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ABSTRACT

BACKGROUND: Depressive states are becoming an increasingly common mental disorder and a serious social prob-
lem that places a heavy economic burden on society. Increasing data from preclinical and clinical studies indicate that
orexins (neuropeptides, also known as hypocretins) and their receptors are involved in the pathogenesis of depression.
The orexinergic system regulates disrupted functions in depressive states, such as sleep, reward system, eating beha-
vior, stress response, and monoaminergic regulation. However, the exact role of orexins in behavioral and neurophysio-
logical disorders in depression is still unclear.

AIM: This study aimed to examine the effect of early postnatal stress on the expression of OX1R orexin in the limbic
system and the development of anxiety-depressive symptoms in rats.

MATERIALS AND METHODS: Maternal deprivation was used as a model of early postnatal stress (postpartum days 2—12).
The animals were divided into the control (n = 20) and maternal deprivation (n = 20) groups. On day 90 of life, the influ-
ence of early postnatal stress on the development of anxiety-depressive symptoms in adult rats was analyzed using
a package of behavioral tests, namely, raised cruciform maze, forced swimming Porsolt test, and two-bottle test.
After the experiments, the animals were killed by decapitation, the brain was extracted and placed in the cold, and brain
structures (hypothalamus and amygdala) were isolated, immediately frozen in liquid nitrogen, and stored at a tempera-
ture of —80°C for polymerase chain reaction analysis.

RESULTS: In the “raised cruciform maze,” the maternal deprivation group spent less time in the open arms of the maze,
and the time spent in the closed sleeves increased relative to the control, which can be assessed as an increase in anxi-
ety levels. In the Porsolt test, the maternal deprivation group had increased immobilization time relative to the control
group. In the two-bottle sucrose preference test, the maternal deprivation group demonstrated a decreased preference
for sucrose solution, which indicates the development of anhedonia. In the hypothalamus, the mRNA expression level
of OX1R significantly decreased in the experimental group compared with that in the control group. A twofold decrease
in the mRNA expression level of OX1R was also observed in the amygdala of the experimental group compared with that
of the control group.

CONCLUSIONS: Early stress caused by maternal deprivation resulted in a decrease in OX1R orexin expression in the
hypothalamus and amygdala and contributed to the development of anxiety-depressive symptoms in rats.
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BausaHue cTpecca paHHeW MaTepuMHCKOM AenpuBaLyvK
Ha 3kcnpeccuio 0X1R B nuMbuyeckou cucteme
roJI0BHOro Mo3ra U pasBUTMe TPeBOXXHO-AEenpecCUBHbIX
CUMNTOMOB Yy KpbiC
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AHHOTALIMA

AxTtyanbHocTb. [lenpeccuBHble COCTOSHUA CTAHOBATCA BCe Bonee pacnpocTpaHeHHbIM MCUXMYECKUM PacCTpPOMCTBOM, a TaK-
K€ Cepbe3HOI coLmanbHoN NpobieMol, KOTopas NOXUTCS TSIKENbIM 3KOHOMUYECKUM bpeMeHeM Ha o6LwecTBo. Bee 6onblue
LaHHBIX JOKIMHUYECKUX U KIMHWUYECKUX UCCIIe0BaHUIA CBUMAETENbCTBYHOT 0 TOM, UT0 opeKcuHbl (OX, HerponenTuabl, Takxe
M3BECTHbIE KaK MMMNOKPETUHBI) U X PELLenTopbl BOB/EYEHBI B NaToreHe3 aenpeccuu. OpeKcuHepriyeckas cuctema perynmpyet
(YHKUMM, KOTOpbIE HapYLLIAKOTCA NpU AENPeCCUBHBIX COCTOSHMAX, TaKUE KaK COH, CUCTEMA BO3HArpaxAeHus, nuLLieBoe no-
BeleHMe, peaKums Ha CTPecC M MOHOAMUHeprudeckan perynaums. TeM He MeHee TOYHas Posib OPEKCUHOB B MOBELEHYECKUX
1 HeMpO(U3NONOTMIECKMX HapYLLEHUSAX, HabNAaeMbIX NPW Aenpeccuu, BCe eLLe HescHa.

