
INTRODUCTION
Aminoglycosides are bactericidal aminoglycosidic.

Aminocyclitols were discovered about 70 years ago when they
were the most common treatment for tuberculosis and other
bacterial infections (1). Aminoglycosides continue to be cost
effective and widely used particularly in developing countries
where the prevalence of tuberculosis remains a major threat to
human health. In contrast, the use of these drugs in the
developed countries has declined in recent decades because of
their significant toxic side effects (2). This toxicity is especially
manifested at the level of the inner ear (3) and the kidney (3, 4).
In the former, the aminoglycosides reportedly cause hearing loss
in roughly 33% of the individuals treated with these drugs while
vestibular toxicity is roughly 15% (2). The higher rate of toxic
side effects in developing countries is believed to be a
consequence of their increased use in multidrug-resistant
tuberculosis, their over-the-counter availability and an
inadequate monitoring of auditory function during the course of
what is often long term therapy (5). Included in the superfamily
of the aminoglycosides are dihydrostreptomycin, tobramycin,
kanamycin, amitracin and gentamicin, among others.

Ototoxicity, i.e., cochlear and/or vestibular toxicity, was first
seen in individuals who used streptomycin and

dihydrostreptomycin for the treatment of tuberculosis (6). After
1963 when gentamicin first became available, it has remained
the most widely-used aminoglycoside (7, 8). While gentamicin
is a highly effective treatment for idiopathic endolymphatic
hydrops (Meniere’s disease), a third of the patients who use the
drug develop hearing loss (9). The bactericidal actions of the
aminoglycosides involve a series of defined steps including their
binding to ribosomes and the inhibition of protein synthesis (10).

Cisplatin, a widely-used chemotherapeutic agent but not
an aminoglycoside, also has toxic actions, which limits the
dose at which it is given. The negative side effects of this drug
are similar to those of the aminoglycosides at the level of the
inner ear.

Tinnitus, also commonly referred to as “ringing in the ears”,
is distracting and occasionally debilitating to the extent it may
cause sleep loss. Many agents are believed responsible for
causing tinnitus, e.g., excessively loud noise, medications, etc.,
and the currently-available treatments are less than optimally
effective in reducing tinnitus.

Each of these subjects will be discussed in the current
survey. The amount of information related to the protective
effects of melatonin in these conditions varies widely with the
bulk of data describing the benefits of the indoleamine against
aminoglycoside toxicity.
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cysteine, melatonin, also a documented antioxidant, was estimated to be up to 150 times more effective in limiting the
cochlear side effects, evaluated using otoacoustic emission distortion products, of gentamicin, tobramycin and cisplatin.
In a dose-response manner, melatonin also reduced vestibular hair cell loss due to gentamicin treatment in explanted
utricles of newborn rats. Finally, melatonin (3 mg daily) limited subjective tinnitus in patients. These findings suggest
the potential use of melatonin to combat the ototoxicity of aminoglycosides and cancer chemotherapeutic agents.
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AMINOGLYCOSIDE TOXICITY: MECHANISMS
Aminoglycoside molecules per se are not inherently toxic;

rather, they require the redox capacity of a transition metal ion to
become destructive (1). Thus, an aminoglycoside chelates a
metal ion to generate chelated metal complexes (11, 12) which
are redox active and, therefore, give rise to reactive oxygen
(ROS) including free radicals. Once produced, these oxidizing
agents have the capability of mutilating nearby biomolecules
(13). There is direct evidence that at least some of the damage
inflicted by aminoglycosides involves ROS and reactive
nitrogen species (RNS) (14-16). The generated toxic agents not
only cause molecular damage but also initiate cell death via
apoptosis and necrosis.

There is experimental evidence supporting the role of free
radicals and related reactants in ototoxicity that results from the
interaction of an aminoglycoside with cellular molecules.
Hence, animals over expressing cytosolic superoxide dismutase
(SOD), the enzyme that metabolizes the superoxide anion
radical (O2�-) to the non-radical product hydrogen peroxide
(H2O2), exhibit less ototoxic damage when given the
aminoglycoside, kanamycin, than do control animals having
normal SOD activity (17). Likewise, the inhibition of c-Jun N-
terminal kinase (JNK), one of the signaling pathways activated
by aminoglycosides via free radicals, protects the cochlear hair
cells from damage due to neomycin treatment (18, 19). This
finding indicates a central role for JNK in mediating the cellular
implosion that occurs when cells are exposed to an
aminoglycoside antibiotic. The transcription factor, nuclear
factor kappa-β (NFκB), may also play a role in hair cell
cytoprotection against kanamycin. When mouse outer hair cells
were destroyed by kanamycin administration, a loss of p65 and
p50 labeling in the nucleus was observed; immune labeling of
these two submits of NFκB was preserved in the surviving hair
cells, suggesting a yet undefined role for NFκB in rescuing hair
cells from aminoglycoside-mediated toxicity.

