
lker KOÇAK, MD; Ömer Faruk ÜNAL, MD; Esra AYDOĞAN, MD; Remzi DOĞAN, MD; Dilek AKAKIN, MD; Kutay 
KÖROĞLU, MD; Ömer Faruk ÖZER MD 
The Protective Effect Of Thymol Against Cisplatin-Induced Ototoxicity: An Experimental Animal Study 

KBB-Forum
2017;16(2)

www.KBB-Forum.net

 

 43

RESEARCH 
 

THE PROTECTIVE EFFECT OF THYMOL AGAINST CISPLATIN-INDUCED 
OTOTOXICITY: AN EXPERIMENTAL ANIMAL STUDY 

 
İlker KOÇAK1, MD; Ömer Faruk ÜNAL1, MD; Esra AYDOĞAN1, MD; Remzi DOĞAN2, MD; Dilek 

AKAKIN3, MD; Kutay KÖROĞLU3, MD; Ömer Faruk ÖZER4 MD 
 

1Koç Üniversitesi Hastanesi, Kulak Burun Boğaz, İstanbul, Turkey 2Bezmialem Vakıf Üniversitesi, Kulak Burun Boğaz, 
İstanbul, Turkey 3Marmara Üniversitesi, Histoloji ve Embriyoloji, İstanbul, Turkey 4Bezmialem Vakıf Üniversitesi, Biyokimya, 

İstanbul, Turkey 
 

SUMMARY 
Objective: The aim of this study is to investigate the protective effect of thymol against cisplatin- induced ototoxicity by evaluating 

audiological, biochemical and histopathological parameters. 
Materials and methods: Thirty-two male rats were divided into four groups (control, cisplatin, thymol + cisplatin and thymol) including 

eight rats each. 150 mg/kg/day thymol was given for 5 days orally. Single dose cisplatin(16 mg/kg) was also given via intraperitoneal route. 
Distortion product otoacoustic emission(DPOAE) and auditory brainstem response(ABR) tests from both ears were performed in all groups 
at the beginning of the study and also on days 6. Intracardiac blood samples and their cochleas were taken on day 6 for assessment of 
biochemical and histopathological(including TUNEL) parameters. 

Results: In audiological assessment, in group 2(cisplatin), there were significant decreases in DPOAE values and significant increases in 
ABR thresholds on days 6 as compared with other groups. In Groups 1(control), 3(thymol + cisplatin) and 4(thymol) there was no significant 
difference between the pre- and posttreatment DPOAE and ABR results. 

In biochemichal analyses, the total oxidant status(TOS) value was significantly higher in group 2(cisplatin) than in the other groups. The 
total antioxidant status(TAS) value was significantly higher in group 3(thymol+cisplatin) than in group 2. 

In the histopathological examinations, there was significant reduction of the number of TUNEL-positive cells in the group 
3(thymol+cisplatin) compared to the group 2(cisplatin). 

Conclusions: The audiologic tests, biochemical results and histologic findings revealed that thymol may have protective effect against 
cisplatin ototoxicity by increase antioxidant levels and reduce oxidative stress parameters. 
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TİMOLÜN SİSPLATİN OTOTOKSİSİTESİNE KARŞI KORUYUCU ETKİSİ: DENEYSEL HAYVAN ÇALIŞMASI 
ÖZET 
Amaç: Bu çalışmanın amacı odyolojik, biyokimyasal ve histolojik parametreler ile timolün sisplatin ototoksisitesine karşı koruyucu 

etkisini araştırmaktır. 
Gereç ve yöntem: 32 sıçan 4 gruba ayrılmıştır(kontrol, sisplatin, timol+sisplatin, timol) 150 mg/kg/gün timol 5 gün süreyle oral yoldan, 

tek doz cisplatin(16 mg/kg) intraperitonel yolla verilmiştir. Sıçanlara çalışmanın başında ve 6. günde, Distortion product otoakustik 
emisyon(DPOAE) ve auditory brainstem response(ABR) testleri yapılmıştır. Biyokimyasal ve histolojik parametrelerin değerlendirilmesi 
için 6. Günde intrakardiyak kan örneklemesi yapılmıştır ve sıçan kokleaları diseke edilmiştir. 

