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cisplatin, cellular, on the spiral ganglion and stria vascularis in addition to the Corti organ are well-
molecular, apoptotic defined, the molecular mechanisms that cause hearing loss are not fully
mechanisms. understood. Cellular and molecular mechanisms and particularly apoptotic

mechanisms explain cisplatin cytotoxicity leading to cochlea damage. DNA
damage induced by cisplatin and ROS production seem to be mainly responsible

DOI: 10.26900/jsp.2018.12 | for cisplatin toxicity.

Children treated with cisplatin are at risk of early or late hearing loss which could
affect learning, communication, school performance, social communication and
general quality of life. For this reason, many protective agents are used with
cisplatin without changing its antitumoral efficiency. Studies of compounds to
prevent ototoxicity may provide compounds for use in routine clinical practice and
prevent one of the major dose-limiting side effects of cisplatin therapy, which will
increase treatment efficacy and improve patient quality of life.

1. INTRODUCTION

A medication or chemical agent that causes inner ear dysfunction in the form of hearing
loss, balance disorders or both symptoms together is said to cause ototoxicity. Ototoxicity
occurs due to antibiotics, diuretics, anti-inflammatories, antimalarial medications,
antineoplastic agents and some other medications.

The strong antineoplastic medication of cisplatin was first synthesized by Peyrone in
1845. In 1965 de Rosenberg and Cavalieri found platinum complexes that formed in the
presence of ammonium and chloride ions. Cisplatin was used for clinical chemotherapy at the
beginning of the 1970s as the most active platinum compound for experimental tumor systems
(Rosenberg and Cavalieri 1965). Cisplatin (cis-diaminedichloroplatinum [11], CDDP) cisplatin
(cis-diamminedichloroplatinum 1l) cisplatin (cis-diamminedichloroplatinum Il) within the
group called platinum compounds may be used in the treatment of many malignant diseases
like head and neck squamous cell carcinoma, solid testis, ovarian, bladder, prostate, and cervix
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tumors and non-small cell lung carcinoma and for pediatric malignancies like neuroblastoma,
osteosarcoma, hepatoblastoma and germ cell tumors (Ali et al. 2013, Gunes et al. 2009, Langer
et al. 2013, Rybak et al. 2009, Rybak et al. 2007, Sakamoto et al. 2000, Waissbluth and Daniel
2013). Serious side effects limiting clinical use include nephrotoxicity and ototoxicity causing
dose limitations. There are many studies on the side effects of cisplatin (Daldal et al. 2007,
Fetoni et al. 2004a, Van den Berg et al. 2006).

2. MATERIAL AND METHODS

The ototoxic effect of cisplatin is characterized by temporary tinnitus accompanied by
irreversible, progressive bilateral, moderate or severe sensorineural hearing loss beginning at
high frequencies and then affecting low frequencies important for perception of speaking
(Cooley et al. 1994, Fetoni et al. 2004a, Rybak et al. 2007, Sakamoto et al. 2000, Sluyter et al.
2003, Van den Berg et al. 2006). Ototoxicity is frequently associated with the dose and duration
of cisplatin, while some genetic and non-genetic risk factors play a role in this irreversible side
effect. Among non-genetic risk factors affecting the incidence of ototoxicity are form of use,
cumulative dose, high cumulative dose (> 400 mg/m2), age (children younger than 5 years),
bolus injections, dietary factors, malnutrition, anemia, hypoproteinemia, serum protein levels,
use with medications that are ototoxic agents especially aminoglycosides, furosemide,
gentamicin, amphotericin B and vancomycin, noise, low renal function, previous hearing loss
and history of cranial radiotherapy (Cooley et al. 1994, Sakamoto et al. 2000). Severity of
hearing loss is related to young age when cisplatin is first administered, number of cycles and
high cumulative dose (Allen et al. 1998).

