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Objectives. This study was aimed to investigate the protective effects of dexpanthenol (Dxp) on against cisplatin-induced

ototoxicity.

Methods. To examine this effect, distortion product otoacoustic emissions (DPOAEs) measurements and serum levels of
oxidative and antioxidant status (including malondialdehyde, superoxide dismutase, catalase, glutathione, glutathione
peroxidase, total oxidant status, total antioxidant status, and oxidative stress index) were evaluated. Thirty-two adult
female Wistar albino rats were randomly divided into 4 equal groups; control (K), cisplatin (C), cisplatin plus Dxp
(CD), and Dxp (D). In all groups DPOAEs measurements, between 996 and 10,078 Hz as DPOAEs and input/output
functions, were performed on days 0, 1th, 5th, and 12th. Prior to death, the last DPOAEs measurements and blood

samples were taken.

Results. In the C group, statistically significant differences were detected at all frequencies between 0 and 5 days and 0 and
12 days measurements (P<0.05). Serum level of oxidant and antioxidant status were detected statistically signifi-
cantly changed in this group versus K group (P<0.05). Contrary to the C group, in the CD group hearing ability was
seen largely preserved at many frequencies and serum levels of all biochemical parameters were shifted toward nor-
mal values, similar to the K group. No significant differences were detected in the either D or K group’s measure-

ments.

Conclusion. According to these results, Dxp may prevent cisplatin-induced ototoxicity:.
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INTRODUCTION

Cisplatin is a commonly used antineoplastic agent that treats
many neoplastic diseases, including ovarian, testicular, lung, and
head and neck cancer. The antineoplastic mechanism is related
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to inhibition of DNA synthesis [1]. In addition to its efficiency
against cancer, cisplatin also has severe side effects that limit its
clinical use, including ototoxicity, nephrotoxicity, and neurotox-
icity [2].

Cisplatin-induced ototoxicity (CIO) was first defined by Ros-
sof et al. [3] in 1972. Ototoxicity may occur within hours to
days following cisplatin administration. CIO causes sensorineu-
ral hearing loss (primarily at high frequencies) that is frequently
bilateral, progressive, and irreversible. Hearing loss may progress
and involve all frequencies secondary to the dose and frequency
of drug administration [4].

The mechanism of CIO is still not exactly understood [5]. The

Copyright © 2016 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0)

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.21053/ceo.2016.9.1.14&domain=pdf&date_stamp=2016-03-08

Toplu 'Y et al. The Effect of Dexpanthenol on Cisplatin Ototoxicity 15

generation of reactive oxygen species (ROS), leading to cellular
damage in the cochlea, probably plays a significant role [6]. Cis-
platin administration also decreases the presence of antioxidant
enzymes in the cochlea [7]. Oxidative stress can occur when the
balance between the production of ROS and antioxidative de-
fense is damaged, possibly leading to cochlear cell injury or
death. The use of antioxidant agents may prevent the hazardous
effects of ROS [8] and has been reported in the literature [7];
therefore, use of antioxidant agents may be one logical approach
to preventing CIO.

Dexpanthenol (Dxp, or D-panthenol; (+)-2,4-dihydroxy-N-(3-
hydroxypropyl)-3,3 dimethylbutyramide) is an alcoholic analog
of pantothenic acid (PA) and is oxidized to PA in the peripheral
tissues [9]. It is well recognized that PA and its derivatives can in-
crease the levels of reduced glutathione (GSH), coenzyme A (Co
A, especially mitochondrial Co A), and adenosine-5"-triphosphate
(ATP) synthesis within the cell [10]. All of these play a major role
in cellular protection and in the healing systems that work against
oxidative stress and inflammatory response [11].

In this experimental rat model study, we investigated the po-
tential protective and/or therapeutic effects of Dxp on the CIO
by evaluating distortion product otoacoustic emissions (DPOAEs:)
measurements and serum levels of oxidative stress parameters
(malondialdehyde [MDA], total oxidant status [TOS] and oxida-
tive stress index [OSI]), and antioxidant contents (superoxide
dismutase [SOD], catalase [CAT], glutathione peroxidase [GPX],
reduced GSH, and total antioxidant status [TAC]). To our knowl-
edge, the protective effect of Dxp on CIO has not yet been inves-
tigated in the literature.

