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Abstract: Evidence suggests that damage to the ribbon synapses (RS) may be the main cause of auditory dysfunc-
tion in noise-induced hearing loss (NIHL). Oxidative stress is implicated in the pathophysiology of synaptic damage.
However, the relationship between oxidative stress and RS damage in NIHL remains unclear. To investigate the hy-
pothesis that noise-induced oxidative stress is a key factor in synaptic damage within the inner ear, we conducted a
study using mice subjected to single or repeated noise exposure (NE). We assessed auditory function using auditory
brainstem response (ABR) test and examined cochlear morphology by immunofluorescence staining. The results
showed that mice that experienced a single NE exhibited a threshold shift and recovered within two weeks. The
ABR wave | latencies were prolonged, and the amplitudes decreased, suggesting RS dysfunction. These changes
were also demonstrated by the loss of RS as evidenced by immunofluorescence staining. However, we observed
threshold shifts that did not return to baseline levels following secondary NE. Additionally, ABR wave | latencies and
amplitudes exhibited notable changes. Immunofluorescence staining indicated not only severe damage to RS but
also loss of outer hair cells. We also noted decreased T-AOC, ATP, and mitochondrial membrane potential levels,
alongside increased hydrogen peroxide concentrations post-NE. Furthermore, the expression levels of 4-HNE and
8-OHdG in the cochlea were notably elevated. Collectively, our findings suggest that the production of reactive oxy-
gen species leads to oxidative damage in the cochlea. This mitochondrial dysfunction consequently contributes to
the loss of RS, precipitating an early onset of NIHL.

Keywords: Noise-induced hearing loss, mitochondrial dysfunction, reactive oxygen species, oxidative stress, rib-
bon synapses

Introduction

Recent reports suggest that approximately
one-fifth of the global population experiences
varying degrees of hearing loss, making deaf-
ness the third-most prevalent disabling health
condition [1, 2]. Noise exposure (NE) is one of
the main causes of hearing loss. Earlier studies
generally accepted that hearing loss is directly
caused by high-intensity noise stimulation,
which damages sensory hair cells (HCs) [3, 4].
However, recent studies have found that mod-
erate NE can also lead to a temporary hearing
threshold shift (TTS) and a decline in speech
recognition rates, which affects the patients’
quality of life [5]. Due to individual variability

and the complexity of noise, the underlying
mechanisms of noise-induced hearing loss
(NIHL) warrent further exploration.

Hearing production relies on the vibration of the
cochlear membrane and the associated poten-
tial changes. As the principal acoustic receptor,
the cochlea’s functionality is crucial for hearing
formation. NE impacts the cochlea through two
primary mechanisms, as follows. 1) Mechanical
Damage: Sound vibration drives the tectorial
membrane and HCs to oscillate. However, pro-
longed high-intensity noise can disrupt this
arrangement, leading to the detachment of
the organ of Corti and irreversible damage to
the inner ear’s structure [6, 7]. 2) Metabolic
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Impairment: In eukaryotes, mitochondria are
central to aerobic respiration, consuming oxy-
gen to produce ATP. Despite this process’s effi-
ciency, it invariably generates reactive oxygen
species (ROS) such as peroxides, superoxide,
and hydroxyl radicals that are produced contin-
uously along the electron transport chain.
These ROS can induce oxidative stress and
mitochondrial dysfunction [8, 9]. Studies have
shown that ROS-induced DNA damage acceler-
ates cochlear cellular senescence and contrib-
utes to age-related hearing loss (ARHL) [10].
Additionally, ototoxic drug use may exacerbate
ROS production, leading to HC death [11].
Furthermore, HCs in the cochlea of animals
lacking antioxidant enzymes are more suscep-
tible to NE [12]. All the examples above suggest
that the accumulation of ROS is associated
with the development of sensorineural hearing
loss.