Llenb — u3yyeHne BMSHUSA paHHEro mocTHaTanbHoro ctpecca Ha akcnpeccuio OX1R B nMMbKyecKoli cucTeMe roioBHOMO
MO3ra 1 pa3BUTUE TPEBOXKHO-LENPECCUBHBIX CUMMTOMOB Y KpbIC.

Matepuans! u MeTogbl. B paboTe B KauecTBe MoJieNM paHHEr0 NOCTHATaIbHOMO CTPeCca NPUMEHSAIIM MaTEPUHCKYIO flenpuBa-
unto (co 2-ro no 12-i nocnepofoBoii feHb). bbinu copMmpoBaHbl ABe 3KCnepuMeHTasbHble rpynMbl: KOHTpoNbHas (n = 20)
W MaTepuHckasn aenpusaums (n = 20). Ha 90-1 AeHb KM3HM C MCMONb30BAHMEM NaKeTa NOBeLEHYECKUX TECTOB aHaNM3Mpo-
Ba/iM BAMSHWE pPaHHEro MocTHaTafnbHOro CTPecca Ha pasBUTUe TPEBOXKHO-AENPECCUBHBIX CUMMTOMOB Y KpbIC BO B3pOC/IOM
Bo3pacTe. AHanK3 NoBeAeHWs NPOM3BOLMAM C NOMOLLBIO CIIEAYHLLMX TECTOB: MPUMOLHATHIN KPecToobpasHbIii NabupuHT, TecT
BbIHYX(eHHOro nnaBaHus MopconTa, ABYX6YyTbINOYHBIN TecT. [locne NpoBefeHUs OMbITOB XUBOTHbIX YMEPLUBIAIN NYTEM Je-
KanuTtauuW, Mo3r U3BMeKanu, NoOMeLLany B X004 U BbILENSIN CTPYKTYpbl Mo3ra (runoTanamyc, MUHLANMHY), HEMeNeHHO
3aMOpaXu1BaIu B UAKOM a30Te 1 XxpaHuiu npu Temnepatype —80 °C go npoeenenus MNLUP-aHanu3a.

Pe3ynbrathl. TecTMpoBaHWe 3KCMEPUMEHTASNbHBIX JKMBOTHBIX B MPUMNOAHATOM KpecToobpasHoM nlabupuHTe nokasano,
YTO Y rpynMbl XMBOTHbIX, MOABEPrHYTHIX AENPUBALMM OT MaTepy, HabMOAanoch CHUXKEHWE BPeMeHU MpebbiBaHNs B OTKPbI-
ThbIX pyKaBax nabupuHTa, M yBeNMUMBaNoch BpeMs MpebbiBaHMs B 3aKpbITbIX PyKaBaX OTHOCUTESbHO KOHTPOJIS, YTO MOXHO
OLLEHWTb KaK MOBbILLEHWE YPOBHSA TPEBOXHOCTU XMBOTHbIX. B Tecte lopconTa y rpynnbl MaTtepuHcKoi AenpuBaumm bbino
YBENIMYEHO BpEMS MMMOOMAM3aLMN OTHOCUTENIBHO KOHTPOJIbHOW FPYNMbl XUBOTHBIX. B rpynne MatepuHcKod LenpuBauyum
B YCNOBUAX ABYXDYTHINOYHOrO TeCTa Ha MPeAnouTeHUe caxapo3bl HabMAAN0Ch CHUXEHWE NPeAnoYuTEHUs pacTBopa caxa-
PpO3bl, YTO CBUAETENIbCTBYET O Pa3BUTUM aHrefoHWW. B runoTtanamyce oTMeyanoch CTaTUCTUYECKM AOCTOBEPHOE CHUMKEHME
akcnpeccun MPHK OXTR B 3KcnepuMeHTanbHOM Fpynne XWBOTHBIX B OT/IMYME OT FPYNMbl MHTAKTHOTO KOHTpons. [lByxkpaTtHoe
CHxeHme ypoBHA akcnpeccum MPHK OX1R y sKcnepuMeHTanbHOI Mpynnbl 0THOCUTENBHO MUBOTHBIX KOHTPOJIA Habmloaanoch
1 B MUHOANEBUIHOM Tere.

