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SUMMARY

Background: To examine whether exposure to sodium salicylate disrupts expression of
vesicular glutamate transporter 3 (VGLUT3) and whether the alteration in expression
corresponds to increased risk for tinnitus.

Materials and Methods: Rats were treated with saline (control) or sodium salicylate (treated)
Rats were examined for tinnitus by monitoring gap-pre-pulse inhibition of the acoustic startle
reflex (GPIAS). Auditory brainstem response (ABR) was applied to evaluate hearing function
after treatment. Rats were sacrificed after injection to obtain the cochlea, cochlear nucleus
(CN), and inferior colliculus (I1C) for examination of VGLUT3 expression.

Results: No significant differences in hearing thresholds between groups were identified (p >
0.05). Tinnitus in sodium salicylate-treated rats was confirmed by GPIAS. VGLUT3 encoded
by solute carrier family 17 members 8 (SLC17a8) expression was significantly increased in
inner hair cells (IHCs) of the cochlea in treated animals, compared with controls (p < 0.01).
No significant differences in VGLUTS3 expression between groups were found for the
cochlear nucleus (CN) or IC (p > 0.05).

Conclusion: Exposure to sodium salicylate may disrupt SLC17a8 expression in IHCs, leading
to alterations that correspond to tinnitus in rats. However, the CN and IC are unaffected by
exposure to sodium salicylate, suggesting that enhancement of VGLUT3 expression in IHCs

may contribute to the pathogenesis of tinnitus.
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Introduction

Tinnitus is a subjective perception of sound in the ear in the absence of external stimulation. It has been
proposed that about 10%-20% of the general population suffer from tinnitus (Baguley et al. 2013). A
previous study showed that tinnitus may significantly reduce quality of life for millions of people,
sometimes even leading to suicide in individuals with severe tinnitus (Shargorodsky et al. 2010). Tinnitus is
therefore considered a serious type of auditory disorder worldwide. Unfortunately, no effective therapies are
available for individuals suffering from tinnitus, as the underlying mechanism remains unclear. Tinnitus
may be induced by an imbalance between the release of excitatory vs. inhibitory neurotransmitters in the
peripheral and central auditory systems. Glutamate, the most critical excitatory neurotransmitter in the
auditory system, is confirmed to be responsible for delivery of sound-encoding information from the cochlea
to the brain (Lu 2014).

Exposure to sodium salicylate (SS) was demonstrated previously to cause tinnitus (Chen et al. 2013).
SS, the active component of the non-steroidal anti-inflammatory drug aspirin is commonly used to manage
rheumatoid arthritis. Therapeutic doses of aspirin inhibit cyclooxygenase and decrease the synthesis of
prostaglandin. The main metabolites of salicylate, the active ingredient of SS, are salicylic acid and
glucuronic acid. Tinnitus induced by high doses of SS was previously characterized as temporary hearing
loss and shown to be reversible (Sun et al.2015). Tinnitus induced by SS was reported to be related to
damage to cochlear hair cells and spiral ganglion cells (Norena 2015). Additional findings associated with
SS-induced tinnitus include changes in the balance between excitatory and inhibitory neurotransmitter
release and receptor modification (Richardson et al. 2012). For example, tinnitus has been associated with

the downregulation of decreased Gamma-aminobutyric acid (GABA) receptor expression in the inferior



colliculus was found to be associated with tinnitus (Bauer 2000). Alternatively, exposure to SS may cause
extensive accumulation of arachidonic acid and N-methyl-d-aspartic acid (NMDA) receptor activation,
resulting in excessive excitability (Ruel et al. 2008).

VGLUTS3, which is encoded by SLC17a8, has been reported to have tight connection with hearing (Seal
2008), suggesting that VGLUT3 may also be a critical factor involved in the process of tinnitus. VGLUT3
is known to play a role in hearing loss. VGLUTS3 is specifically expressed in IHCs of the peripheral auditory
system and is widely expressed in the brain (coupled with GABA transporters) (Stensrud et al. 2013).
Variations in the expression of VGLUTS3 in cochlear IHCs and outer hair cells (OHCs) may be due to their
varying functions and susceptibility to trauma (Amarjargal et al. 2009). Tinnitus is considered to be a
phantom restricted to the auditory cortex. Emerging evidence suggests that changes in levels of
neurotransmitters in the peripheral auditory system may be involved in the generation of tinnitus (Norena
2013).