Conversely, recent insights challenge the long-
held belief that HCs are the most vulnerable
structures in the cochlea. It is now understood
that synaptic connections between inner hair
cells (IHCs) and cochlear nerve fibers are more
susceptible to early disruption before hearing
loss onset [13, 14]. NE triggers excessive gluta-
mate release in the synaptic cleft, causing glu-
tamate excitotoxicity. The correlation between
synapse numbers and mitochondrial density
highlights the critical role of mitochondria in
maintaining ribbon synapses (RS) functionality.
Evidence suggests cochlear RS damage as an
early contributor to ARHL [15, 16]. Additionally,
prolonged or frequent exposure to moderate
noise also damages the RS [17, 18]. While there
is no direct evidence linking ROS to the loss of
RS, studies show a significant decrease in
cochlear mitochondrial membrane potential
(MMP) with increased ROS production in hydro-
gen peroxide (H,0,)-treated cochlear samples,
accompanied by RS loss and HC apoptosis
[19]. Antioxidants have also been used to pre-
vent damage in various models of hearing loss
[20, 21]. Therefore, it is reasonable to presume
that ROS-induced oxidative mitochondrial dam-
age is associated with the loss of RS, which
also aids in the development of NIHL.

Considering the important role of mitochondrial
dysfunction in NIHL development, we aimed to
investigate whether noise-induced oxidative
stress is a key factor in synaptic damage within
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the inner ear. To prove this conjecture, we per-
formed mice to single or repeated NE and
assayed oxidative stress-related indicators,
thus further investigating the relationship
between ROS and NIHL.

Methods
Animals and NE

Six-week-old male C57BL/6J mice were ob-
tained from the Experimental Animal Center of
Capital Medical University (Beijing, China). All
the mice were housed and bred in a 12 h dark
and quiet environment, with a maximum of 5
mice per cage, and were allowed to eat and
drink freely. After excluding abnormal mice in
the primary hearing test, mice were placed
in the middle of two opposite speakers in a
soundproof chamber and exposed to 100 dB
sound pressure level (SPL) broadband white
noise for 2 h. The XTi4002, CROWN amplifiers
(Harman, Elkhart, IN) were connected to the
mixer and the sound was edited and synthe-
sized by Cool Edit Pro software (Adobe Sys-
tems, San Jose, CA). Two weeks after that, half
of those mice went through another NE with the
same condition (Figure 1A). Age-matched con-
trol group mice were kept in silence during this
study and all the protocols were approved by
the Committee on the Ethics of Animal
Experiments of Capital Medical University.

Auditory brainstem response (ABR) test

The auditory function of mice was evaluated on
the following three time points: post-exposure
day 1, post-exposure day 14, and 2 weeks
after the second NE. Before testing, mice were
anesthetized by intraperitoneal injection of a
ketamine (100 mg/kg) and xylazine (10 mg/
kg) mixture and were placed in a soundproof
chamber. A reference electrode was inserted
into the mastoid of the ear to be tested, the
recording electrode was inserted under the
skin in the middle of the cranial top, and the
ground electrode was inserted behind the mas-
toid of the opposite ear. ABR responses were
measured with click and a tone burst stimulus
at frequencies of 4, 8, 16, and 32 kHz with
the TDT System 3 (Tucker-Davis Technologies,
Alachua, FL, USA). Acoustic stimuli were initially
presented at 90 dB SPL and decremented in 5
dB SPL steps to approximately 5 dB SPL below
the threshold. The threshold was defined as the
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Figure 1. Noise exposure (NE) causes a negative effect on auditory function in mice. A. NE protocol. During the
course of the experiment, mice were given frequent exposure to 100 dB SPL white noise for 2 hours at each point
marked in the image. ABR tests were performed within 24 hours or 2 weeks after each NE. B-F. ABR thresholds
change at Click, 4 k, 8 k, 16 k, and 32 kHz frequencies. Compared with the control group, mice showed a significant
hearing threshold shift after NE at all frequencies, with hearing recovery after two weeks. However, after a second
NE, the hearing threshold could not return to normal levels. G. Analysis of ABR wave | latencies changes after NE
at each frequency. Compared with the control group, the wave | lantencies were significantly prolonged at each
frequency within 24 h or 2 weeks after single or repeated NE. H. Analysis of ABR wave | amplitudes changes after
NE at each frequency. Compared with the control group, a significant decrease in wave | amplitudes were shown at
each frequency within 24 h or 2 weeks after single or repeated NE. *P < 0.05; **P < 0.01 versus the control group.
NE, noise exposure; ABR, auditory brainstem response.