Bulgular: Odyolojik değerlendirmede; grup 2(sisplatin)’de 6. günde, DPOAE değerlerinde anlamlı düşme ve ABR değerlerinde anlamlı 
yükselme görülmüştür. Grup 1(kontrol), grup3(timol+sisplatin) ve grup 4(timol)’ de tedavi öncesi ve sonrası DPOAE ve ABR değerlerinde 
anlamlı fark yoktur. 

Biyokimyasal Analizde; diğer gruplara göre grup 2(sisplatin)’de total oxidant status(TOS) değeri anlamlı olarak yüksektir. Grup 
3(timol+sisplatin)’ de total antioxidant status(TAS) değeri grup 2(sisplatin)’ye göre yüksek olarak bulundu. 

Histopatolojik muayenede; Grup 3(timol+sisplatin)’ de TUNEL pozitif hücre sayısı grup 2(sisplatin)’ye göre azalmış olarak bulundu. 
Sonuç: Odyolojik testler, biyokimyasal sonuçlar ve histolojik bulgular timolün sisplatin ototoksisitesine karşı koruyucu etki 

gösterebileceğini göstermiştir. 
 
Anahtar Sözcükler: Sisplatin, Timol, Ototoksisite 

 

INTRODUCTION 

Cisplatin (cis-diamine-dichloroplatinum) is 
an effective antineoplastic drug that is frequently 
used in the treatment of cancer of the lungs, the head 
and neck, the ovaries, and the bladder. 
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Cisplatin exerts its anticancer effect by inhibiting the 
synthesis of deoxyribonucleic acid and increasing the 
level of reactive oxygen radicals. In addition, it leads 
to a reduction of intracellular glutathione, which is a 
cause of mitochondrial damage, resulting in lipid 
peroxidation1. 

However, cisplatin has dose-dependent side 
effects, such as nephrotoxicity, ototoxicity, 
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neurotoxicity, and bone marrow toxicity. Although 
nephrotoxicity can be controlled using hydration 
treatment and diuretics, no routine treatment modality 
is currently available for ototoxicity2, which may 
manifest itself hours or days after cisplatin treatment. 
Cisplatin-induced ototoxicity develops as bilateral, 
progressive, and irreversible sensorineural hearing 
loss, initially at high frequencies, but subsequently at 
all frequencies3. 

The cellular and molecular mechanism of 
cisplatin ototoxicity is not yet fully understood. It has 
been stated that cisplatin causes an excessive 
production of free oxygen radicals in the organ of 
Corti, the stria vascularis, the spiral ligament, and the 
spiral ganglionic cells, leading to oxidative damage 
to the cochlea and outer hair cells (OHCs), resulting 
in apoptosis4,5. Furthermore, cisplatin reduces 
antioxidant enzymes in the cochlea. A number of 
studies examining the protective effect of antioxidant 
agents, such as lipoic acid, resveratrol, curcumin, 
Gingko biloba extract, and thymoquinone, against the 
ototoxicity of cisplatin, have been published5-9. 
However, to date, no FDA-approved product has 
shown effectiveness in the prevention of cisplatin-
induced ototoxicity5. 

Thymol (5-methyl-2-isopropylphenol) is a 
natural monoterpene phenolic compound that is 
found in various herbs, such as thyme, zataria, and 
oregano10. It has a wide range of uses in the 
pharmaceutical, cosmetics, and perfume industries, as 
well as in sweetening and spicing comestibles10,11. 
Thymol also has significant antimicrobial, anti-
inflammatory, and antioxidant effects, protecting the 
liver, erythrocytes, and kidneys from oxidative 
stress12-17. This protection against oxidative stress is 
related to its being an antioxidant, thereby 
scavenging free oxygen radicals and preventing lipid 
peroxidation14,18-20. 

In addition, it has been reported that thymol 
is cytoprotective against radiation-induced damage21, 
and is effective as a chemotherapeutic agent in the 
treatment of cancer22-26. Previous studies have also 
shown that thymol is protective against cisplatin-
induced nephrotoxicity15,16. However, the 
effectiveness of thymol with regard to the ototoxicity 
of cisplatin has not yet been studied. We therefore 
investigated whether thymol is protective against 
cisplatin ototoxicity, via an evaluation of 
audiological, biochemical, and histopathologic 
parameters. 

