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Objectives. Utilisation of high-frequency drills is known to increase noise induced hearing loss due to increasing the damages of inner ear cells. This study aimed to investigate whether preconditioning by using dexmedetomidine (DEX)
decreased the occurrence of ischemia in inner cells of the ear.
Methods. We utilised a transgenic zebrafish line Brn3C, and the embryos were collected from breeding adult zebrafish.
Five-day-old larvae were cultured at the density of 50 embryos, and the larvae were classified into 4 groups: control,
cisplatin group, DEX group, and DEX+yohimbine; adrenoreceptor blocker group. The DEX group was categorised
into 3 subgroups by dosage; 0.1, 1, and 10 μM. Preconditioning was performed for 150 minutes and then exposed to
cisplatin for 6 hours. The experiment was performed in 7 replicates for each group and the number of hair cells in 3
parts of the neuromasts of each fish was determined.
Results. Hair cell apoptosis by cisplatin was attenuated more significantly in the DEX preconditioning group than in the
control group. However, the preconditioning effects were not blocked by yohimbine.
Conclusion. The results of this study suggest that hearing loss caused by vibration-induced noise could be reduced by using
DEX and may occur through other mechanisms rather than adreno-receptors.
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INTRODUCTION

high-frequency drills were used at speeds within the range of
4,000–6,000 Hz.
The cause of hearing loss involves the insufficiency of oxygen
in hair cells due to vibration, which is because of an increased
production of the reactive oxygen species (ROS) during ischaemia, resulting in the apoptosis of hair cells. Hong et al. [3]
showed that the utilisation of inhibitory drugs such as edaravone
reduced hair cell damage and Choi et al. [4] reported that substances extracted from vanilla such as apocynin imparted protective effects on neurons. However, because these drugs are not
commonly used in head and neck surgery, their clinical importance is not clear.
Dexmedetomidine (DEX), an alpha-2 adrenoreceptor selective agonist, is a novel anaesthetic agent that is currently being
investigated for its clinical applications. When DEX is administered prior to the development of ischaemia, preconditioning
effects such as inhibition of ROS hyperactivity through adreno-

The recent improvements in medical techniques have resulted in
the use of high-frequency drills. Although the use high-frequency drills has made surgical procedures more convenient and safer, they generate noise vibrations that damage the cells of the
inner ear (hair cells) during mastoidectomy, thereby causing
hearing loss in 1.2%–4.5% of patients [1]. Farzanegan et al. [2]
reported that hearing loss developed after craniotomy when
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receptors were observed [5-8]. ROS hyperactivity is a critical
causative factor of noise-induced hearing loss, and therefore, the
authors hypothesised that the application of DEX would decrease hair cell damage by imparting preconditioning effects,
similar to that observed between ischaemia and cisplatin in a
zebrafish model.
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Media was replaced by embryo media with cisplatin

MATERIALS AND METHODS
The transgenic zebrafish line Brn3C: enhanced green fluorescent
protein (EGFP), which emits green luminescence in neuromasts,
was utilised in this study. Zebrafish embryos were collected by
breeding adult zebrafish at 28.5°C in the laboratory. The embryos were cultured at a density of 50 embryos per 100-mm2 Petri
dish. The composition of the embryo culture medium was as follows: 1 mM MgSO4, 120 mM KH2PO4, 74 mM Na2HPO4, 1 mM
CaCl2, 500 mM KCl, 15 mM NaCl, and 500 mM NaHCO3 in
dH2O. DEX was provided by Hospira Inc. (Lake Forest, IL,
USA) and the other reagents were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Methods
The experiment was carried out using 5-day-old larvae, which
were classified into 4 groups: control, cisplatin group, DEX preconditioning group, and DEX and yohimbine preconditioning
group. Preconditioning was performed for 150 minutes, and exposure to 1 mM of cisplatin [4] was conducted for 6 hours; the
control group, which did not receive any treatment, was monitored for 8 hours. After the cisplatin treatment, the medium was
removed and the dish was washed three times with phosphate
buffer solution (PBS), followed by quantification of hair cells in
the neuromasts. Preconditioning was conducted by dividing the
larvae into 3 subgroups and treating each group with a different
DEX concentration (0.1, 1, and 10 μM) for 150 minutes. After
treatment, the dishes were washed three times with PBS and
changed to the medium containing cisplatin (Fig. 1). Yohimbine,
a selective adrenoreceptor blocker, at a reference concentration
of 100 μM, was injected with 10 μM DEX during preconditioning to determine whether the effects of DEX were reversible.
The experiment was performed using 7 replicates for each group
and 3 neuromasts were measured per fish.

