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SUMMARY

Cisplatin is an antineoplastic drug widely used
to treat various types of cancer. Ototoxicity is
still cisplatin’s most critical side-effect. Some
patients may experience dose limitations due to
hearing loss. Pentoxifylline (PX) exhibits powerful
antioxidant, anti-inflammatory, and immune-
regulatory effects. Our study was designed to
investigate the protective effects of pentoxifylline
on cisplatin-induced ototoxicity. Forty adult male
healthy Sprague-Dawley rats were used through
the entire experiment. Four groups of animals
were categorized: Group I (control group);
Group II (PX group) received 25 mg/kg/day of
oral PX by gavage for 8 consecutive days; Group
III (Cisplatin group) received cisplatin single
intraperitoneal dose of 10 mg/kg; Group IV (PX
+ Cisplatin group) received 25 mg/kg/day of oral
PX by gavage for 8 successive days and a single
intraperitoneal dose of 10 mg/kg cisplatin at the
4th day. First and 9™-day Distortiondistortion-
product otoacoustic emissions (DPOAE) tests
were conducted. An intracardiac blood sample

was collected for total antioxidant capacity
(TAC) measurement, and the cochleae of rats
were examined histopathologically. A significant
reduction in serum TAC value was detected in the
cisplatin group, while PX treatment significantly
reduced TAC. Cisplatin decreased the DPOAE
amplitudes in rats; conversely, the PX+cisplatin
group showed a significant increase at all
frequencies. Upon histopathological examination,
the Ciplastin group revealed perturbation of
the normal architecture of the organ of Corti,
increased collagen deposition and marked
expression of caspase-3, while the PX+cisplatin
group revealed preserved architecture of the
organ of Corti, minimal collagen deposition and
downregulation of Caspase-3 expression. As
evidenced by our findings and results from DPOAE
results, biochemical findings, histological and
ultrastructural analyses, PX significantly protects
rats against ototoxicity caused by cisplatin.
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INTRODUCTION

The term ototoxicity alludes to cellular
damage or functional disorders that develop in
the inner ear associated with any therapeutic
or chemical (Kara et al., 2016). Cisplatin (cis-
diamminedichloroplatin II) is widely used for
treatment of a number of tumors (testicular and
ovarian carcinoma, squamous head and neck
carcinoma, lung carcinoma, malignant gliomas,
advanced bladder cancer, and metastatic cancers
such as mesothelioma, melanoma, breast and
prostate cancer). The treatment with cisplatin is
associated with side effects, such as ototoxicity,
nephrotoxicity, myelotoxicity, and toxicity to the
gastrointestinal system. Even though hydration
therapy can control nephrotoxicity, ototoxicity
remains a serious concern with cancer treatment
with cisplatin (Roldan-Fidalgo et al., 2016).

Bilateral, irreversible, progressive sensorineural
loss of hearing at high frequencies as well as tinnitus
are the hallmarks of ototoxicity caused by cisplatin.
Some patients may experience dose limitations due
to hearing loss. The outer hair cells of the cochlea
are progressively damaged by Cisplatin. 60-80%
of patients who receive cisplatin suffer bilateral,
permanent, and progressive hearing loss (Salehi et
al., 2014). The severity of deafness can vary greatly,
and it does not pose a life-threatening challenge.
However, hearing loss can significantly affect the
quality of life and can result in communication
problems. Molecular and cellular mechanisms
determining cisplatin toxicity remain poorly
understood and the reduction of cisplatin ototoxicity
remains one of the major objectives of anti-tumor
therapies (Yumusakhuylu et al., 2012).

Cisplatin ototoxicity is associated with the
accumulation of reactive oxygen species (ROS),
including hydroxyl radicals and superoxide ions,
and inhibition of antioxidant enzymes; therefore,
antioxidants are popular agents to mitigate its
toxicity (Rybak, 2007). Exogenous antioxidants
such as amifostine, erdosteine, lycopene, vitamins
C and E, dexamethasone, sodium salicylate,
aminoguanidine, methionine, and resveratrol
have been shown to have protective benefits in
several studies (Kalkanis et al., 2004; Erdem et al.,
2012; Xie et al., 2011).