It is well known that as much as side effects, the pharmacological efficacy of a
medication is linked to the intake, metabolism, excretion and detoxification of the medication.
Genetic factors may affect the metabolic activity of medication. Coding isoenzymes playing a
critical role in protection against ototoxicity in tumor cells and shown as a risk factor for
cisplatin, five glutathione S transferase (GST) genes were researched by Peters et al. (Peters et
al. 2000) in a pharmacogenetic study in the pediatric population. Polymorphism was researched
and it was found that GSTM3*B alelle had a protective effect against cisplatin ototoxicity.
GST1, GSTT1 and GSTML1 gene polymorphisms are the most common abnormalities in
ototoxicity formed by cisplatin. However, there are some debates related to the protective effect
of GSTs linked to different tumor types, age, chemotherapy regimes, cumulative cisplatin
doses, different analyses and statistical methods (Hirst and Robson 2010, Jamesdaniel et al.
2012b, Olgun et al. 2016a, Sanchez-Gonzalez et al. 2011, Tian et al. 2010, Wang et al. 2007).
High megalin expression levels, expressed in marginal cells in the apical section of the inner
ear stria vascularis, identified that single nucleotide polymorphisms (SNPs) rs2075252 and
rs2228171 played a role in ototoxicity formed by cisplatin (Hirst and Robson 2010, Jamesdaniel
et al. 2012b, Riedemann et al. 2008).

The use of chemotherapy combined with radiotherapy or radiotherapy combined with
chemotherapy may be very effective on both the formation and degree of ototoxicity
(Goldwein).

In spite of the histopathology of cisplatin ototoxicity being well-known, the hearing loss
mechanism is not fully known. These mechanisms are still being defined in many studies
(Cardinaal et al. 2000, Feghali et al. 2001, Hinojosa et al. 1995, Smoorenburg et al. 1999,
Teranishi and Nakashima 2003, van Ruijven et al. 2005, van Ruijven et al. 2004). Ototoxicity
has known cellular and molecular mechanisms.
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Cellular mechanisms of ototoxicity

Outer hair cell injury

Support cell injury

Nerve cell injury in the stria vascularis
Spiralligament injury
Spiralganglioncellinjury

Molecular mechanisms of ototoxicity

Formation of reactive oxygen species (ROS)

Loss of antioxidant glutathione and formative enzymes
Increased lipid peroxidation rates

Oxidative modifications of proteins

Nucleic acid damage with caspase system activation
S-nitrosylation of cochlear proteins

Changes in protein expression (Chirtes and Albu 2014)

2.1. Cellular mechanisms of ototoxicity

As soon as cisplatin enters cells it is transformed to a highly reactive intermediate
product - monohydrate complexes (MHC) — which causes formation of reactive oxygen
products and DNA damage resulting in apoptosis and cell death by an “aquation reaction”
(intracellular hydrolytic biotransformation). MHC is believed to be the most important
cytotoxic agent as it enters reactions with DNA (Deng et al. 2006). Additionally, it is believed
that MHC is responsible for the basic toxic side effects of cisplatin (Deng et al. 2010).

Though cytotoxic effects ease the reduction in tumor size and/or prevent tumor
development, they limit the anticancer efficacy of cisplatin and significantly limit the quality
of life of people struggling with cancer.

Ototoxicity of cisplatin is characterized by cochlea injury (cochleotoxic) especially
(Nakai et al. 1982). It affects three areas of the Corti organ in the inner ear (external hair cells),
spiral ganglion cells and outer wall (stria vascularis and spiral ligament) (Langer et al. 2013).
Cisplatin causes progressive injury to external hair cells in the cochlea, sporadic destruction of
internal hair cells, atrophy of the stria vascularis, collapse of the Reissner membrane and
damage to support cells in the Corti organ (Laurell and Bagger-Sjoback 1991) .

When used at low doses, initially it causes damage to stereocilia tip-link connections,
this is later followed by stereocilia fusion and disorganization (Comis et al. 1986, Fetoni et al.
2004Db). At high doses, it causes mitochondrial and endoplasma reticulum damage, loss of
stereocilia and hair cells, atrophy of the stria vascularis, collapse of Reissner membrane and
damage to support cells (Estrem et al. 1981, Fetoni et al. 2004b, Goncalves et al. 2013).

Hair cells are mechanotransducers in the inner ear necessary for hearing and balance.
Hair cell death commonly occurs following exposure to acoustic trauma and to ototoxins like
aminoglycoside antibiotics and the antineoplastic agent cisplatin. Loss causes permanent
sensorineural hearing loss, balance disorder or both together. To aid in developing therapeutic
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strategies, it is necessary to better understand the molecular mechanisms underlying hair cell
degeneration.

