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INTRODUCTION
Cisplatin is a deoxyribonucleic (DNA) alkylating antineoplastic agent that is commonly used in the treatment of solid tumors such 
as of head and neck, testicle, ovary, breast, and lung [1]. Although cisplatin is an effective antineoplastic agent, it has serious side 
effects. Nephrotoxicity and ototoxicity are the most important dose-limiting factors. While nephrotoxicity can be controlled with 
hydration, irreversible ototoxicity is still a hindrance in cisplatin chemotherapy [2].

The ototoxic effect that occurs after cisplatin use is a side effect that limits life quality and changes treatment strategies. Its use caus-
es irreversible sensorineural hearing loss that involves both ears and affects especially the high frequencies [3]. Cochlear damage 
and loss of outer hair cells are related to a large number of chemical events. Reactive oxygen and nitrogen species that develop after 
cisplatin exposure are the primary reasons that cause ototoxicity by creating serious damage in hair cell membranes [2]. 

The anti-inflammatory, anti-allergic, anti-viral, and anti-carcinogenic properties of quercetin, a derivative of bioflavonoids, have 
been shown in experimental studies. It has been reported to be a strong antioxidant that decreases the effects of reactive oxy-
gen species [4]. This study aimed to investigate experimentally through otoacoustic emission tests and histopathological methods 
whether quercetin, which has a strong antioxidant effect, has ototoxic effects on the inner ear and protective effects from cisplatin 
treatment. 
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Assessment of the Effectiveness of Quercetin on 
Cisplatin-Induced Ototoxicity in Rats

OBJECTIVES: This study aimed to evaluate the effect of quercetin on cochlear function and morphology, and its possible protective effect against 
acute cisplatin-induced ototoxicity in rats.

MATERIALS and METHODS: This prospective and controlled animal study was conducted on Wistar albino rats divided into four groups. Oto-
acoustic emission measures were performed three days after the first infiltration in Group 1 (saline), 2 (cisplatin), and 3 (quercetin). This interval 
was five days for Group 4 (cisplatin+quercetin). At the end of the study, the rats were decapitated with deep anesthesia, and histological changes 
in the cochleas were observed by light microscopy.

RESULTS: Group 2 (cisplatin) revealed significant differences between the first and second measures in all frequencies. When compared to other 
group, the difference of the changes in Group 2 statistically significantly decreased, especially in higher frequencies. Morphologically, there were 
no acute changes in Group 1 and Group 3. Outer hair cell loss and the degeneration of stria vascularis and spiral ganglion were observed in both 
Groups 2 and 4; the damages in the latter were lesser.

CONCLUSION: Quercetin does not have negative effect on cochlea, and it has protective effect on cisplatin-induced ototoxicity.
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MATERIALS AND METHODS
After obtaining approval from the local ethics committee for animal 
experiments (decision number 12/78) and convenient power analy-
sis, 32 adult female Wistar albino rats with an average weight of 222 
g (range: 190-269 g) were used in the study. All the rats were raised 
under equal conditions and with standard diet. Because it was an 
experimental animal study, informed consent was not needed. The 
rats were kept in an environment where they could freely get food 
and water, with light for 12 hours and dark for 12 hours, and a tem-
perature of 21°C±1°C. All procedures conducted on the rats were in 
line with the Helsinki declaration and international animal research 
principles and guidelines. 

In this study, 64 ears of 32 rats were included. Before the study, all the 
subjects were assessed in terms of external acoustic canals and tym-
panic membranes by otomicroscopic examination (Opmi 1, Zeiss, 
Germany). The animals with an external canal pathology such as hy-
peremia, edema, or infection, and those that showed indications of 
middle ear pathology such as dull appearing tympanic membrane 
and hyperemia, were excluded from the study. Rats that died during 
monitoring were excluded, and new rats were included to complete 
the numbers in the groups. 

At the beginning of the study, the distortion product otoacoustic 
emissions (DPOAE) test was applied on both ears of all rats. Rats that 
did not respond to the DPOAE test before the procedures were ex-
cluded from the study. After all measurements were completed, de-
capitation was performed by placing the rats in deep anesthesia, and 
temporal bones were fixed in formalin for histological evaluation.

