
Abstract. Background/Aim: Cisplatin is a highly effective
chemotherapeutic agent that is used to treat solid tumors;
however, its severe side effects remain a limitation. In
particular, the high incidence of cisplatin-induced ototoxicity
has attracted interest. Melatonin has been shown to decrease
the toxic effects of cisplatin due to its antioxidant activity, and
could increase the efficacy of cancer chemotherapy. The aim
of this study was to determine the effect of melatonin against
ototoxicity in rats treated with cisplatin. Materials and
Methods: Rats were randomly divided into four groups (saline,
melatonin, cisplatin+saline, and melatonin+cisplatin).
Distortion-product otoacoustic emission (DPOAE)
measurements were carried out on days 1 and 8. Results:
There was a decrease in DPOAE amplitudes in the animals
that received cisplatin (10 mg/kg); however, the group treated
with cisplatin+melatonin presented DPOAE amplitudes
comparable to those of the control groups. Conclusion:
Melatonin can be used as an adjuvant tumor treatment due to
its ability to decrease cisplatin-induced ototoxicity. 

Cancer is currently a leading cause of death in both
economically developed and less developed countries (1).
Moreover, the global trend toward a shift in lifestyle habits
that are known to increase the risk of cancer in less
economically developed countries, comprising 82% of the
world’s population, is expected to lead to an increase in the
number of new cancer cases in the next few years along with
population growth and aging (1).

Cancer chemotherapy was introduced in the 1940s when
nitrogen mustard was first used in clinical practice. In 1969,
Rosenberg et al. (2) first demonstrated the cytotoxic effect
of cisplatin, and a new class of antitumor agents emerged
(2). Although additional platinum analogues are clinically
applied, cisplatin is still considered the most useful of these
agents based on its versatility, long research history, and
supportive literature (3). Indeed, cisplatin remains a highly
effective chemotherapeutic agent that is widely used to treat
solid tumors, including tumors of the ovary, testis, bladder,
lung, and head and neck (4-6). In particular, cisplatin is one
of the most effective chemotherapeutic agents for pediatric
cancer patients, with an average cure rate of 85% (7, 8).

The mechanism of cisplatin’s antitumor activity essentially
involves the binding of the drug to DNA and non-DNA
targets. The damage induced by the binding of cisplatin to
DNA inhibits DNA replication mechanisms, leading to cell
death through apoptosis and necrosis of tumor cells (9). 

In clinical practice, the dose of cisplatin may be limited
owing to its toxic side-effects such as nephrotoxicity,
genotoxicity, neurotoxicity, and ototoxicity, often leading to a
worse prognosis. Moreover, cancer patients, especially
children, have a higher incidence of development of secondary
tumors after cisplatin-based treatments, particularly in the
proliferative organs. This is due to the genotoxic effects of the
drug, which can affect all types of cells in the body and
enhance cancer occurrence, particularly leukemia (10). 

Ototoxicity has attracted substantial interest due to its
higher incidence compared to the other side-effects, being
considered the most common dose-limiting side-effect of
cisplatin treatment (4, 6, 7, 11). There is still no proven
effective treatment to prevent, or at least reduce cisplatin-
induced ototoxicity. Although increasing saline hydration and
mannitol diuresis can ameliorate cisplatin nephrotoxicity, these
measures do not have the same effects on ototoxicity (12). 

Audiometric studies have indicated an elevation of the
hearing threshold in 75-100% of patients treated with cisplatin
(8). This cisplatin-induced ototoxicity risk can be increased by
certain factors such as younger age in children, larger
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cumulative doses, renal disease, previous hearing loss, and
irradiation of the skull base (13, 14). Although the ototoxicity
usually occurs within hours to days after drug administration,
delayed ototoxicity from cisplatin has also been reported in
children (4). The severity of the ototoxic effect is also positively
correlated to the cumulative dose of cisplatin (15, 16).

Cisplatin-induced ototoxicity begins with damage to the
outer hair cells at the base of the cochlea, resulting in a
predominantly high-frequency hearing loss even at low
doses. As the treatment continues or the dose increases, the
cochlear lesion spreads apically, resulting in additional
hearing loss in the mid-to-high-frequencies (17). In addition,
cisplatin may affect other regions of the cochlea such as the
stria vascularis, spiral ligament, and spiral ganglion (18, 19).