We postulated that VGLUT3 expressed in the peripheral auditory system may contribute to tinnitus
induced by exposure to SS. In this study, various approaches, including a tinnitus animal model, behavior
testing, hearing detection, and immunochemistry, were applied to examine the role of exposure to SS in
tinnitus. We found that exposure to SS can induce tinnitus and specifically disrupted expression of
VGLUTS3 in the cochlear IHCs, but not the cochlear nucleus or inferior colliculus. These results suggest that

the changes of VGLUT3 expression in the peripheral auditory system contribute to the SS induced tinnitus.


http://fanyi.baidu.com/#en/zh/arachidonic%20acid
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amarjargal%20N%5bAuthor%5d&cauthor=true&cauthor_uid=19093732

Materials and Methods
2.1 Animal model

All studies were approved by the Institutional Animal Care and Use Committee at the Capital Medical
University of China. Adult male Wistar rats weighing 250-300 g were obtained from the animal
experimental ministry of Capital Medical University. Rats were divided in two groups based on injection
contents. Animals in the control group received intraperitoneal injections of saline once daily for ten days (n
= 12). Rats in the treatment groups received intraperitoneal injections of 5% (200 mg/kg) SS once daily for
ten days. All rats were housed in standard home cages for one week prior to receiving peritoneal injections (n

=12).

2.2 Behavioral testing

Animals were placed in a permeable sound box resting on a sensitive piezoelectric transducer capable of
generating a voltage proportional to the magnitude of the startle reflex. The startle reflex was evoked by
sound stimuli generated digitally by a digital signal processor. The test apparatus was located in a
soundproof chamber equipped with a tweeter on the chamber’s ceiling, approximately 10 cm above the rat’s
head (Coulbourn Instruments, USA). Animals were placed in the box for 10 min prior to testing for
adaptation. Test sessions included ten gap and ten no-gap trials pair-arranged with pure tone background (70
dB SPL, 12 kHz and 16 kHz, 12-21 sec, randomly). The gap lasting 75 ms was embedded in the tone 100 ms

prior to the startle stimulus (120 dB SPL, broad-banded noise, 20 ms) (Fig. 1A). The maximum startle reflex



within 250 ms after the startle pulse was recorded. Gap pre-pulse inhibition of acoustic startle was
calculated as a ratio: 1 — (gap/no-gap).

Rats treated with SS that showed signs of tinnitus had poorer gap detection ability. This decrease in gap
detection can be measured as a lack of suppression of the startle reflex during trials that contain a brief silent
gap before the startle stimulus (Edward 2013). Tinnitus-positive rats will have a lower gap pre-pulse
inhibition ratio. The behavior test was carried out 2 h after SS treatment. We compared the inhibition ratio of

SS-treated animals to that of animals in the control group.

2.3 Auditory brainstem response recordings

The evoked response signal-processing (TDT) system was used to measure the ABR. Animals were
anesthetized with choral hydrate (6%, 0.6 ml/100 g) and placed in a soundproof chamber. Three needle
electrodes were inserted subcutaneously at the vertex (active) and beneath each pinna (reference and
ground). Closed-field acoustic stimulation was used, and hearing status was evaluated at the end of the
study. The ABR thresholds at pure tone frequencies of 2, 4, 8, 12, 16, 20, and 24 kHz (tone bursts of 5 ms

duration, 0.5 ms cosine ramps, 21 Hz repetition rate) were recorded.

