an endocrine effect. Thus, 
AVP regulates salt and water balance, and OXT 
stimulates uterine contraction and lactation [9]. In 
addition to endocrine effects, these neuropeptides 
play an important role in the organization of central 
processes. The OXT/ A VP system is involved in the 
formation of social, working, spatial, and episodic 
memory, mediated by the CA2 and CA3 regions of the 
hippocampus, the amygdala, and the prefrontal cortex 
[15]. These neuropeptides model important processes 
in the hippocampus, such as neuronal excitability, 
synaptic plasticity, and social recognition memory. 
They influence not only memory formation, but also 
regulate social learning and behavior, including peer 
recognition, social attachment, and parental behavior 
(Fig. 1).

Currently, it is known that one receptor for OXT 
(OXTR) and three receptors for AVP (AVPR1A, 
AVPR1B, AVPR2) exist. These receptors, with 
the exception of AVPR2, are widely distributed in 
all regions of the hippocampus, especially in the 
CA2 region, which is involved in both encoding 
and retrieval of social memory and development 
of social aggression [16]. The OXT / AVP system 
is plastic, and its functions depend on the context, 
which includes life experience and the cause of stress 
or injury [17]. 

There is compelling evidence of the neuro- 
tropic effects of OXT. For example, administration 
of OXT stimulates neurogenesis in the hippo- 
campus, whereas deletion of OXTR in mice causes 
irreversible pathological changes in the hippocampus. 
Selective removal of OXTR within adult- 
borne granule cells (abGCs) disrupts gene expression 
programs that influence dendritic growth and  
spine development. As a result, cells with 
underdeveloped synapses and impaired function are 
formed [18].
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ALZHEIMER’S DISEASE AND SOCIAL 
COMMUNICATION DISORDERS

Characteristic signs of behavior during the 
development of AD and dementia are agitation 
and aggressive and impulsive behavior, whose 

manifestation only intensifies as the disease 
progresses.   These symptoms are associated with 
disturbances in emotional processing, especially 
inability to perceive and recognize the emotions of 
others [19]. All this leads to impaired social cognition 
and difficulties in social interaction (Fig. 2).
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Fig. 1. Central and peripheral effects of oxytocin and vasopressin on the body
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Most studies were focused on assessing cognitive 
function, but the assessment of psychoemotional im-
pairment may be a sensitive method for studying the 
clinical state in AD, which may lead to the introduction 
of new and effective treatment methods [20]. There 
are large-scale studies that support the effectiveness of 
psychosocial interventions to slow the progression of 
cognitive impairment in patients with AD. These psy-
chosocial interventions include reminiscence therapy, 
art therapy, a walking program, and much more [21].

THE RELATIONSHIP BETWEEN 
ALZHEIMER’S DISEASE AND 
NEUROPEPTIDES

The functioning of the OXT / AVP system alters 
in neurodegenerative diseases. Based on this, it was 
suggested that these neuropeptides may play an im-
portant role in the development of social, emotional, 
and cognitive dysfunction in AD.  

Oxytocin and Alzheimer’s disease
OXT is considered to be a potential drug for the 

treatment of AD, since various studies have found 
that this neuropeptide has a wide range of effects that 
can lead to positive changes in the complex therapy 
of the disease. Social recognition memory allows a 
person to remember relatives and identify them as 
already familiar. This ability is important for normal 
social behavior and formation and stability of social 
interactions. One of the symptoms of AD is inability 
to recognize people patients know, which creates 
additional difficulties for patients and caregivers. 

Newman’s social behavior neural network (SBNN) 
hypothesis proposes interconnections between brain 
regions, such as the amygdala, bed nucleus of the 
stria terminalis, lateral septum, medial preoptic 
area, ventromedial hypothalamus, and anterior 
hypothalamus. The SBNN is believed to control various 
types of motivated social behavior, including defensive 
aggression, social recognition memory, parental 
behavior, and social communication. It is important to 
note that OXT / AVP and their receptors are found in all 
regions of the SBNN, which indicates their involvement 
in the regulation of social behavior [22].

OXT plays an important role in the regulation of 
social recognition memory during social interactions, 
whereas conditional deletion of OXTR in the CA2 / 
CA3a regions of the hippocampus impairs the forma-
tion of social recognition memory. In the experiment, 
Y. T. Lin et al. compared the performance of wild-type 
mice and OXTR knockout mice in a three-chamber 

sociability test. A group of knockout mice had a de-
fect in retaining long-term social recognition memory, 
since 7 days after training their memory deteriorated 
significantly. The data obtained suggest that OXTR 
signaling is particularly important for maintaining 
long-term social recognition memory [23].

