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ABSTRACT:

Noise pollution is considered a stressful biological factor which can be
hazardous for the health. Noise stress stimulates the hypothalamus-pituitary-
adrenal axis (HPA). Acute and chronic stress increase such stress hormones as
epinephrine, norepinephrine and cortisol. The purpose of this research is to
determine the neurotransmitter levels. (dopamine (DA), norepinephrine (NE),
serotonin (5-HT)) and microRNA-7a and -34c in serum and hypothalamus
tissue of rats exposed to different powers of noise. To achieve this aim, 40
adult albino male rats were grouped in to 4 groups (10 rats each). Group | (GI)
represented the control group and the test groups (GlI, GlIl and GIV) were
exposed to different powers of noise at 85 dB, 100 dB and 135 dB respectively
for 4 hours/day from 7a.m - 11a.m. for 15 days. The results of the research
indicated that noise exposure led to a significant increase in serum level of NE
in the tested groups and also increase in the relative expression of microRNA-
34c in hypothalamus tissue in (GIV) at 135 which can lead to activation of
(fight-flight) response. Also led to significant reduction in levels of
neurotransmitter DA in serum in the tested groups and reduction in
neurotransmitter 5-HT levels in serum in (GI1I) and (GIV) at 100 dB and 135
dB respectively and also reduction in the relative expression of microRNA-7a
in hypothalamus tissue in (GIV) at 135dB. Noise exposure as a potent stressor
caused a decrease in serum levels of neurotransmitters and a reduction in the
relative expression of microRNA-7a in hypothalamus tissue that may lead to
disorders in the function of HPA axis and the release of hormones.

Keywords: Noise Stress, Neurotransmitters, Hypothalamus, microRNA-7a,
microRNA-34c.

1. INTRODUCTION

Noise is the unwanted and harmful
levels of sound. Sound is a form of
mechanical wave and is regarded as an
essential instrument for communication
W The best-known unit of sound
evaluation is the decibel (dB) @.
Hearing impairment due to noise may be
caused by a one-time exposure to an
extreme sound of impulses such as (gun
fire) or by long-term exposure or steady
state exposure to sound pressure levels
more than 75-85 dB, e.g., in industrial
settings . Both acute and chronic noise

stress at levels higher than 90 dB may
be associated with a disorder in the
brain's dopaminergic and serotonergic
systems, which may result in anxiety
and depression . The World Health
Organization (WHO) reports that sound
levels of less than 70 dB are not
detrimental to living things, regardless
of how long or consistently they are
exposed. Over eight hours of exposure
to strong noise levels exceeding 85 dB
may be detrimental.

The ability of the brain to cope and

differentiate between several levels of
noise in response to stress is explained
by adaptive plasticity mediated through
the hypothalamic-pituitary-
adrenocortical  axis  (HPA) and
sympathetic-adrenal-medullary axis
(SAM) axis, as the modifications that
occur in the function and structure are
modulated by neurotransmitters and
endocrine hormones interaction .
Noise exposure exerts its effect on HPA
and the limbic system through the
auditory system ©®.The hypothalamus
consists of a cluster of small crucial
nuclei, which are distinct cell groupings
that are often localized by tissue in the
diencephalon, which is located directly
beneath the thalamus .

The Noise exposure activates the HPA
and SAM leading to increased adrenal
gland secretions such as cortisol and
catecholamines ©.Catecholamines are
classified in to Norepinephrine (NE),
epinephrine and dopamine (DA) 2.
Catecholamines are hormones and
neurotransmitters that play a crucial
role to the autonomic nervous system's
mechanism that helps to preserve
homeostasis “Y.NE is formed in the
brain in nuclei that are small but have
powerful effects on other areas of the
brain. NE reaches far higher levels in
situations of stress increases excitement
and alertness in the brain, stimulates
resilience, improves memory
development and retrieval, and focuses
attention in the so-called fight-or-flight
response  ***¥ Chronic noise stress
exposure induces the SAM system by
sensitizing the cortex to the action of the
corticotrophin releasing hormone and
activates the cortex directly as well, and
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triggers fight-or-flight response to respond to stress resulting
in nervous, hormonal and vascular changes that have far-
reaching effects (14-15).Dopamine controls cognition,
memory, attention, emotional behavior, and also controls the
hypothalamic pituitary endocrine system (16). Dopamine
concentration changes under chronic stress results in loss of
pleasure and lack of motivation (17).Serotonin (5-HT)
participates in hypothalamic control of pituitary secretion,
particularly in the regulation of adreno-corticotropin hormone
(ACTH) (18). Under chronic stress changes in serotonin
concentration occur in many brain regions (19).