Formation of the Groups
Four groups, each one consisting of eight rats, were formed for the 
study. The research groups were determined as follows: 

1. Control group (n=8): To this group, 1.5 ml i.p. normal saline (NS) 
was given for three days. 

2. Cisplatin group (n=8): To this group, one dose 16 mg/kg i.p. cis-
platin (Cisplatin, Faulding Pharmaceuticals, Warwickshire, UK) 
was given to create acute ototoxicity [5].

3. Quercetin group (n=8): To this group, 50 mg/kg i.p. quercetin 
(Quercetin, Sigma Aldrich, Darmstadt, Germany) prepared in NS 
was given for three days. 

4. Cisplatin+quercetin group (n=8): This group was given 50 mg/kg 
i.p. quercetin for two days + one dose 16 mg/kg i.p. cisplatin on the 
third day [5] + 50 mg/kg i.p. quercetin on the fourth and fifth days.

Anesthesia
All rats were given intramuscular ketamine hydrochloride 50 mg/kg 
(Ketalar, Pfizer, Istanbul, Turkey), xylazine 5 mg/kg (Rompun 2%, Bay-
er, Kansas, USA) intraperitoneally, and applications were made after 
anesthesia. 

DPOAE Test Application
In this study, the DPOAE test was used to examine emissions. It was 
applied to both ears of the first three groups at the beginning of the 

study and three days after the first measurement. The test was ap-
plied to the last group at the beginning of the study and five days 
after the first measurement. In the assessment of the test, the signal 
noise rate (SNR) was used, which was determined by extracting the 
distortion product in decibels from the environment noise emission 
rate. The DPOAE measurements were made using a newborn probe 
with a Madsen Capella (Otometrics; Taastrup, Denmark) otoacoustic 
emission measurement device. The rate between f2 and f1 frequen-
cies (f2/f1) was kept at 1.22. The difference between L1 and L2 levels 
was kept at 10 dB SPL (L1=65 dB SPL, L2=55 dB SPL). DPOAEs were 
measured at a frequency of 2f1-f2. SNRs at 1500, 2000, 3000, 4000, 
6000, and 8000 Hz in the geometrical averages of DPOAE, f1 and f2 
were recorded. 

Histopathological Examination
Temporal bones were placed in 4% formaldehyde solution for 15 
days. Subsequently, they were decalcified in 10% formic acid solution 
for 15 days. After decalcification, tissues were washed overnight in 
flowing tap water. The specimens were dehydrated by immersion in 
increasing concentrations of alcohol, and then cleared with multiple 
xylene washes. Tissue blocks were then embedded in paraffin wax. 
Sections 5-6 μm thick were cut from the paraffin blocks and mounted 
on polylysine-coated slides. Sections were deparaffinized by heating 
in a dry oven at 55°C-60°C for 60 minutes, and then immersed for 
the third time in fresh xylene for 10 minutes. The sections were re-
hydrated by immersion in decreasing concentrations of alcohol. The 
sections were stained with hematoxylin (Merck; Darmstadt, Germa-
ny) and eosin (Merck; Darmstadt, Germany) (H&E) to evaluate gen-
eral histological structure using a light microscope (Olympus; Center 
Valley, BA, USA). 

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) 22.0 program 
(IBM Corp.; Armonk, NY, USA) was used for statistical analysis. The 
Kruskal–Wallis method was used to test whether the rats in each of 
the four groups at the beginning of the study were random samples 
in terms of the DPOAE values. This method was also used to analyze 
whether there were significant differences between the right and left 
ears of the rats at the beginning of the study in terms of the DPOAE 
values. Paired t-test (Wilcoxon signed rank test) was used to test 
whether there were significant differences between DPOAE values 
at the beginning and later for each group and frequency level. The 
ANOVA test was used to compare the differences in changes be-
tween the first and second measurements of each group. The thick-
ness of stria vascularis was analyzed with one-way ANOVA with post-
hoc comparisons done using the Tukey HSD test. The value of p<0.05 
was accepted as statistically significant. 