The results of another study show the importance 
of OXTR for the identification of various social 
stimuli, not only in the CA2 / CA3 region, but also in 
the dentate gyrus. When a Cre-expressing virus was 
injected into the anterior dentate gyrus of 8-week-old 
male mice with a conditional knockout of OXTR, an 
impairment in the ability to discriminate social stimuli 
was observed. The animals did not show preference for 
a new individual and had discrimination coefficients 
significantly lower than those in the control group [24].

Long-term potentiation (LTP) underlies learning 
and memory formation. In neurodegeneration and ag-
ing, LTP decreases, which is manifested by a decline 
in human cognitive abilities. Due to the accumulation 
of Aβ in the brain, suppression of LTP in the hippo-
campus is observed in AD. J. Takahashi et al. studied 
synaptic plasticity in hippocampal slices of male mice 
5–7 weeks old. OXT was found to reverse the LTP 
impairment caused by perfusion of Aβ 25–35 into the 
hippocampus. This effect was mediated by OXTR, 
since LTP restoration was impaired when an OXTR 
antagonist was administered. The authors also asso-
ciated this effect with phosphorylation of ERK kinase 
and the influx of Ca2+ ions through Ca2+-permeable 
AMPA receptors, since the addition of their antago-
nists to the hippocampal slices impaired the ability of 
oxytocin to restore LTP [25]. 

A number of studies confirm the positive effect 
of OXT on spatial memory. Intracerebroventricular 
administration of native OXT into the ventricle and 
intranasal administration of an OXT derivative to 
mice (ddY line) contributed to the restoration of 
spatial memory in the Y-maze and the Morris water 
maze, impairments in which were caused by the 
administration of Aβ 25–35. This improvement 
was induced by OXT, since administration of the 
OXTR antagonist led to inhibition of improvements 
in spontaneous alternation and deterioration of 
spatial memory. The role of the neuropeptide may 
be associated with the restoration of spatial memory 
impairments specifically in neurodegenerative 
conditions [26]. 

Intracerebroventricular administration is imprac-
tical and somewhat traumatic, and neuropeptides ad-
ministered in this way have a low ability to penetrate 
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the blood – brain barrier [26]. Due to these disadvan-
tages, alternative intranasal administration appears to 
be more promising due to its non-invasive nature and 
ease of use.

A number of studies have proven that intranasal 
administration of OXT will facilitate the penetration 
of the peptide into the brain in the required amount. 
A study of the pharmacokinetics of the neuropeptide 
after intranasal administration showed that more than 
95% of OXT was transported to the brain directly 
from the nasal cavity [27]. The peptide penetrates the 
brain by direct transport of the substance through the 
olfactory and trigeminal nerve fibers innervating the 
nasal cavity [28].

S.O. El-Ganainy et al. studied the effect of intrana-
sal administration of OXT on rats (Sprague – Dawley 
line) with a model of AD. In the Morris water maze 
test, a decrease in the latent period was observed, 
which indicated that rats had a high ability of spatial 
learning after treatment with OXT. There was a de-
crease in Aβ 1–42 in the hippocampus in a group of 
rats that were treated with OXT in combination with 
galantamine. OXT treatment also suppressed the ac-
tivation of caspase-3, which inhibited the process of 
apoptosis and prevented neuronal death and formation 
of neurofibrillary tangles. This was consistent with 
the results of a histopathological study, which noted 
orderly arrangement of hippocampal pyramidal cells 
and an improvement in their morphology [29]. 

Microglia are immune cells in the brain that play a 
key role in the occurrence of neuroinflammation [30]. 
Deposition of Aβ, tau protein, and neuronal damage 
leads to microglial activation, which contributes to the 
persistence of inflammation and the formation of reac-
tive oxygen species [31]. Activated microglia stimu-
late neurons to overproduce Aβ, causing synaptic loss 
and the formation of extracellular plaques and neuro-
fibrillary tangles. This leads to increased activation of 
microglia [32], and a positive feedback loop is formed 
that contributes to the development of AD.

