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ABSTRACT

ÖZ

Objective: This study aimed to investigate the serum melatonin
levels of patients with idiopathic sudden sensorineural hearing loss
(ISSNHL).

Amaç: Bu çalışmanın amacı, idiyopatik ani sensörinöral işitme
kaybı (İASİK) olan hastaların serum melatonin düzeylerini ortaya
koymaktır.

Methods: This study enrolled 22 patients with ISSNHL and 22
asymptomatic healthy volunteers. The subjects underwent pure
tone audiometry and serum melatonin levels were measured.

Yöntemler: İASİK olan 22 hasta ve 22 asemptomatik sağlıklı
gönüllü çalışmaya dahil edildi. Katılımcılara saf ses odyometrisi
uygulandı ve katılımcıların serum melatonin seviyeleri ölçüldü.

Results: The patient group was composed of 12 women (mean
age, 46.41±7.8) and 10 men (mean age, 48±6.46), and the control
group was composed of 12 women (mean age, 40.25±5.28) and
10 men (mean age, 38.4±27.08). The serum melatonin levels were
significantly lower in the patient group than in the control group
(p≤0.001). A statistically significant strong negative correlation was
found between serum melatonin level and severity of hearing loss
(r=−0.644; p=0.001).

Bulgular: Hasta grubunda 12 kadın [ortalama (ort.) yaş: 46,41±7,8]
ve 10 erkek (ort. yaş: 48±6,46) vardı. Kontrol grubunda 12 kadın
(ort. yaş: 40,25±5,28) ve 10 erkek (ort. yaş: 38,4±27,08) vardı.
Serum melatonin düzeylerinin hasta grubunda kontrol grubuna
göre anlamlı derecede düşük olduğu saptandı (p≤0,001). Serum
melatonin seviyesi ile işitme kaybının şiddeti arasında istatistiksel
olarak anlamlı güçlü negatif bir korelasyon vardı (r=-0,644;
p=0,001).

Conclusion: Serum melatonin levels of patients with ISSNHL
were lower than controls. A statistically significant strong negative
correlation was found between serum melatonin level and the
severity of hearing loss.

Sonuç: İASİK olan hastaların serum melatonin düzeyleri kontrol
grubundan daha düşüktü. Serum melatonin seviyesi ile işitme
kaybının şiddeti arasında istatistiksel olarak anlamlı güçlü negatif
bir korelasyon vardı.
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Introduction
The etiology of sudden hearing loss is only known in 10% of
the cases, and it is still classified as idiopathic in 90% of the
cases. Although idiopathic sudden sensorineural hearing loss
(ISSNHL) is an otologic emergency, its etiopathogenesis is not
known exactly. Although some theories attempt to explain the
pathogenesis of ISSNHL, such as viral infections, membrane
rupture, immune-mediated inner ear disease, vascular events,
genetic and acquired factors, none of these theories have yet been
proven (1).
Hair cells are high-energy and oxygen-consuming cells, and the
most important factor for this is the mitochondrial electron
transport chain. Reactive oxygen species (ROS), which appears
as a result of mitochondrial changes during hypoxia, can trigger
cell death by damaging lipids, proteins and deoxyribonucleic
acid (2).
ROS causes apoptosis by damaging the inner hair cells. This
hypothesis has been verified by showing ROS in the perilymphatic
fluid of the inner ear of patients with deep sensorineural hearing
loss throughout cochlear implantation surgery (3). Many studies
have demonstrated that ROS is linked to many diseases that may
cause hearing loss, including noise, drug use, genetic hearing
loss, presbycusis, and Meniere syndrome (4-7).
Melatonin is a hormone secreted by the pineal gland, has a direct
antioxidant effect, is a potent scavenger of ROS and enhances the
activity of antioxidant enzymes (8).
Melatonin is also detected in the organ of Corti, basilar
membrane, spiral ligament, stria vascularis and cochlear nerve
(9). Lasisi and Fehintala (10) had shown that low plasma
melatonin level is important in the development of age-related
high-frequency hearing loss.
In this study, we aimed to investigate the serum melatonin levels
in patients with ISSNHL to determine whether serum melatonin
levels have an effect on the pathophysiology of ISSNHL.

