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Objective: Cisplatin is a widely used agent for the
treatment of adult and childhood malignancies. Side
effects such as nephrotoxicity, neurotoxicity, and oto-
toxicity lead to dose limitations. Ecklonia cava pol-
yphenol extract (ECP) is a molecule obtained from
algae that live in seawater in the Far East. ECP has
recently been shown to have protective effects against
oxidative stress. The aim of this study was to evalua-
te the possible protective effects of ECP on cisplatin
ototoxicity.

Methods: In this study, we investigated the protective
effects of ECP against cisplatin-induced cell death in
mouse-derived House Ear Institute Organ of Corti
(HEI-OC1) cochlear cells. Cisplatin (100 pM) and
1,10, and 25 pM doses of ECP were administered to
the cells, and the protective effects of ECP at 24 and

Introduction

Cisplatin is an antineoplastic agent widely used in
the treatment of childhood and adulthood cancers.
This drug initiates apoptosis and cell death pro-
cesses by inducing the formation of free oxygen
and nitrogen radicals. Ototoxicity, nephrotoxicity,
and neurotoxicity, which emerge as a result of oxi-
dative stress-dependent mechanisms, are the most
important side effects of cisplatin treatment (1,
2). Cisplatin ototoxicity emerges as symmetrical
hearing loss in which particularly high frequencies
are irreversibly affected. Many antioxidant agents
such as sodium thiosulfate, N-acetylcysteine, ace-
tyl-L-carnitine, Korean red ginseng, and resvera-
trol have been tested in vitro and in vivo in order to
prevent this irreversible side effect (3-6).

Ecklonia cava polyphenol (ECP) extract is a poly-
phenol compound obtained from brown algae liv-
ing in the seas of the Far East. It has been shown,
in many studies, that this compound has antidia-

72 hours were investigated. Cell viability was evalu-

ated by the WST-1 (water soluble tetrazolium salt).

Results: Cisplatin (100 pM) reduced cell viability in
both the 24® and 72" hour evaluation. Although the
25 pM dose of ECP showed otoprotective effects in
the 24™ hour, in the 72" hour this effect disappeared.
Other doses of ECP showed no otoprotective effects
in the 24" and 72" hours.

Conclusion: Although ECP showed some protective
effects in the 24 hour against cisplatin ototoxicity,
these effects disappeared by the 72" hour. Further
studies using recurrent and higher doses of ECP are
required.

Keywords: Cisplatin, ototoxicity, ecklonia cava polyp-
henol extract (ECP), cochlear cell

betic, antimicrobial, and anti-inflammatory effects
in addition to antioxidant properties. It has been
indicated that its antioxidant effects are induced by
reducing particularly reactive oxygen radicals and
by increasing the levels of enzymes such as catalase
and glutathione peroxidase (7-9).

In this study, it was planned to investigate the pos-
sible protective effects of ECP against cisplatin
ototoxicity in the cell culture of House Ear Insti-

tute Organ of Corti (HEI-OC1).

Methods

House Ear Institute Organ of Corti (House Ear
Institute, Los Angeles, USA) is a cell culture ob-
tained from immortal mouse cochlear cells. Cispla-
tin (Cisplatin-Ebewe® 50 mg/100 mL, Liba, Un-
terach, Austria) was diluted in a cell culture medium
after the dose was determined. ECP (Seapolynol®,
Botamedi Inc., Seoul, the Republic of Korea) was
prepared fresh at the doses of 1,10, and 25 pM.
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HEI-OC1 cells were used after being produced in a 33°C Dul-
becco’s modified Eagle’s medium (DMEM) containing 10%
CO,, humidity, 10% fetal bovine serum, and 1% L-glutamine.
HEI-OC1 cells were embedded in 96-well plates. For cell vi-
ability, cisplatin and ECP agents were added to the cell cul-
ture after 24 h when the cells became a mixture at the rate of

60-70%. The cisplatin dose was determined to be 100 uM.
'The study groups were formed as follows:

Group 1: Control group

Group 2: The group to which 1 pM ECP was given

Group 3:'The group to which 10 pM ECP was given

Group 4: The group to which 25 pM ECP was given

Group 5:The group to which 100 pM cisplatin was given
Group 6:'The group to which a combination of 100 pM cisplatin
and 1 uM ECP was given