Pentoxifylline (PX) is an alkaloid created
by adding a hexanone group to theobromine,
which is extracted from cocoa beans (Gill et
al., 2015). As a nonspecific phosphodiesterase
inhibitor, it was originally considered to treat
peripheral vascular diseases. PX has several
pharmacologic effects, such as reducing
blood viscosity, improving microcirculation,
increasing erythrocyte deformability, inhibiting
platelets from aggregating in addition to its
anti-inflammatory, immunomodulatory and
antiproliferative properties (Nasiri-Toosi et al.,
2013). Furthermore, it has also been used as
an antioxidant to heal various tissue damages
(Stojiljkovic et al., 2009). Considering oxidants’
role in cisplatin-induced ototoxicity and the
useful properties of pentoxifylline, this study has
evaluated the protective effects of pentoxifylline
against cisplatin-induced ototoxicity and the
potential mechanisms through which it works.

MATERIALS AND METHODS

Chemicals

Pentoxifylline (PX) used in the study was
obtained in the form of film-coated tablets
(Trental) produced by Sanofi-Aventis, Egypt under
licence of Sanofi-Aventis, Germany, and cisplatin
as solution vials was obtained from Mylan, Greece
(1 mg/ml).

Experimental design

This study was performed at the department
of Human Anatomy and Embryology, Faculty
of Medicine, Menoufia University. Forty adult
male Sprague-Dawley rats weighing 180-200 g,
aged 10-12 weeks, were used in the study. Rats
were bought from the Egyptian Organization for
Biological Products and Vaccines (Cairo, Egypt).
They were acclimatized for two weeks in stainless
steel cages prior to starting the experiment. The
rats were fed ad libitum on standard laboratory
pellets and with tap water. The room was kept at
an optimum temperature and humidity with a 12-
hour light/12-hour dark cycle.

All experimental procedures and animal
maintenance were carried out according to the
guidelines and roles prescribed by the Research



Ethics Committee, Menoufia University, Faculty
of Medicine with the ethical approval number
7/2020ANAT?2.

After two weeks of acclimatization, animals
were separated randomly into four groups (n= 10
per group):

« Group I (Control group): was subdivided into:

GIa (plain control), where animals did not
receive anything.

GIb (sham control), where animals received
1 ml intraperitoneal saline solution/day for
eight successive days.

«  Group II (PX group): each rat received 25 mg/
kg/day of oral pentoxifylline dissolved in 1
ml saline via gastric gavage for 8 consecutive
days (EI-Anwar et al., 2018).

«  GroupIII (Cisplatin group): each rat received a
single cisplatin intraperitoneal dose of 10 mg/
kg on the 4™ day of the experiment (De Araujo
etal., 2019).

« Group IV (PX + Cisplatin group): Each rat
received 25 mg/kg/day of oral pentoxifylline
dissolved in 1 ml saline via gastric gavage for 8
consecutive days and a single intraperitoneal
dose of 10 mg/kg cisplatin at the 4" day (De
Araujo et al., 2019).

An otoscopic examination was performed on
all rats prior to the delivery of all medications
under 50 mg/kg ketamine hydrochloride and 5
mg/kg xylazine anesthesia according to Struck
et al. (2011). Then, all rats were subjected to
the Distortion Product Otoacoustic Emissions
(DPOAE) test. Under the same anesthesia protocol,
DPOAE was again performed on the 9th day of the
study. Rats were anesthetized 24 hours after the
end of the experiment. A sample of intracardiac
blood was taken utilizing plain tubes from each
animal following completion of the final auditory
assessment. After blood collection, all rats were
sacrificed, and the temporal bones were then
dissected. The cochleae were extracted, and
cochleae from the right ear were prepared for
light microscopic examinatio,n while those from
the left ear were enucleated and processed for
scanning electron microscopy.

Biochemical study for measurement of total an-
tioxidant capacity (TAC)

After collecting blood samples and centrifuging
them at 3000 rpm for 15 min, serum was then
collected and stored at 80°C until being analyzed.
Total antioxidant capacity (TAC) (Biodiagnostic,
CAT. NO TA2513, Egypt) was
colorimetrically, according to Koracevic et al.
(2001). Serum TAC was assessed by the reaction of
antioxidants in the sample with a known amount
of exogenously provided hydrogen peroxide. TAC
is measured in (mM/]) for each plasma sample.