Methods
Study Population
The study was planned with 31 patients diagnosed with
ISSNHL and 22 healthy volunteers in Uskudar State Hospital
Otolaryngology Clinic. The diagnosis of ISSNHL was made
according to criteria of the American Academy of OtolaryngologyHead and Neck Surgery (11). Patients with conductive hearing
loss, a history of otologic surgery, head trauma, or barotrauma
during the previous 4 weeks, neurologic disorders predisposing
to hearing loss, accompanying upper respiratory tract infection,
autoimmune diseases, vestibular symptoms, fluctuating hearing
loss in the last 4 weeks and hearing loss due to pathological brain
mass in magnetic resonance imaging were excluded from the
study. Following patient screening, nine patients were excluded
from the study. The study included 22 patients diagnosed with
ISSNHL. The control group was composed of 22 healthy
volunteers, i.e. had no ear problems and no chronic systemic
disease. Complete history taking, physical examination, laboratory
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workup, bleeding profile, venereal diseases research laboratory test
and antinuclear antibody test were performed in both groups.
None of the subjects were taking any antioxidant vitamins.
The study was approved by the ethics committee of Zeynep
Kamil Women’s and Children’s Diseases Training and Research
Hospital (Protocol number: 109, date: 27.06.2018).
Audiological Evaluation
All patients were tested for pure tone audiometry for both
ears up to 8000 Hz frequency starting at 250 Hz frequency
by international standards. Pure-tone average was determined
by calculating the mean of the 500, 1000, 2000 and 4000 Hz
thresholds. All patients underwent a tympanogram test. Hearing
impairment was assessed according to the international standard
criteria defined by the World Health Organization Prevention of
Deafness and Hearing Impairment standard 97.3 (12).
Laboratory Study
The human melatonin levels were measured with a competitive
enzyme-linked immunosorbent assay (ELISA) using commercial
kits (Elabscience; lot no. QQQB5LYL, PRC) and an ELISA
reader (Multiskan FC® Microplate Photometer; Thermo
Scientific, USA).
In this study, 96-well ELISA plates precoated with anti-human
melatonin antibodies were used. The standards and samples were
added to the micro ELISA plate wells for binding to the specific
antibody. Then, biotinylated detection antibody was added
immediately. During the reaction, human melatonin in the
sample or standards compete for binding with human melatonin
antibody. After a specific incubation period, excess conjugate
and independent sample or standards were washed from the
plate, and avidin that conjugated to horseradish peroxidase was
annexed to every well and incubated. After these procedures, a
tetramethylbenzidine substrate solution was supplemented to
each well. The enzyme-substrate reaction was finished by the
supplement of a stop solution, and the colour shift was measured
spectrophotometrically at a wavelength of 450 nm. The human
melatonin concentrations in the samples were calculated
according to the optical density (OD) in the standard curve
and then determined by comparing the OD of the samples to
the classical curve. The results were demonstrated using the pg/
mL unit. For sensitivity levels, the minimum definable dose of
melatonin was 9.38 pg/mL, and the detection range was 15.631000 pg/mL.
Statistical Analysis
In this study, IBM SPSS Statistics version 22 was used for
statistical analysis. Shapiro-Wilk test was used to evaluate the
normal distribution of the parameters. Descriptive statistical
methods (mean, standard deviations and median value)
were calculated. Mann-Whitney U test was used to compare
nonparametric data between groups. Spearman correlation test
was used to determine the correlation of nonparametric data
between two groups. The r value was evaluated between −1 and
+1. Significance was assessed at p<0.05 level.
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Results

in the patient group (r=−0.644; p=0.001). The coefficient of
determination (r2) between these two variables was 0.232 (Table
3) (Graphic 1).

This study enrolled 22 patients with ISSNHL and 22
asymptomatic healthy volunteers. The patient group was
composed of 12 women and 10 men. The female patients
were 32-62 years old (mean age, 46.41±7.80 years). The male
patients were 38-55 years old (mean age, 48±6.46 years). The
control group was composed of 12 women and 10 men. The
female volunteers were 30–48 years old (mean age, 40.25±5.28
years). The male volunteers were 27–47 years old (mean age,
38.4±27.08 years) (Table 1).
Type A tympanogram was obtained in both groups. In the pure
tone audiometry test, the mean values of the right air, right bone,
left air and left bone were 34.36±21.66 dB, 29.40±20.88 dB,
40.72±30.33 dB and 35.09±27.77 dB, respectively (Table 1).
The serum melatonin level averages of the patients and controls
were 51.32 ± 12.45 and 78.79 ± 29.39 pg/mL, respectively. The
serum melatonin levels were significantly lower in the patient
group than in the control group (p≤0.001) (Table 2).

Graphic 1. Correlation between melatonin and hearing
level (strong negative correlation is present)

A statistically significant strong negative correlation was
found between serum melatonin and severity of hearing loss

Table 1. Demographic data of the patient and control group
Patient group

N

Min - Max

Mean ± SD

Female age

12

32-62

46.41±7.80

Male age

10

38-55

48±6.46

Right air

22

7-77 dB

34.36±21.66 dB

Right bone

22

3-70 dB

29.40±20.88 dB

Left air

22

10-113 dB

40.72±30.33 dB

Left bone

22

8-100 dB

35.09±27.77 dB

Control group

N

Min - Max

Mean ± SD

Female age

12

30-48

40.25±5.28

Male age

10

27-47

38.4±27.08

Right air

22

3-20 dB

12.59±5.01 dB

Right bone

22

2-20 dB

9.86±4.27 dB

Left air

22

2-20 dB

13.31±5.42 dB

Left bone

22

2-17 dB

9.77±4.51 dB

dB: Decibel, N: Number of patients, SD: Standard deviation, min: Minimum, max: Maximum

Table 2. Comparison of the serum melatonin levels between the patient group and control group
N

Min

Max

Mean ± SD

p

Patient

22

34.28

90.06

51.32±12.45

Control

22

11.69

136.03

78.79±29.39

0.001

Mann-Whitney U test, p≤0.05, min: Minimum, max: Maximum

Table 3. Correlation between serum melatonin levels and hearing loss levels in the patient group
N

