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Abstract We investigated the effectiveness of N-acetyl
cysteine (NAC) and curcumin, which have known antiox-
idant and anti-inflammatory effects, in reducing acoustic
trauma. We randomly divided 40 adult male rats into four
groups: a control group (group 1), a curcumin group (group
2), a NAC group (group 3), and an ethyl alcohol group
(group 4). The rats were exposed to 110 dB sound at a
frequency of 4 kHz for 2 h to simulate acoustic trauma.
Group 1, group 2, group 3, and group 4 received 1 ml
saline, 200 mg/kg curcumin, 350 mg/kg NAC, or 1 ml
ethyl alcohol, respectively, intraperitoneally 30 min before
and 24 and 48 h after acoustic trauma. Distortion product
otoacoustic emissions (DPOAESs) were recorded before and
after the acoustic trauma, and 72 h after drug administra-
tion. In group 2, signal-to-noise ratio (SNR) values in
frequencies of 1000 Hz, 1500 Hz, and 4000 Hz decreased
in the second measurements when compared to the first,
and showed improvements in the third measurements in
comparison to the second ones. In group 3, SNR values
decreased in the second measurements, but only the values
at 6000 Hz were found to be statistically significant
(p = 0.007). The values in the third measurements were
statistically significant when compared to the second ones.
There was a statistically significant difference in the third
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measurements in both groups 2 and 3, possibly due to
curcumin and NAC treatment. This study showed that
curcumin and NAC may be effective against noise-induced
hearing loss.
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Introduction

Acoustic trauma occurs as a result of damage to hearing
mechanisms in the inner ear after exposure to excessive
noise (> 85 dB). Acoustic trauma is the most important
cause of noise-related hearing loss in adults [1].

Exposure to high-intensity noise (130 dB SPL) causes
direct mechanical damage in hairy cells and support cells
in the organ of Corti. As a result of this damage, the bio-
chemical complex cascade is activated in hairy cells and
reactive oxygen species (ROS) are formed. Ischemia,
exotoxic damage, metabolic fatigue, and ionic imbalance
occur in the inner ear fluids [2]. After the development of
trauma-induced hypoxia, ROS cannot be removed due to
impaired blood circulation and accumulate in tissues.
Accumulation of radicals leads to progressive cell damage,
and sensorineural hearing loss develops [3, 4]. Studies on
acoustic trauma have emphasized that cochlear damage
develops due to this ROS increase and hypoxia. To reduce
or prevent this damage, treatment has focused on antioxi-
dant agents [1].

Curcumin is a natural product of the curcumin longa
plant. It has been reported to have antioxidant, anti-in-
flammatory, immunomodulatory, antitumoral, and anti-
psoriatic effects [5]. Curcumin is believed to mediate these
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effects via limiting production of the proinflammatory
cytokines, IL-f and IL-18, and activation of caspase-1 [6].

NAC is the N-acidified derivative of L-cysteine, a nat-
ural amino acid. An antioxidant that contains thiol and can
pass through the cell membrane, NAC plays a role in the
formation of cysteine and is involved in glutathione syn-
thesis. The resulting glutathione protects the cochlear
mitochondria against ROS and reduces oxidative stress in
the cochlea [3, 7].

In this study, ethyl alcohol was used to dissolve cur-
cumin. Therefore, ethyl alcohol group was created to
eliminate the possible effects of ethyl alcohol.

In clinical studies on acoustic trauma, excessive acoustic
stimulation has been shown to reduce the amplitude of
otoacoustic emissions. In these and similar studies,
DPOAEs and auditory brainstem response (ABR) tests
have been used to detect acoustic trauma [8].

Our study sought to investigate whether the use of
curcumin and NAC has positive effects on the prevention
and reduction of hearing loss due to acoustic trauma.