MATERIAL and METHODS 

The study was conducted at the Experimental 
Animal Studies Laboratory of Istanbul University, 

Istanbul, Turkey, following approval by the Ethics 
Committee on Animal Research of Istanbul 
University. 

Animals 

A total of 32 adult male Sprague Dawley rats 
weighing 280– 300 g, and with a positive Preyer 
reflex, were used, and a 2.7mm 0° endoscope was 
used to examine their tympanic membranes and 
external ear canals. Rats with cerumen in the ear 
canal and those showing signs of otitis media or 
tympanic membrane perforation were excluded. The 
animals were maintained at a constant temperature of 
25°C in separate cages in a temperature-controlled 
room with a 12 h light/dark cycle. They had access to 
food and water, ad libitum. Rats with normal hearing 
– defined as distortion product otoacoustic emission 
(DPOAE) values of 6 decibels sound pressure level 
(dB SPL) above the signal-to-noise (SNR) ratio – 
were included. 

Chemicals 

Cisplatin was obtained from Hospira (50 
mg/50mL, Warwickshire, UK), and thymol and corn 
oil were purchased from the Sigma-Aldrich Chemical 
Co. (St Louis, Missouri, USA). The thymol was 
dissolved in the corn oil, and the thymol doses were 
selected on the basis of previously published data15. 

Experimental groups 

The experimental animals were randomly 
divided into four groups (groups 1–4) of eight (n=8) 
rats: 

_ Group 1: control; the rats received oral 
corn oil (1 ml/day) via a gastric tube for 5 days. 

_ Group 2: cisplatin; the rats received a 
single intraperitoneal dose of cisplatin (16 mg/kg) 
two days after corn oil administration. 

_ Group 3: thymol+cisplatin; the rats 
received oral thymol (150 mg/kg/day, dissolved in 
1ml corn oil) via gastric tube two days prior to 
cisplatin injection; a single intraperitoneal dose of 
cisplatin (16 mg/kg) was administered on day 3, and 
thymol administration was continued on day 5. 

_ Group 4: the rats received oral thymol (150 
mg/kg/day, dissolved in 1ml corn oil) via a gastric 
tube for 5 days. 

All rats were anesthetized via an 
intra¬peritoneal administration of ketamine 
hydrochloride (40 mg/kg, Ketalar, Eczacibasi, 
Istanbul, Turkey) and xylazine hydrochloride (5 
mg/kg, Rompun, Bayer, Istanbul, Turkey) at the 
beginning of the study and again on day 6. DPOAE 
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and auditory brainstem response (ABR) 
measurements were taken following anesthesia. On 
day 6, the rats were sacrificed using ketamine and 
xylazine; blood samples were obtained by 
intracardiac puncture, and biochemical parameters 
were determined. In addition, their cochleas were 
harvested for histopathological observations on day 
6, placed in 10% buffered formaldehyde and sent for 
pathological examination. All surgical procedures 
were performed under a dissecting microscope, using 
sterilized instruments. The individuals who carried 
out the audiological and biochemical measurements, 
as well as the histopathological examination, were 
unaware of to which group each individual animal 
belonged. 

Audiological evaluation 

Distortion-product oto-acoustic emission 

A Neurosoft Neuro-audio device (Ivanova, 
Russia) was used to measure DPOAEs. An infant 
probe was placed in the external ear canal and 
measurements were taken from both ears in a silent 
room. DPOAEs were measured at different 
frequencies ranging from 988 to 11429 Hz (988, 
2222, 3200, 4444, 5000, 6154, 8000, 8889, 10000, 
and 11429) and the intensity levels were recorded as 
L1 for the f1 frequency (65 dB SPL) and L2 for the 
f2 frequency (55 dB SPL) (f1/f2 ratio = 1.22). The 
results were evaluated as SNR ratio values and 
compared according to frequency and group. 

