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Abstract:

Noise is defined as a displeasing and unwanted sound. It is one of the most encountered stressor to which mankind is exposed. Frus-

tration, poor reading, impaired hearing and difficulty in problem solving activities are the common consequences of noise stress. It

has been reported to produce atrophy of dendrites and alterations in neurotransmitter levels. Long term exposure to inescapable noise

stress induces exhaustion, defeat, annoyance followed by decreased muscle movement, social contacts and mood changes. The pres-

ent study was aimed to investigate the detrimental effects of noise exposure on behavior of rats and its association with altered neuro-

chemistry. Changes in neurotransmitter levels in different brain regions including hippocampus have been reported following noise

exposure and these changes in neurotransmitters levels have also been associated with altered behavior. In the present study, locomo-

tor activity in rats was assessed by open field test (OFT) while anxiety and depressive behavior was monitored by elevated plus maze

(EPM) and tail suspension (TST) tests. The results showed that 15 days sub-chronic exposure to noise stress induced anxiety and de-

pression like behavior in male rats. These behavioral deficits observed in the present study suggest that an altered brain serotonergic

and dopaminergic activity may be involved in the various psychological disorders following exposure to noise stress.
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Introduction

Sound is an important part of man’s contact with the

environment and has served as a critical means for

survival in evolution [18]. Noise is defined as a dis-

pleasing and unwanted sound. Mankind is exposed to

a number of stressors in the daily routine life and

among them noise is the most encountered stressor,

produced by urban traffic, air crafts, noise from work

environment and house hold appliances [17]. Envi-

ronmental noise induces alterations of different

physiological responses in the exposed individuals

[20]. Frustration, poor reading, impaired hearing and

problem solving activities have been observed in chil-

dren living in noisy areas [3]. It is one of the most

common causes of hearing loss [24]. Noise affects the

neurotransmitter levels in different regions of brain,
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reduces dendritic count, elevates plasma corticoster-

one levels, impairs memory and cognition [1, 12, 14].

Noise stress is also reported to decreases the immune

functions by reducing natural killer cells [10]. Prena-

tal exposure to noise stress in animals results in low

weight birth, impaired cognition and post natal

growth [20]. Even low levels of noise can lead to

health problems such as stress, anxiety, heart diseases

and increased urinary epinephrine levels [7]. Sound

follows two paths in central nervous system (CNS);

one path carries sound to the auditory centre where it

is perceived and interpreted. The other goes to the

deep parts of brain and turns on the autonomic nerv-

ous system and is responsible for the wide range of

monaural effects of noise because it calls into play the

classic fight and flight response to stress, arousal, in-

creased heart rate, blood pressure, muscular contrac-

tion, release of stress related hormones from the adre-

nal glands and subjective excitement and anxiety

[18]. It has also been reported that exposure to loud

tones causes longer immobility and shorter latency to

become immobile in the swim test and act as a potent

depressogenic agent [21]. Chronic exposure to inescap-

able noise stress induces exhaustion; defeat (a condi-

tion when individual gives up mentally) followed by

decreased muscle movement, social contacts and

mood changes [18]. Annoyance is the most prominent

subjective response to noise (an unpleasant emotion

experienced as irritability and is a form of anger re-

lated to the state of individual in a particular social

and environmental context) [26].

Thus, noise is an unavoidable stressor of daily mod-

ern life and a large segment of population is exposed to

high levels of noise. Evidence also shows that repeated

stress produces atrophy of dendrites and alterations in

neurotransmitter levels [14], which may be responsible

for a number of progressive disorders, therefore, the

present study was aimed to investigate the behavioral ef-

fects following exposure to sub-chronic noise stress and

their correlation with the earlier reported alterations in

the biogenic amine levels in the brain of rodents.

Materials and Methods

Animals

Experimental animals were all healthy adult male al-

bino rats of the Wistar strain weighing 180–250 g.

