NNOVARE

Knowledge to Innovation

A
ASIAN JOURNAL OF PHARMACEUTICAL AND CLINICAL RESEARCH ‘*@/ ACADAE N

Vol 12, Issue 10, 2019

Online - 2455-3801
Print - 0974-2441

Research Article

EFFECT OF NOISE STRESS-INDUCED NEUROBEHAVIORAL CHANGES ON WISTAR ALBINO RATS

ARCHANA ARJUNAN, RAVINDRAN RAJAN*
Department of Physiology, Dr. ALM PG IBMS, University of Madras, Chennai, Tamil Nadu, India. Email: ravindran89@gmail.com

Received: 09 July 2019, Revised and Accepted: 30 July 2019

ABSTRACT

Objective: The study aims to investigate the effect of acute noise stress on cognitive functions in male Wistar albino rats.

Methods: Adult albino rats were randomly divided into two groups. Each group contains six animals. Rats exposed to acute noise stress (100 dB/4 h)
were compared with control animal and assessed for cognition using T-maze, hole-board test, open-field test, marble burying test, and social interaction

behavior.

Results: The rats exposed to acute noise stress showed the significance (p<0.05) of behavioral alterations such as impaired learning and memory,
memory retention, increased fear and anxiety, obsessive-compulsive behavior, social avoidance, and decreased social interaction.

Conclusion: The results report that acute noise stress affects the cognition, and it became chronic may confer the increased risk of neurodegenerative

disorders.
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INTRODUCTION

Stress is an unavoidable circumstance in our life. Noise is gradually
becoming the most pervasive environmental and occupational
stress pollutant in a modern era [1]. In our modern lifestyle, using
of various automobiles, urban traffic, household appliances, media
[2] industrialization, Using weapons in Military and Army forces
which increase the noise stress/pollution to the individuals who
work in their environment [3]. Noise has been defined as unwanted
sound. It consists of unpleasant obtrusive annoying, distracting,
or persistent sounds that interfere with sleep or the ability to
concentrate or enjoy life [4]. The World Health Organization stated
that “Noise must be recognized as a major threat to human well-
being” [5]. If the noise level exceeded 90 dBA4, it becomes a source of
stressor [6] and affects the health by both physical and psychological.
However, the damaging effects of noise are not limited to the auditory
system but rather extend too many other systems. Acute and
chronic loud noise exposure generates excessive free radicals and
causes disorders involving extra-auditory organs such as nervous,
endocrine, and cardiovascular systems [7]. Specifically, neural tissue
is very sensitive to oxidative stress due to the brain cells are more
vulnerable to free radical damage caused by lipid peroxidation
compared to other tissues, owing to their high level of unsaturated
fatty acids [8]. Maladaptive effects of noise stress enhance the ROS-
induced behavioral changes and neurodegenerative disease [1].
From this, it is planned to study the effect of acute noise on cognition
in a noise-induced animal model.

METHODS

Animals

Experimental animals were all healthy and weighed about 140-180 g.
The animals were reared in the Animal House of the Institute, University
of Madras, Taramani, Chennai, India, and all the animals were
maintained under standard laboratory conditions housed 3 per cage
(29 cmx22 cmx14 cm) and constant ambient temperature with 12-h
dark photoperiod; the rats were allowed free access to food and water.
Appropriate ethical clearance was obtained for this work from the
Institutional Animal Ethical Committee (IAEC no. 02/06/2019 dated

12/03/2019) prior to the experiments. Animals were divided into two
groups, with six animals in each group.

e Group I - Control

e Group II - Acute noise stress (100 dBA - 4 h/1 day).

Noise stress induction

When noise exposure exceeds 100 dBA, noise becomes a stressor. Noise
was produced by two loudspeakers (15 W), driven by a white noise
generator (0-26 kHz), and installed 30 cm above the cage. The noise
level was set at 100 dB uniformly throughout the cage and monitored
by a sound-level meter D2023 (S.NO-F02199: Cygnet Systems, Gurgaon,
Haryana, India). Animals were then exposed for 4 h/1 day. To avoid the
influence of handling stress on evaluation, the effects of noise exposure
in control animals were kept in the above-described cage during the
corresponding period of time, without noise stimulation [8].

