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ANXIETY-LIKE BEHAVIORS IN RATS WITH CHRONIC STRESS
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ABSTRACT

Objective: Neuropeptide W (NPW) plays a regulatory role in the
neuroendocrine response to stress and the activation of the
Hypothalamic—pituitary—adrenal (HPA) axis. The current study
aimed to investigate the effects of peripherally administered NPW
on the cognitive functions and anxiety-like behavior of rats under
chronic stress conditions.

Methods: Wistar albino (250-290 gr) male rats were randomly
divided as control, chronic stress group, and chronic stress
exposed NPW-treated (0.1 pg/kg, subcutaneously) group. Chronic
stress was induced by exposing the animals to water avoidance
stress (WAS) for 1 h/day for ten consecutive days. At the end of
the experimental stress procedure, an object recognition test was
used to evaluate cognitive functions, and a hole-board test was
used to assess anxiety levels. After the experiments, blood
samples were collected to measure corticosterone levels.
Results: WAS significant increases in the level of corticosterone
when compared with control rats (p<0.05), showing the activation
of HPA axis. Application of WAS also caused anxiety and
diminished cognitive functions. In NPW-treated rats with WAS, the
corticosterone level was not different from the control group. The
number of rearing up and head-dips by WAS-induced rats
increased after NPW application (p<0.05-0.01) and also decreased
the immobilization time (p<0.01). Moreover, the difference score
in the object recognition test was increased by the NPW
application in WAS group (p<0.05).

Conclusion: Our results showed for the first time that NPW
pretreatment exerted an anxiolytic effect and attenuated
cognitive function in rats subjected to water avoidance stress.
Keywords: Neuropeptide W, stress, anxiety, cognitive function,
memory.
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Amag: Noropeptit W (NPW), NPW, strese karsi néroendokrin
yanitta ve hipotalamik-hipofiz-adrenal ~ (HPA)  ekseninin
aktivasyonunda dizenleyici bir rol oynar. Bu ¢alismanin amaci,
kronik stres kosullarinda periferik olarak uygulanan NPW'nin
siganlarin biligsel islevler ve kaygi benzeri davranislar tizerindeki
etkilerini aragtirmaktir.

Yontem: Wistar albino (250-290 gr) erkek siganlar kontrol, kronik
stres grubu ve kronik strese maruz kalan ve NPW ile tedavi edilen
(0.1 pg/kg, subkutan) grup olarak rastgele ayrildi. Kronik stres
indUksiyonu hayvanlara art arda on gin boyunca giinde 1 saat
sudan kaginma stresi (WAS) uygulanarak yapildi. Deneysel stres
isleminin sonunda biligsel islevleri degerlendirmek igin obje tanima
testi, kaygl dizeylerini degerlendirmek igin delikli tahta testi
kullanildi. Deneylerden sonra, kortikosteron seviyelerini dlgmek
icin kan érnekleri alindi.

Bulgular: Kontrol siganlar ile karsilastirldiginda WAS grubunda
kortikosteron seviyesinde anlamli artis gorildi (p<0.05), bu da
HPA ekseninin aktivasyonunu gostermektedir. WAS uygulanmasi
ayrica kaygiya ve biligsel islevlerin azalmasina neden oldu. WAS
uygulanip NPW ile tedavi edilen siganlarda, kortikosteron seviyesi
kontrol grubundan farkli degildi. NPW uygulamasi, WAS ile
indlklenen siganlarda saha kalkma ve burun sokma sayilarini
artirdi (p<0.05-0.01) ve immobilizasyon siresini azaltti (p<0.01).
Ayrica WAS grubunda NPW uygulamasi ile obje tanima testinde
fark skoru artti (p< 0.05).

Sonug: Sonuglarimiz ilk kez NPW 6n tedavisinin sudan kaginma
stresi uygulanan siganlarda anksiyolitik etki gosterdigini ve bilissel
islevi hafiflettigini gosterdi.