lowest intensity of stimulation that yielded a (EDTA) for 2 h, structures such as the cochlea
repeatable waveform based on an identifiable shells and capping membranes were carefully
ABR wave. The latencies and amplitudes of removed under the microscope. The remaining
wave | at 90 dB SPL were recorded. All of the basilar membranes were divided into three
above tests and hearing assessments were turns (apical, middle, and basal) for the next
done by the same person. staining.
Cochlear tissue preparation For frozen section staining, cochleae were
decalcified with 10% EDTA for 48 h after being
For basement membrane pavement staining, fixed overnight with 4% paraformaldehyde at
mice were sacrificed by spinal dislocation un- 4°C. The prepared samples were then dehy-
der anesthesia. Cochlear tissue was rapidly drated in a 30% sucrose solution at 4°C for 30
removed into the 4% paraformaldehyde at 4°C minutes and embedded in an optimal cutting
for overnight fixation after removing excessive temperature compound. Finally, the samples
tissue under a microscope. After decalcifica- were sectioned at a thickness of 10 um using a
tion in 10% ethylenediaminetetraacetic acid Leica Cryostat (Germany).
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Immunostaining protocols

Prepared samples were incubated with 5% nor-
mal goat serum (ZSGB-BIO, Beijing, China) and
0.3% Triton X-100 (Sigma-Aldrich, St. Louis,
MO) in phosphate-buffered saline for 2 h at
room temperature. The corresponding primary
and secondary antibodies were subsequently
incubated.

For basement membrane pavement staining,
the primary antibodies were as follows: rabbit
anti-Myosin  Vlla (diluted 1:300; Proteus
Biosciences, NJ, USA); mouse anti-C-terminal
binding protein 2 (CtBP2, diluted 1:300; BD
Biosciences, NJ, USA). After washing with PBS
three times on the following day, samples were
incubated with goat anti-rabbit IgG (H+L) Alexa
Fluor 647 (diluted 1:300, Invitrogen, CA, USA)
and goat anti-mouse IgG1l Alexa Fluor 568
(diluted 1:300, Invitrogen, CA, USA) secondary
antibodies for 2 h in darkness.

For frozen section staining, the primary anti-
bodies were as follows: mouse anti-4 hydroxy-
nonenal (4-HNE, diluted 1:200; Abcam, Cam-
bridge, UK); mouse anti-8-hydroxy-2’-deoxy-
guanosine (8-OHdG, diluted 1:300; Abcam,
Cambridge, UK); mouse anti-B-Tubulin Il IgG2a
(diluted 1:300; Abcam, Cambridge, UK); rabbit
anti-Myosin Vlla (diluted 1:300; Proteus Bio-
sciences, NJ, USA). The secondary antibodies
used were goat anti-mouse IgG1l Alexa Fluor
568 (diluted 1:300, Invitrogen, CA, USA) and
goat anti-rabbit 1gG Alexa Fluor 647 (diluted
1:300, Invitrogen, CA, USA).

All the samples were added a drop of 4,
6-diamidino-2-phe-nylindole (DAPI) before be-
ing observed under a Leica scanning laser con-
focal microscope. The fluorescence intensity of
8-OHdG and 4-HNE were measured with the
Image J software.