Adrenoreceptor confirmation in zebrafish neuromasts
To determine the expression of the adrenoreceptors in zebrafish
hair cells, immunostaining was performed using adrenoreceptorspecific antibodies. At 5 days post-fertilisation (dpf), the transgenic zebrafish larvae were fixed in 4% paraformaldehyde solution at 4°C for 12 hours. The fixed embryos were washed three
times with PBS for 10 minutes each. These were then treated
with acetone and 0.25% trypsin/PBS, washed with PBS buffer
solution 4 times for 5 minutes each, and then blocked with nor-
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Fig. 1. Experimental protocol. (A) Dexmedetomidine (DEX) preconditioning group. (B) Dexmedetomidine-yohimbine (DEX-YoH) preconditioning group. dpf, days post-fertilization.

mal goat serum in PBS at room temperature for 1 hour. Hybridisation with anti-alpha-2 adrenergic receptor antibody (dilution
ratio, 1:1,000; Abcam, Cambridge, UK) was performed at 4°C
for 12 hours. After incubation, Alexa 468-labelled goat anti-rabbit IgG (Invitrogen, Carlsbad, CA, USA) was applied and kept
at 4°C for 12 hours, followed by PBS wash and observed under
a fluorescence microscope (GFP for the hair cells and rhodamine for the adrenoreceptors). The expression of the adrenergic
receptors was evaluated by overlapping the two images (Fig. 2).

Observation of reduction in neuromasts of zebrafish
Neuromasts on the lateral side of the zebrafish were observed
using fluorescence and confocal microscopes. Cisplatin solution
was prepared by mixing the pure form of cisplatin with the embryo culture medium, and the optimal concentration of cisplatin
was set as 1 mM, which was the previously reported concentration that induced damages to auditory nerves without inducing
mortality in zebrafish [4]. The 5-dpf zebrafish larvae were first
pretreated with DEX at concentrations of 0.1, 1, and 10 μM for
150 minutes, washed, and then treated with 1 mM of cisplatin
for 6 hours. After treatment, the larvae were washed 3 times
and were anaesthetised using tricaine-3-aminobenzoic acid (0.4
g in 100 mL ethyl ester, adjusted to pH 7 by using Tris buffer)
for 1 minute, mounted in methylcellulose, and followed by fluorescence imaging. Among the several neuromasts on the lateral
side of the zebrafish, 3 ventral neuromasts that were easy to observe (ventral neuromasts of posterior lines P 1, 2, and 3) were
selected, and the hair cells of all auditory neuromasts in the 3
selected neuromasts of all zebrafish in the experimental and
control groups were calculated by observing under fluorescence
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Fig. 3. Observation site of neuromast on zebrafish.

Fig. 2. Immunostain of adrenergic receptor alpha-2. GFP, green fluorescent protein.

and confocal microscopes (LSM5 PASCAL; Carl Zeiss, Jena,
Germany) (Fig. 3).

TUNEL assay for detecting apoptosis in zebrafish
Apoptosis is characterised by DNA fragmentation, which is easily detected by selective staining. A terminal deoxynucleotidyl
transferase-mediated dUTP nick end labeling (TUNEL) apoptosis staining kit (Roche Molecular Biochemicals, Mannheim, Germany) was used to detect cell death. The 5-dpf larvae were
treated with DEX at concentrations of 0.1, 1, or 10 µM for 150
minutes and were treated with 1 mM of cisplatin for 6 hours,
followed by fixation and TUNEL staining. The fixed larvae were
washed 3 times with PBS containing 0.1%-Tween 20. The enzyme solution and label solution in the TUNEL stain kit were
thoroughly mixed and reacted at 37°C for 1 hour. After the reaction, the cells were washed three times with PBS containing
0.1%-Tween 20 and then examined under a confocal microscope.

Statistical analysis
We used SPSS ver. 10.0 (SPSS Inc., Chicago, IL, USA) for the
statistical analysis. All results, which are expressed as mean±SD.
Hair cells counts were evaluated by t-test and one-way analysis
of variance was used for multiple comparisons. Significance was
accepted for P-values of <0.05.

RESULTS
Quantification of zebrafish neuromasts
Neuromasts on the lateral side of the zebrafish were examined
under a fluorescence microscope and the number of hair cells in
the neuromasts was determined. Cisplatin treatment resulted in
a significant decrease in the number of hair cells compared to
that in the control. On the other hand, DEX treatment at con-

centrations of 0.1, 1, and 10 µM significantly attenuated the reduction of hair cells by cisplatin. However, no significant differences in response to dosage and reversal effects of yohimbine
were observed (Fig. 4).