Anahtar Kelimeler: Noropeptit W, stres, anksiyete, bilissel islev,
hafiza.
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Introduction

Stress is regulated by the autonomic nervous system and
increases sympathetic modulation when a threat is
detected.! The hypothalamic-pituitary-adrenal (HPA) axis
is an intricate hormonal network that is activated by
stress.? Physiological and psychological stresses cause
corticotropin-releasing hormone (CRH) to be secreted
from the hypothalamus. CRH causes pituitary
corticotrope cells to secrete adrenocorticotropic
hormone (ACTH), which in turn causes the adrenal cortex
to secrete cortisol. Chronic stress (CS) disturbs HPA axis
and increases glucocorticoid release, which concerns
neural plasticity in the hippocampus and may lead to
learning and memory deficits.> Experimental studies
have shown that stress induction causes learning and
memory dysfunction and increases anxiety-like
behaviors.*> Repeated unpredictable stress and social
isolation elevate hypothalamic CRH and cause HPA axis
dysfunction, which is associated with mental and physical
illness.5”

CS also contributes to the formation of oxidative stress,
which is involved in developing neurological diseases
such as depression and Alzheimer’s disease.?
Neuropeptide W (NPW) is a newly defined neuropeptide
with two endogenous molecular isoforms, 23 and 30
amino acids. Two distinct G-protein-coupled receptors
called NPBWR1 (GPR7) and NPBWR2 (GPR8) mediate the
effects of NPW. *1° NPW has regulatory functions in the
activation of the HPA axis and the neuroendocrine
response to stress.!' Peripheral application of NPW has
been reported to exhibit neuroprotective and
antioxidant effects in hypoxic-ischemia-induced brain
injury.’? However, the role of NPW on chronic stress-
induced cognitive impairment has not yet been clarified.
The aim of the current study was to investigate the
effects of peripherally administered NPW on the
cognitive functions and anxiety-like behavior of rats
under chronic stress conditions.

Methods

Animals

Wistar albino male rats weighing between 250 and 290
grams, provided by the Sakarya University Animal Center
(SUDETAM), were housed in an air-conditioned space
with 12-hour day and dark cycles, where the temperature
was maintained at 22°C and the relative humidity at
between 67% and 70%. The animals were fed a standard
pellet and had unrestricted access to food and water. The
principles and criteria established by the New York
Academy of Sciences were followed, and the tests were
carried out in accordance with Turkish law regarding the
use of animals in experiments. The experimental
procedures were approved by the Sakarya University
Animal Care and Use Committee (approval number: 35;
date: 06/07/2022).
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Experimental Procedures

Rats were randomly divided as control (n=7), a chronic
stress group (n=7), and chronic stress-exposed NPW-
treated group (n=7). NPW (Phoenix Pharmaceuticals,
USA) was applied subcutaneously at dose of 0.1 pg/kg
before water avoidance stress (WAS). Saline as NPW
solvent was administrated similarly in chronic stress
group. Dose of NPW was selected based on the previous
reports.?

An object recognition test was utilized to assess cognitive
abilities after the experimental stress technique, and a
hole-board test was performed to assess anxiety levels.
Hole-board test was repeated before and after the stress
procedure. After the experiments, the cardiac puncture
was made to obtain blood samples from rats under
anesthesia (100 mg kg ketamine and 10 mg kg
xylazine, intraperitoneally), and the experimental
animals were killed.

Water Avoidance Stress-WAS

The animals were subjected to WAS for one hour every
day for ten straight days in order to create chronic
psychological stress in them. Before the study, the same
researcher handled rats every day for two weeks before
subjecting them to WAS. The plastic container with a 90
c¢cm diameter and 50 cm height was filled with fresh,
room-temperature water to a depth of 1 cm below the
surface of the platform, and rats in the WAS group were
placed on a platform (8x8 cm) mounted in the center of
the container. All experimental procedures were
performed between 02:00 and 04:00 pm hours to
minimize the effect of a circadian rhythm.

Measurements of Corticosterone Levels

According to the manufacturer's instructions, serum
corticosterone levels (E0828Ra, BT LAB) were
determined using rat ELISA kits. Corticosterone level was
expressed as ng/ml.

