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The effects of lycopene on cisplatin-induced ototoxicity
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Abstract To investigate the potential preventive effect of
lycopene in cisplatin-related ototoxicity. Thirty-five heal-
thy 3-3.5-month adult female Sprague-Dawley rats were
randomly divided into three groups and treated as follows:
Group 1 (n = 10), received no cisplatin or lycopene. Both
group 2 (n = 10) and; Group 3 (n = 15) received a single
dose of 12 mg/kg cisplatin intraperitoneally. Lycopene was
administered via gavage feeding in group 2 for 15 days.
Prior to any medication administration, the baseline dis-
tortion product emissions were obtained in three groups.
The animals were tested again at 15th day. The resulting
distortion product otoacoustic emissions (DPOAE) were
evaluated at 1.5, 2, 3,4, 5, 6,7, 8, 10, and 12 kHz. On day
0, prior to any medications, the initial DPOAEs measure-
ment results gave similar values in the three groups
(p > 0.05). In group 2 and 3, statistically significant dif-
ferences were recorded for all frequencies between day 0
and day 15 values (p < 0.05). Lycopene group demon-
strated significantly higher DP-grams except for 1.5 kHz
frequency when compared to cisplatin group (p < 0.05).
There was a statistically significant difference in basal and
mid turn external ciliated cells number (p < 0.05), but
there was no statistically significant difference in apical
turn between three groups (p > 0.05). Stria vascularis
changes were statistically significant between the groups,
and the median score for stria vascularis injury was
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significantly greater in group 3 than in group 2 (p < 0.05).
The median scores for spiral ganglion cells changes were
significantly greater in group 3 than in group 2 (p < 0.05).
The analyses of the results revealed statistically significant
differences between two groups (p < 0.05), suggesting
lycopene’s possible protective effect against cisplatin oto-
toxicity. The present study revealed that administration of
lycopene may demonstrate a protective role against cis-
platin-induced ototoxicity in rats.
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Introduction

Cisplatin is a widely used antineoplastic agent that inhibits
growth of several types of malignant neoplasms. Beside its
effectiveness against cancer, cisplatin has also severe side
effects that limits its clinical use; mainly including oto-
toxicity, nephrotoxicity, and neurotoxicity [1].

Cisplatin-induced ototoxicity was first described by
Rossof et al., in 1972, and it has been broadly studied since
then [2]. The reported incidence of cisplatin toxicity can
vary between 5 and 91 % [3, 4], although alterations in the
high frequency audiometry may be seen in almost all the
cases. The degree of hearing loss depends on the dose and
frequency of drug administration [5].

Cisplatin-induced ototoxicity is manifested by bilateral,
progressive, and usually irreversible sensorineural hearing
loss. The main targets of the ototoxic effects seem to be the
outer hair cells in the organ of Corti, the spiral ganglion
cells, and the cells of the stria vascularis in the basal part of
the cochlea [6].

Several previous reports have noted a variety of pro-
tective agents, such as melatonin [7], dexamethasone [8],
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vitamin E [9], maytenus ilicifolia [10], N-acetylcysteine
[11], allopurinol and ebselen [12], pD-methionine [13],
aminoguanidine [14], tiopronin [15], ginkgo biloba [16],
and trolox [17] against cisplatin-induced ototoxicity.

Lycopene is a natural pigment, synthesized by plants
and micro-organisms, but not by animals. It is a carotenoid,
an acyclic isomer of f-carotene and has no vitamin A
activity [18]. Tomatoes and tomato products, watermelon,
pink grapefruit, apricots, guava, and papaya are the main
dietary sources of lycopene [19]. It has been reported that
lycopene possess a strong antioxidant potency being 100
times more efficient in vitro studies of singlet oxygen
quenching action than vitamin E, which in turn has 125
times more the quenching action of glutathione [20]. It has
many biochemical functions as an antioxidant scavenger,
antihyper-lipidemic agent, and inhibitor of proinflamatory
and pro-thrombotic factors [21].