2.4 Immunofluorescence

Animals were decapitated after anesthesia with choral hydrate. Temporal bones were removed and
fixed for 2 h in 10% formaldehyde in phosphate-buffered saline (PBS). The central auditory system
(cochlear nucleus and inferior colliculus) were quickly removed and kept at -80°C, as proposed by Paxinos
and Watson. Auditory sensory epithelia were dissected, then treated with 0.3% TritonX-100 (Sigma) in PBS

for



30 min. Non-specific binding was blocked with 10% normal goat serum (Jackson Immunoresearch, West
Grove, PA) for 1 h at room temperature. Tissues were incubated overnight at 4°C with the following primary
antibodies: rabbit anti-myosin VIla (1:300, Proteus Biosciences Inc.) and guinea pig anti-VGLUT3 (1:300,
Millipore). After rinsing in PBS, the samples were incubated in fluorescent labeled secondary antibodies
(Alexa Fluor 488 and 647, Invitrogen/Molecular Probes, Carlsbad, CA) for 1 h at room temperature. Nuclei

were visualized with 4’, 6-diamidino-2- phenylindole (DAPI) (Appli Chem).

2.5 Confocal Microscopy

Laser scanning confocal microscopy was conducted with a x63 oil immersion objective lens (LEICA
TCS SP8) using the excitation wavelengths of 488 and 647 nm. Local images were digitally magnified
two-fold. Sequence scanning was performed from the apex from each ear, at an interval of 0.3 pm. All digital
images were captured under identical exposure and light settings. Images were processed into a virtual file
format, then transferred to the Definiens share. A Definiens zoom cache was created, and the virtual slides

were then uploaded, and rule sets were created using the Definiens software.

2.6 Western blot

Total protein was extracted from samples taken from six rats. Protein concentration was determined
using an ultraviolet spectrophotometer (Thermo, MultiSkan3). Samples were used to electrophorese the
VGLUTS3 protein. Equal quantities of protein (20 pg) were loaded into the gel and separated by
electrophoresis. Next, the proteins were transferred onto nitrocellulose membranes (Millipore, Billerica, MA,
USA) and blocked with 3% bovine serum albumin in Tris-buffered saline, 0.1% Tween20 (TBS-T; CWhio.
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Co. Ltd.). The membranes were incubated with the primary antibody overnight and washed in TBS-T.
Secondary antibodies were diluted in TBST and incubated with membranes for 2 h at room temperature.
Finally, the immunoreactive bands were visualized with electrochemiluminescence (ECL; Millipore).
Western blot images were quantified using the Image Lab software. Band intensities of VGLUT3 were
expressed relative to GAPDH. The following antibodies were used: 1:1000 mouse polyclonal anti-VGLUT3

(s34-34, Abcam) and 1:5000 goat anti-mouse Ig GHRP (Jackson).

2.7 Statistical analysis

All data are presented as mean + SD. Statistical analysis of the optical density (OD) values was
conducted using the independent t-test. ABR threshold shifts were analyzed using two-way analysis of
variance (ANOVA), followed by Bonferroni’s multiple-comparisons test. P-values < 0.05 were considered

statistically significant.

Results
3.1 Behavioral assessment

To generate an animal model of tinnitus, intraperitoneal injections of SS (200 mg/kg) were
administered once daily for 10 days. We performed a gap pre-pulse inhibition test of the acoustic startle
reflex (GPIAS) in the treated and control groups. Mean inhibitory rates differed significantly between the
treated and control groups (0.51 + 0.045 vs. 0.68 £ 0.047, respectively; p < 0.05), as shown in Fig. 1B. Next,
the acoustic startle reflex was assessed in SS-treated and untreated (control) groups. Mean amplitudes of the
startle reflex in the treated and control animals were 274.91 + 53.36 and 170.08 + 28.61 mV, respectively

(Fig. 1B). Amplitude



was significantly higher in the treated group than the control group (p = 0.001). These observations are
consistent with those previously reported in the literature (Chen et al. 2013). These results indicate that
exposure to SS (200 mg/kg) once daily for 10 days can induce tinnitus in rats, and hyperacusis is often

accompanied by tinnitus.