3aknoueHune. PaHHMIn cTpecc MaTepUHCKOW AenpuBaLmMm BbI3biBaeT cHKeHMe akcnpeccun OX1R B runotanamyce u MuHpa-
JINHE MO3ra 1 crnocobCTBYeT pa3BUTUI0 TPEBOXKHO-LEMPECCUMBHBIX CUMMTOMOB Y KpbIC.

KnioueBble cnoBa: paHHMVI MoCTHaTasbHbIiA CTpecc; MaTepuHCKana aenpualuns; TPeBOXHOCTb; Aenpeccus, peLenTop OpeKCuHa.
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BACKGROUND

According to the World Health Organization, ap-
proximately 264 million individuals globally experience
depression [1]. Depression is becoming an increasingly
prevalent mental disorder and a significant social issue
that places a considerable economic burden on society.
Long-term treatment of depression entails a range of
medical costs and necessitates the prediction of adverse
outcomes and resistance to therapy.

A depressed mood, diminished motivation or hope-
lessness, anhedonia (a reduced capacity to experience
pleasure from food, social interactions, or other sources
of enjoyment), energy, irritability, poor concentration,
sleep disturbances, loss of appetite, poor cognitive per-
formance, and suicidal tendencies are primary symptoms
of a depressive disorder [2]. Unfortunately, the chronic
and debilitating nature of depression complicates the
prognosis of various chronic diseases and worsens mor-
bidity and disability [3].

The etiology of depression remains poorly understood.
Genetic factors (approximately 40%) and environmental
factors (in particular, stressful events) are implicated in
its etiology. Stressful events have been demonstrated to
precipitate a constellation of psychological and physi-
ological alterations, including the activation of the hy-
pothalamus—pituitary—adrenal axis and the sympathetic
nervous system. Early-life stressors precipitate long-
term changes in the functional properties that underpin
emotional perception, which may subsequently influence
the stress response in later life [5, 6]. The scientific and
practical study of the pathophysiological mechanisms
underlying stress-related disorders in early life and de-
pressive syndrome has significant implications for both
theoretical understanding and clinical practice. The early
postnatal period is defined as the infant period of human
development, occurring from birth to 1 year of age. This
period greatly influences the development of individuals
and subsequent health and well-being throughout life.
The early postnatal period represents a critical window of
opportunity for the functional development of the brain [7].
Rodents are a very useful species for the study of social
behavior. In rats, the early postnatal period is defined as
the period between birth and day 21 of life.

In rats, early-life stressors, including deprivation,
separation from the mother, immobilization, and social
isolation, induce alterations in behavioral patterns and
neurochemical activity [8]. Such experiences may also
affect their emotional and social behavior and stress
responses. Rats exposed to early stress may demon-
strate reduced interest in various stimuli and changes
in social interaction, which is consistent with some of
the symptoms observed in humans with depression [9].
Furthermore, a study indicated that early-life stress can
precipitate alterations in the neurochemical system of
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rats, including reductions in serotonin levels, elevations
in cortisol levels, and modifications in the activity of the
hippocampus, which is linked to mood regulation [10].
Evidence from preclinical and clinical studies indicates
that orexins (neuropeptides, also known as hypocretins)
and their receptors take on important roles in the patho-
physiology of depression. Indeed, the orexinergic sys-
tem has been demonstrated to regulate certain functions
that are impaired in depression, including sleep, reward
system, eating behavior, stress response, and mono-
aminergic neurotransmission. Nevertheless, the exact
function of orexins in behavioral and neurophysiological
irregularities observed in depression is still uncertain.
Orexins mediate stress-induced responses. The admin-
istration of orexins and their agonists to experimental
animals induces a change in behavior in response to a
stress stimulus. This behavioral change activates two
major stress-activating systems: the hypothalamus—pi-
tuitary—adrenal and the sympathoadrenal systems [11].
LY. Thiessen et al. [12] demonstrated bidirectional inter-
actions between orexin neurons and emotion-generating
brain structures, including the bed nucleus of the ter-
minal striatum, locus coeruleus, central and dorsome-
dial nuclei of the amygdala, hippocampus, and medial
prefrontal cortex. Given the pivotal role of corticoliberin
(or corticotropin-releasing hormone [CRH]) in stress
response modulation, orexin fibers are situated near
CRH-producing neurons in the paraventricular nucleus
and amygdala [12].