MATERIALS AND METHODS

The study was performed according to the approved Experimen-
tal Animal Ethics Committee (2013/A-83) and was conducted in
accordance with the Animal Welfare Act and the Guide for the
Care and Use of Laboratory Animal (NIH publication No. 5377-
3, 1996, Animal Ethics Committee). A total of 32 female Wistar
albino rats, 3 months of age and with weight between 200 and
280 g, were used. Experimental animals were housed under au-
tomatically regulated conditions to have 12 hours in the light
and 12 hours in the dark per day at an ambient temperature of
21°C£1°C with 45% to 50% humidity. All animals were fed
with standard pellets and were given fresh tap water daily.

Rats were anesthetized with 50-mg/kg intramuscular ketamine
and 5-mg/kg intramuscular xylazine. Each rat underwent a care-
ful examination of its external ear and tympanic membranes. The
model rats were then brought into special noiseless cabins (sound
pressure level not exceeding 45 dB) for the presentation of subse-
quent procedures. Before starting the study, each rat was screened
with otoacoustic emission measurements to assess hearing func-
tion. For otoacoustic emission measurements, DPOAE values

were used. The rats with normal DPOAE findings were included
in the study.

Rats were divided into 4 groups by randomization; control
(K), cisplatin (C), cisplatin plus Dxp (CD), and Dxp (D). The K
group included 8 rats, which received intraperitoneal (i.p.) saline
at daily doses of 5 mL for 5 days. The C group comprised 8 rats
that received 16-mg/kg (i.p.) cisplatin single dose (cisplatin DBL,
50 mg, Orna Corp., Istanbul, Turkey) at day 0.The CD group
consisted of 8 rats and received cisplatin 16-mg/kg (i.p.) single
dose at day 0 plus Dxp (500 mg/kg i.p. daily doses for 5 days).
The D group contained 8 rats and received Dxp (500 mg/kg i.p.
daily doses for 5 days) (Sigma Chemical Co., St Louis, MO,
USA). DPOAE measurements were performed in all groups on
days 0,1, 5, and 12.

The dosages of cisplatin and Dxp were determined based on
results from previous dose-response studies that reported oto-
toxicity (related to cisplatin) and marked antioxidative and anti-
inflammatory effects (related to Dxp) in rats [5,12].

DPOAE measurements were performed using a GSI Audera
DPOAE device (Grason Stadler, Madison, WI, USA). The oto-
acoustic emission probe was placed and calibrated using an au-
tomated measurement system before each test, then positioned
in the external ear canal. The measurements were performed in
a quiet environment. Primary stimulus levels were equalized at
65 dB (L1=L2). Two different frequencies (f1 and {2) were pre-
pared at f2:f1=1.22 for taking the most powerful responses.
DPOAE measurements were performed at frequencies of 996,
1,266, 1,582, 2,004, 2,519, 3,176, 3,996, 5,039, 6,351, 8,004,
and 10,078 Hz and the results were noted. All animals were
killed under general anesthesia on day 12. Before death, the last
otoacoustic emission measurements and blood samples (for se-
rum levels of MDA, SOD, CAT, GPX, GSH, TOS, TAC, and OSI)
were taken.

Biochemical analyses

The MDA contents of the homogenates were calculated spectro-
photometrically by evaluating the presence of thiobarbituric ac-
id-reactive substances [13]. The results were expressed in nmol/
mL according to a prepared standard graph.