In response to cochlea trauma, hair cell death may occur through both necrosis and
apoptosis routes. Apoptosis of hair cells is associated with caspases and secretion of
inflammatory cytokines in response to trauma and MAPK/JNK pathways activated by oxidative
stress. Description of pathways causing apoptosis provides therapeutic targets for protection of
hearing (Abi-Hachem et al. 2010)

In the stria vascularis, reactive oxygen species (ROS) cause changes in permeability of
the mitochondrial membrane and apoptosis of marginal cells. Degeneration of the stria
vascularis is one of the first events in development of hearing loss due to cisplatin. Additionally,
spiral ligament fibrocytes provide potassium (K+) for endolymph and thus keep the endolymph
ionic concentration in balance with vital function for transformation of K+. They have a blood-
cochlear barrier function to prevent ototoxic medication effects. Degradation of these fibrocytes
has been shown to be strongly linked to hearing loss (Le et al. 2017).

2.2. Molecular mechanisms of ototoxicity

Despite good descriptions of changes initially beginning with external hair cells of the
Corti organ in the inner ear and then advancing to other areas, and affecting the spiral ganglion
and stria vascularis in addition to the Corti, the molecular mechanisms underlying hearing loss
are not fully understood (Jamesdaniel et al. 2012a, Karasawa and Steyger 2015, Kuhlmann et
al. 1997, More et al. 2010, Rybak et al. 2007).

CISPLATIN EXHAUSTS THE ANTIOXIDANT SYSTEM IN THE COCHLEA
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Figure 1. Effect of cisplatin on the antioxidant systems (Rybak et al. 2007)

Cisplatin and metabolites accumulate due to the cochlea being an anatomically closed
system and metabolites being difficult to excrete (Ali et al. 2013, Deavall et al. 2012, Devarajan
etal. 2002, Ding et al. 2012, Goncalves et al. 2013, Gunes et al. 2009, Langer et al. 2013, Rybak
2007, Rybak et al. 2009, Rybak et al. 2007, Sakamoto et al. 2000, Schacht et al. 2012,
Waissbluth and Daniel 2013). The accumulating cisplatin is integrated into cellular DNA
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causing dysfunction of protein synthesis including antioxidant enzymes. The cochlea
antioxidant systems include glutathione, glutathione peroxidase, glutathione reductase,
superoxide dismutase, catalase, glutathione-S transferase and glutamyl cysteine synthetase
(Waissbluth and Daniel 2013).Inhibition of antioxidant enzyme activities increases strong
reactive oxygen species (ROS) responsible for ototoxicity of cisplatin like superoxide,
hydrogen peroxide and hydroxyl radicals within the cochlea and allows the accumulation of
toxic lipid peroxides (Clerici et al. 1995).Normally the cochlea has an endogenous antioxidant
defense system related to the membrane scavenging ROS and preventing cell death caused by
ROS. As a result of interaction of cellular components, the membranes experience damage such
as aldehydic lipid peroxidation, oxidative modification of proteins and DNA lesions (Clerici et
al. 1995, Giridharan et al. 2012, lkeda et al. 1993, Mukhopadhyay et al. 2010, Raman et al.
2001).

In animals given ototoxic doses, malondialdehyde levels, an indicator of lipid
peroxidation in cochlear tissues, showed reciprocal increase with a reduction observed in
glutathione and antioxidant enzyme levels (Banfi et al. 2004, Clerici et al. 1995, Clerici and
Yang 1996, Dehne et al. 2001, Kopke et al. 1997, Rybak et al. 2000). Lipid peroxidation in
cochlear tissues may result in disrupted activities of antioxidant enzymes and glutathione
reductase as much as a reduction in glutathione. The reduction in cochlear antioxidant enzyme
activities may be linked to direct bonding of sulfhydryl groups in enzymes to cisplatin reduction
in copper and selenium important for superoxide dismutase and glutathione peroxidase
activities (DeWoskin and Riviere 1992) increased inactivation of organic peroxides by ROS
and antioxidant enzymes (Pigeolet et al. 1990) reduction in NAPDH and glutathione (Somani
et al. 2001) necessary for glutathione peroxidase and glutathione reductase activities (Fechter
and Pouyatos 2005, Fetoni et al. 2004b, Teranishi and Nakashima 2003, Van den Berg et al.
2006) .