Evaluation of the Anxiety Level

All rats underwent the hole-board test using a wooden
box (100x100x50 centimeter) with 16 evenly spaced
holes (3.8 cm in diameter) at the bottom. Each rat was
placed separately in one of the box's corners, and a video
camera captured all of its motion for five minutes. The
box was cleansed with alcohol after each test to
eliminate the odor. The number of head dips into the
holes and rearing up on two hind legs were then recorded
from videotapes by a watcher who was blind to the
experimental groups to assess the rats' level of anxiety
based on their exploratory behavior in the box. Rats with
less head dipping and rearing up showed less exploratory
activity, which led to increased anxiety.'*

Object Recognition Test

A test for object recognition was performed to evaluate
the cognitive function of the rats. The rat was given a day
before the object identification test to acclimate to the
new environment by spending 10 minutes in the empty
test box (50x50x30 cm). The rat was then placed in the
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same box on the 10" day of the experiment to examine
the two identical objects for ten minutes before being
returned to its cage. A video camera captured the rat's
interest in the new object for three minutes an hour later
after one of the objects was replaced (new object) while
keeping one familiar object. The box and the items were
cleaned with alcohol (70%), following each test. By
comparing the amount of time spent with the known and
unfamiliar things, recordings were processed and the
outcomes were assessed. The number of contacts
defined as determined the contact of the rat's nose with
the object was evaluated. The following formula was
used to determine the time difference spent with the
objects:

Difference score (sec): time spent with the novel object —
time spent with the sample object.'® An improvement in
cognitive processes was indicated by a higher difference
score.

Statistical Analysis

One-way ANOVA followed by the Bonferroni multiple
comparisons test was used to define the level of
statistically significant between experimental groups by
using GraphPad Prism 9.3.0 (GraphPad Software, San
Diego, CA, USA). Student-t test was applied to compare
two groups. The mean values and standard errors for all
the data were reported. Statistical significance was
determined to be p<0.05.

Results

Serum corticosterone levels were measured to assess for
HPA axis activation during stress response in the control
or stress-applied groups. When compared with the
control rats, WAS significantly increased in the level of
corticosterone compared with control rats (p<0.05;
Figure 1), showing the activation of HPA axis. In NPW-
treated rats with WAS, the corticosterone level was not
changed respected to the control group.
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Figure 1. The corticosterone levels of control and water avoidance
stress (WAS) groups were treated with either saline or NPW (0.1
ug/kg/day). *p<0.05, compared to the control group.

The hole-board test was performed to evaluate the
degree of anxiety in the experimental groups. Elevation
of the immobilization time and reduction in the rats' free
exploratory behavior (head-dipping and rearing up)
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demonstrated increased anxiety. Application of WAS for
ten days caused the increased immobilization time and
reduced the numbers of head-dipping and rearing up
compared to the control group (p<0.05-0.001; Figure 2),
exhibiting increased anxiety. NPW treatment elevated
the numbers of rearing up and head-dips by WAS-
induced rats (p<0.05-0.01) and also decreased the
immobilization time (p<0.01), indicating the anxiolytic
effect of NPW.
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Figure 2. Numbers of rearing (a), head-dipping (b), and immobilization
time (c) were recorded during the hole-board test of all experimental
groups. *p<0.05, ** p<0.01, ***p<0.001, compared to control group;
++p<0.01, +++p<0.001 compared to saline-treated WAS group.

When performing an object recognition test to evaluate
cognitive function, the difference of the time spent with
novel and same objects has reduced in WAS group
compared to the control group (p<0.05; Figure 3),
demonstrating diminished cognitive functions. The
difference score was increased by the NPW application in
WAS group (p< 0.05).
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Figure 3. Object recognition test results of control or water avoidance
stress (WAS) groups rats that were treated with either saline or NPW
(0.1 pg/kg/day). Difference score (second): Time spent with the novel
object - time spent with the sample object. *p<0.05, compared to
control group; +p<0.05, compared to saline-treated WAS group.

Discussion

The results of the present study show that the application
of WAS in rats created a cognitive impairment with
increased activity of the HPA axis and anxiety-like
behavior. Our results showed for the first time that NPW
pretreatment exerted an anxiolytic effect and attenuated
cognitive function in rats subjected to water avoidance
stress.

