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ABSTRACT

Introduction: Noise-induced hearing loss (NIHL) is an important occupational and environmental disorder
associated with excessive production of reactive oxygen species and cochlear damage. Considering the
potential protective effects of antioxidants, the present study was conducted to investigate the protective
effect of black seed (BS) oil on NIHL in rats.

Material and Methods: In this experimental study, 36 adults male Wistar rats were randomly divided to
four groups: control, BS, noise, and noise+BS. Animals in the noise-exposed groups were subjected to
pink noise at 110 dB SPL for 4 h/day. BS (2 mL/kg) was administered orally 1 h before exposure. Auditory
brainstem response (ABR) thresholds were measured at baseline and on days 7, 14, and 21. Serum
malondialdehyde (MDA), total antioxidant capacity (TAC), and superoxide dismutase (SOD) levels were
also determined.

Results: Noise exposure caused a significant increase in ABR thresholds compared with baseline (P<0.05),
a significant decrease in SOD and TAC, and a significant increase in MDA. Administration of BS reduced
the increase in ABR thresholds, although this effect was not significant at all frequencies and assessment
times. In addition, BS increased SOD and TAC and decreased MDA compared with the exposure group
(P<0.05).

Conclusion: In this animal model, BS oil showed a potential protective effect against pink noise-induced
hearing damage, accompanied by improved antioxidant status and reduced oxidative stress. However,
given the use of a single dose and an animal model, these findings should be interpreted cautiously.
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1. INTRODUCTION

Noise-induced hearingloss (NIHL) is one of the
significant causes of hearing disability and remains
as one of the most important health concerns
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worldwide. It is a complex pathological condition
that results from the interaction of environmental
and genetic factors. Although prolonged exposure
to high-intensity noise is considered the main
environmental cause of NIHL, susceptibility
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to noise damage varies among individuals and
animals. The exact pathogenesis of NIHL has not
been completely understood, but the excessive
production of mitochondrial reactive oxygen
species is regarded as one of the primary initiating
mechanisms. Therefore, antioxidants could play a
role in preventing or reducing NIHL. Black seed
(BS) contains multiple bioactive combinations,
such as  thymoquinone, dithymoquinone,
thymohydroquinone, and thymol, and has been
reported to have antioxidant, anti-inflammatory,
antimicrobial, anticancer, and immunomodulatory
activities. However, despite the recognized
antioxidant properties of BS, evidence regarding its
protective effects against NIHL and the associated
oxidative stress remains limited. Considering
the lack of regeneration of mammalian cochlear
hair cells, the present study aimed to evaluate the
protective effects of BS against NIHL in an animal
model.

2. MATERIAL AND METHODS

In this experimental study, 36 adult male
Wistar rats, aged two months and weighing 150-
200 g, were randomly divided into four groups:
control, noise, BS, and noise+BS. Only male rats
were used to avoid the possible protective effects
of estrogen receptors reported in previous studies
on sensorineural hearing loss. The control group
received no intervention. The noise group was
exposed to pink noise at 110 dB SPL for 4 hours.
The BS group received 2 mL/kg/day of 100% pure
cold-pressed BS by oral gavage. The noise+BS
group received the same dose of BS one hour before
noise exposure.

Noise exposure was performed in an acoustic
room. Pink noise was generated using Adobe
Audition software and delivered through an
amplifier and loudspeaker positioned above the
cages. Sound pressure levels were monitored
continuously to ensure uniform exposure, and
background noise was maintained at 40-50 dB SPL
outside the exposure periods. Hearing function was
assessed using auditory brainstem response (ABR)
before exposure as baseline and on days 7, 14,
and 21. Click and tone burst stimuli were used at
frequencies of 4, 8, 12, 14, and 16 kHz. The hearing
threshold was defined as the lowest intensity at
which wave II was clearly visible and reproducible.