Since activated microglia are considered one of the 
important components in the pathogenesis of AD, it 
is necessary to search for and study the ability of sub-
stances to inhibit their activation, which is what the 
authors of the following study did. IHC analysis of 
brain sections from old APP / PS1 mice (with muta-
tions in the amyloid precursor protein and presenilin-1 
genes) revealed increased lba-1 (lupus anticoagulant) 
immunoreactivity in the CA1 region of the hippocam-
pus, which indicated activated microglia. Intranasal 
administration of OXT to control groups caused a 

decrease in lba-1 immunoreactivity around amyloid 
plaques compared to the controls receiving normal sa-
line. When a purified culture of microglia was exposed 
to Aβ, its activation was observed, accompanied by an 
increase in lba-1 and CD68 immunoreactivity (cluster 
of differentiation 68). Treatment of the culture with 
OXT contributed to the attenuation of microglial acti-
vation induced by Aβ [33]. 

In AD, developing neuroinflammation is 
characterized by drastically increased production of 
proinflammatory cytokines (interleukin (IL)-1, IL-6, 
tumor necrosis factor alpha (TNFα)) and activation of 
enzymes that synthesize low-molecular inflammatory 
mediators [34]. It should be noted that there are data 
supported by experiments on the anti-inflammatory 
activity of OXT. Pretreatment of microglial cells 
suppressed the synthesis of proinflammatory cytokines 
provoked by the administration of lipopolysaccharide. 
The anti-inflammatory effects of OXT are associated 
with inhibition of eukaryotic initiation factor-2α (eIF-
2α)-targeting kinases. It results in inhibition of the  
p/eIF2α/ATF4 pathway, decreased expression of 
TNFα and IL-6, and inhibited activation of inflam- 
masomes, which suppresses the synthesis of IL-1β [35].

When the medial part of the hypothalamus is 
damaged, the level of OXT mRNA decreased, which led 
to increased activation of the nuclear factor-κB (NF-κB) 
pathway and increased expression of TNFα and IL-
1β mRNA, which may be the reason for a decrease 
in anti-inflammatory protection [36]. Pretreatment 
of primary microglia and BV-2 microglia cells (cells 
isolated from C57/BL6 mice) with OXT resulted in 
significant inhibition of lipopolysaccharide-induced 
microglial activity, as reflected by suppression of the 
expression and release of cyclooxygenase-2 (COX-2) 
and inducible synthase nitric oxide (iNOS). During 
neuroinflammation, proinflammatory cytokines 
accumulate in glia, which can lead to neuronal damage 
and progression of neurodegenerative diseases [37]. 
Due to this, an important element of AD therapy 
is inhibition of neuroinflammation, which can be 
achieved through the use of OXT as a drug.

The results of a recent study that revealed the ef-
fect of OXT on the generation and deposition of amy-
loid plaques are worth noting. Mice (APP/PS1 strain) 
treated with OXT showed a decrease in plaque area 
and decreased Aβ immunoreactivity in the hippocam-
pus. The neuropeptide also affected the morphology 
of amyloid plaques. The main groups of mice that re-
ceived OXT had plaques with a denser core than the 
control groups [33]. There is a hypothesis that dense-
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core plaques have a restriction mechanism, possibly 
similar to tuberculosis granulomas. With its help, mi-
croglia protect the brain from degeneration associated 
with AD. Highly polymerized and compacted Aβ in 
the nuclei has a less damaging effect and limits the 
spread of Aβ oligomers and protofibrils throughout 
the brain [38].

Since one of the symptoms of AD is increased 
anxiety, the presence of an anxiolytic effect in OXT 
makes this neuropeptide even more interesting. The 
effect of OXT on anxiety levels was studied using 
the light / dark box test. When the neuropeptide was 
administered into the PVN of male Wistar rats, a de-
crease in anxiety was observed. Preliminary infusion 
of the transient receptor potential channel antagonist 
SKF96365 into PVN blocked the anxiolytic effect of 
OXT [39].

Vasopressin and Alzheimer’s disease
AVP is known to regulate water balance and blood 

pressure. It is also a neurotransmitter involved in the 
modulation of social communication, spatial memory 
and influencing memory consolidation and retrieval. 
One of the characteristic symptoms of AD is impaired 
spatial memory and social recognition memory, which 
manifest in the form of disorientation and inability to 
recognize familiar faces. As the results of the study 
showed, intranasal use of AVP (4–8) for 4 weeks (the 
main metabolic fragment of AVP, differing in chem-
ical structure, but having a similar effect) significant-
ly improved working and long-term memory in mice 
with a model of AD (APP/PS1 line), which was prov-
en in the Y-maze test. In addition, a decrease in the 
latency period was found in the Morris water maze 
test, which indicates an improvement in spatial mem-
ory [40].