Since aminoglycosides react with transition metals, e.g.,
iron, to generate destructive ROS/RNS, it was presumed that
metal chelators may be effective in ameliorating loss of hair cells
caused by these drugs. Indeed, the use of iron chelators, i.e.,
desferoxamine or dihydroxybenzoate, do reduce ototoxicity that
results from aminoglycoside treatment; this is accomplished
without interfering with the antibiotic activity of the drug (2).

There is also a modicum of evidence indicating that aspirin
(sodium salicylate) attenuates gentamicin-mediated ototoxicity
(5). In a double-blind study in which gentamicin treatment was
coupled with aspirin administration, a reduced incidence of
hearing loss was observed. Aspirin usage, however, was
associated with gastric bleeding in a small percentage of the
patients. Mechanistically, it was presumed that either the metal
chelating or antioxidant activities of aspirin accounted for its
protective actions against gentamicin in this clinical trial. The
use of other antioxidants in an attempt to alleviate the loss of
inner ear hair cells during aminoglycoside administration has
been attempted with variable success. The antioxidants include
d-methionine and lipoic acid.

MELATONIN AS AN ANTIOXIDANT
Melatonin, N-acetyl-5-methoxytryptamine, is an

endogenously produced indoleamine that is best known for its
ability to synchronize circadian and circannual rhythms (21, 22).
While it was initially discovered as a secretory product of the
pineal gland of vertebrates (23), it is in fact produced in all
organisms of the animal kingdom from unicells to humans (24)
and also in plants (25-27). Also, although discovered as a

synthetic product of tryptophan metabolism in the mammalian
pineal gland, it is now known to be produced in a variety of
different cells/tissues (28), including in the cochlea (29). During
evolution, melatonin’s original function seems to have been as
an antioxidant with its other functions being later additions to its
physiological repertoire (28).

Melatonin also is an uncommonly potent direct free radical
scavenger and indirect antioxidant (30, 31). Moreover, in the
process of scavenging toxic free radicals, melatonin is converted
to metabolites that seem to be as least as effective as melatonin
itself in neutralizing free radicals and associated toxic agents.
These melatonin metabolites include cyclic 3-hydroxymelatonin
(32), N1-acetyl-N2-formyl-5-methoxykynuramine (AFMK)
(33), N1-acetyl-5-methoxykynuramine (AMK) (34) and perhaps
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Fig. 1. Proposed mechanism of aminoglycoside (AG) toxicity at
the level of the hair cell in the cochlea and utricle of the inner
ear. After the AG enters the hair cell through mechano-electrical
transducer channels, it forms a complex with a transition metal,
in this case iron (Fe). These redox active complexes generate
ROS/RNS including the superoxide anion radical, hydrogen
peroxide, hydroxyl radical, peroxynitrite anion, etc. These
reactants activate JNK (c-Jun N-terminal kinase) which then
translocate (straus locates) to the nucleus to activate genes in the
cell death pathway; these products are then transferred to the
mitochondria (mito) where they promote the release of
cytochrome c (Cyt c). In the cytosol, Cyt c triggers the activation
of a series of caspases followed by apoptosis (programmed cell
death) via what is referred to as caspase-dependent cell death. In
addition to this caspase-dependent apoptotic pathway, AG may
also kill cells via caspase-independent mechanisms.



others (35). The functional diversity of melatonin and its
metabolites is emphasized by its ability to neutralize toxic
derivatives of oxygen which include the most highly reactive
products, the hydroxyl radical (�OH) and the peroxynitrite anion
(ONOO-), as well as O2�-, H2O2 and singlet oxygen (1O2) (36-
38). Additionally, melatonin’s direct free radical scavenging
activity extends from plants to unicellular animals and up to and
including humans (24, 27, 28, 37-39).