This study aimed to investigate the effect of early
postnatal stress on orexin type 1 receptor expression in
the limbic system and the subsequent development of
anxiety-depressive symptoms in adult rats.

MATERIALS AND METHODS

The experiments were conducted in accordance with the
international European bioethical standards (86/609-EEC)
and ethical standards of the Russian Federation for the
maintenance and handling of laboratory animals.

Following the arrival of the experimental animals
from the nursery, they were quarantined for 2 weeks
in appropriate blocks of the vivarium. They were main-
tained under a 12-h light cycle (artificial light from 9:00
to 21:00) at 22°C + 2°C. A brood of female Wistar rats,
with each brood comprising five rats weighing approxi-
mately 300 g, was used. The rats were housed in plastic
cages (40 x 50 x 20 cm) and given ad libitum access to
food and water. One male was placed in each cage and on
the following day, vaginal swabs were taken from the fe-
males to detect the presence of spermatozoa. The onset
of pregnancy was recorded by light microscopy, which
was considered day 0. After the onset of pregnancy, the
animals were transferred to individual cages. The gesta-
tional period was 19 + 2 days.
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A total of 40 male rats, comprising 5 litters, were
used in the study. They were divided into two experi-
mental groups: an intact control group (n=20) and
a maternal deprivation (MD) group (n = 20).

MD model

The rats were placed individually in plastic cups for
180 min for 10 consecutive days, on days 2-12 of the
postnatal period. The rats were deprived of visual contact
with the mother [5]. After the MD and milk feeding peri-
ods, the rats were reared in plastic cages with a maximum
of five per cage. The experiment was conducted using
male rats aged 90-100 days and weighed 200-250 g [7].
On day 90, a battery of behavioral tests, including the
elevated cruciform maze, Porsolt’s test, and two-bottle
sucrose preference test, was conducted to evaluate the
behavior of the subjects [13].

In the elevated plus maze test, rat behavior was
examined in a setup that consisted of two open arms
(50 x 10 cm) and two closed arms (50 x 10 cm) with the
top open, arranged perpendicularly relative to each other.
The maze was raised 1 m from the floor. The animal was
placed at the center of the maze. The time spent in the
closed and open arms was documented. The test took
5 min.

The Porsolt forced swimming test is based on the ob-
servation that an animal becomes immobile (i.e., immo-
bilization) when swimming unavoidably in a cylinder filled
with water. In this test, immobility may indicate passive
stress, depression, and despair. The animals were placed
in a transparent cylinder with a height of 0.7 m and filled
with water at a temperature of 25°C for 5 min. On the
day preceding the test, each animal was placed in a
water-filled vessel for 5-6 min to facilitate adaptation.
On the day of the experiment, the animal was placed in
a cylinder filled with water to a depth in which it could
not escape or find support inside the vessel, i.e., touch
the bottom with its paws. Once in the water, the animals
exhibited vigorous motor activities aimed at finding a way
out of the aversive stressor situation. However, they then
abandoned these attempts and hovered in the water in a
characteristic pose, remaining completely motionless or
making insignificant movements to maintain their head
above the water. This behavior is interpreted as an indi-
cator of despair, depression, and a depressive-like state.
In this test, the primary indicator of the severity of the
depressive-like state is the duration of immobility. This

Table 1. Primer sequences for polymerase chain reaction
Ta6nuua 1. MocneposarensHocTn npaitMepos Ans MLP

Tom22,N°2, 2024
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is calculated as the sum of the immobilization episodes
experienced by each animal during the 6-min observation
period.

The results of the two-bottle sucrose preference
test indicate the sensitivity of TIR1 + TIR3 receptors in
animals to a sweet taste. The results may be used to
forecast the risk of developing anhedonia. In this test,
the rats were provided with the option of consuming ei-
ther drinking water or a 10% sucrose solution during the
daytime. The results were evaluated using the following
formula: N = V,/V, x 100%, where V,, V,, and N refer to
the volume of the sucrose solution, volume of the liquid
consumed during the day, and percentage ratio of the
sucrose solution drunk to the total volume of the liquid
consumed, respectively [7, 13].