measured

Otoacoustic Emission Measurements

Distortion-product  otoacoustic  emissions
(DPOAE) levels were assessed on the first day
of the study as a baseline assessment using
Eclipse 25 device (Eclipse/EP25 system, Inter
acoustics Inc., Middle fart, Denmark). The rats
were anesthetized before the assessment and
submitted to otoscopic examination. The OAE
probe with neonatal ear tips was inserted in the
external auditory canal of the ear of the animals;
animals with abnormal DPOAE measurements
denoting abnormal hearing were excluded from
the study. The resulting otoacoustic emissions
levels were assessed at 2, 4, 6, and 8 kHz through
DP gram. 2 frequencies were used for assessment:
F1 and F2 with F2/F1 ratio=1.22 at 65 dB SPL, and
the DPOAE levels were assessed at the first day
(D1) and day 9 (D9) after administration of the

otoprotective agent.

Light microscopic examination

On the apex of the right cochlea, a small hole
was induced. After 2 days of incubation in 10%
neutral buffered formalin, the specimens were
put into ethylenediaminetetraacetic acid (EDTA)
at 4 °C for 20 days; the solution was changed
every two days until softening occurred. Washing,
dehydrating, clearing, and embedding in paraffin
blocks were performed. The sections were
cut at five-um and stained with Hematoxylin
and Eosin (H&E)
stains. Further deparaffinizing of the paraffin-
embedded sections was performed in xylene,
and rehydrating with graded concentrations of
ethanol to be immunohistochemically stained

and Masson Trichrome
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with primary anti-Caspase-3 antibodies, a marker
for apoptosis (rabbit polyclonal, Abcam), with a
concentration of 100 pul at 0.872 mg/ml (dilution
1/50). The primary antibodies were applied
on the slides and incubated overnight at room
temperature in humidity chamber. All procedures
were performed following the instructions of
manufacturer (Suvarna et al., 2012).

Scanning electron microscopic examination

A small hole has been made on the apex of
the left cochlea, washed repeatedly using PBS,
and carefully dissected under a dissection
microscope (Olympus SZx9) to reveal the organ
of Corti. Following dehydration in graded ethanol
series, the specimens were critical-point dried
using a CP dryer (Balzers, Lichtenstein). They
were attached to aluminum stubs using carbon
glue (Planocarbon, Groepl, Austria), coated with
a 10-15-nm layer of gold-palladium in a Baltech
MED 020 coating system, and examined using a
scanning electron microscope (JSM- 6510 LV)
(JEOL, Japan) at the Electron MicroscopeU in the
Facultyof Agriculture, EL-Mansoura University, El-
Mansoura, Egypt. To understand the morphology
of hair cells, several photomicrographs at different
magnifications were taken (Amora et al., 2013).

Statistical analysis

SPSS (statistical package for social science)
version 23.0 on an IBM compatible computer
(SPSS Inc., Chicago, IL, USA) was used to analyze
the data. For comparisons of the studied groups,
we used one-way-ANOVA followed by post hoc
Bonferroni tests. DPOAE values were compared
before and after drug application in each group
using Paired samples t-tests. Data were expressed
as the mean + standard deviation (SD). P-values
less than 0.05 were considered statistically
significant, whereas those more than 0.05 were
declared non-significant.

RESULTS

Total antioxidant capacity results

Compared with the control group, cisplatin
significantly reduced serum TAC (mM/l) (P<
0.001). Incomparisonwithcisplatin, PXtreatment
significantly reduced serum TAC levels (P< 0.01)

(Fig. 1).

DPOAE results

DPOAE values did not differ significantly in
terms of amplitude between the right and left
ears of the rats. In the rats of the cisplatin group,
a significant decrease in DPOAE amplitude

Fig. 1.- Total antioxidant capacity (TAC) results of different experimental groups. a, P<0.001 in comparison with the control group. b, P<0.001 based

on cisplatin group comparison.



was observed on day 9 compared to day 1 at all
frequencies (p< 0.001). DPOAE values did not
differ significantly in terms of amplitude between
control, PX and PX+cisplatin Groups compared
to day 1 values. At all frequencies, there was
marked decline in DPOAE amplitudes in the
cisplatin group in comparison to the control
group comparing the DPOAE amplitudes on day
9 (p< 0.001). Comparatively to the cisplatin
group, the PX+cisplatin group exhibited greater
DPOAE amplitudes values at all frequencies (p<
0.001) (Fig. 2).

