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ABSTRACT

Introduction: One of the most important complications of exposure to noises is changes in the gene expression
patterns. Irreversible damage to the inner ear, such as noise-induced hearing loss (NIHL), is caused by tissue
damage and changes in the gene expressions in the auditory system. Changes in the GJB2 gene expression
pattern lead to autosomal deafness at different loci. The present study aims to evaluate the GJB2 gene expression
in cochlear tissue exposed to white noise.

Material and Methods: In this study, ten male Westar rats were divided into two experimental (W, W) groups
of six rats and a control (normal) group of four rats. Two experimental groups were exposed to constant white
noise in the frequency range of 100-20000 Hz and the sound pressure level of 118-120 dB. In order to study the
histology and gene expression, after a cochlea biopsy, the histological tests, RNA extraction, cDNA synthesis, and
gRT-PCR analysis were performed.

Results: The results showed that the transcript level of GJB2 was significantly decreased in both experimental
groups W, and W, by 0.02 and 0.12-fold, respectively (p <0.05). Also, the results of the histological study showed
that cochlear tissue was more seriously damaged in the W, group than W,

Conclusion: It can be concluded that a significant reduction in the GJB2 gene expression and irrevocable
damage to auditory nerve ganglion and Reissner membrane (vestibular membrane) caused changes in the gene
expression patterns in cochlear tissue and developed the risk of non-syndromic sensorineural hearing.
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1. INTRODUCTION

Researches have shown that high-pitched
abnormal ambient sounds can cause irreversible
damage and alter the molecular structure and
gene expression patterns of adult ear tissue. A
few studies have been conducted on the effects of
noise exposure on the expression of genes involved
in hearing impairment. One type of noise with a
range of audible frequencies is white noise located
in the auditory range. This noise could induce
hearing impairment. A study has been performed
by Hsu et al. (2004) to investigate the effects

* Corresponding Author Email: a-garmaroudi@alumnus.tums.ac.ir

Copyright © 2022 The Authors.
Published by Tehran University of Medical Sciences

of acoustic trauma on the connexin 26 (CX26)
protein expression in the dorsal wall of rat cochlear
tissue. Rats were exposed to white noise (4kHz) for
two days. Western blot analysis showed that this
protein expression after exposure to white noise
in the dorsal (posterior) wall of the cochlear tissue
increased significantly, and also the results showed
that the amount of protein 26 (CX26) in spiral
ligament fibrocytes of the dorsal wall in the cochlea
increased. In addition, in the human auditory
system, cochlear tissue and its hair cells are severely
affected by acoustic trauma, resulting in hair cell
death, molecular changes, and gene expression
pattern, or NIHL. Furthermore, in the human
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auditory system, cochlear tissue hair cells are the
most important sensory neuron receptors of sound
when exposed to sounds (white noise). Therefore,
cochlear tissue can be used as an ideal tissue sample
for tissue pathology studying. The present study
aimed at evaluating the GJB2 gene expression in
cochlear tissue exposed to white noise.