In addition to its ability to directly detoxify radicals,
melatonin has a variety of other means by which it quells
oxidative damage. Notably, melatonin stimulates antioxidative
enzymes which convert free radicals to innocuous non-reactive
products (31, 40, 41), it may chelate transition metals which
normally would participate in redox reactions (42), it reduces
election leakage from mitochondria thereby preventing free
radical formation (38, 43-45) and it promotes the synthesis of
another important antioxidant, glutathione (46). Finally,
melatonin and/or AMK inhibit the prooxidative enzyme, nitric
oxide synthase (47). This enzyme converts arginine to nitric
oxide making it available to couple with the O2�- to form the
highly aggressive ONOO-.

The combination of actions of melatonin, as described
above, in resisting oxidative/nitrosative stress presumably make
the indoleamine an important antioxidant. In comparative
studies with other well-known free radical scavenges, e.g.,
vitamins C and E, etc., melatonin has often been found to be
better in terms of its ability to protect against molecular
destruction by toxic oxygen derivatives (48). One of melatonin’s
advantages is seemingly its ability to enter both the lipid (for
example, membranes) and aqueous (for example, cytosol and
nucleoplasm) environments of the cell where it scavenges
radicals and their derivatives. Often the unique solubility of
antioxidants (for example, vitamin E works exclusively in the
lipid portions of cells) limits their efficacy in neutralizing
radicals that are produced in all subcellular compartments.
Additionally, the actions of melatonin at the level of the
mitochondria (43, 45, 49-51), which are normally the major site
of intracellular free radical generation, may well contribute to its
high efficacy in protecting against free radical damage.

ISCHEMIC AND AMINOGLYCOSIDE-INDUCED
COCHLEAR TOXICITY

In the organ of Corti of the cochlea, the outer cells are crucial
elements of the transduction mechanism by which environmental
sound is converted to an electrical signal that is sent to the brain
via the cochlear division of cranial nerve VIII. The hair cells,
when transducing environmental sound waves, produce what is
referred to as otoacoustic emissions (OAEs) (52). The OAEs are
recorded by placing an external probe in the auditory canal of the
temporal bone. This technique allows the detection of electrical
signals representing sound using an easy and non-invasive
method (53). OAEs are subclassified according to the type of
acoustic stimulation used to produce them; one subcategory of
OAEs is distortion products, or DPOAEs (54).

Realizing that the antioxidant melatonin is present in the
cochlea (55) and that excessive free radical generation
compromises the function of cochlear outer hair cells and,
therefore, the recordable OAEs, Lopez-Gonzalez and colleagues
(56) tested whether melatonin administration would alter the
DPOAEs from hair cells experiencing excessive oxidative stress
due to ischemia. In this study, melatonin (250 µg) or a mixture of
other antioxidants consisting of 0.25 mg α-tocopherol, 3 mg
ascorbic acid, 1 mg glutathione and 65 mg of N-acetylcysteine
were injected 30 minutes in advance of death of anesthetized rats
due to either decapitation or chloroform inhalation. The total

antioxidant dose of the mixture was roughly 150 times greater than
that of melatonin. In the control animals, DPOAEs were recorded
for 2 minutes when the rats were killed by decapitation and 
3 minutes when death was due to chloroform inhalation. Both
melatonin and the antioxidant mixture were effective in prolonging
DPOAEs after death by either means. Thus, they prolonged the
recording of DPOAEs 3.5-fold and 7-fold when death was due to
decapitation or chloroform exposure, respectively.

When the organ of Corti is rendered ischemic as a result to the
death of the animal, the cells generate free radicals due to hypoxia
and DPOAEs can be recorded. The fact that both melatonin and
the antioxidant mixture prolonged the duration of the DPOAEs
indicates that they successfully scavenged the radicals produced
and slowed the death of the hair cells. Lopez-Gonzalez et al. (56)
surmised, based on the doses of melatonin (250 µg) and
antioxidant mixture (64.25 mg) administered, that melatonin was
roughly 350 times more effective than the mixture in terms of their
abilities to reduce free radical formation. Since both antioxidant
concoctions seem to have been maximally effective in limiting
free radical generation, however, more studies are required to
determine the relative efficacies of these antioxidants.