Methods
Subjects and Anesthesia Procedure

The research was carried out with the approval of Karad-
eniz Technical University Animal Experiments Local
Ethics Committee with the protocol number 2014/21. Adult
Sprague Dawley rats (n = 40) weighing 250-300 g were
used. Otoscopic examination observed that the external ear
canal and tympanic membrane of all subjects were normal.
Subjects were randomly divided into four groups: The
control group (group 1), curcumin-acoustic trauma group
(group 2), NAC-acoustic trauma group (group 3), and ethyl
alcohol-acoustic trauma group (group 4).

Anesthesia was provided with 50 mg/kg intraperitoneal
(i.p.) ketamine hydrochloride (Ketalar®, Parke-Davis
Eczacibasi, Istanbul, Turkey) and 10 mg/kg i.p. xylazine
hydrochloride (Alfazyne®, Alfasan International B.V.
Woerden, The Netherlands).

Test Procedure

All measurements were carried out by the same person in
the audiology unit silent cabin. Anesthesia was applied to
all subjects during the procedure. Acoustic trauma was
created by exposing the subjects to audio noise via an
audiometry device (Interacoustics AC 40) at a frequency of
110 dB SPL for 2 h at a frequency of 4 kHz. Dosing of the
study groups was as follows:
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Group 1 (Control group, n = 10): 1 ml of saline was
applied i.p. to subjects 30 min before and 24 h and 48 h
after acoustic trauma.

Group 2 (curcumin-acoustic trauma group, n = 10):
200 mg/kg of Curcuma longa (Turmeric) (Sigma/catalog
no: C1386) dissolved in ethyl alcohol and prepared as a
1 ml solution was applied i.p. to subjects 30 min before
and 24 h and 48 h after acoustic trauma.

Group 3 (NAC- acoustic trauma group, n = 10):
350 mg/kg NAC (Husnu Arsan Ilaclari, Istanbul, Turkey)
as a string in 1 ml saline solution was applied i.p. to sub-
jects 30 min before and 24 h and 48 h after acoustic
trauma.

Group 4 (ethyl alcohol-acoustic trauma group, n = 10):
1 ml of ethyl alcohol was applied i.p. to the subject 30 min
before and 24 h and 48 h after acoustic trauma.

Otoacoustic Emissions and Recording

All measurements were made by the same person in a
soundproofed and constant-temperature quiet cabin.
DPOAE was measured in both ears with the IHS-EP
SMART OAE-ABR combined device. Responses were
recorded by the suitable probe for the external ear canal of
the subjects. The intensity of the frequencies inside the
stimulus given during DPOAE measurements was taken as
L1 (65 dB SPL) for frequency fl and L2 (55 dB SPL) for
frequency f2. Signal-to-noise ratios (SNR) were obtained
for each mentioned frequency by measuring with stimulus.
The ratio between the frequencies f2 and f1 (f2 / f1) was
kept at 1.22. Target stimulation was determined as 80 dB
and the DPOAE test was applied.

The responses were measured with the microphone in
the external ear canal at a frequency of 2f1-f2. Measure-
ments were recorded at the geometric mean of fl and {2 at
frequencies 1003, 1409, 2000, 3991, 5649 Hz. In these
measurements, the noise rejects ratio was kept at a maxi-
mum of 10 dB.

DPOAE recordings were obtained before acoustic
trauma (Ist measurement), after acoustic trauma (2nd
measurement), and 72 h after drug administration (3rd
measurement). SNR values obtained during DPOAE of all
groups were compared between groups and within groups.

Statistical Analysis

All data were analyzed using the SPSS 13.0 statistics
program. The Wilcoxon Signed-rank Test was used for
comparisons within the group; the Kruskal-Wallis Test
was used for comparison between the groups. The Mann—
Whitney U test was used in posthoc analysis between
groups, and the Bonferroni correction was applied. Right
and left ear measurement results were evaluated with the
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Paired Samples Test. A p-value < 0.05 was considered
significant.

Results

Baseline values were calculated for all rats using the
DPOAE test before the acoustic trauma (1st measurement).
After the acoustic trauma, DPOAE was performed again
(2nd measurement). Finally, DPOAE measurements were
made after drug administration at 72 h (3rd measurement).