MicroRNAs are important regulators for gene expression in
mammals’ brain, they are small non-coding (20-24
nucleotides) single stranded highly conserved RNAs 9
They direct RNA induced silencing complex to
complementary sites on mRNA targets, to repress the
translational process and/or degrade the microRNA in the
brain @Y. The brain expresses an estimated 70% of
mammalian miRNAs, and defects in miRNA formation
impair neuronal growth, efficiency. and lifespan 2.
Abnormal expression of miRNAs can lead to several
neuropsychiatric disorders ©®. Stress cause alteration in
microRNAs function and alter neurotransmission and gene
regulation ®” .Micro RNA-7a expressed in the rat arcuate
nucleus and paraventricular nuclei at especially high levels
@) MiR-7a is co-expressed in both invertebrate and
vertebrate organisms and is thought to be a prototypical
neuro-endocrine mMiRNA ©® Stress-related microRNA-34c,
which rises in response to stress and reduces anxiety-like
behavior, has resulted to a hypothesis that the hypothalamus's
production of miR-34c may be a unique regulator of stress
response®?®. The present work aimed to is to evaluate the
neurotransmitter concentrations(DA, NE, and 5-HT) and
microRNA-7a and -34c in serum and hypothalamus tissue of
rats exposed to different powers of noise.

2. Materials and Methods

Experimental animals;

Animals used in the research are all wholesome adult male
albino rats of the Wistar strain weighing 180-220 gram. The
study included forty male albino rats. All animals were kept
individually with a 12-hr. light-dark cycle and regulated room
temperature (22 + 2 °C) with free access to standard rodent
diet and tap water for at least one week before
experimentation so that rodents could acclimate to their new
surroundings.

Ethical statement;

The current protocol was approved by Alexandria University-
Institutional Animal Care and Use Committee (AlexU-
IACUC, Approval number: AU01222123111). All
experiments fulfilled the guidelines of the National Institutes
of Health guide for the care and use of laboratory animals
(NIH Publications No. 8023, revised 1978) and the
recommendations of Egypt’s guide for the care and use of
laboratory animals. Rats were kept as relaxed as possible
throughout the experiment by following standard operating
procedures and best practices for routine tasks, such as blood
sampling, providing a steady supply of food and water, and
cleaning the rats' cages at the same time. These actions can
significantly enhance the welfare of the animals.
Experimental design;

Animals were split up into four groups (10 rats each), control
group 1 (GI) and three test groups GII, GIII and GIV. Test
groups were exposed to noise at 85 dB, 100 dB and 135 dB
respectively. The rats in noise-exposed groups were kept in
their anechoic chamber ©® in the room of experimental
animal’s laboratory for 15 days for 4 hours/day from 7 a.m.
to 11 a.m. and were exposed to workplace noise by using
computer-operated speakers’ system. The level of noise was
measured by a sound meter. At the same duration, the control
group (GI) was housed in the exact same room without
having the noise device turned on.

Biochemical investigations;

Immediately after noise exposure, the test groups (GII, GIII,
and GIV) and control animals were sacrificed under deep
anesthesia using Isoflurane to obtain blood and hypothalamus
tissues. All the experimental procedures were carried out in
the morning to avoid the influence of circulation fluctuation.
Serum was separated by centrifugation and the hypothalamus
tissue was dissected from the brain and stored at -80°C.
Determination of serotonin (S5HT) and dopamine levels in
serum:

As indicated in the modification of the methodology of
Schlumpf et al, ? this methodology is based on extraction of
monoamines by acidified butane treatment of the extract with
a sensitive indicator o-phthaldialdehyde (OPT) 20 mg% will
form fluorescent compound with serotonin which was
measured at excitation wavelength of 360 nm and emission
wavelength of 470 nm in the Spectro-fluorophotometer.
Treatment of another portion of the extract with iodine in a
weak acid medium result in reaction products which
isomerize in alkaline medium in the Spectro-
fluorophotometer at excitation wavelength of 330 nm and
emission wavelength of 375 nm to measure dopamine.
Determination of Norepinephrine:

The concentration of NE in serum samples was determined
by using a specific rat ELISA kit (life Span Bioscience USA)
in compliance with the manufacturer's recommendations ©?.
Using Lowry's technique, the total protein concentration was
calculated.