Protective effects of lycopene have been shown against
cisplatin-induced nephrotoxicity and oxidative stress in rats
[22] but the effects against ototoxicity is currently
unknown. To our best of knowledge, the protective effect
of lycopene in cisplatin ototoxicity has not been previously
reported. In the present study, the effect of lycopene on
cisplatin-induced ototoxicity in rats was evaluated.

Materials and methods
Experimental design

In this investigation, 35 healthy 3-3.5-month-old adult
female Sprague—Dawley rats weighting between 215 and
275 g were used. The animals were housed under standard
laboratory conditions (12 h light and 12 h dark) in a room
with controlled temperature (24 £ 3 °C) during the entire
experimental period. The animals had free access to water
and were fed a standard rodent diet ad libitum. The study
approval was obtained from the Erciyes University Animal
Care and Use Committee. Animal care in this study was
based on the criteria of the Ethics Review Committee for
Animal Experimentation and NIH Guidelines for the Care
and Use of Laboratory Animals.

Animals that showed signs of ear disease were excluded.
Other exclusion criteria were as follows: otoscopically
detectable external ear abnormalities, signs of middle-ear
disease, and absence of distortion product-evoked otoa-
coustic emissions at any of the frequency ranges tested.

Rats were divided randomly into three groups as control,
lycopene and cisplatin groups with each group caged
individually. Group 1 (n = 10) received single intraperi-
toneal injection of 1 ml of saline and served as a control
group. Both the cisplatin group (n = 10) and lycopene
group (n = 15) received a single dose of 12 mg/kg
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cisplatin intraperitoneally (i.p.); In lycopene group, lyco-
pene [20 mg/kg bw/day in olive oil (1 ml/kg bw/day);
Redivivo lycopene 10 %; CWS/-TG, Basel, Switzerland;
supplied by DSM Nutritional Products, Istanbul, Turkey]
was administered via gavage for 15 days following cis-
platin injection. The doses and administration routes of
lycopene and cisplatin were selected based on previously
published data [15, 20].

Anesthesia

Rats were anesthetized with intramuscular injection of
ketamine (40 mg/kg) and xylazine (5 mg/kg) cocktail
during DPOAE measurement. The depth of anesthesia was
determined with the pedal reflex, and in order to maintain
anesthesia, a half dose of this initial cocktail was admin-
istered as required.

Distortion product-evoked otoacoustic emission testing

After the rats were anesthetized as described previously,
measurements were made on day O (before any medication)
and day 15. DPOAE testing was carried out in a quiet
environment with an Otodynamics Echoport USB cochlear
emissions analyzer and the Otodynamics ILO software
(MAICO MI 34, Berlin, Germany). The primary tones
were introduced into the animals’ outer ear canal through
an insert earphone, using a plastic adapter that sealed the
probe in the outer ear canal. The stimulus consisted of two
pure tones (F1 and F2; F1/F2 ratio = 1.22) at 70 dB SPL.
In total, 1,000 acquisitions were analyzed. DPOAEs were
determined as DP-grams. The resulting otoacoustic emis-
sions were evaluated at 1.5, 2, 3, 4, 5, 6, 7, 8, 10, and
12 kHz. DPOAE testing was considered positive for signal-
to-noise ratios of 6 dB SPL, as specified by the
manufacturer.

