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Medical ozone therapy for the inner ear acoustic trauma
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A B S T R A C T

Objectives: The goal of the study was to look at the potential protective effect of ozone therapy by

studying its antioxidant and vasodilatation effects against hearing loss caused by acoustic trauma.

Methods: Thirty-two male Wistar Albino rats were divided into four groups of eight. The 1st group was

exposed to acoustic trauma, the 2nd group was treated with ozone initially, and was exposed to acoustic

trauma 24 h later, the 3rd group received ozone without trauma, while the 4th group was the control

group. The 1st and 2nd groups were exposed to acoustic trauma with 105 dB SPL white band noise for

4 h. DPOAE and ABR tests were conducted in all groups on the 1st, 5th, and 10th days after trauma.

Results: In the 1st group, the effects of acoustic trauma continued on days 1, 5 and 10. The 2nd group’s

DPOAE and ABR results on days 5 and 10 showed significant improvement at all frequencies compared to

deterioration on day 1, and the readings were comparable to baseline measurements.

Conclusion: Acoustic trauma is a pathology that is experienced frequently and leads to many problems in

terms of health and cost. Ozone was demonstrated to be a reparative substance against acoustic trauma

and, in addition, it can be supplied and applied easily.

� 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The most frequent reasons for hearing loss are age, genetic
factors, medicine ototoxicity and acoustic trauma. The cellular
mechanism of hearing loss due to loud noise is not clearly
understood. Constant exposure to high intensity acoustic trauma
results in death of the outer hair cells of the organ of Corti
through apoptosis [1]. The causes of cell death due to acoustic
trauma are blood flow reduction in the inner ear [2], free radicals
produced due to increased metabolic activity [3,4], and cellular
necrosis in the outer hair cells directly induced by mechanical
trauma [5].

In loss of hearing due to acoustic trauma, the reactive oxygen
radicals play the role of a primer by creating an apoptotic signal in
the outer hairy cells. It has been observed that hydroxyl radicals
increase up to 10 times in the cochlea of rats that are constantly
exposed to acoustic trauma [3]. Other studies have also shown that
the number of reactive oxygen radicals in animals exposed to
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acoustic trauma increase up to four times compared to animals not
exposed to trauma [6,7].

Medical ozone therapy is used for the treatment of inflamma-
tion, infected wounds, chronic skin disease and advanced ischemic
illnesses, including burns, due to its antioxidant, antiflammatory
and antimicrobial effects. Pure ozone is not used in ozone therapy
owing to ozone toxicity; it is applied in the form of an ozone/
oxygen mixture [8,9]. Ozone gas (O3) is produced from the sun
using the effects of ultraviolet rays, or it is produced artificially
using an ozone generator [10].

Medical ozone treatment is a method in which a gas
combination containing ozone and oxygen is applied to body
liquids and cavities. It has been observed that ozone treatment
significantly decreases oxidative stress in experimental rat models
[11,12].

It has been observed that oxidative stress is reduced with
reinfusion of blood mixed with ozone since it increases nitric oxide
(NO) levels and results in a reduction in hypoxia due to
vasodilatation in ischemic areas, superoxide dismutase (SOD)
activation and a reduction in glutathione levels [13,14]. During
infusion of ozonized blood to the recipient, the majority of the
endothelial cells are activated with lipid oxidation products (LOPs),
and this results in increased NO, plasma S-nitrosothiol and S-
nitrosohemoglobin production. Although the half-life of NO is less

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.ijporl.2013.06.020&domain=pdf
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than 1 s, NO connected to protein may induce vasodilatation in the
far ischemic vascular field [15].

This research has been conducted to study the antioxidant and
vasodilation effects of ozone therapy against damage caused by
acoustic trauma that results in reactive oxygen radicals and
vasoconstriction in the inner ear.

