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Effects of caffeic acid phenethyl ester on cisplatin ototoxicity
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Abstract. Purpose: To report histological and electrophysiological data in rats treated with cisplatin and caffeic acid
phenethyl ester.

Methods: We randomly divided 28 Wistar rats into four groups of seven, to be treated as follows: control (saline), cis-
platin, CAPE and cisplatin-CAPE. Distortion product otoacoustic emission (DPOAE) measurements were performed on
day one (before drug administration) and day five under anaesthesia. All animals were killed under general anaesthesia
on day five after the DPOAE measurement. The cochleae of each rat were histopathologically and immunohistochemi-
cally evaluated.

Results: The outer hair cells were mostly preserved in the control and CAPE groups. Moderate-to-severe and mild-to-
moderate hair cell losses were detected in the cisplatin and cisplatin-CAPE groups, respectively. DPOAE assessments
revealed significant deterioration in the cisplatin group (P < 0.05). The difference between the cisplatin and cisplatin-

CAPE groups was statistically significant (P < 0.05).
Conclusion: CAPE prevents cisplatin ototoxicity

Introduction

Cisplatin, a potent antitumour agent, is widely and
successfully used in the treatment of many malig-
nant tumours, including head and neck cancers.
However, cisplatin has several serious side effects
such as ototoxicity and nephrotoxicity. Ototoxicity,
in particular, continues to be a serious problem.'
Bilateral, irreversible, sensorineural hearing loss,
especially at high frequencies (4 — 8 kHz) and tin-
nitus can occur in patients receiving high doses
of cisplatin.” The ototoxic side effects of cisplatin
have been shown to be caused by damage to the
outer hair cells of the cochlea in experimental ani-
mal studies.”" However, the precise mechanism
via which cisplatin damages the cochlea has not yet
been elucidated.

Several agents have been used to prevent cispla-
tin-induced ototoxicity.**"'> One such agent is caf-
feic acid phenyl ester (CAPE). CAPE is the major
biologically-active component of propolis, which is
present in beehives. CAPE has been demonstrated
to possess numerous biological properties, includ-
ing antioxidant, anti-inflammatory, antiviral, anti-
invasive and anti-carcinogenic effects, for many
organs in various studies.”"” In this experimental

study, we aimed to demonstrate the possible benefi-
cial effects of CAPE against cisplatin ototoxicity in
rats. To the best of our knowledge, this is the first
study to evaluate the effects of CAPE on cisplatin
ototoxicity by using, not only audiological assess-
ments, but also histopathological evaluation.

Materials and methods

Study design and setting

We assert that all procedures contributing to this
work complied with the ethical standards of the
‘Guide for the Care and Use of Laboratory Ani-
mals’, issued by the National Institutes of Health,
Commission on Life Sciences and the National Re-
search Council.” The study was performed with the
approval of the ethics committee of our institution
(approval number: 2011/59).

Twenty-eight healthy male adult Wistar albino
rats, weighing 240 — 345 g each, were used in this
study. The rats were kept under suitable conditions
in accordance with guidelines, in suitable cages
that were maintained under standard environmen-
tal conditions (room temperature between 22 °C
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and 24 °C, 50% relative humidity and 12-h light/
dark cycles). All rats had free access to commercial
food and water until they were euthanized. Otomi-
croscopic evaluation of all rats was done prior to
the start of the study to exclude any external and
middle ear disorders. All rats included in the study
had normal tympanic membranes.

The rats were randomly assigned to four groups:
control (saline) group (n = 7), cisplatin group (n =
7), CAPE group (n = 7) and cisplatin-CAPE group
(n=7). The control group received saline intraperi-
toneally (2.5 ml/kg) once a day for five days. The
cisplatin group received a single dose of cisplatin
(16 mg/kg, intraperitoneally; Cisplatin Ebewe, 0.5
mg/ml vials, Liba Drug Company, Turkey) on the
first day of the study. The CAPE group was admin-
istered CAPE (Sigma-Aldrich Co. LLC, St. Louis,
MO) intraperitoneally at a dose of 10 umol/kg once
a day for five days. The cisplatin-CAPE group was
injected with CAPE at a dose of 10 umol/kg once a
day every day from 24 hours before day one to day
five. On the first day, the rats also received a single
dose of cisplatin (16 mg/kg, intraperitoneally).