No statistically significant difference was found between
the right and left ears in all three measurements in all four
groups (p > 0.05). For this reason, the averages of the
variables obtained for the right and left ears were taken and
these mean values were used in comparisons.

Intra-Group Comparisons

In group 1, a statistically significant decrease in the SNR
values was observed between the 1st measurement and the
2nd measurement (p < 0.05). The decrease in SNR values
between the Ist measurement and the 3rd measurement
was significant (p < 0.05) at all frequencies except
1000 Hz. There was no statistically significant difference
in SNR values between the 2nd and 3rd measurements in
this group (p > 0.05).

In group 2, there was a decrease in the values in all
frequencies between the 1st measurement and the 2nd
measurement; however, only the decreases at 1000, 1500,
and 4000 Hz were statistically significant. Between the 2nd
and 3rd measurements a statistically significant (p < 0.05)
improvement in SNR values was detected at all frequen-
cies. There was no statistically significant difference in
SNR values between the Ist and 3rd measurements
(p > 0.05).

In group 3, there was a decrease in SNR values between
the 1st and 2nd measurements, though this decrease was
found to be significant only at 6000 Hz. A statistically
significant improvement in SNR values was observed
between the 2nd measurement and the 3rd measurement at
all frequencies. There was no statistically significant dif-
ference in SNR values between the 1st measurement and
the 3rd measurement.

In group 4, a statistically significant decrease in SNR
values at the 2000, 4000, and 6000 Hz frequencies was
detected between the 1st and 2nd measurements. There was
no statistically significant difference in SNR values
between the 2nd measurement and the 3rd measurement.

Inter-Group Comparisons

The SNR measurements before and after acoustic trauma
(1st measurement and 2nd measurement) did not show a
statistically significant difference between the four groups
(p > 0.05).

When the SNR values obtained in the third measure-
ments were compared, statistically significant differences
were found at 1500, 2000, 4000, and 6000 Hz. For these
frequencies, at which there was determined to be difference
between the groups, a posthoc comparison between the
groups was performed (p < 0.008). (Table 1).

We found statistically significant differences between
the 1st group and the 2nd group at 4000 Hz, between the
Ist and the 3rd group at 4000 and 6000 Hz, between the
2nd and 4th groups at 4000 Hz, and between the 3rd and
the 4th group at 4000 and 6000 Hz. (Table 2).

Discussion

Oxidative stress plays a role in the pathology of trauma-
related hearing loss. Oxidative stress caused by trauma
leads to mitochondrial injury, activation of the cell death
pathway, activation of inflammatory mediators, and ele-
vated lipid peroxidase level. Due to ROS formation, per-
manent hearing loss occurs as a result of the activation of
this cascade. Antioxidant treatments can play a role in
blocking this cascade [2].

In the present study, the efficacy of curcumin and NAC,
known to be effective in preventing hypoxia and ROS, has
been evaluated via measuring the damage caused by
acoustic trauma in the cochlea.

ABR and DPOAE tests can be used to demonstrate the
effects of acoustic trauma. After acoustic trauma, outer hair
cells are affected first in the cochlea. DPOAE, measured
from the external ear canal and evaluating the function of
the outer hair cells, is a non-invasive, short-term test that
can be used in acoustic trauma [8]. DPOAE was performed
before and after the sound exposure in all groups in this
study; the decrease in DPOAE measurements after the
exposure showed that acoustic trauma occurred.

Many studies have investigated the properties of cur-
cumin, the first of the antioxidants used in the study, par-
ticularly noting its antioxidant, antifibrotic, anti-
inflammatory, anticancer, and apoptotic effects. Curcumin
has been shown to reduce the production of proinflamma-
tory cytokines such as IL-1, IL-2, IL-6, IL-8, TNF-A, IL-
12, and to inhibit NFkB, AP-1, JAK-kinase, cyclooxyge-
nase, and lipoxygenase [9].