Auditory brainstem response 

ABR measurements were taken from both 
ears of each rat, using a Neurosoft Neuro-audio 
device (Ivanova, Russia) and an ER-2 ear phone, and 
the recordings were acquired through two channels. 
The ABR responses were recorded by subdermal 
needle electrodes that were placed under the skin. A 
tone-burst stimulus of 16 kHz was used as an 
auditory stimulus, with the following settings: band-
pass filters of 30-2000 Hz and a repeat rate of 
21/second; in addition, the stimuli were calibrated. 
The threshold was determined by starting at 100 dB 
SPL, and decreasing by increments of 10 dB until the 
threshold was reached. Repeatability was confirmed, 
and the threshold determination was developed over 
two tests. The ABR threshold was defined on the fifth 
wave. 

Biochemical evaluation 

Blood samples obtained from all of the rats 
were centrifuged for 15 minutes at 3000 rpm, and the 
serum was separated and stored at -80°C. Total 
antioxidant status (TAS) and total oxidant status 
(TOS) were measured using the Rel Assay 

Diagnostics kit (Mega Tip San. ve Tic. Ltd. Sti., 
Gaziantep, Turkey), and the oxidative stress index 
(OSI) was calculated from the TAS and TOS results 
(OSI: TOS/TASx100). 

TAS measures the combined activity of 
antioxidants and the total antioxidant level, thus 
producing the resulting antioxidant status27, while 
TOS is an indicator of the total oxidant levels28. The 
OSI provides a more accurate indicator of oxidative 
stress in the body, as this ratio accounts for the sum 
of all oxidant and antioxidant activities. 

Histopathological examination 

Light microscopic preparation 

All animals were sacrificed by decapitation 
under deep anesthesia, and their temporal bones were 
immediately removed. The cochleas were dissected 
under a dissecting microscope and fixed with 10% 
buffered formalin. Following decalcification with 
10% EDTA 2Na (pH 7.4), distilled water was used to 
wash away the decalcification solution, and the 
tissues were processed for evaluation under light 
microscopy. They were then dehydrated in graded 
concentrations of ethanol series (70%, 90%, 96%, 
and 100%) and cleaned in xylene. Finally, the 
samples were embedded in paraffin blocks. 
Longitudinal 5 µm thick sections passing parallel to 
the modiolus were deparaffinized, hydrated, and 
stained using the terminal deoxynucleotidyl 
transferase-mediated deoxyuridine triphosphate nick-
end labeling (TUNEL) method for determining 
apoptotic cells. 

The TUNEL method 

TUNEL staining was used to evaluate the 
extent of apoptosis in the organ of Corti and the stria 
vascularis of the rats in all groups. The TUNEL 
staining assay kit was used in accordance with the 
manufacturer’s user manual (Millipore ApopTag Plus 
Peroxidase In Situ Apoptosis Kit S7101, Temecula, 
CA, USA). After staining with Mayer's hematoxylin, 
sections were coverslipped with Entellan mounting 
medium. TUNEL-positive cells in the organ of Corti 
and stria vascularis were counted in randomly chosen 
fields of each sample under a light microscope 
(Olympus BX51, Tokyo, Japan) with a 40x objective 
lens, and photographed with a digital camera 
(Olympus DP72, Tokyo, Japan). Three of the 5 
cochlear sections (2 basal turns, 2 medial turns and 1 
apical turn) were evaluated in each slide. The mean 
number of TUNEL-positive cells . in the stria 
vascularis and organ of Corti were recorded for each 
slide. 
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All of the histological examinations was 
carried out by two researchers (D. Akakin and K. 
Koroglu), who were blinded to the drug 
administration groups. 

Statistical analysis 

Statistical analysis was carried out using 
Statistical Package for the Social Sciences software, 
version 22.0 (SPSS Inc, Chicago, IL, USA). All 
quantitative variables were estimated using measures 
of central location (i.e., mean and median) and 
measures of dispersion (i.e., standard deviation), and 
data normality was checked using the Kolmogorov-
Smirnov test. 