2. Materials and methods

2.1. Animals

The study was conducted after approval (approval no. 2011/65)
had been obtained from the Animal Experiments Local Ethics
Board of Bezmialem Vakif University. Thirty-two healthy mature
male Wistar Albino rats, weighing 200–240 g, were used in the
study. All rats were evaluated otoscopically, and those with
pathologic findings (serous otitis, acute otitis, adhesive otitis, etc.)
were excluded from the study. All rats were housed in an
environment with a temperature of 21 � 1 8C, with a 12 h light, 12 h
dark cycle, where they had free access to food and water, and where
the background noise level was below 50 dB (Table 1). The rats were
sacrificed on the 10th day of the study. Their malondialdehyde (MDA;
mmol/L), superoxide dismutase (SOD; U/ml) and advanced oxidative
protein product (AOPP; mmol/L) levels were measured using blood
samples obtained before sacrification.

2.2. Hearing assessment

At the beginning of the study, the pinna reflex test was
performed for hearing assessment of all rats. Ketamine 45 mg/kg
i.m. was used to induce sedation, after which all rats were
examined otoscopically. Any obstacles which might impede the
tests, such as earwax, were removed. Then, the basal Distortion-
Product Otoacoustic Emission (DPOAE) and Auditory Brainstem
Response (ABR) measurements were performed on all rats.

2.2.1. DPOAE

A GSI Audera otoacoustic emission instrument was used for
DPOAE measurements. The smallest size tympanometry probe was
attached to the tip of the device. Measurements were carried out in a
noise-treated cabin. The measurement process was initiated after
observing that the ear probe of the device was in the appropriate
measurement position with proper configuration of its probe
indicator and stimulation waveform. DPOAEs were measured using
stimulations with different frequencies and intensities. Primary
signal levels were adjusted to L1 = 65 dB, L2 = 55 dB for DPgram
measurements. Frequencies of the primary signals were set as 1.2.
DPgram measurements were carried out at 2997, 4002, 5004, 6002,
7001, 8003, 9006, 10005, 11000 and 12000 Hz frequencies as a
function of f2. The detection threshold was defined as the primary
signal level at which the DPOAE was just distinguishable, at 3 dB
above the noise floor. In all measurements, the responses were
recorded up to the highest level and the test was concluded.

2.2.2. ABR

A Viasys Medelec Synergy instrument was used for ABR
measurements. Measurements were performed on both ears of
Table 1
Experimental groups.

Groups Procedure No. of rats

Group 1 Acoustic trauma 8

Group 2 Acoustic trauma and ozone therapy 8

Group 3 Ozone therapy 8

Group 4 Control group 8
the anesthetized rats in a noise-treated cabin. ABR responses were
recorded using needle electrodes placed under the skin. The
electrodes were positioned as follows: active electrode in the
vertex, ground electrode in the contralateral mastoid and reference
electrode in the ipsilateral mastoid. The stimuli were provided
through insert earphones using 8 kHz tone-burst sounds with
alternating polarities. The filter was adjusted to 30–3000 Hz, the
repetition rate was 21/s and the time window was adjusted to
10 ms. A total of 1024 stimuli were given for signal averaging.

The threshold was defined as the lowest intensity level that
could be observed and repeated. Each test started by applying
stimuli at 80 dB nHL level and the intensity was reduced in 20 dB
steps until the threshold value was passed. As we approached the
threshold, we preferred to increase the intensity by 10 dB each
time until we reached the threshold value. At least two traces were
created for each measurement, and attempts were made to repeat
the threshold to cross-check it. The ABR threshold was defined as
the lowest intensity level in which wave III of ABR was observed.
Baseline ABR measurements carried out before acoustic trauma
were compared with ABR measurements on the 1st, 5th and 10th
days after trauma.

2.3. Noise exposure and procedures

The first two groups of rats were exposed to acoustic trauma,
using 105 dB SPL (sound pressure level) white noise for 4 h. The
rats were sedated with an intramuscular injection of ketamine
45 mg/kg, and DPOAE and ABR measurements were carried out
on the 1st, 5th and 10th days following acoustic trauma. The
measurements were carried out in a room where the noise level
did not exceed 50 dB.

2.4. Ozone application

Ozone (O3) gas at 0.7 mg/kg was applied to Group 2 and 3 rats
through intraperitoneal injection 24 h before the trauma and was
continued for 10 days after the acoustic trauma. For this purpose,
the concentration of ozone produced by the ozone generator
(Ozonosan photonik, Dr J. Hänsler GmbH, Iffezheim, Germany) was
adjusted to 75 mg/ml. The average volume of the oxygen/ozone gas
mixture containing O3 gas with 0.7 mg/kg dosage was identified to
be 5 ml for rats weighing between 200 and 240 g. An equivalent
volume (5 ml) of saline was intraperitoneally injected into the
control group rats.