Reactive oxygen species molecularly activate signal transducer and activator of
transcription (STATL) transcription factor beginning inflammatory and apoptotic cascades in
the cochlea (Avan et al. 2015, Jamesdaniel et al. 2008, Kaur et al. 2016). Reactive nitrogen
species contribute to cisplatin ototoxicity (Giridharan et al. 2012, Manetopoulos et al. 2003) .

Superoxide radicals formed from hydroxyl radicals (OH-) react with unsaturated fat
acids in the lipid layer of the cell membrane causing formation of the very toxic aldehyde 4-
hydroxynonenal. The increase in aldehyde 4-hydroxynonenal causes increased calcium flow in
external hair cells and apoptosis (Sanchez-Gonzalez et al. 2011)It may inactivate antioxidant
enzymes and cause release of cytochrome C from damaged mitochondria and then caspase 9, 3
and 7 activation leading to migration of pro-apoptotic Bax protein to the cytosol.

The free radical of NO (nitric oxide) is formed by the nitric oxide synthase (NOS)
enzyme in cells. NO production is linked to Ca?*/CaM bonding and has broad distribution in
cochlear cells (Fessenden et al. 1994, Hess et al. 1999) . One of the 3 isoforms of NOS described
in mammals of nNOS plays a specific role in hair cell physiology (Zdanski et al. 1998) and
eNOS is responsible for regulation of cochlear blood flow (Ren et al. 1997). Under normal
conditions, iINOS is inactive or not expressed in the cochlea (Gosepath et al. 1997, Hess et al.
1999) and controls transcriptional levels and this isoform produces high rates of NO. NO is a
very important gas structure material for hearing function (Fessenden et al. 1994, Gosepath et
al. 1997, Hess et al. 1999). The effects of NO are essential for physiologic functions; however,
as NO is a free radical excessive production is damaging for cochlear tissues (Raman et al.
2001, Takumida and Anniko 2001, Watanabe et al. 2001, Watanabe et al. 2000).

The 3 isoforms of the nicotinamide adenine dinucleotide phosphate oxidase enzyme
(NOX3) (NOX3NAPDH oxidase pathway) only found in the inner ear contribute significantly
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to ROS formation and are thought to play a clear role in cochlear oxidation (Watanabe et al.
2001, Watanabe et al. 2000). In cochlear tissue increased ROS causes peroxynitrite formation
which enters reactions with nitric oxide (Kaur et al. 2016) ROS in cochlear tissue may increase
expression of transient vanilloid receptor potential 1 ion channel (receptor transient potential
V1), amember of the transient receptor family of ion channel proteins and expressed by small-
diameter neurons and non-neuronal tissues (Corti) (Tian et al. 2010, Wang et al. 2007) This
increase leads to calcium loading and increased calcium flow to cells contributing to apoptosis
and cell death by caspase activation (Deng et al. 2006, Ross et al. 1983, Watanabe et al. 2001).

2.3. Apoptotic mechanism of cisplatin toxicity

Apoptotic cell death forms the basis of understanding cisplatin toxicity in healthy tissues
like the cochlea (Biedler et al. 1978, Bollimuntha et al. 2005, Cheng et al. 2005). Apoptotic cell
death is linked to the formation of ROS in the cochlea. Additionally, oxidative stress induced
by the medication may trigger a cascade of intracellular reactions leading to apoptosis.