Total SOD activity was measured according to the method of
Sun et al. [14]. The principle of the method is the inhibition of
nitroblue tetrazolium reduction by the xanthine-xanthine oxi-
dase system as a superoxide generator. SOD activity was ex-
pressed as U/mg protein. CAT activity was measured using the
method developed by Aebi [15]. The principle of the assay is
based on the determination of the rate constant (k, s—1) or the
H>0: decomposition rate at 240 nm. Results were expressed as
k/g protein. GPX activity was calculated according to a method
developed by Paglia and Valentine [16]. An enzymatic reaction
in a tube containing nicotinemide adenine dinucleotide phos-
phate, GSH, sodium azide, and glutathione reductase was initi-
ated by adding H»O,; the change in absorbance at 340 nm was
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observed using a spectrophotometer. Activity was expressed as
U/mg protein. The GSH content in the serum as nonprotein sulf-
hydryls was evaluated using a previously described method [17].
The absorbance values were extrapolated from a glutathione
standard curve and expressed as GSH (umol/L). Serum TAC lev-
els were measured using a novel automated measurement meth-
od developed by Erel [18]; this assay is excellent from a preci-
sion standpoint, with precision values lower than 3%.The results
are expressed as pumol Trolox equivalent/L. Serum TOS levels
were calculated using a novel automated measurement method
developed by Erel [19]. The assay is calibrated HO, and the re-
sults are expressed as pmol H>O, Trolox equivalent/L. The TOS:
TAC ratio was used to measure OSI, and the results are expressed
in arbitrary units [20].

Statistical analysis

For detecting even minor effects, the required sample sizes used
in this experiment were identified using statistical power analy-
sis. The sample sizes necessary for a power of 0.80 were estimat-
ed using NCSS software (Kaysville, UT, USA). Data were ana-
lyzed using the IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk,
NY, USA). The normality of the distribution was confirmed us-
ing the Kolmogorov-Smirnov test. The Wilcoxon test was used to
compare DPOAE measurements with anormal distribution in
the study groups; the Kruskal-Wallis and Mann-Whitney U-tests
were used to compare differences between groups. Within group
comparisons of parameters were performed using the Wilcoxon
sign test. Kruskal-Wallis H-test, a Conover test were used to
compare differences among the biochemical parameters. P-val-
ues less than 0.05 were regarded as statistically significant. The
values were given as median (range).
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Fig. 1. Distortion product otoacoustic emission (DPOAE) amplitudes
obtained from on day zero. C, cisplatin; D, dexpanthenol; CD, dex-
panthenol plus cisplatin; SPL, sound pressure level.

RESULTS

The results from the DPOAE measurements for all groups (both
before and after administration of Dxp and/or cisplatin) are pre-
sented in Figs. 1-4.

When group C were compared with group K, there was a sta-
tistically significant differences between groups (P<0.05). Group
CD were compared with group C at 1, 5, and 12 days there was
a statistically significant differences between groups (P<0.05)
but group CD were compared with group K there was no statis-
tically significant differences (P>0.05).

In the K group, DPOAE measurements were performed at 0,
1, 5, and 12 days; no statistical difference was shown for all fre-
quencies (P>0.05).

In the C group, one of the 8 rats died because of enteritis and
weight loss on the fifth day, possibly secondary to cisplatin tox-
icity. The other 7 rats completed the study and were evaluated
for further analyses. Statistically significant differences were de-
tected for all dosing frequencies between 0 and 5 days and 0
and 12 days (P<0.05) (Fig. 5). Statistically significant differences
were also detected at frequencies of 1,266, 1,582, 2,003, 3,175,
3,996, 5,039, 6,351, 8,003, and 10,078 Hz for measurements
between 1 and 5 days, and at frequencies of 3,175, 3,996, 5,039,
6,351, 8,003, and 10,078 Hz between 5 and 12 days measure-
ments (P<0.05). However, no statistically significant difference
surfaced for the measurements between 0 and 1 days (P>0.05)
(Fig. 5).