One-way analysis of variance (ANOVA) was 
used for intergroup comparisons of DPOAE and ABR 
values (the differences between groups were 
considered statistically significant at p<0.05). The 
Tukey honest significant difference (HSD) post hoc 
test was used to determine the differences between 
groups. 

A paired-samples t-test was used to compare 
the DPOAE and ABR values before and after drug 
administration in each group (differences were 
considered statistically significant at p<0.05). 

One-way ANOVA was used in the evaluation 
of between-groups differences in biochemical 
parameters (the differences between groups were 
considered statistically significant at p<0.05). The 
Tukey HSD post hoc test was used to determine 
which groups differed. 
 

The Kruskal-Wallis test was used to compare 
the differences in the number of TUNEL-positive 
cells (the differences between groups were 
considered statistically significant at p<0.05). The 
Dunn's test was used to determine the differences 
between the groups. 

RESULTS 

One animal from the cisplatin group and one 
animal from the thymol group died under anesthesia, 
and 30 animals completed the study without any 
complications. 

 

 

Distortion product oto-acoustic emission 

In group 2 (cisplatin), the SNR ratio values 
(SNR, dB) were significantly lower than the initial 
values on day 6, with the exception of the 998 
frequency (p<0.001). In groups 1 (control), 3 
(thymol+cisplatin), and 4 (thymol), no significant 
difference was found between the SNR values 
initially observed and those measured on day 6 
(p>0.05) (Fig. 1). In the comparison between the 
groups, although there was no difference in the initial 
values, the values were significantly lower (p<0.008) 
in group 2 (cisplatin) for all frequencies, with the 
exception of 998, on day 6. 

Auditory brainstem response 

Although there was no significant difference 
between the groups in the initial ABR thresholds 
(p>0.05), the ABR thresholds in group 2 were 
significantly higher than in groups 1, 3, and 4 
(p<0.001) on day 6. In group 2 (cisplatin), the ABR 
thresholds were significantly higher than the initial 
values (p<0.001) on day 6. In groups 1 (control), 3 
(thymol+cisplatin), and 4 (thymol), no significant 
differences were found between the initial ABR 
threshold values and those obtained on day 6 
(p>0.05) (Fig. 2). 

Biochemical parameters 

The TOS and OSI values were significantly 
higher in group 2 compared to the other groups 
(p<0.001). No significant differences were observed 
between the TOS and OSI values of groups 1, 3 , and 
4 (p>0.05) (Table 1). 

The TAS value was significantly higher in 
groups 3 and 4 than in group 2 (p=0.001) (Table 1). 

Histopathological analysis 

Some cochleas were lost as a result of 
fracture during preparation (three specimens from 
group 1, one from group 2, and two from each of 
groups 3 and 4). 

The numbers of TUNEL-positive cells are 
presented in Table 2. The number of such cells was 
higher in groups 2 than in the other groups (p<0.001) 
and was significantly decreased in group 3 
(thymol+cisplatin), compared to group 2 (cisplatin) 
(p<0.05) (figs. 3,4). 
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Figure 1: Variations in SNR (signal-to-noise ratio) values of distortion products otoacoustic emissions (DPOAEs) in 
all groups at before and after treatment on day 6. *For the comparison within group, paired samples t test was applied 
(P<0.05 was accepted as statistically significant). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2: Variations in auditory brainstem response (ABR) threshold values in all groups at before and after 
treatment on day 6. For the com¬parison between groups, the one-way analysis of variance test was used 
(P<0.05 was accepted as statistically significant). Tukey HSD significant difference was administrated as post hoc 
test to identify within-group differences (P<0.008 was accepted as statistically significant). 
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 Figure 3: Histological micrographs of organ of Corti in the cochlear sections of study groups. a: Control group. 
b: Cisplatin group. c: Thymol-Cisplatin group. d: Thymol group. Arrows indicate TUNEL-positive cells. Rats in 
group 2 showed increased TUNEL-positive cells compared to group 1, 3 and 4. Fewer TUNEL-positive cells 
compared to group 2 was observed in group 3. (TUNEL staining method, Bar: 20 µm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 4: Histological micrographs of stria vascularis in the cochlear sections of study groups. a: Control group. 
b: Cisplatin group. c: Thymol-Cisplatin group. d: Thymol group. Rats in cisplatin group displayed notable 
TUNEL-positive cells (arrow, b) in the irregular organ of corti. In Thymol-Cisplatin group fewer TUNEL-positive 
cells was observed compared to cisplatin group. (TUNEL staining method, Bar: 20 µm). 
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Table 1. Biochemical parameters 