In a related study, Lopez-Gonzalez and co-workers (16) also
examined whether melatonin would influence the recorded
DPOAEs measured after rats were treated with 5 daily
intramuscular injections of either gentamicin (160 mg/kg body
weight (BW)) or tobramycin (200 mg/kg BW). Melatonin was
either given in the drinking water (10 mg/L) or as a daily
subcutaneous (250 µg) or intramuscular (250 µg) injection. The
ototoxicity measured as DPOAEs which accompany the
administration of the aminoglycosides was maximal at 3-5 days
during treatment; the DPOEAs disappeared 9 days after
aminoglycoside administration was discontinued. By contrast,
normal OEAs reappeared within 5 days when either gentamicin
or tobramycin were given in combination with melatonin. Also,
importantly, melatonin did not interfere with the antibiotic
activities of the aminoglycosides as measured using
antibiograms after the inoculation of either Escherichia coli or
Pseudomonas aeruginosa.

Since it appears that excessive free radical generation is, at
least in part, responsible for the ototoxicity of gentamicin and
tobramycin, it is reasonable to assume that the ability of melatonin
to function as an antioxidant may well account for its efficacy to
reduce DPOEAs generated at the level of the cochlear hair cells.
Considering the multiple means by which melatonin functions (as
summarized above) to overcome free radical production and the
associated molecular damage, which of melatonin’s effects
explain its protective actions in hair cells remains unknown.

AMINOGLYCOSIDE-INDUCED VESTIBULAR TOXICITY
At least as devastating as cochlear hair cell loss resulting

from the use of aminoglycoside antibiotics, is the irreversible
damage to the vestibular hair cells. The vestibular dysfunction
that arises is sometimes unrecognized as being related to
aminoglycoside use due to the sudden onset of this serious
adverse side effect. Moreover, the emotional distress and
financial impact related to an episode of vestibular malfunction
due to aminoglycoside use may be substantial. Hence, damage to
the vestibular apparatus may prolong hospitalization as well as
physiotherapy and rehabilitation, but has even more long-range
consequences in terms of difficulty in securing or maintaining
employment and inability to operate a vehicle (57).

The hair cells of the vestibular apparatus of the inner ear are
a major target for the damage inflicted by aminoglycosides.
There is general agreement in the published literature that
vestibulotoxicity, like ototoxicity, related to aminoglycosides
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stems, at least in part, from the excessive generation of toxic free
radicals in the hair cells (58); radicals not only damage these
cells but often cause them to undergo apoptosis (59). Once lost,
these cells cannot be replaced so the damage and associated
vestibular dysfunction are permanent.

The initiation of free radical generation presumably involves
the natural action of aminoglycosides to chelate iron which
greatly enhances the likelihood of the hair cells to produce toxic
oxygen-based radicals in excess (14, 56, 60, 61). Considering the
processes described, Song and colleagues (62) found that the
administration of an iron chelator to animals receiving
aminoglycosides limited vestibular toxicity without changing
the antibacterial properties of the drug.

Within the vestibular apparatus, the damage caused by the
aminoglycosides is not uniformly distributed. Rather, damage
initially develops at the top of the cristae and at the striolar
regions of the maculi; it then progresses to the type I hair cells
and later to the type II cells (63).

While all currently-used aminoglycosides have been found to
cause vestibulotoxicity by destroying hair cells in the ampullae
cristae (58, 61-63), there does seem to be some organ specificity
with gentamicin seemingly being more destructive to the hair
cells of the vestibule than those of the cochlea while the actions
of amikacin are opposite to this (64). It was initially thought that
the concentration of the specific drug within the fluid of the
vestibular apparatus was a contributor to the resulting toxicity.
Research has not borne this out, however, with the degree of
damage to the hair cells being independent of the concentration
of the aminoglycosides in the vestibular fluid (14, 65).

Since vestibular hair cell loss may involve the generation of
ROS and apoptosis after gentamicin administration, Kim and
colleagues (66) reasoned that the antioxidant melatonin may be
useful in combating the destruction of the hair cells of the utricles
of the rat. For this ex vivo study, utricles were obtained from the
temporal bones of 2-4 day old Sprague-Dawley rats; thereafter, the
explants were cultured in Dulbecco’s Modified Eagle’s Medium
containing 1 mM gentamicin and melatonin at concentrations of
either 10, 50 or 100 µM. Following the various treatments, the
number of phalloidin-fluorescein isothiocyanate (phalloidin-
FITC)-stained hair cells were counted in the utricles. In a dose-
response manner, melatonin reduced live hair cell loss although
even at the dose of 200 µm, it did not totally reverse the toxicity
of 1 mM gentamicin. With the aid of the fluorescent indicator,
hydrofluorescent diacetate acetyl ester, the generation of ROS was
estimated and found to be significantly elevated in the utricles that
were treated with gentamicin only. When the drug was combined
with 50 µM melatonin, the fluorescent signal identifying ROS was
weakened indicating fewer radicals being formed. Likewise,
caspase-3 (estimated using CaspGLOLO fluorescein) activation
was elevated in the utricles treated with gentamicin alone and
reduced when the aminoglycoside was given in combination with
50 µM melatonin. Western blot analysis confirmed caspase-3
activation by gentamicin and its reduction following treatment
with melatonin. In this study, Kim and co-workers (66) did not test
the efficacy of the highest dose (100 µm) of melatonin in altering
ROS production or caspase-3 activation.