Audiological assessments were performed on
all rats before starting the study and on day five of
the study after completion of the drug protocols.
The rats were anaesthetized with an intraperitoneal
injection of a ketamine hydrochloride (60 mg/kg;
Ketalar, Pfizer, Istanbul, Turkey) and 2% xylazine
hydrochloride cocktail (10 mg/kg; Rompun, Bayer,
Istanbul, Turkey) prior to the distortion product
otoacoustic emission (DPOAE) measurements. Af-
ter the DPOAE measurements on day five, the ani-
mals were sacrificed by decapitation.

All surgical procedures were carried out under
clean but non-sterile conditions. After the rats were
decapitated, their tissues were fixed using intralab-
yrinthine perfusion of 4% paraformaldehyde. The
skull bone of each subject was cut in the midline,
and each temporal bone was dissected with a scal-
pel and a pair of scissors. With the external auditory
canal as a guide, the bulla was localized with the
thumbs. The temporal bones containing the tym-
panic bulla were separated from the other structures
to reveal the cochlea by holding the bone with one
hand and using a haemostatic clamp as follows: the
clamp was positioned in the external auditory ca-
nal and, in a single movement, all bony parts of the
leaflet were broken, exposing the cochlea. Finally,
the cochlea was dissected and removed en bloc.
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Tissue preparation and histopathological examina-
tion

The cochleae of each rat were fixed for 24 hours
in 10% formaldehyde solution and subjected to de-
calcification for three weeks in 10% ethylenediami-
netetraacetic acid solution. After the fixation and
decalcification processes, the cochleae were rinsed
in tap water for 24 hours, dehydrated using a graded
alcohol series, rendered transparent and embedded
in paraffin. Each paraffin-embedded specimen was
sliced with a microtome (Leica RM 2125, Leica
Microsystems GmbH, Nussloch, Germany) at a
thickness of 5 um. Each section was stained with
haematoxylin and eosin (H&E) for routine histo-
logical examination and observed with a Nikon
ECLIPSE 80i (Japan) microscope. The remaining
tissue sections were deparaffinized, reacted with
an alcohol series, rinsed, incubated with 0.1% —
1% H,0,, washed with phosphate-buffered saline
(PBS) and stained with avidin—biotin complex. The
sections were conducted with 10% normal bovine
serum. Caspase-3 rat polyclonal IgG primary an-
tibody was diluted to a concentration of 1:400 in
normal bovine serum. The obtained tissue sections
were incubated with the caspase-3 solution over-
night. Caspase 3 IgG antibody was used to show
apoptotic cells. PBS was dripped onto the negative
control sections. The next day, the sections were
rinsed with PBS and incubated with the second-
ary antibody (bovine antirat biotin), followed by
conjugation with horseradish peroxidase, washing
with PBS and treatment with diaminobenzidine
chromogen. The sections were rinsed with distilled
water and stained with haematoxylin. They were
then rinsed with distilled water until the blue stain
disappeared and were coverslipped after being re-
acted with alcohol and xylene. The sections were
assessed according to the intensity of the caspase-3
immunoreaction, under a light microscope (Nikon
ECLIPSE 80i, Japan).