Behavioral assessment
T-maze

Itis shaped like the letter T, providing the rodent, with a straightforward
choice. T-mazes are used to study how the rodents function with
memory and spatial learning through applying various stimuli. The
T-maze consists of a start box (16.5 cmx16.5 cm), stem (arm 1) length
is 71.1 cm, goal area (arm 2 and 3) lengths are 45.7 cm, and arm width
is 10.2 cm. The stem and start box are separated by a sliding door,
and T-maze is kept in a dimly lit, sound-attenuated room. Behavioral
evaluation was performed in three phases. (i) Orientation session:
This session was to familiarize the rats with the T-maze. Rats are
semi-starved for 24 h and allowed to explore the T-maze for 15 min.
Rats were placed in the start box for 30 s. Sliding door was opened to
allow rats to explore the T-maze for 15 min and to eat food pellets in
each goal area. Rats were then returned to the start box. (ii) Learning
performance test: After the 1% day of orientation, the rats were trained
for the rewarded alternation task. Learning performance test followed
the same procedure as the orientation session except that one arm is
baited. The rat has to alternate the arms for the reward. The placement
of the reward in the subsequent trial will be opposite to the rats’
previous arm entry. Each rat received ten trials per day. The intertrial
interval was 30 s, during which the maze was cleaned with 70% alcohol
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to remove odor cues. The number of days each rat took for 80% correct
choice (eight correct entries to the baited arm out of ten trials), and
the time taken to reach the goal area was noted. (iii) Retention test: 2
days after the last training session, memory retention test was carried
out. Rats were given ten trials continuously, with an intertrial interval
for 30 s. Numbers of errors, i.e., entry into the non-rewarded arm is
recorded in ten trials, were noted [9].

Hole-board test

The hole-board apparatus consisted of a wooden, gray box, measuring
68 cmx68 cm. The walls were 40 cm high, and the box was raised
28 cm above the ground on a metal stand. Four holes (4 cm in
diameter) were cut into the floor of the apparatus; each hole was 28
cm from a corner of the box along the diagonal from the corner to
the center. The stand of the apparatus was open on all sides, allowing
the floor or objects to be dimly lit. At the beginning of each trial, a
subject was placed in one corner of the apparatus (always the corner
closest to the door of the room), facing the center of the arena. Each
trial lasted 10 min. At the end of the trial, the subject was immediately
placed into a carrying box and returned to the home cage. Between
each trial, the floor and walls of the apparatus were cleaned with 70%
alcohol solution. During each 10-min trial, head-dip: the animal places
its head into one of the holes, to a minimum depth such that the ears
were level with the floor of the apparatus (a new bout of head-dipping
was recorded if the animal raised its head fully out of the hole before
resuming); grooming, rearing, and fecal pellets’ behavior patterns
were recorded [10].

Marble burying test

Marble burying test done by polycarbonate rat cages
(26 cmx48 cmx20 cm) with fitted filter top covers, fresh, unscented
mouse bedding material to each cage to a depth of 5 cm and level
bedding surface by inserting another cage of the same size onto the
surface of the bedding, and placed standard glass toy marbles (assorted
styles and colors, 15 mm diameter, 5.2 g in weight) gently on the surface
of the bedding in 5 rows of 4 marbles. Rats were placed into a corner
of the cage containing marbles, being careful to place the mouse on
bedding as far from marbles as possible, and place the filter top cover
on the cage. Withhold food and water during the test. Allow rats to
remain in the cage undisturbed for 30 min. Score a marble as buried if
two-thirds of its surface area is covered by bedding. Average scores for
the number of marbles buried for each mouse [11].

Social interaction task

The social preference test was conducted in a rectangular, three-
chambered box (a center compartment of 20 cmx35 cmx35 cm with
a left and aright compartment of 30 cmx35 cmx35 cm) fabricated
from opaque gray polycarbonate. The dividing walls had retractable
doorways allowing access to each chamber. The test rat was placed in
the middle chamber and allowed to explore the entire apparatus for
5 min. Each of the two side chambers contained an empty wire cage.
The wire cages were 10 cm in height, with a bottom diameter of 9 cm
and bars spaced 1 mm apart. A weighted plastic cone was placed on
the top of each cage to prevent climbing by the test rats. Four sets
of wire cages were used during the experiment, and all of the cages
were washed with water and dried properly between each use. For
habituation to the wire cage, each novel pre-pubertal male rat used
in the social interaction test had been previously placed in the wire
cage in the apparatus without the test rat for 5 min on 3 consecutive
days preceding the social test. On the day after the last habituation
session, a test rat was placed in the center compartment and allowed
to explore the entire apparatus for 10 min. An unfamiliar rat was
placed in one of the wire cages located on either side of the social test
box during the 10 min session. A rectangular colored object was placed
in the other wire cage on the other side of the box. The location of the
stranger and the object in the left and right sides of the chamber was
counterbalanced for different animals. Placing the strange rat in a wire
cage prevented direct physical contact between the rats and ensured
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that the social approach was only initiated by the test rat. The time
spent sniffing each wire cage was videorecorded and manually scored
to evaluate the level of preference for the unfamiliar rat as compared
to the object. The entire apparatus was cleaned with water and dried
thoroughly between each tested rat [12].

Open-field test

Open-field behavior is a simple test to evaluate the locomotion and
emotional status of the animals. The apparatus used was a large
rectangular box (100 cmxI00 cm) made up of 40 cm high plywood
walls. The floor consisted of a clean dark plastic material with a
grid painted in white dividing the field into 25 (5x5) equal squares.
[llumination was provided by a 60 W bulb placed 100 cm above the
center of the field. A weak cider vinegar solution (10%) was used to
clean the apparatus before the introduction of each animal. The rat was
placed in one corner of the apparatus, and its behavior was observed
for 5 min [13].