Cochlear tissues from animals receiving ototoxic doses of
cisplatin are depleted of glutathione and antioxidant enzymes
(superoxide dismutase, catalase, glutathione peroxidase, and
glutathione reductase). Malondialdehyde levels increase, which
is an indicator of lipid peroxidation (13, 20). In 2007, Rybak et
al. (21) reviewed research findings that provide insights into the
mechanism underlying cisplatin ototoxicity. In particular, they
described that the depletion of cochlear antioxidant enzyme
activities may be a result of the direct binding of cisplatin to
essential sulfhydryl groups within the enzymes (21).

Some drugs have been reported to show potential protective
effects against cisplatin ototoxicity. However, some of these
failed in safety assessments and could eventually reduce the
anti-neoplastic activity of cisplatin, which would lead to
disastrous effects for the patient’s prognosis. Thus, there is an
urgent need to identify substances capable of protecting
against the ototoxicity of cisplatin, since this side effect causes
significant morbidity to patients.

Melatonin is widely distributed in animals and has an
uncommonly wide range of functions (22). The production
of melatonin increases during the absence of light and is
maintained at minimal levels in the presence of light, giving
rise to a circadian rhythm imposed by the light/dark cycle
(23). Accordingly, melatonin is also a sleep promoter and
regulator of photoperiod-dependent seasonal reproduction in
some vertebrates (24). In addition, melatonin has direct free
radical-scavenging activity and also regulates gene
transcription of antioxidative enzymes (25). Melatonin also
seems to decrease the toxicity and increase the efficacy of
cancer chemotherapy (26-28). 

Although melatonin has already been shown to be effective
against cisplatin-induced nephrotoxicity, testicular toxicity,
oxidative stress, and genotoxicity (29-32), its protective effect
against ototoxicity remains unclear. Considering the antioxidant
effect of melatonin, in this study, we examined its ability to
protect against the ototoxicity in rats treated with a single dose
of cisplatin. To our knowledge, this is the first assessment of
the protective effect of melatonin alone, by systemic
administration, against cisplatin-induced ototoxicity. 

Materials and Methods

Animals and study groups. Female Wistar rats (3 months old)
obtained from the University of Goiás were used in this study. The
rats were maintained in the biotery, during the experimental phase
under a controlled room temperature of 25±3˚C with a 12-h
light/dark cycle, were fed a balanced diet and provided water ad
libitum. All experiments were performed according to the protocol
approved by the Ethics Committee on Animal Use on 02/24/2015
(UnBDOc no. 7117/2015).

Before collecting the data, all the animals underwent otoscopy to
verify the presence of external and middle ear disorders. Only
animals confirmed to have no alterations in the exam were included
in the study. These rats were then randomly divided into four
groups: control saline (n=5), control melatonin (n=5), cisplatin+
saline (n=12), and cisplatin+melatonin (n=10). The saline and
melatonin (1 mg/kg) solutions were administered daily, whereas the
cisplatin solution (10 mg/kg) was administered only on the fourth
day (D4). All solutions were injected intraperitoneally. 

Ototoxicity evaluation. Distortion-product otoacoustic emissions
(DPOAE) measurements were carried out for each group on day 1
(D1, i.e., the day of administration) and day 8 (D8) of the trial. Prior
to the assessment, the rats were anesthetized (30 mg/kg of ketamine
hydrochloride and 7 mg/kg of xylazine) and placed in a soundproof
box allocated in a silent room. 

DPOAEs were assessed with an ILO292 II (Otodynamics Ltd,
Hatfield, UK). An infant hearing-screening probe was attached to
the external auditory canal. The stimulus consisted of two pure
tones (F1 and F2; F1/F2 ratio=1.22) at 70 dB SPL. In total, a
thousand acquisitions were analyzed. The resulting otoacoustic
emissions were evaluated at 2.8, 4, 6 and 8 kHz. After data
collection, all animals were euthanized with CO2 under anesthesia
after conclusion of the experiments.

Statistical analysis. The normality of variables was analyzed by the
Kolmogorov-Smirnov test, and the variance homogeneity was
analyzed by the Bartlet test. Kruskal-Wallis followed by Dunn’s
post-hoc test was used to compare non-parametric samples of each
group on D1 and D8. The Wilcoxon test was used to compare two
dependent non-normal samples to pinpoint the significant
differences between D1 and D8. The paired t-test (two-tailed) was
used to compare two dependent normal samples to pinpoint the
significant differences between D1 and D8. The Prism® Software
Package program (GraphPad, USA, 2005) was used for statistical
analyses and for graphical representations; values of p<0.05 were
considered statistically significant. 