2.5. Biochemical parameters

Blood samples extracted intracardiacally from the rats on the
10th day were centrifuged at 3500 cycles/min and the serum was
separated. The serum samples were stored at �80 8C in Eppendorf
tubes with closed caps, and tagged with numbers until biochemical
analyses were conducted. On the day of the analysis, serum
samples were left at room temperature until they had melted, after
which MDA, SOD and AOPP enzyme activities were measured.

2.5.1. Measuring MDA Level

For MDA measurement, citrated blood plasma was separated
from the tube and stored at �80 8C. The MDA levels were
determined using a color spectrophotometer after thiobarbituric
acid had reacted with MDA at a wavelength of 532 nm. The values
obtained through this measurement were provided in nmol/ml.

2.5.2. Measuring superoxide dismutase activity (SOD)

A superoxide dismutase measurement kit (Cayman Superoxide
Dismutase Assay Kit, Cayman Chemical Company, USA) was used
for this purpose. The principle of the method is based on
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identification of the superoxide radicals produced by xanthine
oxidase and hypoxanthine, using tetrazolium salt. 1 unit of SOD
enzyme activity is defined as the quantity of enzyme required for
dismutation of 50% of the superoxide radicals. Total activity of the
three types of SOD (Cu/Zn-, Mn-, Fe-SOD) was measured using this
method. SOD enzyme activity was provided as U/mL.

2.5.3. Measuring serum AOPP level

AOPP formation is induced by the formation of chlorine
oxidants (such as chloramines and hypochlorous acid). Thus, the
AOPP concentration varies in relation to those substances. Because
of this correlation, Chloramine-T in its standard form was used to
measure the AOPP concentrations. The temperature of the samples
was adjusted to room temperature before the study, and the
samples were then processed in a Linear Cromaline Photometry
device. For this purpose, 160 mL of PBS (phosphate-buffered saline)
was added to 10 mL of serum and mixed, and the mixture was
incubated for 25 s. 20 mL of acetic acid was then added, and the
mixture was incubated for 25 s. Finally, 10 mL of KI solution was
added and the mixture was incubated for another 25 s, and
absorbance was read at 340 nm. Serum which exceeded the
linearity limit was diluted before processing. Measured AOPP
concentrations were determined with Chloramine-T in units of
mmol/L. All steps were carried out at 37 8C, and time intervals were
adjusted to 25 s or longer for each step.

2.6. Sacrifice and enucleation

All experimental animals were sacrificed with 200 mg/kg of
intracardiac thiopental. The same method of sacrifice and
enucleation was used for all animals.

2.7. Statistics

Statistical analysis was carried out using the Statistical Package
for the Social Sciences version 13.0 for Windows (SPSS Inc, Chicago,
IL, USA). All quantitative variables were estimated using measures
of central location (i.e. mean and median) and measures of
Fig. 1. DPgrams o
dispersion (i.e. standard deviation (SD)). Data normality was
checked using the Kolmogorov–Smirnov test for normality. The
Student’s t-test was used to compare averages in normally
distributed data within the four groups. The ANOVA test was
used to compare the ABR threshold values between the groups.
p < 0.05 was accepted as statistically significant.

3. Results

3.1. DPOAE

Group 1 (trauma only): 16 ears of eight rats were evaluated in
Group 1. Significant differences were observed between the DPOAE
values measured before and following exposure to acoustic trauma
(p = 0.003). No significant difference was identified between the
DPOAE values measured on the 1st day after acoustic trauma, and
those measured on the 5th and 10th days (p = 0.564; p = 0.644)
(Fig. 1).

Group 2 (trauma + ozone): 16 ears of eight rats were evaluated in
Group 2. Significant differences were observed between the DPOAE
values measured before and following exposure to acoustic trauma
(p = 0.012). Significant differences were also observed between the
DPOAE values measured on the 5th and 10th days after exposure
to trauma (p = 0.02; p = 0.03) (Fig. 1).