Gene expression analysis;

Thirty mg of the hypothalamus tissues were used for total
RNA and miRNA extraction using the miRNeasy Mini Kit
(Qiagen, Germany) according to the manufacturer’s
instructions and the concentration and integrity of extracted
RNA were checked using nanodrop. The reverse transcription
of the extracted RNA was performed using Reverse
transcription (RT) by TOPscript™ RT DryMIX kit
(dT18/dN6 plus) (Enzynomics, Korea) according to the
manufacturer’s instructions. Using the QuantiNovaTM
SYBR® Green PCR Kit (Qiagen, Germany) and CFX
MaestroTM Software (Bio-Rad, USA), the tissue expression
of miR-34c and miR-7a was quantified in the cDNA. The
conditions for the quantitative PCR amplification were set up
as an initial denaturation at 95 °C for 10 min, followed by 45
cycles of PCR for amplification: denaturation at 95 °C for 20
s, annealing at 55 °C for 20 s, and extension at 70 °C for 15 s.
The housekeeping gene SNORDG68 was used as a reference
gene for miRNAs, and the relative change in miRNA
expression in samples was calculated using the 2“4
method.
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3. RESULTS

Serum Serotonin Levels (ug/ml)

The presented data indicated a statistically significant

reduction in serum serotonin levels in GlIl and GIV in

contrast to the control group and there is also a statistically

significant decrease in serum serotonin levels in GlIl and
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GIV when compared to GIl. Moreover, there was a
statistically insignificant reduction in serum serotonin levels
in GIl when in contrast to the control group GI, also there
was a statistically insignificant decrease in serum serotonin
levels between Gll & GlII and between GlIl &GIV(Figurel)

[ T ]

Control (GI) 83db (GII) 100db (GIII) 135db (GIV)
Figure (1):Serum serotonin levels (ug/ml) in the control rats and rats exposed to different powers of noise.Data are
presented as mean £ SD and n = 10. *: Statistically significant compared with control group at p < 0.05 by ANOVA test,

followed by Post Hoc Test (Tukey)

Serum Dopamine Levels (ug/ml)

The current research data showed a statistically significant
reduction in dopamine levels in the serum of tested groups as
in contrast to the control group. Also, there was a statistically

GIV in contrast to Gll, and a statistically significant decrease
in its serum levels in group GIV in contrast to Glll. On the
other hand, the data showed a statistically insignificant
reduction in serum dopamine levels between GlII and GIV.

significant reduction in serum dopamine levels in Glll and  (Figure 2)
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Figure (2): Serum dopamine (pg/ml) in the control rats and rats exposed to different powers of noise.Data are presented
as mean + SD and n = 10. *: Statistically significant compared with control group at p < 0.05 by ANOVA test, followed by
Post Hoc Test (Tukey)

Serum Norepinephrine Levels (pa/ml)

The data indicated a statistically significant increase in serum
norepinephrine levels in the tested groups in contrast to the
control. There was a statistically significant increase in serum

norepinephrine levels in GlIl and GIV in contrast to Gll and
a statistically significant increase in its serum levels in GIV
in contrast to GIII. (Figure 3).
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Figure (3): Serum Norepinephrine levels (pg/ml) in the control rats and rats exposed to different powers of noise.Data
are presented as mean £ SD and n = 10. *: Statistically significant compared with control group at p < 0.05 by ANOVA test,

followed by Post Hoc Test (Tukey)

Relative Expression of Hypothalamus miR-34c

The current study indicated a statistically significant increase
(Upregulation) in relative expression of miR-34c in
hypothalamus tissues between GIV and the control group Gl.

On the other hand, there was a statistically insignificant
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increase  in  the relative  expression  ofmiR-34c
inhypothalamustissues of GII and GIII in contrast to the
control group Gl. Also, there was a statistically insignificant
increase in the relative expression of miR-34c between Gl &
GlII. (Figure 4)

i .