RESULTS
There was no wound infection. Four rats in Group 2 (cisplastin) and 
two rats in Group 4 (cisplatin+quercetin) died because of diarrhea, 
and they were excluded.

Assessment of Results of DPOAE 
Statistical analysis was started by finding the standard deviation av-
erages of mean value and mean values. No statistically significant dif-
ferences were found among the pre-study mean values of all groups 
(p>0.05). Similarly, no significant differences were found between 
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the right ears and left ears of the samples (p>0.05). Because the basal 
measurement values at 1500 Hz were low for each group in terms of 
both amplitude and SNR values, they were not included in the study 
(Table 1). 

Group 1 (Control group): No statistically significant differences were 
found for all frequencies of this group, which was given NS between 
pre-medication and post-medication in terms of the DPOAE results 
(p>0.05) (Figure 1). 

Group 2 (Cisplatin group): When the post-medication SNR values 
were compared with the first measurement, a statistically significant 
drop was found for all frequencies of the group given one dose 16 
mg/kg cisplatin (p<0.05) (Figure 2). 

Group 3 (Quercetin group): No statistically significant difference was 
found for all frequencies of the group given 50 mg/kg quercetin be-
tween pre-medication and post-medication in terms of the DPOAE 
results (p>0.05) (Figure 3).

Group 4 (Cisplatin+quercetin group): When pre-i.p. injection and 
post-i.p. injection SNR values were compared, no statistically signif-
icant difference was found for all frequencies of the quercetin treat-
ment group (p>0.05) (Figure 4).

When each group was assessed within the group itself after i.p. in-
jections, no significant differences were found between right ear and 
left ear (p>0.05).

No significant differences were found for all frequencies between the 
first group (control group) and the third group (quercetin group) in 
terms of intergroup change after i.p. injections (p>0.05). When the 
fourth group (cisplatin+quercetin group) was compared with the 
first and third groups in terms of differences in change, no significant 
differences were found at 2000, 3000, and 4000 Hz for both groups; 
while significant differences were found at 6000 Hz for the third group 
and at 8000 Hz for the first group. When the second group (cisplatin 
group) was compared with the other groups, no significant differenc-
es were found for all groups only at 3000 Hz (p>0.05). In addition, for 
the second group, while no significant difference was found with the 

fourth group at 2000 Hz in terms of differences in change, significant 
differences were found for all groups when compared with the other 
groups (p<0.05) (Figure 5).
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Table 1. Table showing the pre-medication and post-medication signal to noise rates of all the groups

Hz  Control group Cisplatin group Quercetin group Cisplatin+quercetin group

2000 Pre-medication 6.138±0.831 4.313±0.810* 5.419±0.831 4.006±1.790

 Post-medication 7.087± 0.769 0.194±1.42* 5.619±0.730 1.981±1.311

3000 Pre-medication 9.275±1.258 7.581±0.308* 8.706±0.590 8.969±1.306

 Post-medication 8.163±0.458 4.256±1.317* 7.613±0.925 6.019±0.924

4000 Pre-medication 6.406±1.582 7.169±0.638* 8.669±1.755 5.681±1.273

 Post-medication 6.056±1.223 -1.500±1.555* 9.031±1.438 5.194±1.067

6000 Pre-medication 6.681±0.928 7.025±1.071* 5.069±3.021 4.444±1.459

 Post-medication 6.956±0.956 -8.525±1.218* 7.988±1.904 1.719±1.349

8000 Pre-medication 5.688± 0.841 4.913±1.000* 6.594±2.777 4.100±1.670

 Post-medication 6.919±0.923 7.675±1.301* 6.550±1.086 1.569±1.581

*P values were significant statistically at all frequencies in cisplatin group. 

Table 2. Thickness of stria vascularis

 Stria vascularis thickness (µm)

Control 23.27±0.33

Cisplatin 25.14±0.36* (p=0.002)

Quercetin 22.19±0.26

Cisplatin+quercetin 23.34±0.43

Values were given as mean±standard error of mean.
* compared to control group p<0.05

Figure 1. Graph showing the S/N ratios in the control group.