The first mechanism proposed for the cytotoxic mechanism of cisplatin is that it affects
nucleophilic structures like guanine and adenine (complex interactions between cisplatin and
damaged DNA) (Rausaria et al. 2011). Cisplatin binds covalently to guanine bases in DNA,
inducing p53 by inter chain and intrachain crosslink formations, with aberrant genetic
transcription preventing normal cell cycle progression and causing cell cycle arrest and
apoptosis (Laurell and Bagger-Sjoback 1991). The 2nd proposed mechanism attracts attention
to the much-more debated free radical formation and increased ROS (Teranishi and Nakashima
2003). Apart from this, cisplatin ototoxicity is associated with mitochondrial dysfunction
(Fechter and Pouyatos 2005). and increased RNS (reactive nitrogen species) (Fetoni et al.
2004b) (37) formation. Reactive oxygen species (ROS) increase lipid peroxidation, change
enzyme and structural proteins and cause apoptotic cell death. The medication induced
oxidative stress may trigger an intracellular reaction cascade leading to apoptosis (Goncalves
et al. 2013).

Studies in recent times have illuminated the roles of molecules containing and affecting
the flows of MAPK (mitogen activated protein kinases) and p53. They may trigger
mitochondrial pathway mediated apoptotic cascades (Ali et al. 2013, Gunes et al. 2009, Langer
et al. 2013, Rybak et al. 2009, Rybak et al. 2007). With the reduction in antioxidant enzymes,
increased aldehydes and total lipid peroxidases like malondialdehyde, aldehyde 4-
hydroxynonenal and peroxynitrite increase calcium influx to cochlear cells and release of
cytochrome ¢ from mitochondria and caspase 9 and caspase 3 activation causes apoptosis (Ali
et al. 2013, Deavall et al. 2012, Devarajan et al. 2002, Ding et al. 2012, Goncalves et al. 2013,
Gunes et al. 2009, Langer et al. 2013, Rybak 2007, Rybak et al. 2009, Rybak et al. 2007,
Sakamoto et al. 2000, Schacht et al. 2012, Waissbluth and Daniel 2013).In response to different
ototoxic stimuli, degeneration mechanisms of sensory hair cells generally unite in a single route;
caspase activation. The key molecules in the hair cell death mechanism are caspase-9 and -3.
The Bcl-2 family is a group of proapoptotic and antiapoptotic molecules regulating caspase
activation and flows. Caspase inhibition prevents or delays hair cell death and may protect
hearing/balance functions (Cheng et al. 2005).
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Figure 2. Apoptotic Mechanism of cisplatin toxicity

In short, the apoptotic process encompasses disrupted redox status, increased lipid
peroxidation, formation of DNA products and increased production of proinflammatory
cytokines (Kim et al. 2014). The role of cytokines in cytotoxicity of cisplatin has been shown
by many studies. At cellular level, cisplatin ototoxicity includes a network of complex events
including ROS formation, and activation of inflammatory cytokines and stress signal pathways.
These events cause cell death due to apoptosis (Boulikas and Vougiouka 2003, Rybak et al.
2007). Apoptotic cell death is reported to form by expression and secretion of proinflammatory
cytokines via ERK and NF-KB activation. In HEI-OC1 cells treated with cisplatin, it is
noteworthy that there is an increase shown for proinflammatory cytokines of TNF-a, IL-1p3, and
IL-6with increased activation of MAPKS and NF-«B (Boulikas and VVougiouka 2003, Kim et
al. 2014) .
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As seen in apoptosis created by cisplatin, there are a variety of signal pathways. Definition
of the signal pathways regulating the cytotoxic effects of cisplatin is necessary to discover
targets that may be manipulated to prevent side effects among people fighting cancer.
Nitrosative stress-sensitive cells were revealed as an important factor affecting apoptotic
signalization (Hirst and Robson 2010). Nitration and nitrosylation of proteins induced by
cisplatin has been shown in the cochlea. Nitratified proteins are known cells targeted by
cisplatin, but are especially localized in external hair cells (Jamesdaniel et al. 2012a,
Jamesdaniel et al. 2012b).Increased nitrogen and nitrite levels (Giridharan et al. 2012,
Jamesdaniel et al. 2008, Mukhopadhyay et al. 2010) regulate phosphorylation cascades in
protein nitration, easing proteolytic degradation of nitratified proteins and disrupting protein
functions and may cause vital changes in cell biological functions.