Histopathological results

Control and PX groups had similar results for
all the examined parameters. Therefore, they
are regarded both as controls. On H&E-stained
cochlear sections from the control group, the organ
of Corti, stria vascularis, and spiral ganglion were
visible. Among the organ of Corti’s features are a
spiral limbus, homogeneous tectorial membrane,
three columnar outer hair cells, one columnar
inner hair cell, outer and inner phalangeal cells,
and outer and inner pillar cells (Fig. 3A). The
stria vascularis was found to consist of three
layers: a dark superficial marginal layer, a light
intermediate layer, and a light basal layer attached
to the spiral ligament (Fig. 3D). There were large
cell bodies of pseudo-unipolar neurons with

prominent central rounded nuclei enclosed in a
capsule of satellite cells in spiral ganglia (Fig. 3G).

In the cisplatin group, the normal architecture
of the organ of Corti was disrupted. All the hair
cells, as well as their supporting cells, were
fragmented and destroyed with a disrupted
basement membrane (Fig. 3B). Vacuolation and
degeneration of Stria vascularis marginal cells, the
apparentincrease in thickness, and vacuolation of
CT underneath stria vascularis were detected (Fig.
3E). Vacuolation, hemorrhage and degeneration
of the nuclei of the spiral ganglia were noted (Fig.
3H). The PX+cisplatin group showed preserved
tectorial membrane architectures, intact outer
and inner hair cells, and other supporting cells
(Fig. 3C). Stria vascularis displayed intact layers
with vacuolation of the underlying CT (Fig. 3F).
Few vacuolated cells were present in the intact
spiral ganglion neurons (Fig. 31).

Minimal collagen fibers deposition in the basilar
membraneandtheareaunderlying striavascularis
in the control and PX+cisplatin groups. However,
the cisplatin group shows increased collagen
deposition (Fig. 4).

Immunohistochemical results

A faint brown reaction was detected in the organ
of Corti, stria vascularis, and spiral ganglia in the

Fig. 2.- DPOAE results of different experimental groups. a, P<0.001 when compared to day 1. b, P<0.001 comparatively to the control group. ¢, P<0.001

comparatively to the cisplatin group.

Marwa A. Al-Gholam et al

99



100

Possible ameliorative effects of pentoxifylline on cisplatin-induced ototoxicity in rats: a study with hearing test, light, and scanning electron microscopy

control group when caspase-3 immunostained
sections were examined (Fig. 5 A, D, G). In
contrast, the cisplatin group showed marked
expression in the organ of Corti, stria vascularis
and spiral ganglia (Fig. 5 B, E, H). PX treatment
showed downregulation of Caspase-3 expression

(Fig. 6A). A cast of cochlear normal vasculature
was observed (Fig. 6B). The stereocilia on OHCs
appeared to be arranged in three V-shaped rows,
while the IHCs were arranged in a linear row. Both
of them were regular, erect and well organized
(Fig. 7 A, B, C).

(Fig. 5C, F, I). Cochleae of cisplatin group showed collapsed

cast of blood vessels (Fig. 6C). Stereocilia of outer
and inner hair cells were destroyed, fragmented,
merged, and disfigured;. cavitation was also
revealed (Fig. 7 D, E, F).

Scanning electron microscopic results

The control group cochlea was revealed to be a
spiral tunnel by SEM. Three and a half turns could
be seen in the tunnel from its base to its apex