Histopathological evaluation

Immediately following the post-DPOAE measurement, the
animals were euthanized and the cochleae were dissected.
The right cochleae of all groups were processed for light
microscopic examination. A tiny opening was made in the
apical turn of the cochleae by a curved stapes pick. The
proper fixative was gently forced through the preformed
apical opening by a fine needle fitted onto a tuberculin
syringe allowing for good fixation. The cochleae were fixed
in 10 % neutral buffered formalin for 48 h at room tem-
perature. Subsequently, decalcification was achieved by
submerging the samples in 10 % EDTA at room temper-
ature for 7 days with daily change of the solution. The
specimens were then processed for an hour in 10 % neutral
buffered formalin, next in 50 % alcohol and were
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maintained in 70 % alcohol until preparation for paraffin
embedding. Specimens were processed to form paraffin
blocks. Serial longitudinal sections passing parallel to the
modiolus were cut at sections of 5 pm thickness and sub-
jected to haematoxylin and eosin stain. Sections were
examined using a Zeiss Axiophot light microscope at 400 x
magnification equipped with a Zeiss AxioCam MRc cam-
era in which digitalized images were obtained by a
pathologist (MK) blinded to the treatment groups. Four-
point scoring system for cisplatin induced injury used was
those described by Freitas et al. [23]. Scores were based on
an assessment of external ciliated cell (ECC) number for
the organ of Corti. The expected number of hair cells for
each section was compared with control animals. The mid-
modiolar sections of two basal and middle turns and one
apical turn were evaluated and 15 ECCs were counted
(basal turns, 6 cells; middle turns, 6 cells; and apical turn, 3
cells). Based on stria vascularis assessment, which was
subjective and included marginal cell blebbing, cytoplas-
mic vacuolization, and atrophy of intermediate cells
(shrinkage), tissues were categorized as follows: normal
thickness of the stria vascularis and no marginal cell
blebbing, cytoplasmic vacuolization, or shrinkage, O;
slight, 1; mild, 2; moderate, 3; and severe, 4. Spiral gan-
glion cells, vacuolization, and nuclear degeneration were
also evaluated, subjectively, and categorized based on the
severity of the changes (i.e., no change, 0; mild, 1; mod-
erate, 2; and severe changes, 3).

Statistical analyses

Data of DP-gram amplitudes were expressed as
mean £ SD. Data were analyzed with Statistical Package
for the Social Science (SPSS) 18.0 statistical software
(SPSS Inc., Chicago, IL, USA). The Wilcoxon test was
used to compare data with a normal distribution in the

a

study groups, and the Kruskal-Wallis and Mann—Whitney
U tests were used to compare differences between three
groups. Within group comparisons of parameters were
made using the Wilcoxon sign test. All data were presented
as mean and standard errors. P values <0.05 were deemed
to indicate statistical significance.

Results
Histopathological results

A four-point scoring system described by Freitas et al. [23]
was used to grade injury to the ECCs, as indicated by the
number of cells absent from the basal turn of the cochlear
duct (0: presence of 3 ECCs with intact nuclei, 1: cochlea
with injury to one ECC, 2: cochlea with injury to two
ECCs, 3: cochlea with injury to three ECCs). ECCs were
separated according to basal, mid, and apical turns (basal
turn ECC, BECC; mid turn ECC, MECC; and apical turn,
AECC, respectively), counted, and compared between
three groups (Fig. 1).

Differences in basal turn ECCs numbers were statisti-
cally significant (p < 0.05) between three groups. The
BECC numbers in the control group were significantly
higher (p < 0.05) than the lycopene and cisplatin group
(p < 0.05). BECC numbers in the lycopene group was
significantly higher than cisplatin group (p < 0.05). Dif-
ferences in MECC numbers were statistically significant
between three groups (p < 0.05). MECC numbers of the
control group were significantly higher compared with the
lycopene and cisplatin group (p < 0.05). BECC numbers in
the lycopene group was significantly higher than cisplatin
group (p < 0.05). There was no statistically significant
difference in AECC numbers between three groups
(p > 0.05) (Fig. 2).

Fig. 1 Light micrographs section of ECCs: a control group, b cis-Pt + lycopene group, ¢ cis-Pt group. Greatest epithelial degeneration was
observed in cis-Pt group (Hematoxylin and eosin, x400) (cis-Pt: Cisplatin)
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Fig. 2 Comparison of ECC numbers between three groups (BECC:
Basal turn ECCs, MECC: Mid turn ECCs, AECC: Apical turn ECCs)

Injury in stria vascularis

A four-score system was used to grade stria vascularis
injury. Scores indicated the degree of blebbing in marginal
cells, cytoplasmic vacuolization, and atrophy of interme-
diate cells (shrinkage; O: normal thickness of the stria
vascularis and no marginal cell blebbing, cytoplasmic
vacuolization, or shrinkage; 1: slight; 2: mild; 3: moderate;
and 4: severe) (Fig. 3). Changes in stria vascularis were
statistically significant between three groups (p < 0.05).
The median score for stria vascularis injury was signifi-
cantly highest in cisplatin group (p < 0.05).