2. MATERIAL AND METHODS

In this study, ten male Westar rats were divided
into two experimental groups of six rats and a
control group of four rats. Two experimental
groups were exposed to constant white noise with
a frequency range of 100-20000 Hz and a sound
pressure level of 118-120 dB (8 hours of exposure
per day). Ten rats with specified weight and age
(7-8 weeks, 190-200 g) were placed inside a high-
performance audio chamber. One week before
the exposure, they maintained under controlled
conditions of the experimental environment (12
h light/12 h darkness cycle, temperature of 25 +
2 ° C, and humidity of 45-52%). Then, they were
exposed to noise at a specific time from 10 am to 6
pm, and during the period, the necessary tests were
performed, and water and food were sufficiently
provided to the rats. Exposure to white noise took
place inside a four-cell high-performance audio
chamber measuring 60x52x40 cm’. The sound
transmission loss from inside the chamber to the
outside was 50 dB. The walls of this chamber were
composed of layers of iron sheet, cellulose, air layer,
cellulose, iron sheet, and cellulose, respectively.
Two holes on the chamber walls were used for
ventilation of the chamber. A peripheral blowing
pump with a flow of 70 lit/min was used to supply
enough oxygen for animal samples inside this
chamber. The desired noise level was generated
using an ADOBE AUDITION version 13.0.7 and
distributed using two speakers in each chamber
(6 Q, 20 w). Frequency and sound pressure level
measurements were performed using SPECTRUM
ANALYZER version 5.0.2. The following steps were
taken to determine the GJB2 gene expression: 1)
Histological tests, 2) Designing the primer using
Primer 3 v:0.4.0, 3) Extraction of total cochlear
RNA and ¢DNA synthesis 4) Using the gqRT-PCR
method to determine gene expression. At the first
step, the rats were anesthetized by exposure to
carbon dioxide in a cubic chamber, then the skull
bone was dissected, and the brain of the specimens
was removed. The cochlear tissue, including
the inner ear, located inside the pterygium, was
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removed from the tympanic and temporal sections
of the auditory system using surgical instruments.
The cochlear tissue inside the microtubule for
extract RNA and histological tests were performed
(tissue fixation, alcohol dehydration, clearing with
xylene, impregnation with Paraffin, molding, and
cutting from the samples with a microtome in
thickness of 5-10 pm and painting of hematoxylin
and eosin). Finally, a morphological-pathological
examination was performed on cochlear tissue
using light microscope images at 200 microns.
QRT-PCR products were identified according to
the instructions of the 2X REAL-TIME MASTER
MIX FOR SYBR KIT. First, CT of each sample and
its internal control gene (reference) was obtained
in the experimental and control groups using the
quantitative reverse transcription polymerase chain
reaction (QRT-PCR) technique. Then, to determine
the normalized or relative CT of the gene (ACT)
using EXCELL, ACT of the target gene in the
experimental and control groups was calculated
according to the equation (CT target gene - CT
internal control). Next, to convert the logarithmic
number ACT to linear mode, the calculated ACT
number for each sample was substituted in the
equation 2% and the relative or normalized
GJB2 gene expression for each sample of the
experimental groups as well as the control group
was obtained using equation 2<. Accordingly, the
normalized (relative) gene expression of samples
in each exposure and control group was averaged,
and the calculated number was considered as
the relative expression of the target gene in that
group. Finally, gene expression fold changes, as the
ratio of values for noise-exposed rats relative to
unexposed controls was obtained. Gene expression
fold changes in the control group always equal 1
because the relative gene expression ratio in each
group divided by itself becomes 1. In addition,
primer sequences of the target gene in the qRT-
PCR technique were given in Table 1. Statistical
calculations were performed using Graph Pad
Prism version 9.0.0.121. Relative gene expression
value data are mean + standard deviation and were
normalized to the internal control. The normal
distribution hypothesis for quantitative variables
was evaluated through the Shapiro-Wilk test,
which was considered statistically significant (P <
0.05). Differences between the experimental and
control groups were evaluated via Tukey’s Multiple
Comparison Test, followed by post hoc pairwise
comparisons to determine which differences
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Table 1. Primer sequences of the target gene used in QRT-PCR

Oligo Name Sequences: 5-3 Tm
Forward 5"-TCACTGTCCTCTTCATCTTCCG-3’ 59.51

GIB2 Reverse 5'-CTTCCGTTTCTTTTCGTGTCTC-3’ 57.88
GAPDH Forward 5-AAGTTCAACGGCACAGTCAAGG-3’ 61.58
Reverse 5’-CATACTCAGCACCAGCATCACC-3’ 61.32

g;"

Fig. 1. The cochlear tissue images of exposed rats (B, C) compared to the unexposed rats (A). The tissue was shooted through the he-
matoxylin and eosin staining method. The tissue pathology images show irreversible damage in different sections at both time points
of the exposure (B, C) compared to the non-exposure (A).

Table 2. The mean and standard deviation of relative or normalized GJB2 gene expression

Group Mean Standard Deviation
Wi 0.0005 0.00022
W 0.0027 0.00100
Control 0.0233 0.01383

account for the result of the more inclusive test. In
this study, the sample size and type of exposures
in the tested time-periods, according to the nature
of this study, were obtained experimentally and by
surveying the results of similar studies in this field
of research. The study was done under the principles
of the Ethics Research Committee of the School
of Public Health, Tehran University of Medical
Sciences (Code: IR.TUMS.SPH.REC.1398.220).

3. RESULTS AND DISCUSSION

The results of sound measurements showed
that sound pressure level was uniform in
different parts of the chamber (the difference of
measurements was less than 5%), and all samples
were exposed to white noise by increasing the
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distance of floor surface from the chamber, the
sound pressure level was also increased. Also, the
SPECTRUM ANALYZER software results showed
that the frequency range and produced sound
pressure level in the chamber were quite similar
to the target frequency spectrum and sound
pressure level for the present study. In addition,
results showed that the cochlear tissue and hair
cells of the sample in the W, group indicated
more serious damage than the W, group. Besides,
in the sample of the W, group, the ganglion of the
auditory nerve and the Reissner membrane were
more damaged (Fig. 1). One week and 1 hour after
cessation of noise exposure, the transcript level of
GJB2 was decreased in both W, and W, groups
by 0.02 and 0.12-fold, respectively (Table 2).
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Compared to the W, group, there were significant
differences in gene expression between both W1
(P =0.031) and W2 (P = 0.048) groups.

4. CONCLUSIONS

It was concluded that a significant reduction in
the GJB2 gene expression and irrevocable damage
to auditory nerve ganglion and Reissner membrane
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contributed to changes in the gene expression
patterns in cochlear tissue and developed the risk
of non-syndromic sensorineural hearing.
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