HCs, spiral ganglion cells (SGCs), and syn-
apses counting

The basilar membranes were divided into three
turns (apical, middle, and basal). The numbers
of OHCs, IHCs, and RS in each turn were count-
ed separately and compared with the control
group. We analyzed the number and propor-
tion of lost HCs under the x63 oil immersion
objective lens. Images were scanned at 0.5
pm/layer intervals from the top to the bottom of
the IHCs. Myosin Vlla (grey) was used to identi-
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fy IHCs and CtBP2 (red) was used to label RS.
The total number of synapses in each turn was
counted for a total of about 10 IHCs, and the
average was then determined. We also us-
ed frozen section samples to calculate the
number of SGCs. Images were scanned at 1
um/layer intervals by laser confocal micro-
scope. B-Tubulin Il (green) was used to identify
SGCs and every SGC in the visual field was
counted.

H.,0,, total antioxidant capacity (T-AOC), and

272

ATP assay

Cochlear tissue samples were added to the
appropriate reagents according to the manu-
facturer and centrifuged at 12,000 xg for 5
min at 4°C. Supernatant was taken for subse-
quent determination. Protein concentrations
were determined by Pierce™ BCA Protein As-
say Kit (Thermo, MA, USA). H,O, and T-AOC
were then assayed by a Hydrogen Peroxide
Assay Kit (Beyotime, Shanghai, China) and a
T-AOC Assay Kit (Beyotime, Shanghai, China),
respectively.

ATP concentrations were detected with an
enhanced ATP assay kit (Beyotime, Shanghai,
China). According to the manufacturer’'s re-
commendations, the relative luminescence of
each sample was measured with a luminome-
ter. The concentration of ATP was calculated
according to an ATP standard curve and
expressed as nmol/mg protein.

MMP levels measurement

To evaluate mitochondrial function, MMP levels
were measured with a JC-1 assay kit (Beyo-
time, Shanghai, China). The cochlea of each
mouse was rapidly removed and ground with
the addition of tryptic digestive enzymes, and
the cell suspension prepared by centrifuga-
tion was used for subsequent experiments.
Suspended cells were resuspended in a cell
culture medium containing JC-1 staining solu-
tion and incubated at 37°C for 20 minutes
according to the manufacturer, and then ana-
lyzed by flow cytometry (FACS Aria Illu, BD
Biosciences).

Statistical analysis

Data are presented as the mean + standard
deviation. A two-way analysis was used to test
for more than three groups and multiple com-

Am J Transl Res 2024;16(1):272-284



Noise-induced oxidative stress leads to cochlear synaptic damage

parisons were evaluated with the one-way anal-
ysis of variance (ANOVA). GraphPad Prism soft-
ware (version 9.0) was used to plot the experi-
mental results. Differences were considered
statistically significant at P < 0.05.

Results
Noise-induced auditory dysfunction in mice

To investigate the impact of NE on hearing in
mice, we used the ABR test to assess the hear-
ing thresholds and wave | changes across vari-
ous frequencies. Our findings indicated a sig-
nificant increase in thresholds after the first
day of NE, which returned to normal by post-
exposure day 14, suggesting that mice experi-
enced a TTS following the initial NE. However,
thresholds did not return to baseline following
a second NE under identical conditions, indi-
cating a permanent threshold shift (PTS)
(Figure 1B-F). Moreover, we evaluated the
latencies and amplitudes of the ABR wave |,
which represents synaptic function [22].
Notably, unlike the hearing threshold shifts,
changes in ABR wave | latencies and ampli-
tudes did not revert to normal two weeks post
first NE. There was a marked prolongation in
wave | latencies and a decrease in amplitudes.
Similar trends persisted following the second
NE, suggesting the development of synaptic
dysfunction (Figure 1G, 1H). Altogether, these
results demonstrat that even moderate NE
could negatively affect the auditory function in
mice, particularly with repetitive exposure.
Notably, synaptic dysfunction occurs earlier in
mice than changes in hearing thresholds.