Results
There were no differences in DPOAE amplitudes evaluated
on day 1 among the four groups, for all frequencies
(Kruskal-Wallis/Dunn method; 2.8 kHz, p=0.194; 4.0 kHz,
p=0.212; 6.0 kHz, p=0.114; 8.0 kHz, p=0.414). In addition,
at the second evaluation (D8), the DPOAE amplitude values
were lower in the cisplatin+saline treatment group compared
to that of the saline group at all frequencies (Kruskal-
Wallis/Dunn method; 2.8 kHz, p=0.011; 4.0 kHz, p=0.049;
6.0 kHz, p=0.047; 8.0 kHz, p=0.030). However, the DPOAE
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amplitude values did not differ between the saline and
melatonin or cisplatin+melatonin groups (Table I).

In the pairwise analyses, the means±SD of DPOAE did
not differ between D1 and D8 in either the saline (2.8 kHz
p=0.600; 4.0 kHz p=0.528; 6.0 kHz p=0.132; 8 kHz
p=0.688) or melatonin (2.8 kHz p=0.990; 4.0 kHz p=0.825;
6.0 kHz p=0.260; 8 kHz p=0.240) groups in all frequencies
tested (Figure 1).

Moreover, there were no differences in DPOAE amplitudes
obtained on D1 and D8 of treatment at 2.8, 4.0, 6.0 and 8.0
kHz in the cisplatin+melatonin group (2.8 kHz p=0.495; 4.0
kHz p=0.292; 6.0 kHz p=0.223; 8 kHz p=0.087) (Figure 1). 

However, in the cisplatin+saline group, the DPOAE
amplitudes were significantly higher on day 1 than on day 8,
for all frequencies (2.8 kHz p=0.009; 4.0 kHz p=0.006; 6.0
kHz p=0.003; 8 kHz p=0.010) (Figure 1).

Discussion

The prevention of cisplatin side-effects remains a major
clinical problem to improve, affection the therapeutic
efficacy and quality of life of cancer patients under
treatment. In particular, cisplatin-induced ototoxicity is the
key side-effect contributing to chemotherapy dose reduction
that can compromise the effectiveness of the treatment.

Herein, we confirmed that a single dose of cisplatin
(10 mg/kg) to rats decreased the DPOAE amplitudes; however,
early and concomitant treatment with melatonin resulted in
comparable DPOAE amplitudes to those of the control groups
(saline and melatonin alone) at all frequencies, demonstrating
its ability to protect against cisplatin-induced ototoxicity.

Other antioxidant agents administered in combination with
cisplatin have been also suggested; however, none of these
agents has become part of routine clinical use owing to the
time required to carry out careful safety evaluations of any
drug that is deemed to be potentially useful in reducing
chemotherapy-related side-effects. First, it is essential to
assess the candidate drug’s toxicity and analyze its effects on
cancer treatment. Second, the effects of the drug on tumor
remission and patient survival must be carefully tested. 

Melatonin has already been widely tested in different
animal species over a wide range of doses from
physiological to high pharmacologic concentrations to
determine its potential toxicity, and no major unfavorable
effects have been reported, even at high doses. In general,
the doses of melatonin administered in vivo reach up to 100
mg/kg body weight in rats (33) and 250 mg/kg body weight
in mice (34). Even when administered at massive doses (up
to 200 mg/kg body weight) during pregnancy, melatonin did
not induce significant embryo/fetal toxicity (35).
Consistently, we did not observe any side effects of the use
of melatonin at the proposed dose in the present study.

In a study of advance non-small cell lung cancer, patients
treated with melatonin had better health-related quality of
life scores. A great amount of DNA damage marker was
observed in the placebo-treated group, implying the
protective effect of melatonin in healthy cells. However,
melatonin in combination with chemotherapy did not affect
survival and adverse events, maybe because the study has a
limited sample size and a population with potentially poor
prognosis (36). Furthermore, melatonin co-treatment may be
an effective strategy for patients with drug-resistant
colorectal cancer (37). 