In the CD group, one of the 8 rats died because of anesthesia
as measurements were being obtained during the second day.
The other 7 rats were included in the evaluation process. No sta-
tistically significant differences were present between measure-
ments obtained at 0 day and 1 day, or at 1 day and 5 days (P>
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Fig. 2. Distortion product otoacoustic emission (DPOAE) amplitudes

obtained on day 1. C, cisplatin; D, dexpanthenol; CD, dexpanthenol
plus cisplatin; SPL, sound pressure level.
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0.05) (Fig. 6). Statistically significant differences were detected
at frequencies 8,003 and 10,078 Hz for measurements obtained
between days 0 and 5 and at frequencies 6,351, 8,003, and
10,078 Hz for measurements between days 0 and 12 (P<0.05).
Contrary to the C group, in the CD group hearing ability was
largely preserved at many frequencies (Fig. 6).

The findings in the D group were similar to those shown in
the K group. DPOAE measurements were performed on days 0,
1, 5, and 12, and there was no statistically significant difference
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Fig. 3. Distortion product otoacoustic emission (DPOAE) amplitudes
obtained on day 5. C, cisplatin; D, dexpanthenol; CD, dexpanthenol
plus cisplatin; SPL, sound pressure level.
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Fig. 4. Distortion product otoacoustic emission (DPOAE) amplitudes
obtained on day 12. C, cisplatin; D, dexpanthenol; CD, dexpanthe-
nol plus cisplatin; SPL, sound pressure level.

at all frequencies (P>0.05) (Fig. 7).

The serum levels of biochemical parameters are presented in
Table 1. In brief, MDA, TOS, and OSI levels were significantly
higher in the C group when compared to the K group, whereas
Dxp supplementation with cisplatin (CD group) significantly re-
duced all of these toxicity parameters. Also, serum SOD, CAT,
GPX, and TAC contents were significantly reduced in the C
group, whereas Dxp treatment significantly improved the levels
for all of these parameters.
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Fig. 5. Variations in amplitudes of distortion product otoacoustic
emission (DPOAE) for different time points in cisplatin (C) group (CO,
baseline [day 0]; C1, 1st day: C5, 5th day; C12, 12th day). SPL,
sound pressure level.
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Fig. 6. Variations in amplitudes of distortion product otoacoustic
emission (DPOAE) for different time points in cisplatin plus dexpan-
thenol (CD) used group (CDO, baseline [day 0]; CD1, 1st day; CD5,
5th day; CD12, 12th day). SPL, sound pressure level.
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Fig. 7. Variations in amplitudes of distortion product otoacoustic
emission (DPOAE) for different time points in dexpanthenol (D)
group (DO, baseline [day 0]; D1, 1st day; D5; 5th day; D12, 12th
day). SPL, sound pressure level.

DISCUSSION

Various opinions have been detailed in the literature concerning
the mechanism of drug ototoxicity. According to Sagit et al. [21],
the pathogenesis of drug ototoxicity may be due to the accumu-
lation of drugs within cells. Another view is that the mechanism
of cisplatin ototoxicity is based on ROS production, which af-
fects antioxidant protection of the organ of Corti [22]. ROS re-
actions with cell membrane lipids produce toxic aldehydes.
These aldehydes are implicated in apoptotic cell death machin-
ery in the organ of Corti and the spiral ganglion, consequently
causing inner ear hair cell degeneration [23].

In vitro studies have shown that cisplatin leads to hearing loss
by affecting numerous regions of the cochlea. Outer hair cell de-
struction is the most commonly described manifestation of this
ototoxicity. The stereocilia of outer hair cells are initially injured,
followed by a loss of outer hair cells from the base to the apex.
Damage also includes the collapse of Reissner’s membrane, atro-
phy of the stria vascularis and supporting cells of the organ of
Corti [24]. Although there are several reports demonstrating in-
volvement of destructive free radical uptake in CIO, the mecha-
nism of this ototoxicity remains to be completely explained [23].