Due to the possibilities suggested by these effects, this
study investigated whether curcumin would be effective in
preventing damage to the cochlea due to acoustic trauma.
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Table 1 Shows a comparison of SNR results obtained at the 3rd measurement, 72 h after trauma

SNR1000 SNR1500 SNR2000 SNR4000 SNR6000
Group 1 1.6 £ 2.6 35+49 3.0+ 5.0 1.1 £45 31£54
Group 2 44 +£42 6.5+ 2.7 94+ 171 145 £ 9.6 19.8 + 14.1
Group 3 1.7 £ 6.7 10.6 &+ 6.6 124 + 11.7 19.8 £ 11.8 27.6 + 124
Group 4 1.1 £2.6 38+ 4.6 31£50 1.7+ 46 39 £5.1
p value 0.159 0.019 0.035 < 0.001 0.001
Table 2 Displays the results of the posthoc analysis of SNR values between the groups

SNR 1500 Hz SNR 2000 Hz SNR 4000 Hz SNR 6000 Hz

Group 1-Group 2 0.095 0.023 0.002 0.025
Group 1-Group 3 0.012 0.064 0.004 0.001
Group 1-Group 4 0.879 0.970 0.938 0.761
Group 2-Group 3 0.170 0.426 0.212 0.031
Group 2-Group 4 0.095 0.025 0.004 0.041
Group 3-Group 4 0.015 0.069 0.004 0.002

Bold indicates the significant difference (p < 0.05)

Salehi et al. investigated the efficacy of dexamethasone and
curcumin in reducing cisplatin ototoxicity, and showed that
this combination reduces toxic damage in auditory cells
and has a protective effect on hearing loss [10]. Fetoni et al.
also showed curcumin reduces hearing loss and extends the
life of outer hair cells in cisplatin ototoxicity [11]. Yam-
aguchi et al. showed that curcumin and its preparations
have a protective effect in hearing loss due to repeated
noise exposure [12].

In a study evaluating the effects of EF-24 (an analogue
of curcumin) and cisplatin on the auditory and vestibular
system, the combined use of EF-24 and cisplatin was
reported to prevent the damage caused by cisplatin treat-
ment in the inner ear [13]. Curcumin has also been reported
to have a role in preventing fibroblast damage in cochlear
support tissues as a result of noise exposure [14]. Soyalig
et al. used DPOAEs measurements and histopathological
and immunohistochemical methods to show that curcumin
is protective against acoustic trauma in cochlear tissues
[15]. Similar to these studies, our study found a statistically
significant improvement in SNR values between the 2nd
and 3rd measurements in group 2 (curcumin-acoustic
trauma group), while SNR values between the 3rd mea-
surement and the 1st measurement were found to be sim-
ilar. These results show the potential for curcumin to have
positive effects on the recovery from acoustic trauma.

The effects of NAC on oxidative stress have been
studied both in-vivo and in-vitro models. NAC plays a role
in free radical -elimination, GSH production, and
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prevention of mitochondrial damage. It also acts as a glu-
tamate exotoxin inhibitor, lipid peroxidase inhibitor, and
necrosis inhibitor. These protective effects have been
investigated at different drug dosages and in acoustic
trauma models [16]. Ada et al. showed that NAC reduces
cochlear damage resulting from acoustic trauma in rats
[17]. Another study used the auditory brainstem response
(ABR) test to evaluate acoustic trauma in rabbits, and
found that NAC provided a protective effect in the for-
mation of temporary and permanent hearing loss [1].
Rosenhall et al. showed that the use of NAC after acoustic
trauma reduces the risk of transient hearing loss in soldiers
[18]. In our study, SNR values decreased in group 3 (NAC-
acoustic trauma group) in the after-trauma measurement
(2nd measurement), though this decrease was not statisti-
cally significant. This suggests that NAC has a protective
effect during trauma. Also, the third measurement showed
a statistically significant improvement in SNR values
compared to the second measurement, implying that NAC
is effective in improving hearing after acoustic trauma.
Thus, our study observes that the use of NAC has a pro-
tective effect during acoustic trauma and contributes pos-
itively to post-traumatic healing.
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