Noise-induced ribbon synapses damage in the
cochlea

To discern morphologic changes in the cochlea
linked to noise-induced hearing compromise,
we collected cochlear samples from mice on
post-exposure days 1 and 14, and again 14
days following a second NE, for immunofluor-
escence staining. After counting the number of
HCs, SGCs and RS, we found that neither single
nor repeated NE had an effect on SGCs and
IHCs (Figures 2B, 2D and 3B). There was no sig-
nificant loss of OHCs observed on days 1 and
14 following the initial NE. However, a notable
loss of OHCs located in the basal turns was
observed 14 days after the second NE (Figure
2A, 2C). Furthermore, compared to the control
group, the RS number on post-exposure day 14
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notably decreased in the middle and basal
turns of the cochlea, especially in the mice that
experienced secondary NE. This reduction was
significant across all cochlear turns, indicating
exacerbated damage from NE (Figure 3A, 3C).
In alignment with the ABR test results, these
observations confirm that NE indeed causes
early damage to cochlear RS, preceding detect-
able damage to OHCs, IHCs, and SGCs.
Furthermore, repeated NE exerted a more pro-
nounced effect on inner ear cell integrity.

Noise-induced mitochondrial dysfunction in
the cochlea

To elucidate the mechanisms underlying noise-
induced synaptic damage, we further investi-
gated mitochondrial function. We first mea-
sured the levels of T-AOC and H,0O, to deter-
mine the extent of intracellular oxidative stress
in the cochlea. The results showed that com-
pared with those in the control group, T-AOC
levels did not change significantly on the day
following NE. However, the levels markedly
decreased by post-exposure day 14 and
remained at low 14 days after the second
NE, suggesting a decrease in the antioxidant
capacity (Figure 4A). Additionally, we observed
a rapid increase in the H,0, levels on the day
following the first NE. Although there was a ten-
dency to recover on post-exposure day 14, lev-
els remained higher than normal and further
increased after the second NE (Figure 4B). To
confirm mitochondrial dysfunction, we further
measured the MMP and ATP levels. Post-NE,
especially after repeated exposures, mice
exhibited a lower percentage of JC-1 aggre-
gates and a higher percentage of JC-1 mono-
mers, indicating reduced MMP (Figure 4C-E).
Similarly, the ATP levels were notably lower by
post-exposure day 14, which were expressed
more pronounced two weeks after the second
NE (Figure 4F).

Taken together, our results indicate that NE
leads to a reduced antioxidant capacity in
cochlear cells, resulting in the accumulation of
H,O,. This points to noise-induced mitochon-
drial dysfunction as a likely contributor to this
phenomenon.

Noise-induced oxidative stress in the cochlea
To assess oxidative stress in the cochlea, we

analyzed the ROS marker 4-HNE and DNA oxi-
dative damage marker 8-OHdG [23]. Frozen

Am J Transl Res 2024;16(1):272-284
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cochlear sections were used for detection,
focusing on the expression levels of the mark-
ers in IHCs and SGCs as the primary evaluation
targets. As shown in Figure 5A and 5B, an
increase in 4-HNE expression was noted in
IHCs the day following the first NE, persisting at
elevated levels until day 14 compared to that in
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the control group. This expression was furth-
er amplified after a second NE. A similar pat-
tern was observed in SGCs, indicating ROS
accumulation in the cochlea (Figure 6A, 6B).
Moreover, we observed a continuous elevation
in 8-OHdG expression within IHCs from the first
NE, peaking 14 days after the second NE. This

Am J Transl Res 2024;16(1):272-284
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trend was also mirrored in SGCs (Figures 5A,
5C, 6A, and 6C). Given the predominant local-
ization of 8-OHdG in the cytoplasm, we infer
that the oxidative damage primarily occurs in
mitochondrial DNA (mtDNA).