Min

Max

Mean ± SD

Melatonin level

22

34.28

90.06

51.3±12.45

Hearing level

22

32

113

58.13±20.88

p

r

r2

0.001

-0.644

0.232

Spearman’s test p value ≤0.01, r value (−1, 0,+1), coefficient of determination (r2), min: Minimum, max: Maximum
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Discussion
The pathogenesis of ISSNHL can not be clearly identified because
histopathological examination was not possible. Its causes include
viral infections, autoimmune inner ear diseases, cochlear vascular
pathologies or a combination of these mechanisms (13,14).
Merchant et al. (15) demonstrated that ISSNHL may be the
result of the abnormal activation of cellular stress pathways within
the cochlea and that nuclear factor kappa B (NF-kB) induces
oxidative stress, inflammatory cytokines and other stress-related
proteins. This hypothesis was supported by the pathological
activation of NF-kB, which stimulated the production of
inflammatory cytokines and other proteins due to oxidative stress
since the cochlear microcirculation is very sensitive to changes in
blood flow velocity, and dysfunction of the cortical organ occurs
very quickly even in limited perfusion disorders (16).
Different models of experimentally induced reperfusion
injury confirm that free radicals originating from oxygen play
a significant role. Clerici and Yang (17) found high-frequency
compound action potential threshold shifts in an animal study
examining the specific effects of ROS production on cochlear
function. Bielefeld et al. (18) found similar findings in a study
evaluating the effect of superoxides on inferior colliculus-induced
potential thresholds and hair cell damage. In a study comparing
the ROS and total antioxidant status (TAS) concentrations
on the effect of oxidative stress on ISSNHL, ROS levels were
considerably higher in the patient group than in the healthy
group, while no significant difference was found between the
TAS levels (19).

the presence of nitric oxide, thereby exerting vasodilatory and
hypotensive effects. Furthermore, it appears to be effective in
disorders of the peripheral and central autonomic system by
causing a decrease in the function of the adrenergic system and
an increase in the cholinergic system (33). Melatonin application
reduces the mean pulsatility sign of the internal carotid artery,
systolic and diastolic blood pressure and norepinephrine
levels (34). It also reduces blood pressure and decreases the
catecholamine level in human subjects (35).
A study observed that aminoglycoside ototoxicity improved
within 2 weeks, but when melatonin was added, it decreased to
5 days in rats (36). Melatonin as an antioxidant and immune
modulator can be also used to treat cisplatin ototoxicity by transtympanic local administration in lower doses (37). Another study
showed that free oxygen radicals are effective in the treatment of
cochlear damage caused by noise, and melatonin plays a strong
role in the protection of cochlear damage (38).
In this study, we investigated the relationship between serum
melatonin levels and ISSNHL by taking into account the presence
of antioxidant property, direct free radical scavenging activity and
antihypertensive property of melatonin. In this study, we found
that melatonin levels were significantly lower in patients with
ISSNHL than in the control group, and a statistically significant
result was obtained. Moreover, a statistically significant strong
negative correlation was found between serum melatonin level
and the severity of hearing loss.
The results of this study were limited by the small sample size.
Nevertheless, we think that the study findings will help in the
development of future treatment methods for ISSNHL.

Dysfunction of endothelial cells leads to an increase in ROS and
may result in apoptosis or sudden death of endothelial cells (20).
Guo et al. (21) showed that the increase in superoxide radicals and
decreased endothelial nitric oxide synthetase activity caused hair
cell loss, thickening of the vascular intima and luminal stenosis
in the spiral modiolus. Haubner et al. (22) also showed increased
adhesion molecules in the vascular circulation of patients with
ISSNHL. These studies found that endothelial dysfunction leads
to impaired labyrinth perfusion and hearing loss in patients with
ISSNHL, indicating the presence of vascular pathology in the
etiopathogenesis of the disease.

Conclusion

Melatonin, a pineal secretory product of vertebrates, can be
produce in many tissues and cells such as the cochlea (23,24).
Melatonin has a neuroendocrinoimmunological role at the
tissue level. It has both indirect antioxidant and direct free
radical scavenger activity (24). Melatonin ensures these effects
by transforming its metabolites, such as cyclic N-1-acetyl-5methoxy kynuramine, 3-hydroxymelatonin and N-1-acetyl-N2formyl-5-methoxykynuramine (25-27). All these metabolites
neutralise free radicals. Moreover, studies demonstrated that
melatonin induced several antioxidative enzymes, such as
glutathione peroxidase, glutathione transferase and superoxide
dismutase (28-32).

Informed Consent: Written informed consent was obtained
from the patients.

Melatonin has also been deliberated as a potent antihypertensive
treatment. It may also enhance endothelial function by increasing

Financial Disclosure: The authors declared that this study
received no financial support.
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This study indicates that low serum melatonin levels may be
associated with ISSNHL. Serum melatonin levels of patients
with ISSNHL were lower than controls. A larger series of studies
are required to elaborate on this relationship.
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