The study by C.J. Finton et al. shows the impor-
tance of the duration of AVP therapy for a significant 
effect on spatial memory. The significance of the ef-
fect on spatial memory depends on the duration of 
AVP therapy. Chronic intranasal administration of 
the neuropeptide showed a positive effect on spatial 
memory, while a single administration of AVP before 
testing had no significant effect [41].

The effect of a V1aR antagonist was studied to 
confirm the relationship between the AVP level and 
spatial memory. Intraperitoneal administration of 
SR49059 to Wistar rats prior to the Morris water maze 
test revealed the effect of AVP on spatial memory and 
learning. The results of Western blotting and ELISA 
showed a significant decrease in the expression of 

AVP and V1aR, which confirms the association be-
tween the level of the neuropeptide and spatial mem-
ory [42]. 

In addition to its ability to restore impaired spa-
tial memory, AVP is also important for normal social 
recognition and formation of social memory. Studies 
show that blocking AVP receptors, as well as a de-
crease in the level of this neuropeptide, cause social 
memory impairment. Thus, mice with OXTR and 
AVPR1b knockout in hippocampal CA2 pyramidal 
neurons have impairments of social memory and im-
paired detection of social novelty [43]. When tested in 
AVP knockout rats (Brattleboro strain), impairments 
in recognition of new objects and conditional learn-
ing, as well as a decrease in the ability to social dis-
crimination are observed [44].

The hippocampus is one of the key structures as-
sociated with learning, memory, and thinking, the ac-
tivity of which depends on the rate of excitation of 
neurons in this part of the brain. The neuropeptide 
is able to modulate the electrophysiological changes 
caused by Aβ. AVP-induced changes in spontaneous 
discharges in the hippocampus in the CA1 region may 
help protect synaptic plasticity and cognitive func-
tions, the impairment of which underlies many neuro-
degenerative diseases [45].

Social memories are formed partly as a result of in-
formation encoding by the hippocampus. The CA2 re-
gion of the hippocampus and in particular the AVPR1b 
expressed there are required for memory formation. In 
behavioral testing, mice (GENSAT QZ27 line) inject-
ed with adeno-associated virus (AAV) and wild-type 
mice were exposed to an unfamiliar female and re-ex-
posed to the original or new female after a 2-hour re-
tention interval. At the same time, optical stimulation 
of the nerve endings of PVN neurons innervating CA2 
was present or absent in the tests. Optical stimulation 
during initial contact (memory acquisition) improved 
social recognition, i.e. the olfactory exploration of the 
female decreased upon repeated exposure. However, 
optical stimulation had no effect on the sociability 
of the mice. Stimulation during subsequent contact 
(memory recall) did not cause improvement. Adminis-
tration of the AVPR1b antagonist to CA2 blocked the 
enhancement of social recognition. This suggests that 
the AVP PVN→CA2 pathway, which depends on AVPR1b 
signaling, promotes the acquisition of new memories, 
enhancing social memory. The authors of the study 
suggested that targeted therapy with AVPR1b ago-
nists could become potential treatment for patients 
with dementia who have reduced social memory [46].
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Neuropeptide S and Alzheimer’s disease

Neuropeptide S (NPS) is an endogenous peptide in 
the central nervous system that selectively binds and 
activates NPS receptors. NPSR mRNA expression 
occurs throughout the central nervous system, with 
significant amounts expressed in the olfactory nuclei, 
thalamus, anterior and posterior hypothalamus, as 
well as the cortex, amygdala, and hippocampus. The 
NPS / NPSR system regulates many physiological 
and pathological functions, including arousal, 
wakefulness, learning and memory, anxiety, food 
intake and energy balance, drug addiction and pain. 
During experiments, it was found that in animals this 
neuropeptide promotes learning, improves memory, 
and also reduces anxiety [47]. 

Mice with AD (APP/PS1 line) showed a noticeable 
decrease in NPSR in the hippocampal region compared 
with wild-type mice. It can be assumed that the basis 
of AD symptoms is a lack of NPS effects, caused by a 
decrease in the amount of NPSR [48].  