A meta-analysis published in 2005 demonstrated
consistent improvement in the 1-year survival rate with
melatonin adjunct therapy in a variety of patients with
advanced- stage cancers, with low numbers of serious
adverse events and low cost (38). In 2012, Wang et al. (39)
published an updated meta-analysis of randomized controlled
trials that evaluated the efficacy and safety of melatonin used
concurrently with chemotherapy or radiotherapy for solid
tumors. In most of the included studies, melatonin therapy
led to higher tumor remission; better 1-year survival, and
less radiochemotherapy-related side effects such as thrombo-
cytopenia, neurotoxicity, and fatigue. 

Our favorable results demonstrating the prevention of
cisplatin-induced ototoxicity with melatonin administration,
along with its established safety during treatment and beneficial
effect on prognosis, collectively suggest that melatonin may be
an excellent option for the prevention of ototoxicity under
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Table I. Distortion-product otoacoustic emissions (DPOAE, dB SPL) evaluated on the first (D1) and eighth (D8) days in all groups studied.

Evoked frequencies (→)                           2.8 kHz                                        4.0 kHz                                      6.0 kHz                                 8.0 kHz

Groups (↓)                                         D1                     D8                       D1                      D8                    D1                    D8                  D1                  D8

Saline                                               11.9                  11.7                      22.8                   23.7                  35.5                 32.8                33.1                33.2
Melatonin                                         11.3                  11.0                      20.1                   19.8                  31.2                 32.0                30.9                32.8
Cisplatin+saline                               11.8                    8.1*                   22.8                   16.8*                33.8                 25.6*              33.1                28.6*
Cisplatin+melatonin                         11.4                  11.7                      20.0                   20.4                  31.9                 29.5                33.8                29.3

Data are expressed as median values. *Values that significantly differ (p<0.05) from those of the saline group.



cisplatin-based regimes. Although the precise mechanism of
these beneficial effects requires further study, it is likely related
to the antioxidant activities of melatonin. It is well known that
cisplatin imposes severe oxidative stress to the renal tissue, and
melatonin has been suggested to protect against this oxidative
damage (40, 41) potentially via its radical scavenging activity,
glutathione peroxidase-activating property, and regulatory
activity of renal function (21, 31, 42). Moreover, Kilic et al.
(43) suggested that melatonin attenuates cisplatin-induced
nephrotoxicity possibly by modulating Nrf2/HO-1 signaling.

The reproductive system is particularly vulnerable to
chemotherapy, as many drugs can cause infertility, changes
in organ structure or function, as well as sexual hormones
dysfunction (44). Melatonin has cytoprotective effects on the
reproductive system (45). In addition to the free radicals
scavenging and antioxidant enzymes modulation, melatonin
ameliorates reproductive injury through modulating sexual
hormones (45). In particular, combined treatment with
melatonin has been shown to greatly prevent the marked
impairment of testicular function caused by cisplatin in rats
(32). In addition, melatonin could significantly improve the

decrease in body and testicular weight; epididymal sperm
count, motility, and morphology; glutathione peroxidase
activity; and glutathione levels in rats under cisplatin
treatment (29).

Furthermore, melatonin has been reported to show a
protective effect against gentamicin and tobramycin-induced
ototoxicity, which did not interfere with the antibiotic
capacity of these antibiotics (46, 47). 

In the present study, 10 mg/kg cisplatin clearly triggered
ototoxicity, as determined by the decrease in DPOAE
amplitudes measured at different frequencies, which was
prevented by co-administration with melatonin. In addition,
administration of melatonin alone did not affect the DPOAE
amplitudes measurements of the animals, confirming its safety. 

Although the protective effect of melatonin against
cisplatin-induced ototoxicity in rats was detected at all
frequencies studied, the effect was more evident at the lower
frequencies of 2.8, 4, and 6 kHz than that observed at 8 kHz,
although the effect was still statistically significant. This may
be due to the stronger ototoxic effect that is classically
described at higher frequencies. Thus, it is possible that
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Figure 1. Distortion product otoacoustic emissions (DPOAE) amplitudes on day 1 (D1) and day 8 (D8).



increasing the melatonin dose could help to maximize its
effect, particularly at higher frequencies. 

Our results point to the applicability of melatonin as an
adjuvant in carcinoma treatment, since it may decrease the
ototoxicity caused by cisplatin. In addition, our results
should motivate further research to identify the cochlear
structural changes caused by cisplatin and its possible
reversal with different doses of melatonin. The use of
melatonin as an adjuvant in humans to avoid undesirable
side-effects of cisplatin is an important goal for the future.
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