The degree of outer hair cell degeneration was
histopathologically evaluated, by a single patholo-
gist who was blinded to the study groups, as fol-
lows: 0, no degeneration (0% — 25% loss of outer
hair cells); +, mild degeneration (26% — 50% loss
of outer hair cells); ++, moderate degeneration
(51% — 75% loss of hair cells); and +++, severe de-
generation (76% — 100% loss of hair cells).
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Audiological assessments

hair cells was tested using DPOAE measurements.
The DPOAE readings were recorded at the base-
line before the initiation of the treatment and before
the animals were killed. During DPOAE measure-
ments, the rats were anaesthetized in a quiet room
(less than 50 dB background noise). Otoacoustic
emissions (OAEs) are the physiologic indicators of
cochlear function. OAEs are a measure of coherent
acoustic reflections and acoustic distortion prod-
ucts in the external auditory meatus. These acoustic
emissions are triggered by stimuli in specific fre-
quencies or bandwidths induced through a trans-
ducer, which is positioned close to the tympanic
membrane and acoustically coupled to the external
auditory meatus. The measurements performed
through this simple, non-invasive and reliable
method are independent of the state of conscious-
ness or physical aptitude of the subject.

Before the DPOAE measurements were per-
formed, otoscopy was carried out to verify that the
ear canal and tympanic membrane were normal.
Only rats with normal ear canals and tympanic
membranes were included in the study. Addition-
ally, animals with abnormal initial otoacoustic re-
sponses were excluded from the study. The DPOAE
readings were obtained from the right ears of the
animals with the help of a standard commercial
ILO-96 OAE cochlear emission analyser (Oto-
dynamics, London, UK). The obtained data were
processed and evaluated using OAE software (EZ
Screen 2 Otodynamics OAE Screening and Data
Management Software, Hatfield, UK). The dura-
tion of each DPOAE test was approximately three
minutes.

After the animals were anaesthetized, primary
tones created by two distinct speakers were in-
troduced into the auditory canals of the animals
through an earphone and a plastic adapter that
sealed the probe in the external auditory canal.
Equi-level primary tones fl1 (65 dB) and f2 (55
dB) were adjusted at an f1/f2 ratio of 1.22, and the
DPOAEs were measured at five different frequen-
cies between 2000 and 8008 Hz (2002, 3003, 4004,
6006 and 8008 Hz). The DPOAEs were recorded
in DP-grams. The baseline hearing status of each
animal was obtained through the DP-gram, and the
signal-to-noise ratio (SNR) was calculated. The
SNR was determined at five frequencies in each
animal. The data collected from each individual rat
were included in the statistical analysis.
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Statistical analysis

The statistical analyses were carried out using the
SPSS 15.0 software package for Windows (SPSS
Inc., Chicago, IL). The Wilcoxon signed-rank test
was used to determine the differences in the ampli-
tudes of the DPOAESs and the corresponding noise
floor differences and thresholds for each frequency.
The histopathologic variations between the control,
cisplatin, CAPE and cisplatin-CAPE groups were
evaluated and compared using the Mann—Whitney
U test. Statistically-significant differences were in-
dicated by P-values of < 0.05.

Results

Audiological assessments

In the DP-grams, the amplitudes of the emissions
were greater than the noise floor at all testing fre-
quencies in all sessions. The baseline DPOAE mea-
surements on day one (before the administration
of the study drugs) were similar in all groups (P >
0.05; Figure 1). The second DPOAE measurements
performed on day five revealed a distinct decrease
in cochlear activity at all tested frequencies (2002 —
8008 Hz) in the cisplatin group (P < 0.05; Figure 2).
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Figure 1

DP-grams of rats treated with saline, cisplatin, CAPE and
cisplatin-CAPE on day one. CAPE, caffeic acid phenethyl es-
ter; DP, distortion product; DPOAE, DP otoacoustic emission;
SPL, sound pressure level.
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DP-grams of rats treated with cisplatin on days one and five.
DP, distortion product; DPOAE, DP otoacoustic emission;
SPL, sound pressure level.
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Figure 3
DP-grams of rats treated with CAPE on days one and five.
CAPE, caffeic acid phenethyl ester; DP, distortion product;
DPOAE, DP otoacoustic emission; SPL, sound pressure level.