The term "stress" refers to a situation in which the
homodynamic balance is endangered by various
stressors, which might be intrinsic or extrinsic, actual or
imagined difficulties or stimuli.'® Stress and the
neurobiological alterations have been linked to
depression, anxiety, and cognitive dysfunction in many
studies.'”'® The HPA axis has an important role in this
research area because it is a modulator of
pathophysiological alterations and a marker of the stress
response.’ It was shown that reduced dopaminergic
transmission and dysregulation of the HPA axis, which is
characterized by glucocorticoid negative feedback
resistance, is frequently seen in stress-induced
depression.?’ Resulting from a dysregulated HPA axis,
increased corticosterone has been linked to behavioral
and cognitive abnormalities.?* The clinical results showed
that hyperactivity of the HPA axis was strongly associated
with depressive and anxiety disorders.?? It was reported
that chronic stress in rodents can lead to anomalies in the
HPA axis, including elevation of corticosterone levels.?32*
In the present study, we showed that serum
corticosterone level was elevated in WAS-induced rats,
demonstrating that the HPA axis was activated, which
supports the previous study that demonstrated the
elevation of corticosterone level due to WAS in mice.?
Peripheral NPW application restored the secretion of
corticosterone to normal levels. The production of
corticosterone, which could be increased by the
elevation of HPA axis activity, was inhibited by peripheral
administration of NPW prior to stress ulcer formation, as
we recently described.'®?® Contrary to these findings,
NPW encourages human adrenocortical cells to secrete
cortisol 27 and has been found to increase plasma
corticosterone levels in healthy rats.?®
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Water avoidance stress is widely used as a model of
chronic psychological stress.? Chronic stress causes
neuronal changes that lead to the development of
anxiety, depression, cognitive decline and memory
impairment.3®31  Stressful  situations cause the
hypothalamic paraventricular nucleus to release
corticotrophin-releasing factor (CRF), which then causes
the pituitary to release ACTH, which in turn causes the
adrenal cortex to secrete cortisol in humans and
corticosterone in rodents.?? Also, stressful events may
result in blood-brain barrier malfunction, characterized
by inflammation and leaking.3* These all-important
factors can contribute to the disturbance of cognitive
functions and the development of anxiety and
depression.3®3* In this study, we found that the
administration of NPW ameliorated WAS-induced
anxiety-like behaviors observed in the hole board test.
The hole board test is a method to evaluate anxiety, it can
also be used in experimental studies for the anxiogenic-
like effect of pharmacological agents, hormones, and
drugs.’* To our knowledge, there is no study on the
anxiolytic effects of NPW in chronically stressed animals.
The results of the object recognition test showed that
water avoidance stress-induced cognitive impairments
and NPW significantly prevented this memory
dysfunction. Several studies demonstrated that synaptic
plasticity was decreased, and cognitive impairment was
brought on by stress-related impairment of the
hippocampus' neuronal activity.3®> On the other hand,
The BDNF/TrkB/CREB system controls the proliferation,
differentiation, and migration of hippocampal neurons,
which are crucial for cognitive function.3® The increased
expression of BDNF, TrkB, the pCREB/CREB ratio, and the
inhibition of acetylcholinesterase activity were
associated with cognitive improvements.3” It was
reported that about the interrelationships between
BDNF and NPW, BDNF could modulate the expression of
NPW in neuronal cells via the PI3K/Akt pathway and the
application of exogenous BDNF to mice increased
synthesis of NPW and also CRH levels in the
hypothalamus.3® NPW participates in the neuroendocrine
regulation of pituitary hormone production and may
have a significant role in the hypothalamic organization
of the endocrine response to stress.!® Central
administration of NPW elevated ACTH levels via
activating hypothalamic CRF in rats.%® Additionally, pre-
treatment with NPW did not affect serum levels of CRH
or ACTH in rats with stress-induced stomach ulcers, but it
did bring corticosterone back to normal ranges.’ It
indicates that NPW does not directly affect the activation
of the HPA axis brought on by stress; instead, it may be
inflammatory mediators released by the wounded
stomach. Cognitive dysfunction may be significantly
influenced by neuroinflammation.*! According to
Michelucci et al.*? microglia and astrocyte activation, as
well as the production of cytokines, chemokines, or
growth factors, are the main causes of inflammation in
the brain and often occur before cognitive failure.** Our
results revealed that NPW alleviates cognitive
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dysfunctions and anxiety-like behaviors, which may be
related to its anti-inflammatory properties.

In conclusion, our results indicated that WAS caused the
deterioration of cognitive functions and anxiety-like
behaviors. Furthermore, our findings show for the first
time that NPW alleviated cognitive function and anxiety-
like behavior along with a reduction of corticosterone
level in the water avoidance stress-induced rats.
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