100db (GIIT) 135db (GIV)

Figure (4): Relative expression of miR-34c in the control rats and rats exposed to different powers of noise.Data are
presented as mean £ SD and n = 10. *: Statistically significant compared with control group at p < 0.05 by ANOVA test,

followed by Post Hoc Test (Tukey)

Relative Expression of Hypothalamus miR-7a

There was a  statistically  significant  decrease
(Downregulation) in relative expression of miR-7a
inhypothalamus tissues of GIV compared to the control group

GI. The data indicated a statistically insignificant decrease in
the relative expression of miR-7a in hypothalamus tissues of
Gll and GlII in contrast to the control group Gl, also this was
observed between GlI, Glll and GIV. (Figure 5).
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Figure (5): Relative expression of miR-7a in the control rats and rats exposed to different powers of noise.Data are
presented as mean £ SD and n = 10. *: Statistically significant compared with control group at p < 0.05 by ANOVA test,

followed by Post Hoc Test (Tukey)

Correlation Studies

The correlation studies between hypothalamic expression of
microRNA-7a or microRNA-34c and serum
neurotransmittersshowed that: microRNA-7a significantlyand
negatively correlated with serum level of NE (p <0.001, r = -

0.378, Figure 6A). on the other hand, microRNA-34c
showed positive correlation with serum NE (r = 0.662, p
<0.001, Figure 6B) and significant negative correlation with
serum dopamine (r=-0.520, p = 0.003, Figure 6C) and
serotonin (r=-0.425, p=0.019, Figure 6D).
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Figure (6): Correlation between hypothalamic expression of microRNA-7a or microRNA-34c and serum

neurotransmitters.
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4. Discussion

Noise increase stress hormone such as epinephrine,
norepinephrine and cortisol as it is a stressful biological
factor that stimulates HPA and hypothalamus gonadal adrenal
axis (HGA) which are closely regulated in regulating
reproduction ©®Y. As the HPA axis can modulate the
responsiveness of the auditory system and be activated by
acoustic stress, noise can trigger physiological stress ¢#%%,
The effects of noise stress are subtle and gradual rather than
abrupt and disastrous. Noise-induced sickness may result
from interactions between physiological systems that battle
noise and mechanisms that cause noise stress®.

After receiving multiple signals from various brain regions,
the hypothalamus releases hormones that either release or
inhibit the function of the thyroid, adrenal glands, or
reproductive organs. These hormones then act on the pituitary
gland to regulate development, fluid balance, and milk
production ©®. Severe stressful situations such as noise
pollution are in charge of the etiopathogenesis of many
psychosomatic illnesses. Different physiological mediators
work together to regulate homeostasis by communicating
with receptors located at distinct physiological levels and the
neurotransmitter's functional identity under extreme stress.
There are numerous processes that take place in between a
stressful input and the body's ensuing reactions. Both the
central and autonomic nervous systems are involved in a
range of neurochemical reactions throughout these activities
®8) The result of the present research showed that noise
exposure for four hours per day for 15 days at increasing
intensities of 85 dB, 100 dB and 135 dB caused significant
reduction in the levels of serum dopamine and serotonin in
contrast to the control group. These changes might cause
dysregulated day-night rhythm, lack of reward feelings,
disturbed eating, sex and disturbed cognitive functions. These
adverse effects of noise exposure were observed in a study by
Bao and Swaab®). Rats subjected to noise for 30 days
showed a drop in brain biogenic amines, according to another
study ®®. Chronic and acute noise stress exposure exceeding
90 dB is linked to dopaminergic and serotonergic system
imbalances in the brain, which can lead to anxiety and
depression. Also, after chronic noise exposure above 100 dB,
despair longer immobility activity, reduced muscle
movement and exhaustion were observed due to changes in
dopamine and serotonin concentrations in rats’ model
39 Chronic stress was found to influence the distribution of
serotonin in the brain and can also alter the body temperature
regulated by the medial preoptic area of the hypothalamus
(mPOA) as the exposure to chronic stress decreases serotonin
in the mPOA region contributing to long-lasting
thermoregulatory malfunction “.

