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Abstract Cis-diammineedichloroplatinum (cisplatin) is a

chemotherapeutic agent that is widely used in the treatment

of many cancers. Nephrotoxicity, ototoxicity and neuro-

toxicity are dose-limiting adverse effects for cisplatin. The

cellular and molecular mechanisms underlying cisplatin-

induced ototoxicity aren’t fully understood. It has been

proposed that cisplatin primarily cause damage at the

cochlea, outer hair cells in particular, leading to excessive

production of free oxygen radicals in the organ of Corti,

stria vascularis, spiral ligament, and spiral ganglionic cells.

The cytotoxicity is associated with the generation of

reactive oxygen species (ROS); thus, there is an increasing

interest on antioxidants with an effort to discover the

established protection against cisplatin-induced ototoxicity

over time. Misoprostol (MP) has gained considerable

interest as a reactive oxygen species scavenger in recent

years. To best of our knowledge, there is no study about

protective effect of MP, a prostaglandin E1 (PGE1) ana-

logue, on cisplatin-induced ototoxicity. In our study, we

show that protective effects of misoprostol on cisplatin-

induced ototoxcity on rats.
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Introduction

Cis-diammineedichloroplatinum (cisplatin) is a chemother-

apeutic agent that is widely used in the treatment of many

cancers. Nephrotoxicity, ototoxicity and neurotoxicity are

dose-limiting adverse effects for cisplatin [1, 2]. Nephro-

toxicity can be prevented by increased hydration and

forced diuresis; however, no cure or preventive treatment

is currently available for ototoxicity. In previous studies, it

was reported that hearing thresholds can be elevated in up

to 75–100 % of patients. The rate of this adverse effect is

even higher in children [2, 3]. The cellular and molecular

mechanisms underlying cisplatin-induced ototoxicity are

not fully understood. It has been proposed that cisplatin

primarily cause damage at the cochlea, outer hair cells in

particular, leading to excessive production of free oxygen

radicals in the organ of corti, stria vascularis, spiral liga-

ment, and spiral ganglionic cells [4, 5]. It is believed that

primary cytotoxic effects of cisplatin are mediated by the

monohydrated cisplatin complex, which reacts with

nuclear DNA to form platinum–DNA adducts [6]. The

cytotoxicity is associated with the generation of reactive

oxygen species (ROS); thus, there is an increasing interest

on antioxidants with an effort to discover the established

protection against cisplatin-induced ototoxicity over time

[7]. To date, there is no FDA-approved product that is

proven to be effective in preventing or reducing cisplatin

ototoxicity [8]. Misoprostol (MP) has gained considerable

interest as a reactive oxygen species scavenger in recent

years [9]. In addition to antioxidant properties such as anti-

apoptotic or cytoprotective effects, it also has additional

properties [10, 11].

To best of our knowledge, there is no study about pro-

tective effect of MP, a prostaglandin E1 (PGE1) analogue,

on cisplatin-induced ototoxicity. Therefore, we designed
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this study in rats to investigate the effects of MP on CP-

induced histopathological changes and auditory parameters

including auditory brainstem response (ABR) and distor-

tion product otoacoustic emission (DPAOE). This is the

first study demonstrating attenuating effects of misoprostol

against cisplatin ototoxicity in a rat model as indicated by

DPOAEs.

Objective Ototoxicity is one of the most important

adverse effects that limit use aminoglycoside antibiotics. In

this study, it was aimed to investigate the potential pro-

tective role of misoprostol against cisplatin by electro-

physiological tests (auditory brainstem response [ABR]

and distortion product otoacoustic emission [DPOAE]) and

histopathology.

Material and method

This experimental study was approved by Ethics Com-

mittee on Animal Studies of Erciyes University, Medicine

School (date: 12.03.2014; #14/039). It is conducted at

Hakan Çetinsaya Experimental and Clinical Research

Center of Erciyes University, Medicine School.

Animal preparation and experimental procedure

All rats underwent otoscopic examination (Zeiss S1, Ger-

many). Emission and normal hearing were assessed by

DPOAE and ABR measurements. The study included 80

ears of 40 rats with normal hearing threshold and DPOAE

value. The rats (n = 40) were randomized into 4 groups as

follows:

Group I (n = 10) Cisplatin (14 mg/kg; Cisplatin-Teva,

50 mg vial, MED ILAC, Turkey) was given via intraperi-

toneal route,

Group II (n = 10) Cisplatin (14 mg/kg) plus misopros-

tol (100 mcg/kg; Sigma Aldrich Chemical Co, St. Lousi,

Mo, USA) was given via intraperitoneal route,

Group III (n = 10) Ethanol 20 % (1 cc) was given via

intraperitoneal route,

Group IV (n = 10) Misoprostol (100 mcg/kg; Sigma

Aldrich Chemical Co, St. Lousi, Mo, USA was given via

intraperitoneal route,

All drugs used in the study were given once daily for

14 days.