Collectively, our findings describe changes in
oxidative stress levels in the cochlea at various
time points post-NE. Specifically, ROS produc-
tion in IHCs and SGCs increases immediately
following NE and, despite a downward trend
over time, remains elevated until day 14 post-
exposure. Secondary NE administration further
increases ROS accumulation. However, oxida-
tive damage to mtDNA accumulates continu-
ously and persists in the cochlea after NE.

Discussion

As the most common environmental factor in
daily life, NE may cause two different effects on
hearing: the hidden hearing loss manifested as
TTS and the NIHL manifested as PTS [24, 25]. A
previous study showed that TTS recovery does
not necessarily imply a complete restoration of
the auditory system, as it can leave behind syn-
aptic damage and temporary demyelination of
auditory nerve fibers (ANFs). Since short-term
exposure to moderate noise can lead to TTS
whereas repeated NE may result in PTS [26-
28], mice were exposed to single or repeated
white noise in our study to verify the develop-
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ment mechanisms of NIHL. Our findings align
with previous research [29], demonstrating sig-
nificant increases in hearing thresholds across
all frequencies on post-exposure day 1, with a
substantial recovery by day 14. This recovery
might be attributable to the restoration of the
interaction between stereocilia and the tectori-
al membrane on OHCs, as suggested by earlier
studies [30]. However, despite apparent recov-
ery in mice with TTS, there was a prolonged
latency and decreased ABR wave | amplitude,
indicative of synaptic function impairment.
Moreover, neither hearing thresholds nor the
alteration of ABR wave | failed to return to
normal levels when the mice were exposed to
secondary NE, suggesting further cochlear
damage.

It is well known that there are two types of HCs
in the cochlea: OHCs, which amplify and modu-
late sound, and IHCs, which form synaptic con-
nections with type | ANFs, converting acoustic
signals into electrical signals for brain trans-
mission [31, 32]. Impairment of any HC type
can lead to decreased sound sensitivity, clarity,
and recognition. Several experiments have
shown that pathological changes in synapses
between IHCs and ANFs precede damage to
HCs and SGCs in multiple models of hearing
loss [33-35]. The RS is an electron-dense
structure surrounded by synaptic vesicles that

Am J Transl Res 2024;16(1):272-284
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coordinate the fusion of presynaptic vesicles
with the transport of information to the post-
synaptic vesicles [36]. In auditory processing,
the stress signal induced by acoustic vibration
is converted into an electrical signal, with RS
encoding the microphonics potential through
various channels and glutamate exocrine
mechanisms [37, 38]. Thus, different types and
intensities of destructive NE result in the spa-
tiotemporal distribution and dysfunction of RS.
Given that the amplitude of ABR wave | relates
closely to synaptic function, and considering
that our results showed a decrease in the
amplitude of ABR wave |, we further quantified
the number of HCs, SGCs, and RS to investigate
assess NE's impact on cochlear morphology.
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Our results indicated that NE did not alter the
morphology or number of IHCs or SGCs.
However, a significant reduction in RS was
noted in the middle and basal turns of the
membrane on post-exposure day 14 after the
first NE, becoming more pronounced after the
second NE. Additionally, the absence of OHCs
was also observed in these turns following the
second NE. These results strongly suggest that
RS are more sensitive to noise stimulation in
the cochlea than HCs and SGCs, and even mod-
erate NE can lead to auditory dysfunction. It is
worth mentioning that we found a loss of RS on
post-exposure day 14, not day 1, indicating that
RS absence does not occur immediately after
NE.