Twelve locally bred male rats purchased from HEJ In-

stitute of Chemistry were used in the study. All ani-

mals were housed individually under a 12 h light-dark

cycle (lights on at 6:00 h) and controlled room tem-

perature (22 ± 2°C) with free access to cubes of stan-

dard rodent diet and tap water for at least 3–4 days be-

fore experimentation so that rodents could adapt

themselves to the new environment. All experiments

were conducted after the approval from Local Animal

Care Ethical Committee.

Experimental protocol

Animals were randomly divided into control and

noise exposed (test) groups. The animals of the test

group were exposed to noise for 4 h daily per day for

15 days [17]. Noise was recorded from the generator

that was amplified by speakers in a separate room.

Speakers were located 30 cm above the cages. The

noise level was set at 100 dB and intensity was meas-

ured by a sound level meter DS102 (range: 80–130 dB,

accuracy: ± 1.5 dB), made in Taiwan. The control

group of rats was kept in the same room for the same

period of time without switching on the noise.

Open field test

The open field test is designed to measure behavioral re-

sponses such as locomotor activity and exploratory behav-

ior. The apparatus for open field test is a square (76 × 76

cm) with opaque walls 42 cm high. The floor is divided

into 25 equal squares. To monitor the activity animals

taken out from their home cages were placed in the central

square of the open field (one at a time). Numbers of

squares crossed with all four paws were counted for 5 min.

Elevated plus maze test

The elevated plus maze is commonly used to assess

anxiety like behavior in laboratory animals [24]. The

apparatus used in the present study consisted of two

open arms (50 × 10 cm) crossed with two closed arms

of the same dimensions with walls 40 cm high. The

arms were connected with a central square (5 × 5 cm)

to give the apparatus a plus sign appearance. The

maze was elevated 60 cm above the floor. To monitor

the activity, rats were individually placed in the cen-

tral square facing an enclosed arm and the time spent

and the number of entries in open arm by the rat was

recorded.

Pharmacological Reports, 2012, 64, 64�69 65

Noise exposure, anxiety and depression
Fizza Naqvi et al.



Tail suspension test

The tail suspension test is most widely used to assess

despair like behavior in rats and was developed by

Steru et al. [22]. The test is based on the fact that ani-

mals subjected to short term, inescapable stress of

being suspended by their tail will develop an immo-

bile posture [4]. The test is usually quite short. Cut off

time being 6 min, and the amount of time the rats

spend immobile is recorded. In the present study the

apparatus consisted of a wooden box painted gray

(54 × 30 × 52 cm) with a hook in the centre of the

ceiling (Fig. 1). Each rat was individually suspended

by the tail from the hook with an adhesive tape.

Statistical analysis

The statistical evaluation was performed by Student’s

t-test. Results are expressed as the mean ± SD; p value

< 0.05 was considered significant.

Results

Effect of noise on locomotion of rats assessed

by open field test

Analysis by Student’s t-test revealed a significantly

(p < 0.01) decreased tendency to move in open field

to explore novel environment by rats exposed to noise

vs. controls as shown in Figure 2.

Effect of noise on anxiety levels assessed by

elevated plus maze test

Figures 3 and 4 show the effect of noise on elevated

plus maze activity of rats. Analysis by Student’s t-test

showed a significant (p < 0.01) decrease in time spent

in open arm and number of entries in open arm in rats

exposed to noise compared to controls.

Effect of noise on duration of immobility

assessed by tail suspension test

Figure 5 shows the effect of noise on behavior of rats in the

tail suspension test. Analysis by Student’s t-test showed a

significant (p < 0.05) increase in immobility time indicat-

ing a depression like behavior in rats exposed to noise

compared to controls. The noise exposed rats exhibited a

12% increase in immobility compared to controls.
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Fig. 1. The apparatus used in the present study for tail suspension test

Open field test
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Fig. 2. Effect of noise stress on locomotion. Results are expressed as
the mean ± SD values (n = 6). Significance of difference was deter-
mined by Student�s t-test. ** p < 0.01 vs. respective controls



Discussion

Noise is the most encountered stressor, produced by ur-

ban traffic, air crafts, from work environment and

house hold appliances [17]. It disrupts the activity or

balance of both human and animal life and causes psy-

chological and physiological or behavioral changes in

people [3]. A noise intensity ranging from 90 to

120 dB is said to affect the CNS [17]. In the present

study a noise intensity of 100 dB was used for 4 h

daily per day for 15 days. This sub-chronic exposure

to noise produced an anxiogenic and depressogenic

like behavior in rats.