Group 7: The group to which a combination of 100 pM cisplatin
and 10 uM ECP was given

Group 8:The group to which a combination of 100 pM cisplatin
and 25 uM ECP was given

Here, 24 h and 72 h after the administration of the agents, 10 ul
of WST-1 (water-soluble tetrazolium salt) (Roche, Mannheim,
Germany) solution was applied to each well, and they were kept
in an incubator with 10% CO, at 33°C for 2 h. Subsequently,
the absorbance of the removed cells was read at the 450 nm/630
nm wavelengths in an ELISA plate reader (Thermo), and the
cell viability was determined. Control cell viability was taken as
100%, and the cell viability changes produced by the agents were
expressed as a percentage.

The obtained data were evaluated using Statistical Package for
the Social Sciences (SPSS Inc.; version 16.0, Chicago, USA),
the Mann-Whitney U-test was used for statistical evaluation,
and p<0.05 was considered significant.

This study was carried out in accordance with the Declaration
of Helsinki in the Basic Oncology Laboratories of the Dokuz
Eylul University, Institute of Oncology.

Results

In the 24" hour of the analysis of the agents applied to the HEI-
OCI1 cell culture, it was observed that the cell viabilities reduced
in Groups 2 and 3 (89.4% and 84.2%, respectively), and the cell
viability was seen as 100% in Group 4 (Figure 1). With regard
to Group 5, the cell viability decreased significantly (68.4%) as
compared to Group 1 (p<0.05). When ECP was administered
together with cisplatin, the cell viability changed depending on
the ECP dose; the dose in which the cell viability was the best
preserved was determined as 25 M (89.5%), and this value was
found to be statistically significant (p<0.05).

Cell viability with regard to cisplatin administration was found
to be about 48.3% at the end of 72 h. Although the cell viability
was higher in Group 8 than Group 5 (52.7%), this difference
was not statistically significant (p>0.05) (Figure 2)
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Figure 1. Effect of cisplatin and ECP administration on cell viability in
HEI-OC1 cell cultures (24* hour)
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Figure 2. Effect of cisplatin and ECP administration on cell viability in
HEI-OC1 cell cultures (72 hour)

Discussion

In addition to nephrotoxic and neurotoxic side effects that are
included in the treatment protocol of many adult and child-
hood malignancies, cisplatin is an antineoplastic agent that is
known to cause ototoxicity. The lack of hearing due to ototox-
icity deteriorates the life quality by negatively affecting the ex-
pressive language, particularly in young children. Caspase-de-
pendent and caspase-independent apoptosis processes begin as
this agent causes the overexpression of free oxygen radicals in
the inner ear, which is because the cochlear antioxidant en-
zymes cannot neutralize these radicals. This process mainly
affects the inner hair cells, stria vascularis, and spiral ganglion
neurons. Although many active agents such as N-acetyl cys-
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teine, acetyl-L-carnitine, resveratrol, and Korean red ginseng
can prevent the ototoxic effect of cisplatin, there is still no
agent accepted by the American Food and Drug Association
(3-6,10,11).

It is reported that 8.8-bieckol, 6.6’-bieckol, 7-phloroeck-
ol, phlorofurofucoeckol A, eckol, and 2-phloroeckoli, which
offer the antioxidant, anti-inflammatory, and anti-allergic
properties of ECP extracts, carry many different phlorotan-
nin molecules such as phlorotannin A (12-14). Polyphenols
are electron-rich compounds and can inhibit the formation
of oxidative radicals by facilitating electron donor reactions
(15). These phlorotannin compounds have been shown to in-
crease myeloperoxidase and glutathione levels in in vitro ex-
periments (13).

Considering the ototoxicity mechanisms created by cisplatin,
ECP was used at different doses in this study carried out in or-
der to demonstrate the possible protective effects of ECP. While
1 and 10 pM ECP administered along with cisplatin did not
increase the cell viability at a statistically significant level at the
24" hour, it was observed to increase the cell viability at a dose of
25 pM ECP. However, no protective effect on the cell viability
against cisplatin toxicity was observed at the 72™ hour even at

the dose of 25 pM ECP.