Injury in spiral ganglion cells
Vacuolization, and nuclear degeneration in spiral ganglion

cells were evaluated subjectively according to the severity
of the changes (0: no change; 1: mild; 2: moderate; 3:

severe changes) (Fig. 4). Differences in spiral ganglion
cells changes were statistically significant between three
groups (p < 0.05). Differences in spiral ganglion cells of
the control group were significantly lower compared with
the lycopene and cisplatin group (p < 0.05). The median
change scores for spiral ganglion cells were significantly
higher greater in cisplatin group than in lycopene group
(p < 0.05).

DPOAE measurement results

The DP-gram results of the three groups corresponding to
days 0 and 15 are presented in (Fig. 1). On day 0, the initial
baseline DPOAE measurement results presented compa-
rable values in all groups prior to drug administration
(p > 0.05) (Fig. 5). In cisplatin group statistically signifi-
cant differences were recorded for all frequencies between
administration before and at day 15 (p < 0.05). Lycopene
group had a significantly higher DP-grams except for
1.5 kHz frequency when compared with cisplatin group
(p < 0.05). The analyses of the results as the median
amplitudes of DP-grams revealed statistically significant
differences between three groups (p < 0.05), which may
suggest that lycopene had a protective effect against cis-
platin induced ototoxicity (Table 1).

Discussion

Cisplatin has a strong and well-known antitumor activity
against several tumors. The main side effects are ototox-
icity, nephrotoxicity, bone marrow

suppression, and

Fig. 3 Stria vascularis cross-sectional area in a control group, b cis-
Pt + lycopene group showing stria vascularis slightly thickened,
marginal cell blebbing and cytoplasmic vacuolization, ¢; cis-Pt group
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Fig. 4 a Showing the normal a
appearance of spiral ganglion
cells in control group,

b vacuolization and nuclear
degeneration are seen in cis-
Pt + lycopene group,

¢ showing eosinophilic
cytoplasm of spiral ganglion
cells; spiral ganglion cells
nuclei are not seen even in areas
that can be viewed with the
severe degeneration in cis-Pt
group (Hematoxylin and eosin,
x400) (cis-Pt: Cisplatin)

| = Control

 Cis-Pt + lycopene

m Cis-Pt

- e U e 3 33 e
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Fig. 5 Demonstration of DPOAE amplitudes for three groups at 15th
day (*Cis-Pt 4 lycopene group had a significantly higher DP-grams
except for 1.5 kHz frequency when compared with cis-Pt group) (cis-
Pr: Cisplatin)

gastrointestinal toxicity. The ototoxicity was observed in as
high as 36 % of patients receiving cisplatin [1, 5].

Morphologically, cisplatin targets three important tissues
in the cochlea, including organ of Corti, spiral ganglion, and
stria vascularis. Cisplatin causes the formation of reactive
oxygen radicals, such as superoxide anion in cochlear tissues
[6]. The mechanism of cisplatin ototoxicity is based on the
generation of the reactive oxygen radicals, which interfere
with the antioxidant protection of the organ of Corti. Reactive
oxygen radicals react with cell membrane lipids to produce
toxic aldehydes such as 4-hydroxynonenal. These are impli-
cated in apoptosis and cell death in the organ of Corti explants
and spiral ganglion cell cultures, which consequently give rise
to inner ear hairy cell degeneration [14—16].

We monitored cisplatin ototoxicity by using DPOAE:s,
which is a highly selective tool for the cochlea. The most
important benefits of DPOAEs are their non-invasive
capacity and objectivity to determine the early stages of
sound processing and evaluate the biomechanical activity
of the outer hair cells [24]. DPOAE measurement is a well-
described method for detecting the effects of cisplatin on
the cochlea before changes are detected by pure-tone
audiometry [25].

In recent years, naturally occurring antioxidant com-
pounds that are consumed in the diet have gained attention
in ototoxicity. The administration of antioxidants such as
vitamin E, N-acetylcysteine, Ginkgo Biloba extract,
pomegranate extract, resveratrol and erdosteine, before or
after treatment with cisplatin has been used to protect or
ameliorate against experimental ototoxicity models in
animals [7-17]. To date, there is no FDA-approved product
that has demonstrated efficacy in preventing or reducing
cisplatin ototoxicity.