In all animals, sedation was achieved by using combi-

nation of ketamine hydrochloride (80 mg/kg, i.p., Ketalar,

Eczacibaşı, Turkey) and xylazine (10 mg/kg, i.p.; Rompun,

Bayer, Germany). After anesthesia, external auditory canal

and tympanic membrane was evaluated in 40 rats by using

an otoscope (Riester 2101, Germany) with an appropriate

speculum in place. Cerumen was removed from external

auditory canal. No rat with abnormal auditory canal or

middle ear was detected. In all rats, DPOAE and ABR

measurements were performed in both ears. Then, animals

were assigned into four groups. After 7-days drug expo-

sure, otoscopic examination was repeated under general

anesthesia and three rats with pathology were excluded.

Again, three rats died during study period. Thus, DPOAE

and ABR measurements were repeated in 34 rats (68 ears).

Baseline DPOAE and ABR values were compared to those

obtained after drug exposure and cochlear toxicity was

evaluated in electrophysiological manner.

DPOAE test procedure

DPOAE measurements were performed by using Otody-

namic ILO-288 Echoport device (Otodynamics Ltd., Lon-

don, UK). Measurements were performed in a silent room.

An appropriate plastic tube adaptor (1 cm in size) attached

with plastic tympanometer probe was inserted to external

auditory canal. Primary stimulus levels were equalized at

80 dB (L1/L2) were chosen for DP-gram measurements.

Two distinct frequencies (f1 and f2) were set as f1/f2 ratio of

1.22 to obtain maximum responses. DP gram measure-

ments were performed at frequencies of 1001, 1501, 2002,

3003, 4004, 6006, 7996 Hz.

ABR test procedure

ABR test was performed in both ears under anesthesia.

Measurements were performed by using Interacoustics

(Interacoustics, Denmark). ABR responses were recorded

by using silver subdermal needle electrodes (Technomed

Europe, The Netherlands). In the study, ipsilateral record-

ing was performed via three electrodes by using one

channel. Electrode positioning was as follows: active

electrode (?) at vertex, grounding electrode over con-

tralateral mastoid bone and reference electrode (-) over

ipsilateral mastoid bone. Click stimulus was used as

auditory stimuli. The band-pass filter 100–3000 Hz for

click stimuli, and repetition rate of 21 s were set as filter-

ing. The threshold was determined beginning from 70 dB

by 20 dB decrements. Normal hearing is defined as

detection of normal ABR configuration at 10 dBHL.

Behavioral reproducibility was tested by two repetitions at

threshold level and proof is demonstrated. ABR threshold

is defined as lowest level where wave V of ABR was

observed. ABR measurements were repeated 14 days after

drug initiation and results were compared with baseline

ABR measurements.

Histopathological examination

The cochlea was fixed in 10 % formalin. Then, tissue

samples were embedded into paraffin blocks to avoid cell

destruction by autolysis or bacteria, and to preserve tissue

morphology and composition. To enable histopathological
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examination, the specimens were decalcified in a solution

consisting of formic acid and sodium citrate. Then, cochlea

was bisected to obtain a transverse section. One paraffin-

embedded block tissue was selected from each case and

5 lm sections were cut, which were then stained with

hematoxylin and eosin. The sections were evaluated under

light microscopy (Nikon Eclipse Ni) and digital images

were obtained by digital camera (Nikon DS2-Fi2) attached

to light microscope. Tissue sections were deparaffinized

with xylene and washed with ethanol.

Histologically, tissue samples obtained from experi-

mental animals revealed normal micro-architecture of the

organ of Corti (Fig. 1). Histopathologically, the presence

of stria vascularis, edema, leukocyte infiltration, neovas-

cularization and fibroblast proliferation were rated subjec-

tively as -, ?, ?? or ???.

Results

This is the first study investigating the protective effects

of misoprostol against cisplatin-induced ototoxicity. Our

results suggest that DPOAE responses and histopatho-

logical structure were preserved in the cisplatin plus

misoprostol group when compared to the group received

cisplatin alone. In light of these findings, we concluded

that cisplatin-induced ototoxicity may be prevented by

use of misoprostol the rats. However, further studies

with comprehensive electrophysiological and

histopathological evaluations are needed to investigate

the protective effect of the misoprostol on cisplatin-in-

duced ototoxicity.