No significant differences between the baseline and
day-five values were observed in the control and
CAPE groups (P > 0.05; Figure 3). The DP-gram
of the cisplatin-CAPE group also deteriorated, but
there was a statistically-significant difference in the
DP-gram results between the cisplatin and cispl-
atin-CAPE groups (P < 0.05; Figure 4). Standard
deviation, minimum (min) and maximum (max)
values of groups are shown in Table 1.
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DP-grams of rats treated with cisplatin plus CAPE on days
one and five. CAPE, caffeic acid phenethyl ester; DP, distor-
tion product; DPOAE, DP otoacoustic emission; SPL, sound
pressure level.

Histopathologic evaluation

Light microscopy showed that the outer hair cells
were mostly preserved in the control and CAPE
groups. In the cisplatin group, there was moderate-
to-severe loss of the outer hair cells, while in the
cisplatin-CAPE group, there was mild-to-moderate
degeneration of the outer hair cells (Figure 5). On
immunohistochemical examination, caspase immu-
noreactivity was not observed in the control, CAPE
and cisplatin-CAPE groups, whereas cytoplasmic
or nuclear caspase-3 immunoreactivity was clearly
observed in the hair cells, supporting cells and basi-
lar membrane in the cisplatin group (Figure 6).

Discussion

Cisplatin, which contains the heavy metal plati-
num, is used for the treatment of many types of ma-
lignant tumours, including head and neck cancers.
The drug has serious dose-limiting side effects, the
major of which are nephrotoxicity and ototoxicity.
It is possible to reduce the nephrotoxicity of cis-
platin by intravenous hydration and diuresis, but its
ototoxicity still remains a serious problem."

Many experimental animal studies have shown
that the main functional and morphological targets
of cisplatin ototoxicity are the outer hair cells of the
cochlea, but the precise mechanism underlying the
ototoxicity is not well understood.**** Electron mi-
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Table 1
Min-max and standard deviation values of the four groups before and after the study
before after
groups 2002 3003 4004 6006 8008 2002 3003 4004 6006 8008
min 33 18.7 26.5 27.6 26.5 32 17.9 26.9 28.9 23
control max 3.7 22.8 33.6 34.7 36.9 3.8 23.7 329 38.8 345
SD 0.2 1.5 2.8 2.4 33 0.3 1.9 2,6 35 3.8
min 32 16.9 15.9 22.6 27.5 2.4 4.9 4.6 15.9 17.4
cisplatin max 3.9 20.9 27.3 40.9 33.5 2.8 16.9 19.6 29.8 26.8
SD 0.3 2.9 42 6.2 22 0.2 4.1 6.1 5.5 3.8
min 32 6.2 16.9 23.5 19 3.1 6.9 15.2 26.1 20.1
CAPE max 3.9 20.7 28.5 375 30 3.8 23.1 29.4 33.6 30.1
SD 0.3 6.4 3.8 4.6 3.6 0.3 52 44 2.9 44
cisplatin min 3.1 10.9 14.6 18.5 17.7 2.8 7.9 12.6 13.8 15.5
+C€%PE max 3.8 26.5 314 385 33.8 33 21.2 27.3 33.7 324
SD 0.3 5.1 6.3 7.8 6.2 0.2 4.7 52 6.6 6.6

SD: standard deviation; min: minimum; max: maximum

Figure 5
Histopathological appearance of the mostly-preserved outer hair cells (arrows) in the control (A) and CAPE (B)
groups (H&E, x400). Severe loss of outer hair cells (arrows) in the cisplatin group (C) (H&E, x200). Closer view of
C (D) (H&E, x400). Approximately 50% — 90% outer hair cells are preserved (arrows) in the cisplatin-CAPE group
(E) (H&E, x200). Closer view of E (F) (H&E, x400).
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Figure 6
Caspase-3 negativity in the control (A) and CAPE (B) groups, caspase-3 positivity in the cisplatin (C) group and
disappearance of caspase-3 activity in the cisplatin-CAPE (D) group (immunoperoxidase, x400).

