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Protective effects of resveratrol on cisplatin-dependent inner-ear

damage in rats
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Abstract Cisplatin is a common chemotherapeutic agent
used in many solid and hematologic malignancies. The main
unwanted effect of cisplatin is ototoxicity, for which no stan-
dard treatment has been reported. The present study examined
the protective efficacy of resveratrol on cisplatin-dependent
ototoxicity through an experimental model. Fifteen rats were
randomized into three groups. Group 1 (control group) (n = 5)
received intraperitoneal (i.p.) 15 mg/kg cisplatin; group 2
(resveratrol group) (n = 5)receivedi.p. 100 mg/kgresveratrol,
followed by i.p. 15 mg/kg cisplatin; group 3 (n = 5) servedasa
vehicle group and received i.p. I ml dimethyl sulfoxide. All rats
underwent the auditory brainstem response (ABR) test before
and 72 h after the treatment. Pretreatment ABR values of the
groups were not significantly different. The pretreatment
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hearing threshold values of the groups were 30 £ 6.60 and
28.5 + 5.29 dBin groups 1 and 2, respectively (p > 0.05). The
post-ABR-I and post-ABR-IV values were, respectively,
1.41 £ 0.18 and 5.83 + 0.16 ms in the control subjects
and 1.19 £ 0.22 and 4.58 & 0.27 ms in the study group. The
ABR-I and ABR-IV durations in rats treated with resveratrol
were significantly shorter (p < 0.01). A comparison of
threshold values shows that the resveratrol-treated rats had
significantly lower values than the control rats. After cisplatin
injection, ABR I-IV intervals were compared among the
groups. The ABR I-1V interval duration was 4.42 4+ 0.16 ms
in the control group, while the resveratrol-treated rats showed a
significantly shorter ABR I-IV interval duration of 3.49 + 0.
27 ms (p < 0.001). Resveratrol attenuated cisplatin-dependent
inner-ear damage, as shown by the ABR-I, ABR-IV, ABR I-IV
interval, and hearing threshold values. Our results suggest that
this natural antioxidant may be effectively used in reducing the
unwanted effects of cisplatin on the ear physiology of patients,
particularly those undergoing chemotherapy.
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Introduction

Cisplatin is a common antineoplastic agent used for the
treatment of several malignant neoplasms [1]. Animal and
human research studies show that cisplatin significantly
affects stria vascularis and the organ of Corti. The first
affected structures are the outer hair cells on the basal turn
of the cochlea and other cells on the apex of the cochlea.
The inner hair cells (IHCs) are affected subsequently [2].
Therefore, the initial sign of cisplatin ototoxicity is hearing
loss at high frequencies on a pure-tone audiogram. The loss
of low frequencies, including the speech sounds, occurs
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later. The production of reactive oxygen species (ROS) in
the cochlea is a contributing factor in the development of
cisplatin-dependent ototoxicity. The generation of ROS is a
consequence of decreased intracellular glutathione levels
and a weakened antioxidant defence mechanism [3]. A
weak antioxidant defence system causes an increase in
lipid peroxidation, which is the main cause of apoptosis of
hair cells, support cells, stria vascularis, and auditory
nerves [4].

Although various chemoprotective agents have been
used to prevent cisplatin-dependent ototoxicity, there is
currently no standard treatment for it. Resveratrol (trans-
3,4,5-trihydroxystilbene), a natural polyphenolic, nonfl-
avonoid antioxidant, is a phytoalexin found in various food
products, with particularly high levels present in grape
skins (50-100 pg/g) and red wine (1.52 mg/l) [5]. Resve-
ratrol has been shown to have significant anti-inflamma-
tory, antioxidant, and immunomodulatory properties [6].
Its antioxidant properties mainly depend on the upregula-
tion of endogenous cellular antioxidant systems, but the
compound also shows direct ROS-scavenging properties
[6]. The protective effects of resveratrol on the cochlea
have been previously reported in treating aminoglycoside
toxicity and in ototoxicity due to acoustic trauma. How-
ever, its role in the prevention of cisplatin-dependent oto-
toxicity is largely ignored [7, 8]. On the basis of this
background, the present study aimed to investigate the
effects of intraperitoneal (i.p.) injection of resveratrol on
cisplatin-dependent ototoxicity in rats using the auditory
brainstem response (ABR) test.