Figure 2. Graph showing the S/N ratios in the cisplatin group.



Histopathological Examination Results
Stria vascularis, organ of Corti, and spiral ganglion were assessed 
with light microscopy. The analysis showed vacuolization in margin-
al cells of the stria vascularis, dilated and congested veins, and wall 
thickness in the group that was given cisplatin. In the cisplatin+quer-
cetin group, while there was a decrease in these histopathological 
results, degeneration still continued. Normal stria vascularis structure 
was found in the control group and quercetin only group. Besides the 
degeneration, the thickness of stria vascularis of the cisplatin+quer-
cetin group was similar to the control and quercetin only group 
(p>0.05). The thickness of stria vascularis was found to be significant-
ly increased only in the group given cisplatin (p=0.002) (Table 2). The 
OHC loss was found in the organ of Corti in the group given cisplatin. 

This loss was less in the group given cisplatin+quercetin. The quer-
cetin only group was similar to the control group. Eosinophilic-dyed 
degenerated spiral ganglion cells were found in the cisplatin only 
group. In the cisplatin+quercetin group, there were degenerated 
ganglion cells; however, they were less in number. The quercetin only 
group was similar to the control group (Figures 6-7).

DISCUSSION
Cisplatin is an effective antineoplastic agent that was introduced to 
clinical use in the 1970s. It is commonly used chemotherapeutically 
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Figure 3. Graph showing the S/N ratios in the quercetin group. Figure 4. Graph showing the S/N ratios in the cisplatin+quercetin group.

Figure 5. Distribution of data according to groups and frequencies. a: 2000 Hz, b: 3000 Hz, c: 4000 Hz, d: 6000 Hz, e: 8000 Hz. 
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with neoadjuvant or concomitant palliative purposes. The ototoxic 
effect that occurs after cisplatin use is a side effect that affects the 
quality of life and changes the treatment strategy. Ototoxicity be-
comes obvious depending on the age and dose, and it may cause 
difficulty in learning and talking especially in children [6]. As a result 
of cisplatin use, a rise is observed in hearing threshold for 60%-80% 
of patients [7, 8].

Frequently observed complaints are hearing loss, tinnitus, and otal-
gia [9]. Hearing loss due to cisplatin use is generally two-sided, and it 
starts first at high frequencies [10]. The ototoxic effect generally occurs 
on the second day of treatment [11]. In our study, a decrease in DPOAE 
responses was seen 72 hours after cisplatin use, which was more ob-
vious at high frequencies. 

Early and correct detection of cisplatin ototoxicity is very important. A 
large number of methods are used in ototoxicity monitoring. Both the 
ABR test and the OAE test are effectively used in ototoxicity monitor-

ing. Sockalingam et al. [12] reported OAE and ABR as sensitive diagnosis 
methods for cisplatin ototoxicity. Hatzoupolus et al. [13] argued in their 
study that although the ABR test is generally used in ototoxicity studies, 
the ABR responses are formed as a result of the integration of all nerve 
fibers, and thus OAE will be more effective in showing cochlear micro-
mechanics in ototoxicity. In addition to these, OAE, an indicator of OHC 
functions, is a reliable and frequently used hearing test in ototoxicity 
studies. When OAEs are compared, DPOAE is superior to TOAE because 
of its high frequency selectivity [14]. In our study, we used the DPOAE 
test to show ototoxic effects because of its aforementioned character-
istics. Studies conducted on ototoxicity have used DPOAE amplitude 
as an assessment parameter in the DPOAE analysis; however, for the 
assessment of DPOAE responses, the SNR rate is more reliable than the 
DPOAE amplitudes because emission amplitudes and noise threshold 
in measurements conducted at different times may change, and the 
DPOAE amplitudes may be influenced by respiratory sounds and noise 
in the environment [13, 15]. By considering these factors, we preferred to 
use the SNR ratio in our study. 
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Figure 6. a-d. The appearance of stria vascularis. a) control, b) the group given cisplatin, congested dilated veins (*) and vacuolization in marginal cells (arrow),
c) only quercetine group d) cisplatin and quercetin group, congested dilated veins (*) and vacuolization in marginal cells (arrow) less when compared with the 
cisplation group. (Hematoxylin&Eosin Scale bar=20 µm).
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Although the histopathology of cisplatin ototoxicity is well defined, 
the underlying mechanism of hearing loss is not fully clear. Originally, 
morphological changes in the organ of Corti damage starts from the 
first-line OHCs at the basal fold of the cochlea, progresses to OHCs, 
and affects the inner hair cells. Cisplatin affects the spiral ganglion 
and stria vascularis as well as the organ of Corti [11, 16, 17]. Studies of cis-
platin ototoxicity show that the main factor enabling the formation 
of ototoxicity is reactive oxygen products (ROPs) [11, 18, 19].