Dopamine is a major neurotransmitter involved in

movement and locomotion [2]. Numerous studies

have reported that locomotion in rodents increases

following DA receptor stimulation [15]. On the other

hand, a decrease in concentration of DA and locomo-

tor activity in open field has also been reported after

administration of reserpine [23]. Alterations in brain

DA levels following noise stress have also been re-

ported [17], so the decrease in locomotor activity in

open field following noise stress in the present study

may be due to a decrease in brain DA concentrations.

Following noise exposure increased monoamine turn-

over ratios have also been reported [17].

In addition to movement control, DA also plays an

important role in pathophysiology of depression. Pre-

viously diminished DA neurotransmission in depres-

sive disorders has been reported [6]. In the present

study, exposure to noise increased the immobility

time in tail suspension test indicating depression like

behavior, which is consistent with the previous find-

ing in which exposure to loud tones caused longer im-

mobility in forced swim test [21], so the observed de-

spair or depression like behavior in the present study

may be due to an alteration in DA levels following

noise stress. Evidences also show that chronic noise

exposure induces exhaustion, defeat and decreased

muscle movement [18] that may be associated with

the increased immobility and despair in tail suspen-

sion test.

Anxiety is a psychological, physiological, and be-

havioral state induced in animals and humans by

stress like conditions, characterized by fear, annoy-

ance and neurochemically linked to increased sero-

tonin levels [5, 26]. Previously, changes in 5-HT levels

following noise stress have been reported [17, 19].

Fear is a motivational state aroused by specific stimuli
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Elevated plus maze test
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Fig. 3. Effect of noise stress on number of enteries in open arm. Re-
sults are expressed as the mean ± SD values (n = 6). Significance of
difference was determined by Student�s t-test; ** p < 0.01 vs. respec-
tive controls
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Fig. 4. Effect of noise stress on time spent in open arm. Results are
expressed as the mean ± SD values (n = 6). Significance of differ-
ence was determined by Student�s t-test; ** p < 0.01 vs. respective
controls
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Fig. 5. Effects of noise stress on duration of immobility. Results are
expressed as the mean ± SD values (n = 6). Significance of differ-
ence was determined by Student�s t-test; * p < 0.05 vs. respective
controls



that give rise to defensive behavior or escape [13].

Apart from serotonin, role of dopamine in patho-

physiology of anxiety and fear conditioning is also

well established. Treatment with antagonists of D2 re-

ceptor produces anxiogenic behavior in rodents [25].

Increased anxiety due to reduced dopamine activity

following unpredictable prenatal stress has also been

reported [8]. Functional changes due to the hypersen-

sitive nicotinic receptors on dopaminergic neurons in

the a4 heterozygotes may also contribute to increased

anxiety [11].

In the present study, exposure to noise stress pre-

cipitated anxiety and defensive behavior in rats ob-

served by the decreased time spent and number of en-

tries in the open arm of elevated plus maze. This may

be attributed to increased brain serotonin levels and de-

creased dopamine levels following sub-chronic noise

exposure. Earlier studies have reported increased brain

5-HT levels following exposure to stress [9, 16, 17].

Conclusion

Noise is a displeasing, unwanted sound that induces

alterations of different physiological responses and af-

fects the CNS. Our findings suggest that behavioral

deficits observed in present study in rats following

sub-chronic exposure to noise may be attributed to an

altered brain serotonergic and dopaminergic neuro-

transmission that may result in various psychological

disorders.
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