A diet rich in carotenoid-containing food is associated
with a number of health benefits. Interest in effect of toma-
toes and tomato-based products has increased as a conse-
quence of many epidemiological studies showed the
protective action of carotenoids, in particular lycopene, on
cancer and cardiovascular diseases [19-21]. Lycopene a
naturally occurring carotenoid has attracted considerable
attention as a potential chemopreventive agent. Tomatoes
and tomato products, watermelon, pink grapefruit, apricots,
guava, and papaya are the main dietary sources of lycopene
[19,20]. Recently, lycopene has received particular attention
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Table 1 Comparison of distortion product-evoked otoacoustic emission measurements amplitudes for three groups at 15th day

Control group Lycopene group Cisplatine group P

0 day 15 day P 0 day 15 day P 0 day 15 day p
1.5kHz 13.8 + 1.61 136 £222 0555 1324194 984091 0002 1354121 92=+131" 0000 *0.6
2 kHz 15.0 + 1.05 143+ 1.15 0191 1424+137 11.7+1.17 0.000 146+ 1.5 9.1 +£0.98 0.000 <0.001
3 kHz 16.4 + 1.50 162+ 198 0840 1624199 128+ 0.77 0.000 157 +146 10.6 £1.08 0.000 <0.001
4 kHz 18.0 £ 1.56 173 £ 133 0363 167+195 124+098 0.000 172+126 102 +123 0.000 <0.001
5 kHz 27.1 £ 3.43 265 +£3.12 0.148 252 +344 145+£1.07 0.000 26.6+323 11.6+203 0.000 <0.001
6 kHz 28.2 £ 4.04 29.1 £2.05 0209 30.1 +£2.08 157 +1.67 0.000 29.1 £323 108+ 134 0.001 <0.001
7 kHz 31.0 £ 1. 33 31,6 £ 1.57 0394 314 +135 284+125 0000 31.3+122 248+148 0.000 <0.001
8 kHz 315+ 148 314 £051 0117 326+ 1.63 281+ 1.84 0.000 32.1+1.62 254+181 0.000 <0.001
10 kHz  31.8 & 1.13 308 £1.61 0117 3124152 2564180 0.000 31.5+1.15 22.6+£1.19 0.000 <0.001
12kHz  31.ved0 £ 1.24 317 £ 141 0332 3144+129 228+ 1.12 0.000 31.7+1.09 178+ 141 0.000 <0.001

* Cis-Pt + lycopene group had a significantly higher DP-grams except for 1.5 kHz frequency when compared with cis-Pt group.

Cisplatin)

as a result of studies that have reported its highly efficient
antioxidant property and singlet-oxygen and free radical
scavenging capacity. Experimental rodent models suggest
that lycopene plays an important role in the modulation of
organ injury evoked by inflammatory process [26, 27].
Boileau et al. demonstrated that rats could be used as a model
to study biological actions of lycopene isomers. Male F344
rats fed lycopene-containing diets for 8 weeks achieved
lycopene tissue concentrations and isomer patterns similar to
those observed for humans [28]. Lycopene treatment, either
before or after cisplatin administration, provided a signifi-
cant protection against cisplatin induced nephrotoxicity.
This study was the first demonstration of lycopene’s atten-
uating effects against cisplatin induced ototoxicity.

In our study, statistically significant reductions in DP-
gram amplitudes were noted at frequencies of 1.5, 2, 3, 4,
5, 6,7, 8, 10, and 12 kHz in the cisplatin group, strongly
suggesting cisplatin-related ototoxicity. In the cisplatin and
lycopene combination group, a statistically significant
difference in all frequencies except 1.5 kHz was found
between days O and 15.

The results of our current experiment suggest that
lycopene may be a potential candidate drug to eliminate
cisplatin induced ototoxicity. Further studies may reveal
optimal dosing and potential clinical usefulness of lyco-
pene as a chemopreventive agent against cisplatin induced
ototoxicity.
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