3.2 Hearing thresholds

To determine whether exposure to SS at a dose of 200 mg/kg, once daily for 10 days induced significant
hearing loss, we measured ABR thresholds in both treated and control groups. ABR testing at pure tone
frequencies of 2, 4, 8, 12, 16, 20, and 24 kHz was carried out 2 h after the last injection on the 10" day. The
ABR threshold was defined as the lowest stimulus intensity that produced reliable and reproducible (in at
least two trials) ABR waves. Thresholds in the treated group were 35.62 + 4.95, 33.12 + 5.93, 35.00 + 5.34,
33.12+£5.93, 31.25 + 3.53, 35.00 + 5.34, and 47.5 + 11.64 dB sound pressure level (SPL). Thresholds in the
control group were 31.42 + 3.77, 30.00 + 2.88, 25.71 + 1.88, 25.00 + 4.08, 26.42 + 5.56, 30.00 + 4.08, and
33.57 £ 5.56 dB SPL. There were no significant differences between the treated and control groups at 4, 16,
or 20 kHz (Fig. 2, p > 0.05). However, significant differences were found at 8, 12, and 24 kHz (Fig. 2, p <
0.05). Maximum elevations of the ABR threshold were observed at 8, 12 (< 10 dB SPL), and 24 kHz (nearly
10 dB SPL) (Fig. 2), suggesting that exposure to SS at doses used in this study did not affect the results of

behavioral testing.
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3.3 Exposure to SS increased VGLUT3 expression in IHCs

To examine whether exposure to SS affected VGLUT3 expression in the hearing pathway, we
examined VGLUT3 expression in cochlear hair cells, cochlear nucleus, and inferior colliculus. As shown in
Fig. 3A, there was no positive immunostaining in the OHCs (OHC1-3), suggesting that VGLUT3 was not
expressed in OHCs. These observations were consistent with results reported previously indicating that
VGLUT3 was absent in OHCs. In this study, we found specific and significant expression of VGLUT3 in
cochlear IHCs
(Fig. 3A-B), as previously reported (Seal RP, 2008). The OD values were 12.21 + 1.59 and 8.71 + 2.19,
respectively (Fig. 3C). Significant upregulation of VGLUT3 was observed in the IHCs of animals in the
treated group, as compared with controls (Fig. 3C). To confirm the upregulation of cochlear VGLUT3
expression, Western blot analysis was performed (Fig. 4A). The OD values (Vglut3/GAPDH) were 0.4553 +
0.0061 and 0.7130 + 0.0168, respectively, (Fig. 4B), suggesting that SS treatment increased VGLUT3 levels

in IHCs, which contributed to the development of tinnitus.

3.4 Exposure to SS did not disrupt VGLUT3 expression in cochlear nucleus and inferior colliculus
Next, we examined whether SS treatment affected VGLUT3 expression in the cochlear nucleus and
inferior colliculus. Fig. 5 shows positive VGLUT3 expression in the neuronal cells of the cochlear nucleus.
The OD values of VGLUT3 expression in the treated and control groups were estimated to be 35.96 + 1.34
and 38.15 + 2.17, respectively. There were no significant differences in VGLUT3 expression between
treated and control groups (Fig. 5A, B, p > 0.05). Western blot analysis was performed to further confirm
VGLUTS3 expression in the cochlear nucleus. The OD values obtained (Vglut3/GAPDH) were 0.03217 +

0.004651 and
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0.02550 + 0.003958, respectively, indicating no significant difference between the treated and control
animals (Fig. 5C, D, p > 0.05), as noted in the staining data shown in Fig. 5A and B.

Next, we measured VGLUT3 expression in the inferior colliculus, a critical structure of the auditory
center. Fig. 6 shows positive VGLUT3 expression in the neurons of the inferior colliculus in the treated and
control groups. The OD values of VGLUT3 expression in the treated and control groups were 1.747 + 0.03
and 1.630 + 0.05, respectively; there were no significant differences between the treated and control animals
(Fig. 6A-B, p > 0.05). The results of Western blot were consistent with those of immunostaining (Fig. 6C-
D). The OD values (Vglut3/GAPDH) were 0.03074 + 0.005713 and 0.02531 + 0.003904, respectively, with
no significant difference between treated and control animals. The results presented above suggest that

VGLUTS3 expression in the cochlear nucleus and inferior colliculus remained unaffected by SS treatment.