ABR tests

When ABR threshold values were compared at baseline,

there was no significant difference in ABR threshold values

of left and right ear between groups (p[ 0.05).

DPOAE tests

DPOAE responses were measured at frequencies of 1000,

1500, 2000, 3000, 4000, 6000 and 8000 Hz at baseline and

after 14-days drug exposure. When DPOAE responses

were analyzed, it was seen that there was significant dif-

ference in DPOAE response at frequency of 1001 Hz

across groups (p\ 0.05). However, no significant differ-

ence was detected between groups regarding DPOAE

responses at frequencies of 2002, 3003, 4004 and 6006

obtained at baseline (p\ 0.01), but there was significant

difference in DPOAE response at 7996 at significance level

of\0.05.

No significant difference was found in DPOAE response

at frequencies 1001 and 1501 Hz obtained after 14-days

drug exposure among groups (p[ 0.05).

In misoprostol group, there was significant difference

between DPOAE response at frequency of 6006 Hz

obtained at baseline and after drug exposure at significance

level of\0.05 (p\ 0.05).

In cisplatin group, there was significant difference

between DPOAE responses at frequencies of 4004 and

7996 Hz obtained at baseline and after drug exposure at

significance level of\0.01 (p\ 0.01) (Table 1).

In cisplatin misoprostol group, there was significant

difference between DPOAE responses at frequencies of

4004 and 6006 Hz obtained at baseline and after drug

exposure at significance level of\0.01 (p\ 0.0) while in

DPOAE response at frequency of 7996 Hz at significance

level of\0.05 (Table 2).

Histopathological results

There were significant differences in measurements of

epithelial vacuolization in strial epithelium and spiral

limbus among groups (p[ 0.05) (Table 3).

There were significant differences in measurements of

epithelial vacuolization in strial epithelium and spiral

limbus among groups (Figs. 1, 2, 3). In the histopatho-

logical examination, there was vacoulization in fibroblasts

of stria vascularis at cochlea in rats given cisplatin

(Fig. 4).

Fig. 1 Inflamation on stria vascularis (H&E 940)
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Discussion

Cisplatin is commonly used as an anti-neoplastic agent in

the treatment in a wide spectrum of neoplastic diseases

including ovarian, testicular, bladder, lung, head and neck

[12]. Its anti-neoplastic action is associated to inhibition of

the deoxyribonucleic acid (DNA) synthesis [13]. However,

nephrotoxicity, neurotoxicity and ototoxicity observed

during cisplatin therapy are dose-limiting adverse events

[14]. Ototoxicity may occur within hours to days after

cisplatin exposure. Cisplatin-induced ototoxicity is usually

bilateral with progressive and irreversible nature.

Sensorineural hearing loss is initially observed at high

frequencies; however, it may progress to involve all fre-

quencies at high cumulative doses of cisplatin [12].The

exact mechanism of cisplatin-induced ototoxicity hasn’t

been fully understood. The most popular mechanism pro-

posed is excessive production of free oxygen radicals in the

cochlear tissues [12]. Cisplatin also decreases antioxidant

enzymes in the cochlea [4]. In experimental animal studies,

cisplatin-induced ototoxicity was demonstrated and there

are many reports on the protective effects of various

antioxidant agents such as resveratrol, melatonin, dexam-

ethasone, Vitamin E, D-methionine, N-acetylcysteine,

Table 1 In cisplatin group

DPOAE responses
Group Test Measurement Mean SD Wilcoxon signed ranks test

Z p

Cisplatin Baseline 1001 25.67 24.18 -1.002 0.316

After exposure 1001 16.66 27.07

Baseline 1501 6.39 23.05 -0.024 0.981

After exposure 1501 6.19 18.24

Baseline 2002 2.36 12.66 -0.327 0.744

After exposure 2002 0.45 12.03

Baseline 3003 9.21 22.35 -1.285 0.199

After exposure 3003 -1.93 13.26

Baseline 4004 26.28 19.86 -3.593 0.000**

After exposure 4004 0.32 7.44

Baseline 6006 0.36 18.32 -1.198 0.231

After exposure 6006 -4.35 14.37

Baseline 7996 -2.62 18.82 -2.722 0.006**

After exposure 7996 -14.32 11.91

** p\ 0.01

Table 2 Cisplatin misoprostol

group DPOAE responses
Group Test Measurement Mean SD Wilcoxon signed ranks test

Z p

Cisplatin misoprostol Baseline 1001 26.93 21.97 -2.069 0.039*

After exposure 1001 6.69 22.92

Baseline 1501 19.04 24.33 -1.677 0.094

After exposure 1501 1.83 14.04

Baseline 2002 10.45 19.07 -1.699 0.089

After exposure 2002 2.67 15.53

Baseline 3003 3.24 18.11 -1.491 0.136

After exposure 3003 -5.19 10.89

Baseline 4004 16.31 22.22 -2.896 0.004**

After exposure 4004 -2.06 15.44

Baseline 6006 4.29 13.88 -3.267 0.001**

After exposure 6006 -10.52 7.89

Baseline 7996 -3.71 18.35 -2.461 0.014*

After exposure 7996 -17.53 7.34

* p\ 0.01; ** p\ 0.01
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gingko biloba extract, allopurinol and ebselen, amiphos-