In this study we used DPOAEs, which are highly selective for
detecting cochlear hearing loss. The most important features of
DPOAE:s are their noninvasive capability and objectivity during
the process of defining the early stages of sound processing and
assessing the biomechanical activity of the outer hair cells [6].
DPOAE measurement is a well-defined method for detecting
the effects of cisplatin on the cochlea before changes are identi-
fied by pure tone audiometry [25]. In the current study, statisti-

Table 1. Comparison of serum oxidative stress parameters and antioxidant status

oSl
(arbitrary unit)

TAC

TOS
(umol Hz02 equivalent/L) (Trolox equivalent/L)

CAT GPX GSH
(k/g protein) (U/mg protein) (umol/L)

SOD
(U/mg protein)

MDA
(nmol/mL)

Group

755(58-95)1  0.34(0.24-058) 457 (3.8-4.9)" 1.21(0.82-1.25)"  0.40 (0.31-0.54)"

246(19.4-306)' 179 (0.81-2.26)1

1.53 (1.08-1.97)"

Control (K)

0.31(0.29-0.50) 4.26 (2.6-6.7)" 1.08(0.78-1.35)  0.38(0.24-0.72)"

27.4(200-38.9)' 1.70(1.18-2.62)'  6.40(5.6-7.6)

1.43 (0.89-1.77)"

Dexpanthenol (D)

1.08 (0.75-1.24)*

0.89 (0.75-1.20)*

9.30 (7.3-10.3)*

0.26 (0.12-0.47)

131 (11.3-18.7)"  1.11(0.81-1.48)" 578 (1.4-7.2)

2.17(1.38-2.87)"

Cisplatin (C)

0.31 (0.27-0.61)"

1.17 (1.06-1.35)"

242(117-337)0 177(1.04-223)'  75(5581)'  0.33(0.23-058) 3.78(3.6-6.5)"

1.58 (1.07-1.97)"

Cisplatin+Dexpanthenol (CD)

Values are presented as median (range).

MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase; GPX, glutathione peroxidase; GSH, glutathione; TOS, total oxidant status; TAC, mean total antioxidant status; OSI, oxidative stress in-

dex.

*P<0.05 vs. K group. TP<0.05 vs. C group.
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cally significant reductions in DPOAEs amplitudes were noted
at almost all frequencies in the C group; this seems to be strong-
ly related to CIO.

It is well established that antioxidants protect cells against the
side effects of drugs and toxic radical reactions [26]. Currently,
various antioxidants are focused on therapeutic purposes. Re-
combinant SOD, A-C-E vitamins, beta-carotene, glutathione,
erdostein, aminoguanidine, and angiotensin converting enzyme
inhibitors can be specified [27,28].

Dxp is oxidized to PA in the tissues. Previous studies have re-
ported the protective effect of PA and its derivatives against cell
destruction produced by oxygen free radicals [9,10,29]. PA and
its derivatives increase the levels of reduced GSH and Co A as
well as ATP synthesis within the cell [10,30]. Finally, all of these
play a major role in cellular protection and in healing systems
against oxidative stress and inflammatory response. Taking into
consideration the reduced oxidative damage caused by Dxp
treatment, all investigators attributed the protective actions of
Dxp to its antioxidative and anti-inflammatory activities [11].

Our findings parallel those of earlier studies regarding Dxp-
related antioxidant and anti-inflammatory effects. In the current
study, the CIO was shown by measuring DPOAEs and biochem-
ical parameters. The degree of ototoxicity induced by a single
dose of cisplatin was significantly decreased in the CD group by
Dxp treatment (Figs. 1-4). The current study differs from other
ototoxicity studies on the same subject as we also assessed se-
rum biochemical parameters, including new oxidant and antiox-
idant contents such as TOS, TAC, and OSI. Our biochemical re-
sults were in accordance with DPOAE measurements. We pro-
pose that Dxp acts in the body (including the ear) as a potent
scavenger of free radicals and that its anti-inflammatory effects
help prevent the toxic effects of cisplatin in the light of biochem-
ical and DPOAE measurements. We believe Dxp could be effec-
tively combined with cisplatin therapy in the selected cases.

In conclusion, the present study showed for the first time that
Dxp, a safe and widely available agent, significantly prevented
CIO in rats. However, further studies are required to evaluate
the role of different doses of Dxp in the prevention and the
treatment of CIO.
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