Discussion

The results of the present study indicate that exposure to SS specifically enhances VGLUT3 expression
in the cochlear IHCs of rats. The increase in VGLUT3 expression correlated with the generation of tinnitus.
However, VGLUT3 expression in the cochlear nucleus and inferior colliculus was unaffected by exposure to
SS. This is the first report that VGLUT3 expression in IHCs may contribute to the development of tinnitus.
These findings suggest that alteration of VGLUT3 expression in the peripheral auditory system may
contribute to the pathogenesis of tinnitus. In this study, treatment with a moderate dose of SS did not
significantly elevate the hearing threshold (maximal elevation of ABR threshold was nearly 10 dB SPL),
although significant differences between the treated and control groups were found at some of the

frequencies investigated.
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VGLUTS3, encoded by SLC17a8 and reported to be associated with hearing, was first identified as the
third subtype of glutamate vesicular transporter (VGLUT) in 2002 (Takamori 2002). This molecule was
proposed to serve as a critical component at the cochlear ribbon synapses. Mice lacking VGLUTS3 are
congenitally deaf due to the lack of glutamate release at IHC ribbon synapses (Akil et al. 2012). VGLUT3 is
responsible for neurotransmitter delivery into synaptic vesicles before it is released into the synaptic cleft.
VGLUTS3 expression may be altered during development and maturation. Our group previously reported that
VGLUTS3 expression increased with the development of hearing, and decreased VGLUT3 expression is
usually seen in the cochlea of aging rats, indicating a critical role in the auditory function (Peng et al. 2013).
Alternatively, the unusual distribution of VGLUT3 suggests a signaling role for glutamate. VGLUT3 may
act as a key mediator of glutamate signaling in both peripheral and cortical auditory systems. VGLUT3 is
widely expressed in the rat brain and is usually present in the terminals of long projecting neurons (Herzog et
al. 2004). VGLUT3 expression in the cortex is localized primarily in GABAergic interneurons and
serotonergic projections from raphe nuclei (Seal 2008).

The structure of SS allows it to effectively penetrate the blood-brain barrier and reach high
concentrations in the inner ear and brain. However, SS has different effects on the peripheral and central
auditory systems (Chen et al. 2013). Salicylate also reduces GABA-mediated inhibition in the lateral
amygdala (LA) and other regions of the limbic system (Gong et al. 2008). Previous studies showed that the
application of salicylate increased spontaneous activity in the inferior colliculus (Raghavan et al. 2016).
High doses of salicylate may induce reversible tinnitus in both patients and animals (Chen et al. 2013) by
decreasing cochlear output and enhancing hyper-excitability in regions along the central auditory pathway

(Sun et al. 2009). For this reason, SS is used to generate tinnitus in animal models (Baguley et al. 2013, Sun
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et al. 2015). At high doses, salicylate induces tinnitus that is normally coupled with temporary hearing loss
(Chen et al. 2013).

Tinnitus, a phantom sound perception that affects about 10-15% of the population in the U.S., may be
accompanied by hearing loss (Shargorodsky et al. 2010). Tinnitus is often accompanied by reduced sound
tolerance, i.e., hyperacusis (Gu et al. 2010). More than 1% of symptoms require medical treatment or
intervention (Baguley et al. 2013). However, the development of effective therapies has been impeded by a
lack of understanding of the molecular basis of tinnitus.

One critical concern about the origins of tinnitus is whether the abnormal neural activity initiates in the
ear or brain. There have been conflicting reports regarding the possible sources of tinnitus. In general,
tinnitus is induced by an imbalance in the release of excitatory vs. inhibitory neurotransmitters. Such an
imbalance is likely to be activated by changes in auditory and non-auditory neural networks following initial
damage to the cochlea (Chen et al. 2013). Previous reports have indicated that SS-induced tinnitus may
result from effects on the central auditory system. For example, SS may cause tinnitus by altering intrinsic
neuronal properties and reducing synaptic transmission in the medial geniculate body (MGB), resulting in
abnormal thalamic output to the auditory cortex (Yan et al. 2012).