Group 3 (ozone only): 16 ears of eight rats were evaluated in
Group 3. No significant difference was observed between the
DPOAE values measured ozone treatment (p = 0.140; p = 0.396;
p = 0.489) (Fig. 1).

Group 4 (control group): 16 ears of eight rats were evaluated in
Group 4. No significant difference was observed between the
baseline measurements and the DPOAE values measured on the
1st, 5th and 10th days (p = 0.791; p = 0.965; p = 0.945) (Fig. 1).

3.2. ABR

Group 1 (trauma only): The ABR threshold value increased
significantly after acoustic trauma exposure (p = 0.002). No
significant difference was identified between the ABR threshold
f all groups.



Table 2
Thresholds of auditory brainstem response measured before acoustic trauma and 1, 5, and 10 days after trauma.

Groups Before 1st day 5th day 10th day

Group 1 (trauma) 26.8 43.6 (p = 0.002)¥ 42.5 (p = 0.526)
C

40.2 (p = 0.672)
C

Group 2 (trauma + ozone) 28.9 44.3 (p = 0.003)¥ 32.5 (p = 0.003)¥ 31.3 (p = 0.003)¥

Group 3 (ozone) 27.1 27.5 (p = 0.462)
C

28.7 (p = 0.965)
C

26.2 (p = 0.532)
C

Group 4 (control) 29.1 31.3 (p = 0.972)
C

29.3 (p = 0.947)
C

29.4 (p = 0.432)
C

Student’s t-test for independent samples (p < 0.05).
¥ Significance level obtained.
C

Insignificant level obtained.
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values measured on the 1st day after acoustic trauma, and
those measured on the 5th and 10th days (p = 0.526; p = 0.672)
(Table 2).

Group 2 (trauma + ozone): The ABR threshold value increased
significantly after acoustic trauma exposure (p = 0.003). A
significant difference was also observed between the ABR
threshold values measured before trauma and those measured
on the 5th and 10th days after exposure to trauma (p = 0.003;
p = 0.003) (Table 2).

Group 3 (ozone only): No significant difference was observed
between the ABR threshold values measured before ozone
treatment and those measured on the 1st, 5th and 10th days of
treatment (p = 0.462; p = 0.965; p = 0.532) (Table 2).

Group 4 (control group): No significant difference was
observed between the baseline measurements and the ABR
threshold values measured on the 1st, 5th and 10th days in the
control group treated with saline (p = 0.972; p = 0.947; p = 0.432)
(Table 2).

3.3. Comparison of ABR thresholds among the groups

No significant difference was observed between the ABR
thresholds of the 1st and 2nd groups on the 1st day after acoustic
trauma (p = 0.423) (Fig. 2). A significant difference was detected
between the ABR thresholds of the 1st and 2nd groups measured
on the 5th and 10th days after exposure to acoustic trauma
(p = 0.003; p = 0.003) (Fig. 2).

A significant difference was present between Groups 1 and 3
also Groups 1 and 4 for the ABR threshold values on the 1st, 5th
and 10th days (p = 0.002) (Fig. 2). The difference was not
significant between Groups 3 and 4 on the 1st, 5th and 10th days
(p = 0.950; p = 0.593; p = 0.946) (Fig. 2).

A significant difference was present between Groups 2 and 3
also Groups 2 and 4 for the ABR threshold values on the 1st day
(p = 0.004; p = 0.004) (Fig. 2). The difference was not significant
between Groups 2 and 3 also Groups 2 and 4 for the ABR
threshold values on the 5th and 10th days (p = 0.850; p = 0.850)
(Fig. 2).
Fig. 2. Comparison of ABR thresholds among the groups. While there is no

statistically significant difference between Groups 1 and 2 after trauma (p > 0.01),

there is a significant difference on the 5th and 10th days for ABR threshold values

(p < 0.01).
3.4. Biochemical parameters

The MDA values of the blood tests of Group 2 (trauma + ozone)
were significantly less than those of Group 1 (trauma only), and the
SOD values of Group 2 were significantly higher (p < 0.05). No
significant difference was observed between Group 3 (ozone only)
and Group 4 (control group) for MDA values (p = 0.512), and SOD
values (p = 0.112). No significant difference was observed between
Group 1 (trauma only) and Group 2 (trauma + ozone) for AOPP
values (p = 0.06) (Fig. 3).