Increased anxiety is one of the symptoms of AD. 
NPS has a powerful anxiolytic effect, which makes 
it possible to consider it as a potential substance for 
the treatment of diseases accompanied by anxiety. 
Characteristic phenotypic features of NPS precursor 
knockout mouse models include learning and 
memory deficits, as well as increased anxiety [49].  
NPS promotes anxiolysis in the amygdala and its 
mechanism of action depends on NPSR-mediated 
phospholipase C signaling. This ability of the 
neuropeptide is confirmed by the administration of a 
phospholipase C inhibitor (U73122), which prevents 
NPS-induced anxiolysis [50]. 

Scientists have found that the effects of NPS in the 
PVN are mediated by actions on local OXT neurons. 
NPS activates a subpopulation of OXT neurons in 
the PVN, which is confirmed by an increase in the 
intracellular concentration of Ca2+ ions in neurons 
of this subpopulation and an increase in the release 
of OXT by somatodendrites in the PVN. In turn, 
the activated OXT-PVN subpopulation mediates 
the anxiolytic effect of NPS, which is confirmed by 
the results of behavioral testing. Pre-administration 
of an OXTR antagonist blocks NPS-induced  
anxiolysis [51].

To study the effect of NPS on memory, this 
neuropeptide was administered once into the lateral 
ventricle of male Swiss Kunming mice 5 minutes 
after training. When tested on day 3 after training, 
the test group spent significantly more time with the 

new non-social object than the control group. Thus, 
the introduction of NPS made it possible to prolong 
object recognition memory. 

As is known, AD is accompanied by a progressive 
decline in memory; when Aβ 1–42 was administered 
to test mice, a significant impairment in object 
recognition memory was observed. The progression 
of this condition was eliminated by the administration 
of NPS [52]. Research by R.W. Han et al. showed 
that infusion of NPS into the basolateral amygdala 
of Kunming mice after training improved long-
term non-social object recognition memory, which 
was reduced by intraperitoneal administration of 
propranolol [53]. 

NPS plays a key role in the regulation of memory 
and learning in rodents [54]. Inhibition of NPSR 
activation causes impairment of olfactory spatial 
memory. Endogenous NPS plays an important role in 
the regulation of olfactory spatial memory, possibly 
due to the activation of NPSR-bearing neurons in 
the olfactory cortex and subicular complex of the 
hippocampus, but the precise mechanisms involved 
in olfactory spatial memory impaired by NPSR 
antagonists have yet to be determined [55]. 

P. Zhao et al. proved the influence of NPS on the 
key pathogenetic links of AD. The effect of NPS was 
analyzed in both wild-type mice and mice (APP/PS1 
line) with a genetic model of AD. Eight-month-old 
mice were continuously injected intravenously with 
NPS for 2 weeks, and then hippocampal ELISA 
was performed. According to the results of the 
analysis, a decrease in the intensity of formation 
and subsequent deposition of Aβ plaques was 
observed due to a decrease in γ-secretase activity 
and APP phosphorylation at Thr668 compared to 
the ELISA results of the control group of mice that 
were intravenously injected with normal saline. 
Moreover, when performing the Morris water maze 
test, a gradual decrease in the latency period was 
noted during the five days of training. This suggests 
that NPS can not only improve spatial memory in 
wild-type mice, but also effectively restore cognitive 
impairment and significantly increase the number of 
active neurons in the hippocampus in mice. 

The neuropeptide normalized the expression of 
synapsin I and PSD95 in the hippocampus, suggesting 
that NPS probably restores memory deficits by 
reversing impairments in hippocampal synaptic 
plasticity [48]. Together, these experimental data make 
it possible to consider NPS as a potential candidate for 
the treatment of AD.
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CONCLUSION
All studies discussed in this review article 

have shown a relationship between the action of 
neuropeptides and the pathogenesis of AD. The 
exact mechanism of the potential therapeutic effect 
of neuropeptides has yet to be revealed, but the trend 
in the scientific field and the number of modern and 
fairly large publications suggest that this may happen 
in the nearest future. 

When studying such a complex issue, it is 
important to conduct not one, but a series of studies, 
to compare the effects of treatment with neuropeptides 
and drugs that are currently included in clinical 
guidelines for the treatment of AD. It is also necessary 
to conduct a battery of behavioral tests for a more 
thorough understanding of the condition of the test 
animals and to perform tests at different periods of 
time with the possibility of further comparison of 
previously obtained and newer results with each other 
to determine the delayed effects of treatment. 
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