Salicylate-induced tinnitus may be mediated by the marked activation of NMDA receptors in the
cochlea. Previously, Guitton et al. reported that blockade of NMDA channels may prevent the development
of tinnitus in rats (Ruel et al. 2008), suggesting that tinnitus may be generated within the cochlea (Ruel et al.
2008). Other studies showed that salicylate might reduce inhibitory postsynaptic activity, selectively
downregulating the firing of GABAergic interneurons (Raghavan et al. 2016). This downregulation results
in increased acoustic cortex excitability and contributes to the generation of tinnitus. Salicylate was also

found
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to enhance hippocampal excitability, suggesting that the limbic system plays a key role in the development
of tinnitus (Gong et al. 2008).

Recent evidence has suggested that a moderate dose of salicylate may induce tinnitus via disruption of
regular neural activity in the brain (Sun et al. 2015). However, this assertion is not consistent with the
results of our study, suggesting that changes in VGLUT3 expression in cochlear IHCs are likely to
contribute to salicylate-induced tinnitus. This discrepancy may reflect an underestimation of the severity of
changes in the peripheral auditory system. Similar observations have been reported that salicylate-induced
tinnitus could stem from cochlear damage. For example, salicylate was shown to alter membrane
conductance, as well as OHC morphology, in vitro (Shehata et al. 1991). Application of SS was reported to
significantly reduce compound action potential (CAP) amplitude (Sun et al. 2015).

The results of the present study suggest that abnormal neural activity in the peripheral auditory system
contributes to the generation of tinnitus. Our study showed that a moderate dose of salicylate did not disrupt
VGLUT3 expression in the cochlear nucleus or auditory cortex, indicating that VGLUT3 expression in
these regions does not contribute to the generation of tinnitus. It should be noted that our observations do
not preclude an association between brain expression of VGLUT3 and tinnitus, as we did not measure
VGLUTS levels in other parts of the brain known to be involved in the neural networks that mediate
tinnitus, such as the medial geniculate body, lateral amygdala, or amygdala (Yu 2015). Salicylate exposure
tends to induce hearing loss coupled with tinnitus, suggesting a possible cochlear origin of tinnitus. It has
been suggested that salicylate treatment significantly reduces CAP neural output at suprathreshold
intensities, and that salicylate binds competitively to the specific key protein in cochlear OHCs (prestin),

resulting in the disruption of OHC electromotility and distortion product otoacoustic emissions (DPOAE).
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In summary, the present study demonstrates that alterations of VGLUT3 expression in cochlear IHCs
contribute to the development of tinnitus. Salicylate-induced tinnitus does not require changes in VGLUT3
expression in the cochlear nucleus or auditory cortex. However, it remains unclear whether VGLUTS3 levels
in other compartments of the brain are affected by salicylate exposure, and if so, whether changes in

VGLUTS3 expression contribute to tinnitus. Further studies are needed to address these issues.
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Figure 1. Graphical schema and results of tinnitus behavioral testing. (A) Graphical schema of tinnitus
screening by GPIAS. Background pure tones were 12 kHz and 16 kHz at intensity of 70 dB SPL. The inter-
trial interval time was 12-21 sec, randomly. The acoustic startle stimulus was broad-banded noise of 20 ms
at intensity of 120 dB SPL. (A) The gap lasting 75 ms was set at 100 ms ahead of acoustic startle stimulus.
Animals were startled when there was an acoustic startle stimulus, as shown in the first line. After several
trials, the animals without tinnitus presented the startle inhibition, as shown in the second line. However,

animals with tinnitus had a deficit in the startle inhibition, as shown in the second line and



presented a decrease in inhibition rate. (B) Mean inhibition rate of gap PPl and amplitude of the
startle reflex. There were significant differences in the GPIAS and amplitude of the startle reflex