The result of the present research showed that noise exposure
caused significant increase in serum NE levels compared to
the control group. NE affects how an organism reacts to
stress as it increases the brain's capability to cope with stress.
It was found that chronic noise exposure leads to trigger the
"fight or flight" responses by disrupting the homeostasis by
dysregulating the APA axis and SAM axis “?. Adrenal gland
activation allows epinephrine to be released, and NE allows
the body to elevate its heart rate, blood pressure and The rate
of breathing “?.The stimulation of HPA axis with the plasma

glucocorticoid levels that serves as the end point of that
activation is considered as the hallmark of stress also the
release of brain NE considered as the hallmark of stress as it
is induced by many of the same challenges in parallel with
the HPA axis “?. NE is a crucial neurotransmitter that is
involved in signaling stress. It was reported that stressors
from multiple causes stimulate the noradrenergic brain
system, leading to increased release of NE from the terminal
region of noradrenergic nerves, leading to a decrease in NE
levels in the brain “».Chronic stress exposure was found to
cause an inverse relationship between NE and dopamine
levels, tumor growth in rats, and reduced serotonin in the rat
hypothalamus but not the mouse hypothalamus. This is
because stress causes distinct changes in  brain
monoaminergic neurotransmission that vary depending on the
species of rodent and mouse. This could result in various
stress-induced consequences on the body's ability to
reproduce, grow, build immunity, and become detoxicated“®.
MicroRNAs are widely expressed in neurons in brain and
defenders of cellular homeostasis together with transcription
factors and protein partners, control stress responses Also
they function as regulators biological mechanisms such as
atherosclerosis and glucose metabolism “**”) The relation
between relative expression of MicroRNA-7a and noise
pollution was first studied here in, observing that when rats
were exposed to noise stress 135 dB for 4 hours/day for 15
days, there was a significant reduction in miR-7a relative
expression in the hypothalamus tissue. In order to provide an
appropriate response, the hypothalamus integrates signals
from other brain regions as well as environmental, hormonal,
and neuronal signals from the periphery. Xu Y. et al
indicated that stress and the ensuing hyperactivity of the HPA
axis in the hypothalamus may be the most important
etiological risk factor for the onset of depression.
Additionally, altered hypothalamic miRNAs during stress
have been observed“®).

The significant role of microRNA-7a in the regulation of
neurotransmitters is evident in the present research by
correlation study which indicated negative correlation
between microRNA-7a and serum level of NE. MicroRNA-7
familyare highly conserved in pituitary gland, hypothalamus
and pancreatic cells “. In secondary ischemic brain damage,
it was found that miRNA-7 level reduced after cerebral
ischemia’ Reduced abundance of miRNA-7 in cancer and
Parkinson disease contribute to the neuro degeneration that
appear in the disease, so it was reported that miRNA-7
ameliorates cellular stress ©%.microRNA-34 is another
important microRNA in CNS, three groups of the
MicroRNA-34 family are miRNA-34a, miRNA-34b, and
miRNA-34c. Due to their synergistic effect with the tumor
suppressor p53, they are dysregulated and considered as a
tumor suppressive miRNA under stress such as cancer.
MiRNA-34a has a special transcript and is located in
chromosome 1p36.22, while the other two miRNA-34b and
miRNA-34c have a similar transcript located in chromosome
1123.11.11®Y. In response to cellular stress, the
transcription factor p53 activates the miRNA-34 family genes
®2 The result of the present research showed that noise
exposure for 4 hours/day for 15 days at increasing intensities
of 85 dB, 100 dB and 135 dB caused significant increase in
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the relative expression of miRNA-34c in the hypothalamus
tissue in the group exposed to 135 dB of rats compared to the
control group. Researchers found that miR-34c increases
under chronic stress ®®. It was suggested a role of miRNA-
34a and miRNA-34c in antibiotic-induced autotoxicity in
dose dependent manner in cochlear cells ®*. The primary
factor contributing to age-related hearing loss, or the
progressive loss of hearing that comes with aging, is the
deterioration of the organ of caused by alterations of miRNA-
29 and miRNA-34 families. These miRNAs control pro-
apoptotic pathways, as miR-34 exhibits a significant
stimulator in mice during ageing to increase cochlea, auditory
cortex and plasma®. The microRNA-34c has important role
in the regulation of neurotransmitters as indicated by negative
correlation between microRNA-34c expression and serum
level of serotonin and dopamine and positive correlation with
NE®®),

5. Conclusion

Noise exposure is a powerfulCNS stressor caused a reduction
in serum levels of serotonin and dopamine and caused
marked elevation of NE. It also suppressed the relative
expression of microRNA-7a and induced the expression of
microRNA-34c in hypothalamus tissue. These may
dysregulate the function of HPA axis and the release of
hormones.

Data availability; All data available upon your request to the
corresponding author.
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