After ABR, blood samples were collected
from the left ventricle and centrifuged.
Malondialdehyde (MDA), superoxide dismutase
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(SOD), and total antioxidant capacity (TAC) were
measured using commercial kits. Animals were
sacrificed and cochlear tissues were harvested for
histopathological examination. Cochleae were fixed
in 10% formalin, decalcified, embedded in paraffin,
sectioned, and stained with hematoxylin and eosin.
Histopathological evaluation was performed by
blinded pathologists using a light microscope.
Data were analyzed using GraphPad Prism 8 and
SPSS 26. Results are reported as mean + standard
deviation. One-way ANOVA with Tukey’s post
hoc test and repeated-measures ANOVA with
Bonferroni correction were used, and P < 0.05 was
considered statistically significant.

3. RESULTS AND DISCUSSION

The control and BS groups showed stable ABR
thresholds throughout the study, indicating no age-
related hearing loss and no evidence of BS-induced
ototoxicity. The noise group showed a significant
increase in ABR thresholds compared to baseline
values. This increase was observed during the
first and second weeks of exposure, while a non-
significant decrease in thresholds occurred in the
third week after the end of exposure. The pattern
of ABR threshold changes across frequencies
suggested that pink noise caused greater injury in
the apical region of the cochlea.

In the noise+BS group, ABR thresholds
increased during the first and second weeks and
slightly decreased in the third week; however, these
changes were not statistically significant. Baseline
ABR thresholds obtained with click and tone-burst
stimuli showed no significant differences between
the groups at any frequency. On day 7, the mean
ABR thresholds in the noise and noise+BS groups
were significantly higher than those in the control
and BS groups. On days 7 and 14, ABR thresholds in
the noise group were significantly higher than those
in the control and BS groups. Although thresholds
in the noise+BS group were also higher than those
in the control and BS groups, this increase was not
significant at some frequencies. In general, ABR
thresholds in the noise+BS group were lower than
those in the noise group at all evaluation times,
although the difference was not significant in all
frequencies and time points.

The biochemical findings showed that noise
exposure disturbed the oxidant-antioxidant
balance. Serum MDA levels increased significantly
in the noise group compared with the control and
BS groups, while BS administration significantly
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reduced MDA levels in the noise+BS group. The
highest SOD activity was observed in the control
and BS groups. Noise exposure significantly
decreased SOD activity compared with these
groups, whereas SOD levels were significantly
higher in the noise+BS group than in the noise
group. TAC levels also decreased significantly
in the noise group compared with the control
group. Administration of BS compensated for this
reduction and significantly increased TAC levels
compared with the noise group.

Histopathological findings supported the
functional and biochemical results. In the control
and BS groups, the organ of Corti showed a
normal structure. Inner hair cells were arranged
in one row, outer hair cells were arranged in three
regular rows, the tunnel of Corti was preserved,
the tectorial membrane was in contact with the
hair cells, and nerve fiber density appeared normal.
In the noise group, progressive cochlear damage
was observed. On day 7, the arrangement of hair
cells was severely disrupted, outer hair cells were
damaged, the basilar membrane was thickened,
and the tectorial membrane was hook-shaped and
separated from the sensory epithelium. On day 14,
shrinkage of outer hair cells, death of supporting
and ganglion cells, and further thinning of nerve
fibers were observed. On day 21, these changes
persisted. In the noise+BS group, cochlear injury
was moderate and relatively stable over time.

[ Dow!ed from jhsw.tums.ac.ir on 2026-10-19 |

Although outer hair cells showed shrinkage and
disorganization and some supporting cell damage
was present, lateral connections and cytoplasmic
structure were partially preserved. The tectorial
membrane showed only a slight separation from
the sensory epithelium, and the tunnel of Corti
remained normal in most samples.

4. CONCLUSIONS

The results showed that exposure to pink
noise increased ABR thresholds and disrupted
the oxidant-antioxidant balance by increasing
MDA and decreasing SOD and TAC. These
findings confirm the role of oxidative stress
in noise-induced auditory injury. BS reduced
ABR threshold changes, improved oxidative
stress biomarkers, and decreased the severity
of cochlear damage, although its protective
effect was not statistically significant at all
frequencies and time points. Overall, BS may
have a protective role against NIHL, probably
through strengthening antioxidant capacity
and reducing oxidative injury. However, given
the animal model and the use of a single dose,
these findings should be regarded as preliminary
evidence of the potential protective effect of BS
and interpreted with caution. Further studies are
needed to determine the optimal dose, duration
of administration, and molecular mechanisms
involved in these effects.
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