Materials and methods
Animal care and treatment

This study was carried out in the Experimental Research
Laboratory. It had the approval of the ethics committee and
complied with the guidelines for the care and use of
experimental animals. Fifteen adult male Wistar rats, each
weighing between 240 and 330 g, were purchased from an
animal laboratory. All the rats were examined by a veter-
inarian and were determined to be in good health. The rats
were housed in plastic cages and maintained under stan-
dard conditions: 12-h light and 12-h dark periods, 20 °C
constant temperature, and a humidity range of 40-60 %.
The rats had free access to standard dry pellets and tap
water ad libitum until the end of the study. The external
ears and the tympanic membranes of all rats were exam-
ined. Cerumen in the external ear canal was removed. Rats
that showed any sign of otitis, opacification, and/or tym-
panic membrane perforation were excluded from the study.
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Drug preparation

The 15 rats were randomized (using random number
tables) into three groups: [1] control group (n =5), [2]
resveratrol group (n = 5), and [3] vehicle group (n = 5).
In group 1 (control group), a single dose of 15 mg/kg of
cisplatin (Cisplatin DBL, Australia) was administered
intraperitoneally to the rats. The rats in group 2 (study
group) were treated with a single dose of i.p. 100 mg/kg
resveratrol  (Sigma  Aldrich, Saint-Quentin-Fallavier,
France), followed by i.p. 15 mg/kg cisplatin 30 min later.
In group 3, a single dose of i.p. 1 ml dimethyl sulfoxide
(DMSO, Sigma Aldrich, Saint-Quentin-Fallavier, France),
the vehicle of resveratrol, was injected. All injections were
done under general anesthesia.

ABR measurements

The rats in all experimental groups were anesthetized with
10 mg/kg xylazine (Alfazyne®, Alfasan International B.V.,
Woerden, The Netherlands) and 60 mg/kg ketamine (Ketalar®,
Eczacibag1 Parke-Davis, Istanbul,Turkey) in recording the
baseline ABR data at the beginning of the study and the final
ABR measurements carried out 72 h after the treatment. The
animals were examined under anesthesia and were confirmed to
have normal external auditory canals and tympanic membranes
before the baseline and final audiometric measurements. Dur-
ing the tests, the room temperature was maintained at 21 °C.
The rats under general anesthesia were warmed up using an
electrical heater to stabilize their normal body functions.

The procedure for recording ABRs in Sprague—Dawley
rats has been described elsewhere [9, 10]. Briefly, a
stainless-steel reference needle electrode was affixed to the
vertex, and an active recording needle electrode was
attached to the ipsilateral mastoid. A disk ground electrode
was placed on the dorsum. Medelec Audiostar Portable
Evoked Response Audiometers usually measure fast,
middle, and late latencies of ABR in patients. Because the
measurement of late latency responses (300 ms) requires
alertness, only the fast latency responses (1-10 ms), which
are normally used for electrophysiological evaluations,
were recorded in the anesthetized rats. A special probe
(Medelec ear tips, Neonatal) was introduced into the
external auditory canal. Then, sound stimuli were delivered
to the animals via a Medelec intra-auricular headset. An
alternating click stimulus with a 10-s repetition rate was
used to elicit action potentials in the auditory system. Each
waveform was obtained from 1,024 sweeps. A Briiel and
Kjaer microphone placed above the animal’s head was
used to calibrate the click stimuli (duration of 100 ms,
stimulation rate of 10/s, and frequencies of 0—10, 150 Hz).
ABR measurements were elicited as waves I, IV, and I-IV
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interpeak intervals bilaterally. A complete ABR testing of
each animal lasted approximately 20-30 min.