Polymerase chain reaction (PCR)

After the behavioral test cassette, the animals were eu-
thanized by decapitation, and their cold brain structures (hy-
pothalamus and amygdala) were extracted and immediately
frozen in liquid nitrogen. These samples were then stored
at —=80°C until PCR. Total RNA was isolated from 20 mg of
brain tissue using TRIzol (Ambion, TX, USA) in accordance
with the manufacturer’s instructions. cDNA synthesis was
conducted through reverse transcription in 25 L of a re-
action mixture, employing Moloney murine leukemia virus
RNA-dependent DNA polymerase (M-MuLV reverse tran-
scriptase, Promega, WI, USA). PCR with real-time detection
(Mx3005P, Stratagene, CA, USA) was conducted in 20 pL of
a reaction mixture containing SYBR Green (Syntol, Russia),
a combination of specific forward and reverse primers se-
lected and synthesized at Beagle (Russia) (Table 1). Data were
normalized to the expression level of the glyceraldehyde
3-phosphate dehydrogenase (Gapdh) gene and calculated
in relative units with respect to the GRInr expression level
for each structure separately using the 2(DeltaDelta C(T))
method. The housekeeping gene (Gapdh) was selected
based on the findings of previous studies, which indicate
an insignificant change in the expression of this gene under
different experimental conditions [14].

Statistical analysis

GraphPad Prism 8.1 was used for statistical pro-
cessing of quantitative data. The Kolmogorov—Smirnov
normality criterion was used to assess the conformity of
the distributions of random variables to Gaussian ones.
Student's t-criterion for paired comparisons was used

Genes Forward primers Reverse primers
Gapdh 5'-AGACAGCCGCATCTTCTTGT-3' 5'-CTTGCCGTGGGTAGAGTCAT-3'
Ox1r1 5'-GTGGCAAATTTCGGGAGCAG-3' 5'-GCTCTGCAAGGACAAGGACT-3'

DQI https://doi.org/10.17816/RCF622940
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to compare the control and experimental groups. Differ-
ences were considered significant at p < 0.05.

RESULTS AND DISCUSSION

The results of the elevated plus maze test demon-
strated that the group of animals that were deprived of
matter at early stages of ontogenesis exhibited a signifi-
cant reduction in the time spent in the open arms of the
maze (p < 0.05) in comparison with the control group.
This can be evaluated as an increase in anxiety levels.
Furthermore, the time spent significantly increased in the
closed arms of the maze (p < 0.05) in comparison with
that in the control group (Table 2).

In the Porsolt test, the duration of complete immobil-
ity was used to indicate a depressive behavior (Fig. 1).
In other words, a longer immobility time is indicative
of a higher level of depression, whereas a shorter time
is indicative of a lower level of depression. The results
demonstrated that MD at an early age led to a notable
increase in immobilization time in comparison with that
in the control group (p < 0.001).

The two-bottle sucrose preference test indicates that
early MD results in the development of anhedonia or
the inability to experience pleasure. This condition was
confirmed by a reduction in sucrose solution preference
(56.33% + 2.73%, p < 0.01) in comparison with that in the
control group (75.67% + 2.35%) (Fig. 2).

w s~ [$3]
o o [==}
1 1 Il

]

—_
o
1

Immobilization, seconds

o

Maternal
deprivation

Control

Groups

Fig. 1. Immobilization time of animals in the Porsolt test after
maternal deprivation, M + m. ***p < 0.001, significantly different
from the control group

Puc. 1. Bpemsi MMOBMILHOCTM XKMBOTHBIX B TecTe lopconTa nocne
MaTepuHCKOM aenpusauun, M + m. ***p < 0,001 — pocToBepHble
OT/IMYMS IO CPABHEHMIO C KOHTPOJIbHOM Fpynmnoid
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Effect of MD on Ox7r1 expression in rat brain
structures

Early-life stress, manifested as a 3-h daily depri-
vation of nourishment on the critical days of postnatal
neurogenesis, has been observed to exert varying effects
on the orexin system in experimental animals. In the hy-
pothalamus, a significant decrease in OxIr1 expression
was found in the experimental group in contrast to that
in the control group (Fig. 3, a). In addition, a twofold de-
crease in the expression level of Ox7r] was observed in
the amygdala body of the experimental group relative to
the control group (Fig. 3, b).