Behaving as a scaffold protein (Manetopoulos et al. 2003, Sum et al. 2002) and binding
with many transcription factors to regulate signal formation as transcriptional regulator is
necessary for normal development in both the cochlea and vestibule (Deng et al. 2006, Deng et
al. 2010). LMO4 is defined as the most nitratified cochlear protein in ototoxicity induced by
cisplatin (Le et al. 2017) (Jamesdaniel et al. 2012a)). In Wistar rat studies of LMO4 and the
study by Rajamani et al. it was identified to play a role in easing the occurrence of ototoxic side
effects of cisplatin (Jamesdaniel et al. 2012a) . There are studies explaining the regulation of
cellular apoptosis with LMO4 (Tian et al. 2010, Wang et al. 2007) . Reduction in LMO4 inhibits
epithelial cell proliferation and the increase is a toxic side effect of cisplatin. It was shown to
play a potential role in easing cell death and apoptotic responses. Targeted inhibition of LMO4
nitration and/or LMOA4 degradation in sensitive cells may be a potential therapeutic strategy to
prevent side effects of cisplatin (Rathinam et al. 2015) .

While procedures including high energy radiation and especially doses above >30 Gy for
pediatric head and neck tumors, especially, and neuroblastoma, hepatoblastoma, osteosarcoma
or germ cell tumors affect the ear, commonly used radiotherapy platinum compounds (cisplatin
and/or carboplatin) alone or in combination create significant risks for patients. Hearing loss in
children may be more severe as radiotherapy is used more often for head/neck solid tumors
compared to adults. Standard therapy for head/neck cancers is CRT (concurrent chemo-
radiotherapy) (El-Sayed and Nelson 1996, Munro 1995, Pignon et al. 2005, Pignon et al. 2000,
Pignon et al. 2007). Ototoxic effects generally occur on the second day after the start of
treatment and may continue until seven days after treatment ceases (Cooley et al. 1994, Feghali
et al. 2001, Janning et al. 1998, Rybak et al. 2007, Sakamoto et al. 2000, van Ruijven et al.
2005) The threshold value for hearing loss in patients receiving combined radiotherapy and
chemotherapy treatment is 10 Gy (Hitchcock et al. 2009) At doses lower than 40 Gy, patients
receiving radiotherapy for head-neck cancers will not have clinically significant hearing loss.
However, when patients also receive 100 mg/mZcisplatin, sensorineural hearing loss is high.
Cranial radiation increases the possibility and severity of hearing loss (Hitchcock et al. 2009).
With density-regulated radiotherapy, some authors have found administration of limited
radiation into the inner or middle ear may protect hearing (Plowman 2002). Additionally, as the
inner ear is included in the irradiation area, there is more danger of permanent sensorineural
hearing loss as a result of radiotherapy including the cochlea. Sensorineural hearing loss forms
after a latent period varying from 1.5 years to 5 years after conventional fractionated
radiotherapy (Arora et al. 2009, Hua et al. 2008, Jereczek-Fossa et al. 2003, Low et al. 2006,
Paulino et al. 2000, Pearson et al. 2006, Wang et al. 2004, Zhang et al. 2009).

This type of reduction in hearing appears to result in loss of cilia cells especially in the
basal section and/or spiral ganglion damage in the cochlea. The etiology of these losses is
thought to be related to insufficient vascularization, fibrosis and ossification of inner ear fluids
(Chen et al. 1999, Zuur et al. 2009) causing atrophy and progressive degeneration of inner ear
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sensory structures and abnormalities of the cochlear nerve. Hearing difficulties create negative
effects and cause limitations or changes affecting the lives of cancer patients. Chen et al. (Chen
et al. 1999) accepted that radiation doses higher than 6000 cGy was the most significant factor
for the presence of sensorineural hearing loss. A study by Herman et al. (Herrmann et al. 2006)
with 2000-3000 cGy doses to the cochlea found clear hearing loss in 50% of patients and
ototoxic effects formed after radiotherapy 41.8% of patients with head and neck tumors.
Bhandare et al. (Bhandare et al. 2007, Schultz et al. 2010) attributed complications to the dose
of radiotherapy. The authors stated the incidence of ototoxic effects increased when the
radiotherapy doses increased from 6000 to 6600 cGy. This study found a total dose of 6500
cGy was statistically significant for the presence of hearing loss.