Statistical analysis

For the statistical analyses, the values were expressed as
mean =+ standard deviation whenever appropriate. The nor-
malities of the distributions were tested using the Kolmogo-
rov—Smirnov test. We also conducted a one-way analysis of
variance (ANOVA), followed by Tukey’s post-hoc and Chi-
square tests to compare the groups. The homogeneity of the
groups was confirmed by Levene’s test. Data analyses were
performed using a statistical software package (SPSS version
15.0, SPSS, Chicago, IL, USA). For all comparisons, the
statistical significance was determined as p < 0.05.

Results

A total of 30 records from 15 animals were taken. In the vehicle
group, the pre- and posttreatment ABR-I, ABR-1V, and hearing
threshold levels were similar. Therefore, this group was excluded
from the statistical analysis. The results presented include those
from the control and treatment groups. The pretreatment
ABR-Tand ABR-IV values in control subjects were 1.02 + 0.11

(0.86-1.29) ms and 4.26 £ 0.26 (4.04-4.90) ms, respectively.
In resveratrol-treated rats, the pretreatment ABR-I and ABR-IV
values were 1.08 £ 0.20 (0.70-1.34) ms and 4.08 £ 0.18
(3.80-4.42) ms, respectively. The groups revealed no difference
in the pretreatment ABR-I and ABR-IV values (Table 1). Sim-
ilarly, the pretreatment hearing threshold values of the groups
were not significantly different (p = 0.58). After cisplatin
injection, the ABR-I, ABR-IV, and hearing threshold values of
the groups are presented in Table 2. The resveratrol treatment
was associated with a significantly decreased duration of ABR-1,
ABR-IV, and hearing threshold values (p < 0.05). The ABR I-
IV interval duration was shorter in the treatment group. However,
the difference was not statistically significant (Table 3). After the
treatment, the ABR I-IV interval duration was significantly
shorter in the resveratrol-treated rats than in the control subjects
(p < 0.01). The change in the ABR I-IV interval is presented in
Fig. 1. When the ABR I-1V interval durations were compared
within the same group, the results showed no significant differ-
ence (p = 0.654 and p = 0.374).

Discussion

The results of the current study revealed that resveratrol, a
potent natural antioxidant, has protective effects on cisplatin-
dependent ototoxicity, which is one of the most common dose-
limiting side effects of cisplatin [1]. Compared with the drug’s
other side effects, including nephrotoxicity, ototoxicity has

unique properties—being irreversible and cumulative. In the
relevant literature, several chemoprotective agents, such as
sodium thiosulfate, amifostine, p-methionine, glutathione,
n-acetylcysteine, tocopherol, and vitamin C, have been used to
prevent cisplatin-dependent ototoxicity; however, none of
these agents has marked effects upon the occurrence or
progress of the inner-ear damage [11-15].

The protective effects of resveratrol in different tissues
have long been studied. Rubiolo et al. [16] showed that
resveratrol increases the activity of antioxidant enzymes in
primary rat hepatocyte cultures, thus protecting these cells
from oxidative damage. Furthermore, Lee et al. [17]
reported that resveratrol directly induces the production of
antioxidative enzymes in vascular tissues. Recently, Di
Franco et al. [18] pointed out that resveratrol could be
effective in reducing skin toxicity that results from external
beam radiotherapy for patients with breast cancer.