Fig. 3.- Photomicrographs of sections in the rat cochlea of different groups showing scala tympani (ST) and scala media (SM). The floor of the scala
media (cochlear duct) is formed by basilar membrane (arrow), organ of Corti (OC) resting on this membrane. There are three rows of outer hair cells
(OHC) and one row of inner hair cells (IHC) with their supporting Phalangeal cells (ph) in the organ of Corti. Pillar cells (arrowhead) can be seen
(A). Cisplatin group exhibits damaged organ of Corti (OC) along with vacuolation (asterisks) (B) while PTX+Cis group showing homogenous basilar
membrane (arrow), outer hair cells (OHC) and inner hair cells (IHC). Other supporting cells were preserved, including phalangeal cells (ph) and pillar
cells (arrowhead) (C). Stria vascularis epithelium of control group is seen resting on basal lamina (arrowhead). It consists of three layers of cells,
namely, marginal (M), intermediate (I) and basal (B) cells. It is facing the endolymph of the Scala media (cochlear duct) (SM) and vascular connective
tissue underlying (CT) (D). An ill-defined stria vascularis, denuded marginal cells (arrow) and vacuolation (asterisks) are seen in the Cis group, also
apparent increase in thickness of the underlying connective tissue layer (CT) is observed (E). The stria vascularis marginal (M), intermediate (I), and
basal layers (S) are intact, but the connective tissue layer (CT) has some vacuolation (asterisks) in the PTX+Cisplatin group (F). The spiral ganglion of
the control group consists of large central nuclei in pseudo-unipolar neurons (N) and satellite cells(arrow) surrounding it (G). Cisplatin group spiral
ganglion exhibits hemorrhage (notched arrow), nuclear degeneration with perinuclear halo (arrowhead), and vacuolation (asterisk) (H). These spiral
ganglion neuron bodies are well identified as pseudo-unipolar neurons in Cisplatin group (I) but some vacuolation (asterisk) is still detected. H&E,
Scale bar = 20 pm, 40x.
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Fig. 4.- Photomicrographs of sections in the rat cochlea of different groups showing Control and PX+Cis groups have been deposited minimal collagen
deposition in the basilar membrane (arrow) (A and C, respectively) and under the stria vascularis (D, F, respectively). In contrast, the Cis group
exhibits an increased collagen deposit (B, E). Masson Trichrome, Scale bar = 20 pm, 40x).

Fig. 5.- Photomicrographs of sections in the rat cochlea of different groups showing: A, D, G) A faint positive brown Caspases-3 reaction can be
observed in the control group, organ of Corti, stria vascularis, and spiral ganglia. B, E, H) Cisplatin group exhibits marked expression in organ of Corti,
stria vascularis and spiral ganglia. C, F, I) Caspase-3 reaction, however, is downregulated in the PX+Cis group. Caspase-3, Scale bar = 20 pm, 40x.
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Fig. 6.- Scanning electron micrographs of rat cochlea of A, B) control group displays the spiral turn of the cochlea and cast of normal vasculature. C)
Cisplatin group revealing a collapsed cast of cochlear vasculatures (arrow), disrupted veins and arteries can be seen (arrowhead). D) PX+Cis group
normal cast of cochlear vasculatures (arrow). SEM, Scale bars: A = 200 um, x65; B, C and D = 10 um, x2000).

The cochlea of the PX+cisplatin group showed
a normal cast of cochlear vasculatures (Fig.
6D). Cochlear hair cells were intact and arranged
in a normal manner along with the normal
architecture of stereocilia. However, areas of
fusion of stereocilia of OHCs and cavitation were
still detected (Fig.7 G, H, I).

DISCUSSION

The antineoplastic drug cisplatin is widely used
to treat a wide range of tumors. The most common
side effects of this drug are nephrotoxicity,
neurotoxicity, and ototoxicity. Ototoxicity is
still cisplatin’s most critical side-effect (Roldan-
Fidalgo et al., 2016). Chemotherapy’s powerful
anti-tumor properties can be preserved by
developing effective methods to reduce cisplatin
ototoxicity (Soyalic et al., 2016).

The results of our study clearly showed that
pentoxifylline is protective against cisplatin-
induced ototoxicity. It found that
pentoxifylline prevented oxidative stress from
occurring in the cochlea both biochemically and
histologically after administration of cisplatin.
Also, DPOAE findings demonstrated that
pentoxifylline protected against cisplatin-induced
hearing loss.

was

Thereis alack of understanding of the molecular
and cellular mechanisms of ototoxicity. Cisplatin
damages the outer hair cells of the cochlea,
which can lead to excessive free oxygen radical
production in the organ of Corti, stria vascularis,
spiral ligament and spiral ganglion cells
(Yumusakhuylu et al., 2012; Lee et al.,, 2003).
Moreover, cisplatin treatment is associated with
decreased expression of endogenous antioxidants,



thereby increasing oxidative damage. In addition,
cisplatin can damage DNA and increase free
radical production in the cochlea (Sagit et al.,
2013).

The most prominent histopathological finding is
hair cell degeneration. Furthermore, it results in
the collapse of Reissner’s membrane and atrophy
of the support cells of the stria vascularis and the
organ of Corti (Yumusakhuylu et al., 2012; Yazici
etal., 2012).