4. Discussion

The pathogenesis of acoustic trauma is multifactorial. Acoustic
trauma may result in damage to hair cells, disorders of stereocilia,
collapse of support cells, rupture of dendrites and structural and
metabolic damage such as strial edema [16,17]. Bray and
associates have studied 23 disk jockeys. The noise level was at
least 108 dB in their study environment and they observed that
70% complained of loss of hearing and 74% complained of tinnitus
[18]. This study was conducted to show the potential protective
effect of ozone by examining the effects of antioxidants and
vasodilatation against hearing loss due to acoustic trauma.

Broadband noise (white noise), with a constant amplitude over
the whole frequency spectrum, causes homogeneous damage
throughout the cochlea [19]. In our study, we applied 105 dB
broadband noise to the first two groups of rats for 4 h to create
acoustic trauma. ABR and DPOAE measurements were carried out
on the 1st day after trauma in the 1st and 2nd groups; these values,
when compared with the baseline values, showed a significant
difference (ABR: Group 1 p = 0.002, Group 2 p = 0.003; DPOAE:
Group 1 p = 0.003, Group 2 p = 0.012), which confirmed that
acoustic trauma was successful in inducing hearing loss.

No significant difference was observed between Group 1 and
Group 2 on the 1st day after acoustic trauma (p > 0.5), which
shows that initially, ozone treatment did not have a preventive
effect on acoustic trauma. However, a significant difference was
observed between the ABR threshold values of Groups 1 and 2
measured on the 5th and 10th days after exposure to acoustic
Fig. 3. Biochemical parameters.
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trauma (p = 0.003; p = 0.003). In Group 2, with ozone given
prophylactically, the ABR and DPOAE values on the 5th and
10th days were restored to the baseline values, and the effects of
the established acoustic trauma were completely removed and
corrected. These findings show that, after acoustic trauma, ozone
repairs the damage in the inner ear. In our study, no significant
difference was identified between Groups 3 and 4 on the 1st, 5th
and 10th days (p = 0.950; p = 0.593; p = 0.946). This demonstrates
that ozone has no negative effect on hearing. This is the first study
in the medical literature to investigate the relationship between
ozone given prophylactically and its ototoxicity, and which shows
the rapid reparative effect of ozone to damage caused by acoustic
trauma.

We measured serum MDA, SOD and AOPP levels to examine
oxidative stress related to acoustic trauma. MDA values in Group 2
(trauma + ozone) were significantly lower than in Group 1 (trauma
only) (p < 0.05), and SOD values in Group 2 were significantly
higher than in Group 1 (p < 0.05). No statistically significant
difference was observed between the AOPP values of Groups 1 and
2. Our study is again the first in the medical literature to investigate
the relationship between AOPP and acoustic trauma. The finding
that, while oxidative parameters increased after exposure to
acoustic trauma, no permanent hearing loss was seen in the long
term, making it necessary to conduct further research on other
factors (antioxidant enzymes and heat shock proteins) which may
lead to hearing loss or which may limit the effects of oxidative
stress.

The treatment effect of ozone is, in particular, due to reactive
oxygen products (ROP), hydrogen peroxide and Lipid oxidation
products (LOP). When ozonized blood is re-infused to the blood
circulation, it activates endothelial cells by LOP, and nitric oxide,
plasma S-nitrosothiol and S-nitrosohemoglobin are produced. The
half-life of nitric oxide is less than 1 s, but the half-life of nitric
oxide connected to protein is much longer, and this may cause
vasodilatation in distant regions [9]. It has been proven that low
dose ozone is useful in inducing antioxidant enzymes, nitric oxide
canal and other cellular activities [20].

Ozone therapy applied to an ischemic organ results in the
creation of erythrocytes, increased oxygen absorption in these
erythrocytes and emission of nitric oxide, carbon monoxide and
growth factors from endothelial cells and thrombocytes, which
increases oxygenation further [9]. Although the amount of oxygen
that enters the body with infusion of blood ozonized with an
oxygen/ozone mixture may be negligible, ozone changes the
normal oxygen distribution level by triggering a series of biologic
events, and it shows its effects in this way. As a result, ozone has
been used for treatment, since it has been thought that it can
prevent ischemia-reperfusion damage [21,22].