One of the main mechanisms involving cisplatin-dependent
ototoxicity is the overproduction of ROS in the cochlea [19, 20].
ROS overproduction results in increased lipid peroxidation and
apoptosis of IHC connective tissue, stria vascularis, and audi-
tory nerves [4]. Therefore, preventing ROS overproduction and
combating the increased oxidative stress might be important
steps to avoid cisplatin-dependent ototoxicity. In the present
study, we found that ABR-I, ABR-IV, and hearing threshold
values were significantly shorter after resveratrol treatment in
rats exposed to cisplatin. Eventually, one can conclude that
resveratrol provides a significant protective effect on the
cochlea, which is shown by shorter ABR I-IV interval values
and lower hearing threshold measurements in the experimental
model. Recently, Yumusakoglu et al. [21] reported that a sys-
temic administration of resveratrol to guinea pigs significantly
protected the cochlea from cisplatin ototoxicity. They also
showed that the cochlear level of ROS was considerably
decreased in resveratrol-treated animals. In a similar experi-
mental model, Erdem et al. [22] investigated the effects of
resveratrol on otoacoustic emission measurements in rats
treated with cisplatin. They reported that resveratrol pretreat-
ment is associated with a significant prevention of ototoxicity,
as shown by stable values from their otoacoustic emission
measurements at 1,418, 2,003, 3,363, 5,560, 8,003, and
9,515 Hz frequencies. These results collectively imply that
cisplatin-dependent ototoxicity mainly depends on the ROS
increase in the cochlea and that the antioxidant activity of res-
veratrol could prevent this toxicity.

The present experimental study has clear limitations that
warrant a consideration. For example, because of the rel-
atively small number of rats in each group, we were unable
to identify the minor differences in the physiological
studies. Another limitation was the lack of measurements
of oxidative and antioxidative parameters in either cochlear
tissue or plasma. The measurement and comparison of
oxidative parameters or antioxidant enzyme levels between
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Table 1 The intergroup
comparison of pretreatment
ABR-I, ABR-IV and hearing
threshold values

Table 2 The comparison of
ABR-I, ABR-1V and hearing
threshold values of groups after
cisplatin injection

Table 3 The pre and
posttreatment ABR I-IV interval
durations of the groups

Parameter Group 1 (control) Group 2 (resveratrol) p

(n = 10) (n = 10)

Mean £ SD (min—max) Mean £ SD (min—max)
ABR-I (ms) 1.02 £ 0.11 (0.86-1.29) 1.08 £+ 0.20 (0.70-1.34) 0.46
ABR-1V (ms) 4.26 + 0.26 (4.04-4.90) 4.08 + 0.18 (3.80-4.42) 0.09
Hearing threshold (dB) 30 £ 6.60 (25-40) 28.5 + 5.29 (25-40) 0.58
Parameter Group 1 (control) Group 2 (resveratrol) p

(n=10) (n = 10)

Mean £ SD (min-max) Mean £ SD (min-max)
ABRI (ms) 1.41 + 0.18 (1.18-1.78) 1.19 + 0.22 (0.86-1.48) 0.03
ABR4 (ms) 5.83 4+ 0.16 (5.46-5.98) 4.58 £ 0.27 (4.06-5.06) 0.0001
Hearing threshold (dB) 68 + 10.32 (60-80) 49 + 7.37 (40-60) 0.001
Parameter Group 1 (control) Group 2 (resveratrol) P

(n = 10)
Mean £ SD (min—max)

(n = 10)
Mean £ SD (min—max)

Pretreatment ABR I-IV interval (ms)
Posttreatment ABR I-1V interval (ms)

3.23 £ 0.19 (3.06-3.61)
442 £ 0.16 (4.16-4.72)

3.00 £ 0.29 (2.62-3.40)  0.06
3.49 £ 0.27 (3.04-3.90)  0.0001

5.0

Mean Interval (ms)

[ Pre-treatment
ABR (1-4) interval

[ Post-treatment
ABR (1-4) interval

Resveratrol
GROUPS

Control

Fig. 1 The change in ABR I-IV interval of groups

the groups could be more valuable in future studies on the
topic.

We conclude that pretreating rats with i.p. resveratrol
can significantly protect the cochlear function due to the
compound’s antioxidant properties. As resveratrol is a
common product that is available as a dietary supplement,
it can be easily given to patients undergoing cisplatin
chemotherapy to avoid the irreversible loss of hearing,
which is the most significant dose-limiting side effect of
the anti-cancer agent.
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