Children treated with platinum compounds, especially cisplatin, are at risk of early or late
hearing loss which may affect learning, communication, school performance, social
communication and general quality of life. For this reason, many protective agents that do not
change the antitumoral efficacy but reduce the injury caused by cisplatin are used together with
cisplatin. Glucocorticoids (dexamethasone, prednisone, methylprednisolone, etc.) and vitamin
E are promising potential medication groups for otoprotection(Cooley et al. 1994) .
Corticosteroids have been shown to limit ROS formation in the inner ear (Fechter and Pouyatos
2005, Goncalves et al. 2013, Laurell and Bagger-Sjoback 1991).

Vitamin E is a vitamin including tocopherol and tocotrienol species. Due to the lipophilic
property of a-tocopherol with highest antioxidant activity, it is a membrane-specific antioxidant
forming the first line of defense for unsaturated fat acids in the structure of membranal
phospholipids from the effect of free radicals. The lipid peroxyl radical is removed and the lipid
peroxidation chain reactions end. Due to this property, it is known as the chain-breaking
antioxidant (Rybak 2007, Rybak et al. 2007, Waissbluth and Daniel 2013) Teranishi and
Fetoni et al. (Fetoni et al. 2004b, Teranishi and Nakashima 2003) showed that vitamin E has a
protective effect against the ototoxicity of cisplatin (Rybak 2007, Rybak et al. 2007, Waissbluth
and Daniel 2013) .

There are strong nucleophilic compounds containing sulfur that have the ability to enter
interactions with the electrophilic structure of platinum linked to large density of electrons
around the sulfur atoms. Amifostine, WR-1065, N-acetyl cysteine, acetyl-l-carnitine, d-
methionine, sodium thiosulfate and erdostein thio are among these protective agents as they
form complexes with cisplatin due to structure (Altun et al. 2014, Altun et al. 2016, Altun et al.
2010, Gunes et al. 2011, Olgun et al. 2013, Olgun et al. 2014, Tufekci et al. 2009) (Altun et al.
2014, Altun et al. 2016, Altun et al. 2010, Dogan et al. 2014, Gunes et al. 2011, Olgun et al.
2013, Olgun et al. 2016b, Olgun et al. 2014, Tufekci et al. 2009). As ROS formation is the most
important factor starting ototoxicity, strategies to prevent ototoxicity include administering free
radical scavengers (amifostine, acetyl cysteine, salicylate and vitamin E) to prevent ROS
reactions with cellular protein, lipid and DNA. Other strategies include administering
compounds that can induce endogenous antioxidant production (acetyl cysteine, sodium
thiosulfate, salicylate, d-methionine and ebselen) and agents that prevent ROS formation
(allopurinol, erdosteine and adenosine agonists).

Many experimental studies have reported a variety of compounds like acetyl-L-carnitine
(Altun et al. 2014, Altun et al. 2016, Altun et al. 2010, Gunes et al. 2011, Tufekci et al. 2009) ,
resveratrol (Olgun et al. 2013, Olgun et al. 2014) Korean red ginseng (Olgun et al. 2016b) and
recombinant human erythropoietin(Dogan et al. 2014) with significant chemoprotective effects
on ototoxicity after administration of cisplatin.
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3. CONCLUSION

The main factors responsible for toxicity of cisplatin are the induced DNA damage and
ROS production. A variety of clinical approaches have been developed to prevent or reduce
these effects. In light of results obtained from studies of compounds to reduce ototoxicity, there
IS no specific agent that can be transferred to routine clinical practice. In addition to the lack of
consensus about agents that may be used for otoprotective aims, there is no definite consensus
of the administration route for these agents. Today these results are carried to clinical practice
by important animal models. The use of stem cells to repair cells and organs that do not have
the ability to regenerate is hopeful for ototoxicity. In clinical practice the greatest potential is
for amifostine, vitamin E, silymarin and NK-1 receptor agonists (Santabarbara et al. 2016).

One of these studied compounds may have protective ability against ototoxicity and thus
may resolve one of the major dose-limiting side effects of cisplatin therapy. Possibly this will
increase the efficacy of cisplatin treatment and improve the quality of life of a broad group of
patients.
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