ROPs in the cochlea can develop because of reasons such as old age, 
ototoxic drugs, and noise. ROPs as a result of cisplatin ototoxicity caus-
es an increase in the amount of malondialdehyde, which indicates 
lipid peroxidation, while causing a decrease in the amount of antiox-
idant enzymes [2]. Direct binding of cisplatin to sulfhydryl groups in 
the antioxidant enzyme structure, a decrease in the amount of cop-
per and selenium, which are essential for superoxide dismutase and 
glutathione peroxidase activity, a decrease in glutathione and the 
cofactor nicotinamide adenine dinucleotide phosphate, which are 
essential for glutathione peroxidase and glutathione peroxidase ac-
tivity, cause a decrease in cochlear antioxidant enzyme activity [2, 20]. 
Increase in nitric oxide synthesis because of cisplatin exposure also 

has an important effect on ototoxicity. The peroxynitrite super radi-
cal, which consists of especially a superoxide and nitrite oxide combi-
nation, stimulates lipid peroxidation and causes hairy cell membrane 
damage. Lipid peroxidation increases the input of calcium to cochle-
ar cells and causes apoptosis [2, 21, 22]. Whatever the reason, it is obvious 
that ROPs increase in cochlea after cisplatin exposure, and there is a 
change in the antioxidant protection system that will resist this. 

The fact that quercetin used in our study has the potential to de-
crease the toxic effects of ROPs with its characteristics such as clean-
ing peroxyl, superoxide, singlet oxygen, alkoxy and hydroxyl radicals, 
inhibiting superoxide anion production through xanthine oxidase, 
breaking the lipid peroxyl chain, chelating transition metals such 
as iron and copper and decreasing calcium intake into cells, led us 
to consider that it could possibly be an effective antioxidant agent 
against cisplatin ototoxicity [23-26].

A large number of animal experiments have been conducted to 
investigate the pathology of cisplatin ototoxicity and to develop 
treatment plans. Antioxidant agents have been frequently used to 
overcome the negative effects of ROPs [27]. The quercetin used in our 
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Figure 7. a-d. Apperance of the organ of corti. a) control, outer hair cells (arrow) can be recognized, b) cisplatin group, OHC’s cannot be recognized due to damage, 
c) only quercetine group, OHC’s (arrow) can be recognized, d) cisplatin and quercetine group, one OHC (arrow) can be recognized, (Hematoxylin&Eosin dying. Scale 
bar=20 µm).
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study is a flavonoid derivative, and it has been used in a large number 
of studies because of its strong antioxidant properties [23, 25]. Thus, it 
can be thought that damage through ROP can play an effective role 
in protection against a large number of diseases. The effects of quer-
cetin on the inner ear and its possible protective effect from cisplatin 
exposure was a subject that had not been studied before when the 
literature was reviewed, except for a trial with zebra fish embryos [28]. 
Thus, our study is a preliminary study on this topic.