  Group TAS   
(μmol 

Troloxequiv./L) 

TOS 
(μmol H2O2 

equiv./L) 

OSI 
(TOS/TASX100)

  Group 1 
(control) 

1,71 ± 0,42 6,82 ± 1,35 0,040 ± 0,014 

Group 2 
(cisplatin) 

1,41 ± 0,16 11,96 ± 1,76¥ 0,086 ± 0,011 ¥ 

Group 3 
(thymol+cisplatin) 

1,97 ± 0,32¥ 8,37 ± 1,67 0,043 ± 0,010 

Group 4 
(thymol) 

2,10 ± 0,24¥ 7,5 ± 1,16 0,036 ± 0,007 

p(ANOVA) P=0.001 P<0.001 P<0.001 
TOS; total oxidant status, TAS; total antioxidant status, OSI; oxidative stress index. 
p<0.05, significance level obtained between groups, one-way analysis of variance (ANOVA) 
¥
p<0.008, significance level obtained (Tukey honest significant difference post hoc test)  

 

 

Table 2.  Histopathological evaluation score analysis between groups. For the comparison between 
groups, Kruskal–Wallis test was applied (P<0.05 was accepted as statistically significant). Dunn's test 
was used to compare the subgroups. 
 

 Group 1 Group 2 Group 3 Group 4 p value 

Number of TUNEL-
positive cells in organ of 

corti 

5.6±1.7 α 
27.9±4.9

* 11.9±5.3
** 6.1±2.2 β P<0.001 

Number of TUNEL-
positive cells in Stria 

vascularis 

7.3±2.0 α 
31.2±5.0

* 
13.2±4.5

** 6.8±1.9 P<0.001 

 *   p <0.05; comparison of group 2 and group 1 
         **  p<0.05; comparison of group 2 and group 3 
         α    p>0.05; comparison of group 1 and  group 3 
         β    p>0.05; comparison of group 3 and group 4 

 

DISCUSSION 

Cisplatin is a chemotherapeutic agent that is 
widely used in the treatment of several cancers. 
Unfortunately, it produces serious adverse effects, 
including nephrotoxicity, neurotoxicity, and 
ototoxicity. Ototoxicity is bilateral, permanent, and 
sensorineural, and while it initially affects only high 
frequencies, eventually low frequencies are also 
affected. Cisplatin primarily destroys the cochlea, 
particularly the OHCs, from the base to the apex. 
DPOAE and ABR testing are objective methods for 
examining the OHCs and the auditory pathways, 
from proximal to distal. In the present study, DPOAE 
responses were significantly decreased and ABR 
thresholds increased in group 2 (cisplatin) on day 6, 

compared to the initial values obtained. Our findings 
are in accordance with those of previous studies. We 
found that DPOAE responses and ABR thresholds 
were preserved in group 3 (thymol+cisplatin) 
compared with group 2 (cisplatin) (Figs. 1, 2). 
Overall, our results showed that treatment with 
thymol may play a protective role against cisplatin-
induced ototoxicity. 

The cellular and molecular mechanisms of 
cisplatin ototoxicity are not yet fully understood. 
However, previous studies have shown that the 
mechanism underlying the pathogenesis of 
ototoxicity may be oxidative stress. Cisplatin results 
in an excessive production of free oxygen radicals in 
the organ of Corti, the stria vascularis, the spiral 
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ligament, and spiral ganglionic cells, leading to 
oxidative damage to the cochlea and OHCs, causing 
apoptosis4,5. Cisplatin reduces the level of antioxidant 
enzymes, via the excessive production of free oxygen 
radicals. Once the stability between free oxygen 
radical production and antioxidative defense 
mechanisms is impaired, oxidative stress can occur, 
which can result in cochlea cell injury or death8. It is 
well established that cisplatin treatment can lead to a 
decrease in antioxidant enzymes (such as TAS), and 
an increase in the level of oxidative stress products 
(such as TOS and OSI)29,30. In accordance with 
previous studies, we found that TOS and OSI levels 
were significantly higher in group 2 (cisplatin) than 
in the other groups, which shows that cisplatin 
increases oxidative stress by increasing free oxygen 
radicals (Table 1). 