croscopy studies have shown that cisplatin ototoxic-
ity is caused by outer hair cell damage.*** The best-
accepted theory to explain outer hair cell death is
ROS accumulation in the inner ear structures.>***"=
Under this account, outer hair cells degenerate due
to oxidative processes resulting in DNA damage.
In experimental studies, significantly-higher ROS
levels were found in animals treated with cispla-
tin than in control animals.”’* Increased levels of
ROS result in apoptosis and cell death. Immunos-
taining of the cells with caspase 3 indicates apop-
tosis. However, lower levels of ROS were found in
animals that were administered cisplatin along with
protective agents.**

In recent years, several antioxidant protective
agents have been used to prevent cisplatin ototox-
icity in experimental studies. Some well-known
agents are CAPE, resveratrol, aminoguanine, gink-
go biloba extract, methionine, sodium salicylate
and erdosteine.”? In addition to these agents, many
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antioxidant molecules have been claimed to be use-
ful in reducing cisplatin ototoxicity.*”> However,
an agent that effectively prevents cisplatin ototox-
icity is not yet available.

CAPE is extracted from propolis, which is found
in beehives, and is the major biologically-active
component of propolis. Many studies have shown
that CAPE has strong antioxidant, anti-invasive,
antimitotic, anti-inflammatory, immunomodulator
and wound-healing properties.”” CAPE has been
demonstrated to exert protective effects against
many toxic compounds that affect the cochlea,
tympanic membrane, kidney, heart, red blood cells,
brain, spinal cord and nasal mucosa."*"” Therefore,
in the present study, we aimed to determine wheth-
er CAPE had any protective effects against cispla-
tin ototoxicity.

We employed DPOAE measurement, which has
been shown to be very useful in detecting the au-
diological effects of cisplatin and streptomycin oto-
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toxicity.>*"!"*# The administration of cisplatin for
more than five days can result in death in rats and,
therefore, we chose to perform our experiment for
only five days, similar to previous studies.””

In a study by Kizilay et al.?, the DPOAE results
revealed severe deterioration in hearing in the cis-
platin group. They also showed that, when admin-
istered with cisplatin, CAPE significantly reduced
cisplatin ototoxicity. Consistent with this, we found
a significant decrease in DPOAE levels at 2002 —
8008 Hz on day five in the cisplatin group. The
hearing abilities of the cisplatin-CAPE group also
deteriorated. However, analysis of the DP-gram
results revealed statistically-significant differences
between the cisplatin and cisplatin-CAPE groups.
Given these findings, we conclude that CAPE has
a protective effect against cisplatin ototoxicity,
aligning with the results reported by Kizilay er al.?
The present study is the first to assess outer hair
cell loss histopathologically as well as via DPOAE
measurements. Histological examination with
H&E staining showed that the outer hair cells were
mostly preserved in the control and CAPE groups.
However, moderate-to-severe degeneration of the
cochlear outer hair cells was observed in the cis-
platin group. In the cisplatin-CAPE group, mild-
to-moderate outer hair cell degeneration was ob-
served. The demonstration of increased apoptotic
cells in the cochleae of rats with caspase-3 indicates
hearing impairment. On immunohistochemical ex-
amination, caspase-3 immunoreactivity was not
observed in the control, CAPE and cisplatin-CAPE
groups, but cytoplasmic or nuclear caspase-3 im-
munoreactivity was clearly observed in the hair
cells, supporting cells and basilar membrane in the
cisplatin group.

In the current study, we aimed to show effects
of CAPE on cisplatin ototoxicity. Although there
are some studies showing the effects of CAPE on
cisplatin toxicity there is a lack of data regarding
the effects of CAPE on cisplatin antitumoural ac-
tivity.>** Further studies investigating the effects
of CAPE on cisplatin antitumoural activity are
needed.

Conclusion

Many agents have been used to prevent cisplatin
ototoxicity. Because cisplatin causes cell death via
ROS, antioxidant agents are becoming increasingly
important. CAPE is one of these agents. Histopath-
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ological, audiological and immunohistochemical
examinations in our study showed that CAPE is
useful in preventing cisplatin ototoxicity.
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