Quercetin has not only an antioxidant effect but also anti-cancer and 
anti-proliferative effects [29, 30]. It could probably contribute anti-tu-
mor effect of cisplatin. Scambia et al. reported synergistic effect of 
cisplatin+quercetin on human ovarian cancer [31]. In the same way, 
Jacubowicz et al. showed that quercetin increased the pro-apoptotic 
effect of cisplatin [32]. It seems that quercetin has no negative impact 
on anti-tumor effect of cisplatin.

Both DPOAE responses and histological studies have shown quer-
cetin to have no negative effects on the cochlea. The thickness and 
structure of the stria vascularis, the number of OHCs, and the spiral 
ganglion morphology were similar to those of the control group. At 
the same time, no significant differences were found in the DPOAE 
test between the two groups in terms of both pre-application and 
post-application SNR averages. 

Quercetin becomes oxidized and turns to quercetin-quinone, which 
is an oxidation product and displays various toxic effect [33]. Although 
this effect was proven by in vitro methods, in vivo formation and pos-
sible toxicity of quercetin-quinone has not been demonstrated yet 
[34, 35]. It may be concluded that quercetin, at estimated dietary intake 
levels, would not produce adverse health effects [35].

In the group that was given cisplatin, there were morphological 
increases in stria vascularis thickness, strial edema, protrusion of 
marginal cells to endolymphatic space, vacuolization, and congest-
ed-dilated structures. Although these changes were also present in 
the group given cisplatin+quercetin, the amount of damage was less 
than in the group given cisplatin. In terms of the organ of Corti, the 
OHC loss was found to be greater in the group given cisplatin than in 
the treatment group given cisplatin+quercetin. Similarly, the nuclear 
degeneration rate in the spiral ganglion area was found to be greater 
than in the cisplatin group. In light of these results, we can say that 
quercetin provides protection, although partial, in three target areas 
that cause cisplatin ototoxicity. 

Although there are no studies in the literature that have analyzed the 
effect of quercetin on cisplatin ototoxicity, the effects of a great num-
ber of antioxidant agents on cisplatin ototoxicity have been investigat-
ed. The agents that have been used in studies that used DPOAES as 
an assessment parameter have presented different results. While there 
are studies that have shown that different agents given with cisplatin 
prevent decreases in SNR rates at every frequency, there are also stud-
ies that reported negative results [13, 36-38]. In our study, when SNR values 
were analyzed, while there were decreases in all groups with cisplatin, 
especially at high frequencies, although the SNR values decreased in 
the cisplatin+quercetin group, no statistically significant difference 
was found when compared with the pre-application values. When in-
tergroup change differences were compared, significant differences 

were found in SNR values at 8000 Hz in the comparison of the cisplat-
in+quercetin treatment group, while a significant difference was found 
in SNR values at 4000 Hz and higher frequencies in the comparison 
of the cisplatin group with all the other groups. Although decreases 
were found at 8000 Hz when compared with the control group, it was 
found that the emission response was significantly protected when 
compared with the group that was given cisplatin. 

The OHC damage seen in both groups that were given cisplatin was 
found to cause changes in the SNR values. Because high-dose cis-
platin was applied in our group, the amount of damage was shown 
both morphologically and otoacoustically. Therefore, when com-
pared with the cisplatin group, the protection provided by the treat-
ment group in both otoacoustic emission tests and histopathology, 
especially similar thickness of strial vascularis between the cisplat-
in+quercetin and control group, indicates that quercetin was a good 
antioxidant that could be used in decreasing the negative effects of 
not only cisplatin but also other ototoxic agents, when the effective 
dose, time, and mode of application are taken into consideration [39]. 

In addition to these points, because we evaluated cisplatin toxicity in 
an acute stage in our study, we believe that it is necessary to assess 
the long-term results of cisplatin ototoxicity, and to plan and conduct 
electron microscopy studies that would better show morphology. 

CONCLUSION
Quercetin use alone does not have a negative effect on the inner ear. 
Cisplatin causes a decrease in the DPOAE responses that is more ob-
vious especially at high frequencies. In light of DPOAE responses and 
morphological results, quercetin has been found to have a protective 
effect against ototoxicity induced by cisplatin. 
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