Thymol has significant antimicrobial, anti-
inflammatory, and antioxidant effects, protecting the 
liver, erythrocytes, and kidneys from oxidative 
stress12-17. This protection against oxidative stress is 
related to its being an antioxidant, thereby 
scavenging free oxygen radicals and preventing lipid 
peroxidation14,18-20. In addition, previous 
experimental animal studies have shown that thymol 
might be protective against cisplatin-induced 
nephrotoxicity15,16. It also increases the level of 
antioxidant enzymes, such as glutathione and 
superoxide dismutase16. In the present study, the TAS 
values of groups 3 (cisplatin+ thymol) and 4 (thymol) 
were significantly higher than those of group 2 
(cisplatin) (Table 1). This indicates the antioxidant 
effect of thymol against the oxidative stress caused 
by cisplatin. 

Apoptosis, a type of controlled cell death, 
also plays an important role in cisplatin-induced 
ototoxicity. Previous studies have shown that 
apoptosis occurs in cochlea hair cells following 
administration of cisplatin,31,32. TUNEL is accepted 
as a marker of apoptosis, and TUNEL-positive 
staining indicates nuclear degeneration and apoptosis. 
In the present study, TUNEL staining revealed 
apoptosis in the organ of Corti and stria vascularis; 
the number of apoptotic cells was significantly higher 
in the cisplatin group than in the other groups. 
Further, there was a significant reduction of the 
number of TUNEL-positive cells in the 
thymol+cisplatin group compared to the cisplatin 
group (Figs. 3,4). These findings reflect the fact that 
thymol inhibited apoptosis in cisplatin-induced 
ototoxicity. 

Another mechanism proposed for cisplatin 
ototoxicity is the activation of the pathways for 
mitogen-activated protein kinase (MAPK) and 

nuclear factor-κB (NF- κB). MAPK and NF-kB are 
important components of the signal transduction 
pathways that are involved in proinflammatory 
cytokine production. The activation of the MAPK 
and NF-κB pathways results in the expression of 
proinflammatory cytokines (such as tumor necrosis 
factor [TNF]-α and interleukin [IL]-6), which have 
been reported to play a critical role in cisplatin-
induced ototoxicity33. In a study conducted in mice, it 
was shown that thymol reduces the cycle of 
proinflammatory cytokines (such as TNF-α and IL6) 
by inhibiting the MAPK and NF-κB signaling 
pathways34. These data are also evidence of the 
protective effect of thymol against cisplatin 
ototoxicity. 

The strengths of the present study are the use 
of DPOAE and ABR tests in the total audiological 
evaluation, the use of biochemical parameters in the 
assessment of oxidative stress, and the 
histopathologic examination. A limitation is the fact 
that the effect of thymol on the antitumoral activity of 
cisplatin is not known. However, it has been shown 
that thymol has a therapeutic effect in several types 
of cancer22-26. Although the antitumoral activity of 
thymol has been shown in previous studies, further 
investigations are required to evaluate the effect of 
thymol on the antitumoral activity of cisplatin. 

We only made one audiological control 
measurement after drug administration. Therefore, an 
absence of repetition of the measurements is another 
limitation of this study. In addition, although 
statistically sufficient, the small number of animals in 
each group is a limitation. 

CONCLUSION 

In conclusion, no drug for the prevention of 
cisplatin-induced ototoxicity is currently in clinical 
use. The present study showed that thymol could 
prevent cisplatin ototoxicity by increasing antioxidant 
enzymes and reducing oxidant parameters. However, 
it must be remembered that this was an experimental 
animal study; before thymol can be considered for 
routine clinical use, the relevant beneficial effects 
must be confirmed in large, prospective, randomized 
studies.Conflict of interest 
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authors. 
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