TUNEL assay in zebrafish
Apoptotic cells were marked as light red dots by the TUNEL assay. Comparison of the color intensity between the cisplatin 1
mM group and the DEX-pretreated group under a fluorescent
microscope showed that 10 µM DEX significantly decreased the
TUNEL reaction and protected the hair cells in the transgenic
zebrafish from apoptotic cell death. But we could not find the
reversal of DEX effect when we used yohimbin; selective adreno-receptor blocker (Fig. 5).

DISCUSSION
Preconditioning resulted in a reduction of ischaemic damage
that was related to short ischaemia or drug administration prior
to long ischaemia. Previous studies have examined the preconditioning effects of anaesthetics on the liver, heart, and kidney
[9-11], while studies have hardly been performed on the auditory nervous system [12], which is relatively more sensitive to
ischaemic damages. Recently, Takeda et al. [13] showed that the
induction of an initial short ischaemia in the auditory nerves increased resistance against long ischaemia. Because it is difficult
to induce ischaemia during surgery, pharmacologic preconditioning that shows effects similar to that of ischaemic preconditioning is clinically considered as an alternative method. To date,
pharmacologic preconditioning effects of the isoflurane, sevoflurane, and desflurane anaesthetics before ischemia have been
demonstrated in heart [14,15], although few studies have been
conducted on the preconditioning effects of such anaesthetics
on the hair cells. Preconditioning effects develop through the
activation of mitochondrial adenosine triphosphate-sensitive
potassium channels (mito-KATP), increases in the levels of nitric
oxide synthase; inhibition of excitotoxic stressor hyperactivity,
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Fig. 4. Quantification of zebrafish neuromasts. (A) Hair cell count by fluorescent microscope. (B) The quantification of dexmedetomidine preconditioning effect by hair cell counts. (C) The guantification of yohimbin-blooking effect by cell counts. DEX, dexmedetomidine; YOH, yohimbi.

such as ROS, tumor necrosis factor α, and interleukin 6; or increases in anti-apoptotic factors such as mitogen-activated protein kinase [14,16,17]. In ischaemia caused by noise vibration,
when noise vibration continuously occurs, hearing loss develops
due to the increased production of ROS in the hair cells, thereby
increasing apoptosis. To reduce the progression of hair cell damages to apoptosis, antioxidant activities that prevent intracellular
ROS and antioxidants such as glutathione, as well as converting
the ROS into less harmful substances should be increased [1,18].
In this study, conditions similar to ischaemia were generated
using cisplatin, an anticancer drug known to cause nephrotoxicity, neurotoxicity, and ototoxicity. Ototoxicity of cisplatin is
known to occur by decreasing glutathione and antioxidant enzymes (superoxide dismutase, catalase, glutathione peroxidase,
and glutathione reductase) in the hair cells, thereby promoting
hypersecretion of ROS [13,19]. The development of ototoxicity
by cisplatin is similar to the progression of hair cell damages by
ischemia induced by vibration noise [19,20]. On the basis of this
similarity, we induced ischaemic damages in the hair cells
through cisplatin treatment. Moreover, even though numerous
adrenoreceptors are present in zebrafish hair cells, to our knowledge, no studies have been conducted on the distribution of adr-

enoreceptors in the zebrafish hari cells. We also investigated the
occurrence of adrenoreceptors in the zebrafish hair cells.
In present study, we used DEX at a therapeutic range of 0.110 µM based on previous studies [21]. DEX is selective alpha-2
adrenoreceptor agonist known to increase antioxidants, and
therefore, we assumed that DEX would decrease ROS production via adreno-receptor. As a result, DEX showed preconditioning effect on the hair cells at 0.1, 1, and 10 µM of concentration.
However, in this study, the preconditioning effect of DEX was
not blocked, though adrenoreceptor was blocked by 100 µM of
yohimbine [22] which is selective adreno-receptor blocker. In
recent study, a secondary mechanism of DEX through imidazoline receptors has been shown; Dahmani et al. [11] reported
that DEX showed preconditioning effects in the hippocampal
region through the down-regulation of expression of pERK 1
and 2 in I1-imidazoline receptors instead of alpha-2 adrenoreceptors. The activated imidazoline receptor controlled the production of ROS by downregulating substance like hypoxia-inducible factor. Thus, further studies using knockout zebrafish
may facilitate in determining the precise mechanism of action in
future.
Nowadays, most head and neck surgery utilises high-frequen-
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ful, but practically difficult to perform during the surgery, thus
therapeutic preconditioning by using pharmacologic anaesthetics appears to be a promising alternative approach. This study
showed the possibility that DEX imparted preconditioning effects on hair cells and might reduce surgery-related hearing loss.
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