between the control and treated groups.
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Figure 2. Examinations of hearing threshold after exposure to salicylate sodium. (A) Representative
waveforms of the auditory brainstem response (ABR) evoked by pure tones at frequencies of 2, 4, 8, 12, 16,
20, and 24 kHz in the control (upper left) and salicylate-treated rats (upper right). Wave 111 was used to
measure ABR thresholds. (B) Mean ABR thresholds at 2, 4, 8, 12, 16, 20, and 24 kHz were detected in the
control and treated groups. Blue line indicates the control group; red line indicates the treated group. There

were no significant differences between the control and treated groups at 2, 4, 16, or 20 kHz (p > 0.05).
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Significant differences were found at 8, 12, and 24 kHz. Maximal elevation of the ABR threshold was nearly

10 dB SPL at 8, 12, and 24 kHz (control group, n = 7; treated group, n = 8); "p < 0.05, “p < 0.01.
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Figure 3. Immunofluorescence of VGLUT?3 expression in the cochlea after salicylate treatment. (A)

Overview of whole-mount immunostaining in the control (n = 12) and treated groups (n = 12) for VGLUT3

(red, A-A”), myosin Vlla (green, B-B”), DAPI (blue), and merged images (C-C’) (control group: A-C,

treated group: A’-C’). Specific VGLUT3 expression can be seen in the IHCs, and there was no detectable

signal of VGLUT3 in the OHCs. Bar = 20 um. (B) Enlarged images show significant enhancement of

VGLUTS3 expression in the IHCs from the treated group. Bar = 10 um. (C) Fluorescence intensity of

staining
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for VGLUTS3 in cochlear IHCs. Optical density (OD) values for VGLUTS3 in the IHCs were significantly

higher in the treated group than the control group ("p < 0.01; controls, n = 12; treated, n = 12).
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Figure 4. Quantitative analysis of Western blot showing VGLUT3 expression in the cochlea after
salicylate exposure. (A) Western blot showing VGLUT3 expression in the cochlea of the control (n = 12)
and treated groups (n = 12). (B) OD values (VGLUT3/GAPDH) of VGLUTS3 expression in the cochlea, as
determined by Western blot analysis. Mean OD was significantly higher in the treated rats than the control

rats (p < 0.05).
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Figure 5. VGLUT3 expression in the cochlear nucleus after salicylate exposure. (A) VGLUT3 expression in
neuronal cells of the cochlear nucleus of rats (red, indicated by the arrow, upper left panel). Cell nuclei were
visualized with DAPI staining (blue). Bar = 25 pm. Enlarged image of the dashed-line frame shows
characteristic punctate VGLUTS3 staining in the cytoplasm (red, right panel). Bar =5 pum. (B) Fluorescence
intensity of VGLUT3 in the cochlear nucleus. OD values of VGLUT3 in the cochlear nucleus is similar
between the control (n = 6) and treated (n = 6) groups (p > 0.05). (C-D) Western blot of VGLUT3
expression in the cochlear nucleus. OD values (VGLUT3/GAPDH) were similar for the control and treated

animals (p > 0.05). NS indicates no statistically significant difference.
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Figure 6. VGLUT3 expression in the inferior colliculus (IC) after salicylate exposure. (A) VGLUT3
expression in the IC neurons (red, indicated by the arrow, upper left panel). Cell nuclei were visualized with
DAPI staining (blue). Bar = 10 pm. Enlarged image of the dashed line frame shows punctate cytoplasmic
VGLUTS3 staining (red, upper right panel). Bar =5 um. (B) Fluorescence intensity of VGLUTS3 in the ICs.
The OD values for VGLUT3 in the IC cells were similar between the control (n = 6) and treated (n = 6)
groups (p > 0.05). (C-D) Western blot analysis of VGLUT3 expression in the IC cells yielded similar OD
values (VGLUT3/GAPDH) for the control and treated groups (p > 0.05). NS indicates no statistically

significant difference.
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