Am J Transl Res 2024;16(1):272-284
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Among the various mechanisms implicated in
NIHL, the oxidative stress theory is one of the
most extensively discussed. Mitochondria, as
primary sites of energy conversion, are crucial
not only for ATP production but also for control-
ling programmed cell death by regulating mem-
brane potentials. Under continuous or intense
NE, the ability of IHCs to consistently renew
synaptic vesicles for efficient neural signal
transmission largely depends on a continuous
mitochondrial energy supply. The density of
mitochondria at neural axon terminals is
crucial for maintaining RS numbers [39-41].
In D-galactose-induced aging mice cochlea,
reduced ATP production due to mitochondrial
oxidative damage led to progressive degenera-
tion and dysfunction of RS. Furthermore, a
dynamic correlation between synaptic changes
and ATP levels has been observed. Conse-
quently, we focused on changes in mitochon-
drial function indicators to identify possible
mechanisms of noise-induced synaptic dam-
age [42]. In our study, T-AOC decreased with the
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accumulation of H202 in the cochlea, indicating
oxidative stress happens the moment after NE.
Additionally, we observed a decrease in ATP
and MMP levels. Normal MMP is essential for
sustaining oxidative phosphorylation and ATP
production [43]. Delayed clearance of ROS can
lead to abnormal MMP, disrupting mitochondri-
al metabolism. This was similarly observed in
vitro studies of the Corti apparatus by the
House Ear Institute, where cells exposed to
H,0, aged prematurely compared to untreated
cells. They found that alongside MMP reduc-
tion, parts of the mitochondrial structure were
damaged [44]. Therefore, it is plausible to
hypothesize that oxidative stress following
NE results in mitochondrial dysfunction, in-
creasing inner ear cells’ susceptibility to oxida-
tive damage.

As a by-product of mitochondrial respiration,
ROS play a crucial role in cell signaling and oxi-
dative homeostasis, integral to cellular energy
metabolism [45]. Recognized as a key media-
tor of HCs damage, ROS affects multiple intra-
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Figure 6. Noise exposure (NE) induced oxidative stress in the spiral ganglion cells (SGCs). A. Representative images
of the expression of 4-HNE (red) and 8-OHdG (red) on SGCs in different groups following immunohistochemical
staining of frozen cochlea sections. Scale bar = 40 ym. B. Relative 4-HNE expression in SGCs of different time points
after NE. C. Relative 8-OHdG expression in SGCs of different time points after NE. *P < 0.05; **P < 0.01 versus the
control group. NE, noise exposure; SGCs, spiral ganglion cells.

cellular processes by reacting with biological days, with levels rising again upon secondary
macromolecules such as DNA, proteins, cellu- NE. Furthermore, 8-OHdG staining, predomi-
lar membrane molecules, and lipids [46, 47]. nantly in the cytoplasm of HCs and SGCs,
ROS production has been detected in coch- where mitochondria are located, indicates
leas exposed to noise and ototoxic drugs [48- oxidative damage to mtDNA. The intensity of
50]. To further investigate the mechanism 8-0OHdG staining was exacerbated by second-
underlying mitochondrial dysfunction, we as- ary NE, supporting the notion that NE leads to
sessed the accumulation of ROS and oxidative progressive oxidative damage to mtDNA. The
damage in the cochlea. Through 4-HNE stain- above results suggest that the generation and
ing, we observed ROS production in the cochlea persistence of ROS is an early event in the pro-
the day following NE. While ROS levels de- cess of noise-induced cochlear damage. It is
creased after two weeks, they remained elevat- this prolonged oxidative stress that leads to oxi-
ed compared to those in the control group, sug- dative damage to mtDNA, inducing mitochon-
gesting persistent ROS accumulation up to 14 drial progressive dysfunction.
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Conclusion

Our study presents an analysis of the auditory
and pathological characteristics of NIHL in
mice. We establish a link between mitochon-
drial dysfunction and synaptic damage, unveil-
ing potential mechanisms of NIHL. Our findings
confirm that noise-induced ROS production
and its persistence contribute to oxidative
MtDNA damage, and the resulting mitochon-
drial dysfunction further causes the accumula-
tion of ROS. It is this vicious cycle that leads to
the early onset of NIHL. These insights provide
a theoretical foundation for early prevention
and treatment strategies.
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