Statistical analysis

Data were presented, in the form of the bar diagram with mean *
standard deviation. All data are analyzed with the SPSS for Windows
statistical package (version 20.0, SPSS Institute Inc., Cary, North
Carolina, USA). Statistical significance between two groups was
determined by paired Student’s t-test, and p<0.05 was considered as
statistically significant.

RESULTS AND DISCUSSION

The scientific understanding of “stress” and its ramifications for
the organism has continually evolved [14].Stress is a global menace
fortified by the advancement of industrialization and elicited by
a variety of factors such as environmental, social, or pathological
phenomenon from life [15]. Stressors have a major influence upon
mood, our sense of well-being, behavior, and health. The actual or
perceived threat to an organism is referred to as the “stressor,” and
the response to the stressor is called the “stress response.” Although
stress responses evolved as adaptive processes, Selye observed
that severe, prolonged stress responses might lead to tissue
damage and disease [16]. Especially, stress initiates a series of
neuronal responses and can lead to the development of behavioral
disorders associated with cognitive impairments, depression, and
anxiety [16].

In this study, T -maze showed that increased latency, number of days
takentothe correctchoiceandreduced correctchoiceincluding, reduced
retention memory in acute noise stress animals when compared to the
control animals (Fig. 1). Acute stress can affect synaptic plasticity and
cognitionbyactingin differentbrainregions. The neuroendocrine stress
cascade, comprising the hypothalamic-pituitary-adrenocortical axis,
begins with the release of adrenocorticotropic hormone in the medial
parvocellular paraventricular nucleus, which travels to the anterior
pituitary, where they can access corticotropes [14]. An increased
concentration of corticosterone in stressed rats accompanied by higher
blood glucose level indicates that stress-induced excess productions
of glucocorticoids affected glucose metabolism [17]. The possible
mechanism is glucocorticoids acts via glucocorticoid receptors and
mineralocorticoid receptor and increases the extracellular glutamate
levels and affect the excitatory transmission. Glucocorticoids were
found as a common mediating mechanism for both the facilitating and
impairing actions of stress in different memory processes and phases.
Among the brain regions implicated, the hippocampus, amygdala,
and prefrontal cortex were highlighted as critical for the mediation
of stress effects [18]. In the hippocampus, stress was systematically
shown to impair long-term potentiation while facilitating long-term
depression [19].

In the hole-board task, the acute noise group showed the increased

head dipping, grooming, rearing, and fecal pellets when compared to
the control animals (Fig. 2). In marble burying task, acute noise stress
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Fig. 3: Marble burying test

animals showed a significantly increased marble burying activity
when compared to control animals (Fig. 3). In social interaction task
with familiar animal, acute noise stress-induced animals showed a
significantly increased time spent in a familiar compartment and
decreased time spent with an unfamiliar animal when compared to
control animals (Fig. 4). The bed nucleus of the stria terminalis and
the amygdala receive projections from the basolateral amygdala (BLA)
and project, in turn, to downstream target areas that mediate many of
the behavioral, autonomic, and electrophysiological consequences of
fear and anxiety. High level of glucocorticoids increases the excitation

of amygdala neurons by decreasing gamma-aminobutyric acid
(GABA) level and also increasing the cytosolic calcium which triggers
cytoarchitecture changes in BLA neurons [20]. And also, increased pro-
inflammatory cytokine TNF-a and corticosterone may contribute to
depression [21]. Earlier studies reported that acute stress, an increase
in anxiety-like behavior, by triggers an increase in spine-density in
principal neurons of the BLA [22]. Social avoidance is a common
symptom in various anxiety disorders, including social anxiety, panic,
and generalized anxiety. Haller reported that single stressors induce
long-lasting social avoidance in rats [23].

In the open-field test, acute noise-exposed animals showed an
increased time spent in peripheral squares when compared to the
control animals which decreased the locomotor activity in acute stress
animals (Fig. 5). Brain regions participate in motor control, such as
motor cortex, cerebellum, and basal ganglia. The dopaminergic system
is a major neurotransmitter involved in movement and locomotion
via the basal ganglia. The cerebellum is known to contribute to motor
control and coordination activity by integrating motor output with
ongoing sensory feedback. During noise, increased dopamine facilitated
that free radical damage in the cerebellum leads to impaired motor
coordination. And also, cerebellar Purkinje cells release inhibitory
neurotransmitter GABA which reduces the transmission of impulses.
Activation of glutamatergic and GABAergic neurotransmission systems
which also alter the motor coordination [1].
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CONCLUSION

Environmental challenges are part of our daily lives. In many instances,
challenges can trigger stress responses in an individual. Noise becomes
a hazard to the physical, mental, and social well-being of an individual
who works in a noisy environment or who is vulnerable to exposure
to noise. The present study revealed that acute noise stress altered the
locomotor, fear and anxiety, learning and memory, social interaction,
and obsessive and compulsive behavior of the rats. This could be linked
to increased corticosterone and may be oxidative stress, which leads to
alter neurotransmitter level, molecular gene expression, and cytokine
level in the brain.
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