tine, sodium salicylate, Salvia miltiorrhiza and pome-

granate extract [3, 4, 15–23].

The present study showed that misoprostol treatment

may play a protective role against cisplatin-induced oto-

toxicity in rats. To best of our knowledge, there is no study

on this issue in the literature. In our study, it was seen that

there was significant difference in DPOAE response at

frequency of 1001 Hz across groups (p\ 0.05). However,

no significant difference was detected between groups

regarding DPOAE responses at frequencies of 2002, 3003,

4004 and 6006 obtained at baseline (p\ 0.01), but there

was significant difference in DPOAE response at 7996 at

significance level. In misoprostol group, there was signif-

icant difference between DPOAE response at frequency of

6006 Hz obtained at baseline and after drug exposure at

significance level of\0.05 (p\ 0.05).

Our results showed that DPOAE responses were pre-

served in the cisplatin plus misoprostol treatment group

when compared with cisplatin alone group. In our study,

there were significant differences in measurements of

epithelial vacuolization in strial epithelium and spiral

limbus among groups, while there were significant differ-

ences in measurements of epithelial vacuolization in strial

Table 3 Measurements of epithelial vacuolization in strial epithe-

lium and spiral limbus

Group Mean rank Chi-square df p

Stria vascularis vacuolization

Cisplatin 20.50 19.969 3 0.000**

Cisplatin—Misoprostol 16.25

Misoprostol 7.75

Control 5.50

Strial epithelium vacuolization

Cisplatin 20.17 19.212 3 0.000**

Cisplatin—Misoprostol 16.50

Misoprostol 7.83

Control 5.50

Spiral limbus vacuolization

Cisplatin 18.67 14.433 3 0.002**

Cisplatin—Misoprostol 10.67

Misoprostol 15.83

Control 4.83

** p\ 0.01

Fig. 2 Stria limbus ve vaskülariste vakuolizasyon (H&E 940)

Fig. 3 In the histopathological examination, there was vacoulization

in stria vascularis at cochlea in rats given cisplatin (H&E 940)

Fig. 4 In the histopathological examination, there was vacoulization

in fibroblasts of stria vascularis at cochlea in rats given cisplatin

(H&E 940)
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epithelium and spiral limbus among groups. The

histopathological findings observed also supported protec-

tive effect of misoprostol in cisplatin-induced ototoxicity.

In drug-related ototoxicity, pathogenesis may be linked

with the accumulation of drugs within cells. Laboratory

animals as well as in vitro studies have shown that cisplatin

leads to hearing loss by influencing on several cochlear

regions. Outer cell degeneration is the most commonly

reported histopathological manifestation of ototoxicity. At

the beginning, outer hair cells stereocilia tip links of outer

hair cells are injured; followed by loss of outer hair cells

[4].

Cisplatin ototoxicity causes progressive damage in

cochlear outer hair cells starting from the base and

extending to the apex. It also includes collapse of Reiss-

ner’s membrane, atrophy of the stria vascularis and sup-

porting cells the organ of Corti [24]. In our study, DPOAE

amplitudes decreased in the higher frequencies but the

lower frequencies were spared in the cisplatin group. This

is an apparent sign of progressive damage starting from

base of cochlea to the apex which is induced by cisplatin.

Moreover, the ototoxic effect may be profound as cisplatin

accumulates in inner ear.

The precise cellular and molecular mechanisms under-

lying cisplatin-induced ototoxicity haven’t been fully

understood; however, in recent studies it has been proposed

that oxidative stress may be one of the underlying mech-

anisms in the pathogenesis of ototoxicity. In the literature,

there are studies that suggest a linkage between cisplatin-

induced ototoxicity and excessive production of free oxy-

gen radicals in the cochlea, outer hair cells, spiral ligament,

stria vascularis and spiral ganglionic cells [1]. In addition,

cisplatin also decreases antioxidant enzymes involved in

removal and neutralization of increased super oxidase [12].