The results of this report, which used explants of newborn
rat utricles, documented the ability of melatonin to attenuate loss
of hair cells, ROS generation and activation of caspase-3. The
implication of these findings is that melatonin may have utility
in preventing utricle hair cell loss that results from
aminoglycoside toxicity in vivo. Kim et al. (66) concluded that
melatonin does prevent oxidative damage and apoptosis in
utricular hair cells. Since the toxicity of aminoglycosides may
rely on their ability to generate excessive ROS, it is assumed that
melatonin could be effective against each of these drugs in
reducing utricular hair cell loss.

CISPLATIN-MEDIATED TOXICITY
There is ample justification for the assumption that

melatonin may also be capable of overcoming hearing loss due
to cisplatin treatment. Cisplatin, a common cancer therapeutic
drug, is not an aminoglycoside but it has some similar side
effects. Also, like the aminoglycoside, cisplatin is often dose-
limited by its toxicity which includes damage to the inner ear
(67, 68); one of the underlying mechanisms of the auditory
damage that accompanies the ototoxicity of cisplatin is the
excessive generation of free radicals although it also has the
ability to crosslink DNA and proteins.

Since free radicals may be involved with the toxicity of
cisplatin, Lopez-Gonzalez and co-workers (69) examined
whether melatonin would also limit the auditory damage caused
by this chemotherapy. As in their studies of aminoglycoside
toxicity, these workers recorded DPOAEs from the external
auditory canal of rats after their treatment with cisplatin alone or
in combination with antioxidants. To produce the DPOAEs, the
animals received a single intraperitoneal dose of 10 mg/kg
cisplatin. Additional animals were given the cancer
chemotherapeutic agent in combination with melatonin (10
mg/L in the drinking water or a daily subcutaneous dose of 250
µg) or with a mixture of antioxidants, also injected
subcutaneously, that included 0.2 mg alpha-tocopherol, 3 mg
ascorbic acid, 1 mg glutathione and 60 mg N-acetylcysteine.

The DPOAEs, recorded as DPgrams, were reduced by both
melatonin and the antioxidant mixture to an equal amount on
days 0, 5 and 15 after cisplatin administration. The difference,
however, was that the antioxidant mixture contained a much
higher dose of free radical scavengers than did melatonin alone.
As a result, the authors concluded that, in terms of ototoxicity as
estimated using DPgrams, melatonin was an estimated 350 times
more effective than the antioxidant mixture in preserving the
integrity of the auditory apparatus. The importance of these
findings is that melatonin interferes with the toxicity of cisplatin,
it does not counteract its efficacy as a cancer chemotherapy (70).

TINNITUS: REDUCTION BY MELATONIN
Tinnitus is the perception of sound when it is otherwise

externally quiet. It occurs as a result of a variety of conditions
including allergies, a consequence of medications (e.g., aspirin)
or a congenital defect and may accompany natural hearing loss
that is observed during aging. Tinnitus is often caused by noise-
induced hearing impairment (71). When the health care
professional can actually hear a sound emanating from the ear of
a patient, it is referred to as objective tinnitus (72). Conversely,
where no noise can be perceived by anyone other than the
patient, it is referred to as subjective tinnitus (73).

Interest in the potential use of melatonin to minimize tinnitus
was initiated by observation of Rosenberg et al. (74) who found
that melatonin, taken at a dose of 3 mg daily for 30 days, caused
a perceptible reduction in tinnitus. The improvement was most
obvious in patients with bilateral, as opposed to unilateral, tinnitus
and in those whose sleep was disturbed because of tinnitus.
Melatonin is also a sleep promoting agent, however, which may
have reduced the perception of tinnitus. Due to their results, the
authors suggested that melatonin should be included in the
armamentarium of drugs useful in treating subjective tinnitus.