In the current study, histopathological ex-
amination of the cochlea in the cisplatin group
showed that the normal architecture of the organ
of Corti was disrupted. All the hair cells, as well
as their supporting cells, were fragmented and
destroyed with a disrupted basement membrane,
vacuolation and degeneration of stria vascu-
laris marginal cells with an apparent increase

in thickness and vacuolation of CT underneath
stria vascularis. Similar findings have been re-
ported by Soyalic et al. (2016), who demonstrated
extreme histological damage to the organ of Cor-
ti in cisplatin-treated rats. Also, Akdemir et al.
(2018) reported that cisplatin treatment reduced
the number of outer hair cells in the organ of
Corti of rats, and caused desquamation and ero-
sion of vessels in the stria vascularis.

Although oxidative stress is thought to be the
primary cause of this damage at the cellular level,
the exact molecules and pathology responsible
are unknown. Numerous studies have suggested
that cisplatin can cause ototoxicity by causing
an increase in free oxygen radicals within
cellular structures in the cochlea. Furthermore,
cisplatin has also been reported to reduce levels
of antioxidant enzymes in the cochlea. In
cochlear tissues, cisplatin causes the creation

Fig. 7.- Scanning electron micrographs of rat cochlea of A, B, C) control group exhibits three rows of outer hair cells (OHCs) stereocilia and one row
of inner hair cells (IHC) stereocilia. The regular arrangement of most of the stereocilia of the outer (OHCs) and inner hair cells (IHCs) is observed; Cis
group (D, E, F) showing destructed (thin arrows), fused (dashed arrows), distorted (black arrowhead) and fragmented outer hair cells stereocilia (black
arrow) and cavitation (asterisk). Loss of all stereocilia in the inner hair cells (white arrowheads). PX+Cis group (G, H, I) display intact stereocilia of both
outer and inner hair cells (OHCs and IHC respectively) but areas destructed stereocilia (arrows) of OHC and IHC, fused stereocilia of OHCS (dashed
arrow), outer hair cells and cavitation is still detected. SEM, Scale bars: A, D, G = 20um, x750; B, E, H =1 um, x10,000; C, F, I = 10um , x2,000.
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of dysfunctional proteins and enzymes by
impairing DNA synthesis. This will increase free
oxygen radicals and reduce the antioxidant
enzyme system. Increased ROS and a reduced
antioxidant system result in oxidative stress, a
cytotoxic condition. Oxidative stress damages
cochlear cellsand causes cell death (Dogan et al.,
2016).

The measurement of total antioxidant capacity
(TAC) is a reasonable and accurate method to
evaluate changes related to oxidative stress.
By using the TAC, we can assess how various
conditions affect oxidative statuses in vivo, such
as ROS exposure and supplementation with
galenic antioxidants. Additionally, plasma TAC
values may provide information about antioxidant
supplement absorption and bioavailability
(Ghiselli et al., 2000).

The measurements of TAC in our study revealed
that pentoxifylline wielded its effect on circulation.
Levels of TAC did not differ between the control and
cisplatin + pentoxifylline groups (P > .05.), although
the cisplatin group had significantly lower levels
than the other groups. This was in agreement
with Kinal et al. (2021), who found that cisplatin-
treated rats had significantly lower TAC value than
controls. It has been shown that pentoxifylline
could prevent cisplatin from decreasing the TAC
level when administered with it.

As a result of the present study, the expression
of Caspase-3 was significantly up-regulated in
the cisplatin-treated rats’ cochleae, confirming
apoptotic changes. The results were consistent
with the observation made by Kilic et al. (2019),
who noticed high immunopositivity of Caspase-3
in the outer hair cells of cochleae of rats receiving
cisplatin. Furthermore, Wang et al. (2004) found
that cisplatin treatment activated caspase-3 and
caspase-9 in pigmented guinea-pig cochlear hair
cells. In summary, Sheth et al. (2017) explained
that caspases are involved in cisplatin-induced
apoptosis of auditory cells, which is triggered by
several upstream pathways. Inhibiting some or all
of these pathways could be enough to rescue hair
cells and hearing could be restored.