Cisplatin accumulates in the cochlear tissues and integrates

into the DNA, resulting in synthesis of dysfunctional pro-

teins and enzymes. This will lead excessive free oxygen

radical generation in association with decreased antioxi-

dant enzyme system. A wide spectrum of enzymatic and

non-enzymatic mechanisms involved in control of biologic

effects of free oxygen radicals in vivo. Extreme increases

in the production of free oxygen radicals or decrease in the

antioxidant system results in potentially cytotoxic oxida-

tive stress [25]. Once the stability between free oxygen

radicals production and the anti-oxidative defiance mech-

anisms is impaired, oxidative stress can occur, which can

result in cochlear cell injury or death.

Endogenous or exogenous antioxidant agents may pro-

tect against cisplatin-induced ototoxicity. In experimental

animal studies, exogenous antioxidant agents have been

used to reduce cisplatin ototoxicity, presumably by scav-

enging free oxygen radicals. These agents include resver-

atrol, melatonin, dexamethasone, Vitamine E,D-

methionine, N-acetylcysteine, gingko biloba extract, ebse-

len, amiphostine, sodium salicylate, Salvia miltiorrhiza,

pomegranate extract, thymoquinone, bilberry extract,

lycopene, chrysin,sertralin, molsidomine and beta glukan

[3, 4, 15–33]. There is no FDA-approved agent that has

shown efficacy in preventing cisplatin ototoxicity so far

[4].

Misoprostol is a synthetic methyl prostaglandin E1

(PGE1) analogue that is used in the treatment of peptic

ulcer as it increases secretion of mucus lining gastroin-

testinal tract and mucosal blood flow [34]. In recent years,

it became apparent that misoprostol has effects beyond

protecting the gastroduodenum from NSAIDs and pro-

moting uterotonic activity. In preclinical and clinical

studies, it was indicated that the drug may have roles in the

treatment of organ systems such as the heart, lungs, kid-

neys, brain, pancreas, and liver. The mucosal edema and

increased mucus layer may be important components in the

drug’s cytoprotective mechanism. This can lead dilution in

the concentration of potentially harmful molecules such as

NSAIDs and increase the distance that such molecules

have to penetrate before reaching susceptible cells [35]. It

is also likely that misoprostol acts as an inhibitor of

leukocyte adherence and/or directly modulates expression

of specific adhesion molecules throughout the body in

various disease states [36, 37, 38]. Many novel effects of

the agent have been discovered in a variety of diseases and

organ systems, which are generally associated to cell pro-

tective properties of the drug. For example, in one double-

blind controlled trial, it was indicated that misoprostol was

associated with significant improvement in renal function

as assessed by serum creatinine and creatinine clearance

after kidney transplantation [39]. In some clinical trials, it

was shown that misoprostol is associated with significantly

improved NSAID-induced tinnitus [40, 41]. Misoprostol

(MP) has gained considerable interest as a scavenger of

reactive oxygen species [9]. It also has other properties in

addition to antioxidant such as anti-apoptotic or cytopro-

tective effects [10, 11]. Misoprostol, a prostaglandin E1

analogue, is widely used in preventing NSAID-induced

gastric ulcers; prolongs the survival in heart and kidney

transplantation; and protects against cyclosporine-induced

renal damage. Misoprostol has interaction with broad range

of physiologic and pharmacologic activities in diverse

disease states and organ systems. Its cell protective effects

extend its proven ability to block NSAID-induced gastro-

duodenal damage. Additional protective effects may lead

to more successful management of malignancy and hepatic,

renal, lung, and cardiac dysfunction. Immunomodulatory

effects may be helpful in chronic arthropathies, allergies,

and cartilage deterioration [10, 42]. The effect of miso-

prostol on cisplatin-induced changes in lipid peroxidation

products, and the activity of antioxidant enzymes in the rat
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kidney have also been investigated to determine the extent

of tissue damage due to oxidative stress [43].

To best of our knowledge, there is no study about pro-

tective effect of MP, a prostaglandin E1 (PGE1) analogue,

on cisplatin-induced ototoxicity. Therefore, we designed

this study in rats to investigate the effects of MP on CP-

induced histopathological changes and auditory parameters

including auditory brainstem response (ABR) and DPAOE

(distortion product otoacoustic emission).

Conclusion

Our results revealed statistically significant differences

between study groups, suggesting that misoprostol had

protective effect against cisplatin ototoxicity. Our results

also showed that misoprostol treatment achieves significant

protection to the cochlea from cisplatin toxicity; thus,

intraperitoneal dose of misoprostol used in this study may

have a protective effect against cisplatin ototoxicity in rats.
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