In a study conducted in vivo and in vitro that investigated
the interaction of cisplatin with ECP with regard to antican-
cer and toxic effects, it was found that ECP improved cis-
platin-induced nephrotoxicity and cisplatin enhanced the tu-
mor inhibitory effect. While the formation of free radicals in
healthy cells decreased, it was contrarily seen that free oxygen
radicals increased and apoptosis was triggered in cancerous
cells (16). Similarly, the antiproliferative effect of ECP com-
ponents in breast cancer cell culture has been demonstrated

(7).

It has been shown in a study of Chang et al. (18) that dieckol an
ECP component, plays a protective role against gentamicin-in-
duced cell damage in cochlear cell culture and continues its an-
timicrobial action at the same time. Dieckol has been shown to
prevent the formation of oxygen radicals by inhibiting proin-
flammatory enzymes such as nitric oxide synthase and cycloo-
xygenase-2 while inducing antioxidant enzymes such as super-
oxide dismutase, catalase, and glutathione peroxidase (19, 20).
In another study, Chang et al. (21) demonstrated audiologically
and histologically that the application of ECP intraperitoneally
protected the inner ear against acoustic trauma. In this study, 5
consecutive ECP applications were performed before high-vol-
ume exposure. Although PGF2a induced by acoustic trauma
leads to ischemia, it causes glutamate release in the inner hair
cells and, consequently, loss of function in neurons. In this study,
it has been suggested that the polyphenol compound inhibits
this effect and prevents neuronal loss and, therefore, hearing loss
(21).In our study, different from the others, we found that while
HEI-OC1 increased the cell viability in vitro in cochlear cells
at a 25 pM dose of ECP at the 24* hour, it did not show this
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possible protective effect at the 72" hour. This data suggests that
repeated high doses of ECP, rather than single doses, may be
beneficial to reduce the detrimental effects of cisplatin on the

cell viability.

In an in vitro study of murine hippocampus cell culture, it has
been suggested that ECP protects neuronal structures against
the toxic effect of hydrogen peroxide (22). Free oxygen radicals
formed by the effect of hydrogen peroxidase disrupt the struc-
ture of the cell membrane by rapidly inducing lipid peroxidation
in the cells of the brain and provide benefits of cell stabilization
by preventing the lipid peroxidation of phlorotannins. Howev-
er, by ensuring intracellular Ca?* remains at its normal levels,
these compounds also inhibit the initiation of proapoptotic
processes increasing with the effect of free oxygen radicals (22).
The formation of intracellular mitochondrial dysfunction after
ischemia or oxidative stress disrupts intracellular Ca®* regula-
tion, which increases protease activity that initiates cell destruc-
tion. In an in vivo and in vitro study, it was reported that ECP
compensated the cell Ca* levels against ischemia or hydrogen
peroxide damage and, hence, prevented cell damage (23). High
energy requirement, particularly for neurons, makes these cells
more susceptible to oxidative stress. ECP provides a neuropro-
tective effect by activating the antioxidant systems and contrib-
uting to homeostasis (22, 23). Dieckol, an ECP component, has
been suggested to provide neuroprotective effect by providing
microglial suppression (24).

Many of the studies that demonstrate the antioxidant effect of
ECP extract compounds have been carried out in order to pres-
ent their protective effect against radioactivity (25-29). In the
prevention of cell damage caused by radiotherapy-induced oxi-
dative stress, polyphenol compounds have been shown to exert
antioxidant effects directly by reacting with oxygen radicals or
indirectly by activating enzyme systems such as catalase, super-
oxide dismutase, and myeloperoxidase (15, 28-30). It has been
suggested that eckol, an ECP component, inhibits apoptosis in
the cells against radiation damage by suppressing the proapop-
totic p53 and Bax genes and by inducing the antiapoptotic Bcl-2
gene (30).

This study is the first in vitro study to investigate the pos-
sible protective effects of ECP against cisplatin ototoxicity.
The fact that ECP was not tested in higher and repeated
doses and not evaluated in terms of possible protective
mechanisms are the weaknesses of our study. Different de-
sign studies to be carried out in the future can answer these
questions.

Conclusion

In this study, which was performed in HEI-OC1 cell cultures,
although the cell viability decreased due to cisplatin admin-
istration, there was no auto-protective effect with ECP ad-
ministration at the doses studied. The possible auto-protective
effects of ECP against cisplatin ototoxicity should be inves-
tigated in other in vivo and in vitro studies with higher and
repeated doses.
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