Ozone treatment leads to free radical production such as
hydrogen peroxide (H2O2), reactive oxygen radicals (ROS), and
lipid oxidation products (LOP). Antioxidation enzymes that
provide system defense (superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSH-Px)) are stimulated toward
these increased free radicals. In studies using ozone, this
stimulation is referred to as oxidative preconditioning. The scope
of these studies is to create ischemia-like conditions so that the
body defense system is stimulated [9,20]. It has been shown that
controlled ozone therapy can decrease the damage induced by
reactive oxygen production by providing adaptation to oxidative
stress [23]. Ozone treatment with preconditioning by creating
ischemia-like conditions is a viable method in the treatment of
ischemic vascular diseases by stimulating the synthesis of
antioxidation enzymes [24]. In our study, antioxidation enzyme
synthesis was increased with stress adaptation by starting ozone
treatment one day before acoustic trauma and generating
preconditioning using ozone free radicals.
In recent studies, it was shown that ozone preconditioning
treatment is an effective way to prevent ischemia perfusion
damage in various organs such as the liver, lungs, and kidneys.
Ajamieh et al. [21] have demonstrated by histopathologic
examination that ozone preconditioning aids recovery in hepatic
ischemia. In another study, it was shown that creating oxidative
preconditioning with ozone can stimulate the endogen antioxida-
tion system against liver damage by creating oxidative stress [24].
Barber et al. [22] have reported that ozone preconditioning before
renal transplantation decreased renal damage in rats with renal
ischemia. Stadlbauer et al. have applied intraperitoneal ozone to
both donor and receiver before cardiac transplantation and
demonstrated by histologic and biochemical outcomes that this
ozone application led to a reduction in ischemia reperfusion
damage occurring during transplantation [25]. Moreover, Borrego
et al. [26] have shown that ozone has an effect on the antioxidation
system in rats and reduces the damage caused by induced renal
ischemia with cisplatin. Accompanying these studies, in our study,
we have not come across any pathologic finding in the liver, lung,
and kidney during autopsy after sacrifice and because of this,
additional examination was not required. However, further studies
should be performed to clarify any possible side effects of ozone on
other systems and organs.

It has been suggested that ozone therapy may be able to protect
antioxidant systems and keep other indicators of endothelial cell
damage, which are related to diabetic complications, at physiologic
levels since there is a known relationship between diabetes
mellitus and oxidative stress [27].

H1-receptor antagonists, corticosteroids, vasodilators, antic-
oagulants, volume expanders, antioxidant agents such as vitamin
A, C and E, and many other agents such as Mg and hyperbaric
oxygen, have been employed in the treatment of acoustic trauma,
either isolated or in various combinations [28]. In our study, we
believe that Ozone’s benefits were observed in as short a time as 5
days, due to its biphasic effect which activates vasodilator agents
and the endogenous antioxidant system.

In papers showing the relationship between ketamine and
neuronal toxicity, it was demonstrated that ketamine causes
neuronal cell death if it is administered as six or seven injections of
20 mg/kg. A lower number injections did not cause any neuronal
damage [29,30]. In addition, another study showed that a single
dose of ketamine (25, 50, or 75 mg/kg) did not cause any neuronal
degeneration. However, repeated doses of 25 mg/kg ketamine at
90 min intervals over 9 h increased neuron degeneration [31].
Moreover, ketamine dose for rats is stated as 40–80 mg/kg through
IM at rodent anesthesia and analgesia guideline prepared by
University of Pennsylvania [32].

For this reason, we have used a single dose of 45 mg/kg
ketamine in our study, and have not observed any neuronal
pathology affecting the results.

5. Conclusion

Acoustic trauma is currently a frequently encountered pathol-
ogy, which leads to economic costs and health problems. Ozone
given pre-exposure may prevent permanent hearing loss from
acoustic trauma, due to its biphasic effect, while by itself, ozone
has antioxidant and vasodilatory properties. This study demon-
strated that ozone may be regarded as an alternative therapy that
is conveniently accessible, and is an easily applicable otoprotective
substance repairing inner ear damage induced by acoustic trauma
in rats.
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