As is well known, drug toxicity mostly affects
the outer hair cells in the organ of Corti. Normal

otoacoustic emissions indicate healthy outer hair
cells; however, diminished otoacoustic emissions
reflect damaged hair cells. DPOAE and transient
evoked otoacoustic emission (TEOAE) is used
most commonly in clinical practice. Based on
the studies conducted, DPOAE was shown to be
more sensitive than TEOAE in detecting cisplatin-
induced hearing loss (American Academy
of Audiology, 2009). Using DPOAE as an
audiologist monitoring procedure for ototoxicity,
we emphasized that a single dose of cisplatin (10
mg/kg) decreased the DPOAE amplitudes in rats.
There have been similar findings reported by Kilic
etal. (2019), De Araujoetal. (2019), Eryilmaz et al.
(2016) and Soyalic et al. (2016). There is a wide
range of possible frequencies that can be studied
through DPOAE depending on the type of animal.
Lopez-Gonzalez et al. (2000) identified them
between 1 and 6 kHz in Wistar rats; Sockalingan
et al. (2000), between 2 and 8 kHz for a signal/
noise ratio > 3 dB SPL in albino rats.

The use of various approaches to treat cisplatin
ototoxicity has increased over the past two
decades. These include the administration of
antioxidants or drugs that promote endogenous
antioxidants. By activating the mitochondrial
pathway, cisplatin induces apoptosis in hair
cells. It is possible to prevent this by targeting
the mitochondrial pathway. In addition, anti-
inflammatory agents can also be used in order
to treat the pro-inflammatory mechanisms
accompanying cisplatin therapy of the cochlea.
Understanding the cisplatin entry process in hair
cells and other cochlear cells might boost the
development of drugs that prevent cisplatin from
entering these cells without affecting the entrance
of cisplatin into cancer cells (Sheth et al., 2017).

In light of these pathophysiologic processes,
reduction of reactive oxygen species levels and an
increase in antioxidant enzyme levels are thought
to protect against ototoxicity caused by cisplatin.
Numerous antioxidant agents have been studied
for this purpose in ototoxicity. In our study, we
explored the protective effect of PX, a powerful
antioxidant agent, on cisplatin-induced ototoxicity.

The methylxanthine phosphodiesterase
inhibitor PX exhibits powerful antioxidant, anti-
inflammatory and immune-regulatory effects



(Shan et al.,, 2012). In the present work, the
beneficial effect of PX against ototoxicity caused
by cisplatin was examined based on histological,
ultrastructural
assessment. The coadministration of cisplatin
with PX significantly ameliorated cochlear
damage. It has been reported that PX can
alleviate gentamicin effects (Stojiljkovic et
al., 2009), cisplatin (Kim et al., 2003), glycerol
(Akpolat et al., 2000) and cyclosporine-induced
nephrotoxicity (Brunner et al., 1989). Moreover,
Garcia et al. (2014) showed that PX significantly
reduced blood glucose levels, fructosamine,
HbAlc levels, and iNOS, COX-2, and TNF-alpha
immunoreactivity in the diabetic pancreas, liver,
and kidney tissue.

and immunohistochemical

OurresultsarealsoinlinewiththoseofStojiljkovic
et al. (2009), who suggested that pentoxifylline
might have renoprotective effects as a result of
its vascular decongestant effects, and Ozer et al.
(2009), who exhibited that tumor necrosis factor-
alpha (TNF- o) and other cytokines are inhibited
by pentoxifylline. Pentoxifylline
demonstrated to protect against chemotherapy-
and amikacin-induced nephrotoxicity in several
studies (Shifow et al, 2000). Pentoxifylline
may provide otorenoprotection by inhibiting
arachidonic acid metabolism and reducing
pro-inflammatory mediators such as TNF-a.
In addition to activating macrophages, TNF-a
also neutrophil proinflammatory
secretion, causing apoptosis. This result in
cell death, leading to necrosis of target organs.
In addition, Aviado et al. (1984) stated that, in
addition to scavengingfreeradicals, pentoxifylline
also inhibits nitric oxide synthase.

has Dbeen

stimulates

CONCLUSION

As evidenced by our findings and results from
DPOAE, biochemical findings, histological and
ultrastructural analyses, PX significantly protects
rats against cisplatin-induced ototoxicity. PX
should be studied further in order to determine
the appropriate dosages and indications to be
used against cisplatin-induced ototoxicity before
clinical use.
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