DISCUSSION

Stress is a significant risk factor for depression de-
velopment. Epidemiological studies have indicated that
up to 70%-80% of major depressive episodes are preced-
ed by stressful life events. Therefore, resilience, defined
as the capacity to recover from acute or chronic stress,
is essential for the development of adaptive physiological
and psychological responses to stressors. Nevertheless,
the neural mechanisms that underpin stress resilience
remain poorly understood. This study demonstrates
that stress during early ontogeny (MD) directly affects
the expression of orexin type 1 receptor in limbic brain
structures, thereby contributing to the development of
anxiety-depressive states by decreasing stress tolerance.

100 -
80 T
60 1
40 1
20 1

Sucrose solution drunk from
the total volume of liquid, %

Maternal
deprivation

Control

Groups

Fig. 2. Sucrose preference test, M+ m. **p < 0.01, significant
differences compared with the control group

Puc. 2. Tect npennouTtenns caxaposbl, M+ m. **p < 0,01 —
LOCTOBEPHbIE OT/IMYMS MO CPABHEHMIO C KOHTPOJILHOW rpynmon

Table 2. Behavior of animals in the raised plus maze test after maternal deprivation, M + m
Tabnuua 2. loBeaeHe KMBOTHBIX B TECTE «MPUNOLHATLIA KpecTo0bpa3sHbIi TAOUPUHT» Nocne MaTepUHCKON AenpuBauun, M + m

Time Control Maternal deprivation
Open sleeve, seconds 18.57 £+ 8.16 10.69 + 0.86*
Closed arm, seconds 215.68 + 23.78 269.38 + 13.13*

Note. *p < 0.05, significant differences compared to the control group.
[pumeyarue. *p < 0,05 — [oCTOBEPHbIE OTAMYMSA NO CPABHEHWUIO C KOHTPOJIBHOM FPYMMONA.
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Fig. 3. Effect of maternal deprivation on the expression level of Ox1r7 in the hypothalamus (a) and amygdala of rat brains (b). Data are
normalized to the expression level of the glyceraldehyde-3-phosphate dehydrogenase gene and calculated in relative units relative to the
expression value of Ox7rl. *p < 0.05 significant differences compared with the control group

Puc. 3. BnnsHue MaTepuHCKol fenpuBaLmum Ha ypoBeHb aKenpeccum reHoB Ox1rl B runoTanamyce (a) U MUHAANeBUAHOM Tene Mo3ra (b)
Kpbic. [laHHble HOPMMPOBaHbI K YPOBHIO SKCMIPECCUM TeHa rnuepanbaerua-3-docdataernaporeHasbl U pacciuTaHbl B OTHOCUTESNbHBIX
e[MHULLAX MO OTHOLLUEHWIO K BennuuHe akcnpeccum reHa Ox1rl. *p < 0,05 — pocToBepHble OTAMYMSA MO CPaBHEHMIO C KOHTPOSIbHOM

rpynnoit

This study provides further evidence supporting the
effect of MD on anxiety-depressive behavior in sexually
mature Wistar rats. In mammals, maternal care rep-
resents a primary source of sustenance, warmth, and
security for offspring and is thus a prerequisite for calf
survival [13]. The receipt of an adequate level of maternal
care is a critical factor in the social skill development of
offspring [16]. Epidemiological and experimental studies
have demonstrated that the loss of parental care ow-
ing to the death of one or both parents is a significant
risk factor for the development of cognitive disorders
and dysregulation of the hypothalamus—pituitary—adre-
nal axis activity in adolescence and adulthood. In a large
epidemiologic study, L. Berg et al. [18] demonstrated that
maternal loss due to accidents and homicide had a more
pronounced effect on boys than on girls. In addition, pa-
rental death at an earlier age (0-5 years) significantly
increases the risk of depression. This led to the decision
to include male rats in the present study.

J.P. Bras et al. [19] demonstrated that male rats with
high corticosterone levels are vulnerable to the onset
of prolonged depression-like behavior after exposure
to early-life stress. Furthermore, they display neuroim-
munological changes in adulthood, including high TNF-a
expression in the hippocampus, microglia activation, and
miR-342 expression [19].

Other authors used an MD model as a paradigm for
early-life stress, whereas in adulthood, they used the
systemic administration of lipopolysaccharides as a
stressor. Before lipopolysaccharide administration in
animals, behavioral tests revealed the presence of de-
pressive—anxious behavior and memory impairment.
A 7-day lipopolysaccharide treatment in adult rats result-
ed in the induction of analogous behavioral alterations
and microglial activation, expression of proinflammatory
cytokines, and elevated expression of Jmjd3 in vitro [20].