A double-blind, placebo-controlled prospective study also
showed that melatonin alleviated subjective tinnitus (75). In this
study, melatonin (3 mg daily) was compared with the D2
dopamine receptor antagonist, sulpiride (50 mg daily), or
combined with it with tinnitus perception being subjectively
graded by the patients; the duration of treatment was 30 days.
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Using the subjective rating scale, sulpiride reduced tinnitus by
56%, melatonin lowered it by 40% and the combined treatment
caused an 81% drop in subjective tinnitus. The visual analogue
scale evaluation also indicated that the combination of drugs also
was the best treatment to reduce tinnitus perception. In this study
it was surmised that melatonin’s efficacy in limiting the
perception of tinnitus stemmed from its ability to reduce the
response to dopamine, possibly by inhibiting the release of the
tissue biogenic amine which may be mediated by central-type
benzodiazepine receptors (76). While Lopez-Gonzalez and co-
workers (75) provide a logical flow diagram to illustrate how
melatonin may impact tinnitus via a dopaminergic mechanism,
the paper provides no direct support for this hypothesis.

Similar findings using a combination of melatonin and
sulodexide were observed in terms of reducing tinnitus. In the 34
patients receiving this treatment, the combination of drugs
improved the quality of life and reduced the subjective
evaluation of the severity of tinnitus (77). Sulodexide, a
glycosaminoglycan, was used because of its ability to enhance
the blood flow in the labyrinthine microcirculation.

In a study that lacked a placebo-treated control group,
melatonin also seemingly reduced the subjective interpretation
of the severity of tinnitus in patients as assessed using the
Tinnitus Handicap Inventory (78). In the same report, the effect
of melatonin on sleep was estimated. As with the presumed
reduction in tinnitus, melatonin also improved sleep quality as
evaluated using the Pittsburgh Sleep Quality Index. There
seemed to be some association between the improvements in
sleep and tinnitus. The authors of this report feel melatonin may
be a safe treatment for tinnitus, particularly in patients where the
tinnitus is so severe it disturbs sleep.

In a recent theoretical report, Pirodda et al. (79) enumerated
the means by which melatonin may relieve tinnitus. The
proposed mechanisms include melatonin’s ability, a), to reduce
sympathetic drive, b), to induce a more steady hemodynamic
condition resulting in a regular labyrinthine perfusion, c), to
cause a reduction in skeletal muscle tone which would limit
tinnitus that results from tonic contraction of the tensor tympani
muscle, d), as a result of its antidepressive actions which may,
via indirect means, reduce tinnitus or the perception of tinnitus
severity, and, e), as a direct regulator of inner ear immunity.

In general, the findings summarized in the reviewed
publications suggest the utility of melatonin in treating tinnitus.
Considering how common-place this disturbing condition is, any
treatment, especially one with the low cost and high safety
profile of melatonin, should be considered for use.

CONCLUSIONS
The studies performed to date do not unequivocally establish

the mechanisms by which melatonin reduces the toxicity of the
aminoglycosides and cisplatin. It is known, however, that the use
of these often highly-effective drugs is limited by their negative
side effects. If, in fact, melatonin routinely ameliorates their
toxicity in humans as it does in animals, then the dose of these
drugs could perhaps be increased thereby elevating their
effectiveness. To date, there are no studies showing that melatonin,
combined with either aminoglycoside or cisplatin treatment,
interferes with their action. Rather, the authors of the published
reports specifically mention that melatonin does not attenuate the
functional efficiency of either the aminoglycosides or cisplatin.

Melatonin, an endogenously-produced molecule, has
frequently been used by humans for various purposes (especially
as a sleep promoting agent) without evidence of toxicity (80-87).
The common doses given to humans usually are in the low
milligram range, i.e., 1-10 mg/day. Based on animal studies

where melatonin has frequently been used as a pharmacological
agent, these low doses in humans may be insufficient to reduce
the damage done by toxic drugs like the aminoglycosides and
cisplatin. Thus, higher doses should be considered in clinical
studies. Melatonin has been given to normal humans at the dose
of 1 g daily for 30 days with no untoward side effects being
apparent (88).

In view of the observations summarized in the review, it
would seem worthwhile to consider combining melatonin with
toxic pharmaceuticals for the purpose of reducing the damage
these latter molecules often promote at the level of the cochlear
and vestibular hair cells. The more wide spread use of melatonin
in both the experimental and the clinical setting and in clinical
trials of several types has been previously proposed (85, 89).

Conflict of interests: None declared.
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