The stress hyporesponsive period is a critical devel-
opmental phase that spans from postnatal days 4 to 14.
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During this period, the adrenal glands are insensitive
to trophic pituitary hormone corticotropin and to most
stressors. This ensures the maintenance of low and sta-
ble levels of corticosterone (CORT), which is necessary
for optimal brain development [21].

Maternal behaviors, such as licking/grooming and
feeding, have been demonstrated to suppress corti-
cotropin and CORT secretion. In their seminal study,
S. Levine et al. [22] demonstrated that the direct effects
of MD on basal, stress, and adrenocorticotropic hormone
(ACTH)-induced CORT secretion is contingent upon the
age of the offspring. For example, on postnatal day 3, i.e.,
before the onset of stress hyporesponsiveness, 24-h MD
leads to a slight increase in basal and stress but not on
ACTH-induced CORT levels. Conversely, on day 11, du-
ring the period of stress hyporesponsiveness, MD eli-
cits a pronounced CORT response to all challenges
[22, 23].

The long-term effects of 24-h MD on postnatal day 9
were observed in adolescent rats, demonstrating in-
creased anxious and depressive behavior and avoidance
of communication in the social investigation test. In addi-
tion, behavioral changes resembling schizophrenia symp-
toms were observed in adult males. Changes were also
observed in the monoaminergic system of the rat brain,
evidenced by an increase in the dopaminergic tone and
concentration of dopamine and serotonin in the amyg-
dala [25].

The orexin system plays a pivotal role in the regulation
of neurophysiological and behavioral processes (Fig. 4)
that are disrupted in depression. These processes in-
clude the sleep—wake cycle, perceived pleasure in ac-
tivities [14, 26], eating, sexual behavior, cognitive pro-
cesses, and stress response and affect monoaminergic
neurotransmission [27]. Orexinergic neurons have also
been demonstrated to modulate the stress response in
the hypothalamus—pituitary—adrenal axis by sending di-
rect excitatory signals to parvocellular neurons in the
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paraventricular nucleus of the hypothalamus, thereby
stimulating CRH secretion. Orexins can enhance the cen-
tral release of CRH and increase the circulating levels
of ACTH and glucocorticoids in the bloodstream [28-30].

In this study, MD for 10 days results in disturbances
in sleep patterns, CRH levels, and orexin and orexin re-
ceptor activities in numerous brain regions of adult rats.
In comparison with the control group, the MD group ex-
hibited a reduction in overall sleep duration, high levels
of CRH and orexin A in the hypothalamus, and decreased
orexin B levels in the hippocampus. In this study, the re-
duction in the expression of orexin type 1 receptor can be
attributed to receptor sensitization.

CONCLUSIONS

The available evidence is contradicting, indicating that
orexin system hypoactivity may contribute to the develop-
ment of depression-like states. Early-life stress expo-
sure may lead to the dysregulation of the hypothalamus
and amygdaloid body in rat brains, which are responsible
for psychoemotional behavior, by decreasing the expres-
sion of Ox1rl. This may result in increased anxiety and
depression levels.
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HanmcaHWe cTaTby, aHanu3 faHHblx; 1.1, LlabaHoB — pa3paboTka
obLLen KoHuenuuu.

WcTouHuK dpuHaHcpoBaHusa. PaboTa BbinoiHeHa B paMKax ro-
CyAapcTBEHHOro 3aAaHns MunobpHayku Poccun FGWG-2022-0004
Ha 2022-2025 rr. «[ouck MoneKkynsapHbIX MULLEHeN Ans hapMaKo-
NOTUYECKOT0 BO3LENCTBUS MPU afAUKTUBHBIX U HEPO3HA0KPUH-
HbIX HapYLLEHUAX W CO3[,aHME HOBbIX GapMaKOOrN4ECKM aKTUBHBIX
BELLLECTB, [eNCTBYIOLLMX Ha peLenTopbl LIHC».

KoHdpnuKT uHTepecoB. ABTOpbI AEKNApUpYlT OTCYTCTBUE
ABHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnnKaLmeii HacTosLLe CTaTby.
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