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One of the potassium currents, Iy, is already activated at the resting potential of the cell and thus deter-
mines the membrane potential. KCNQ4 channel has been identified as the molecular correlate of Iy,,. In
the present study, we measured I, in acutely isolated IHCs of guinea-pig cochlea using the whole-cell
voltage-clamp techniques, and investigated the properties of the currents. Iy, was 70% activated around
the resting potential of —60 mV and deactivated on hyperpolarization. I, was blocked by the KCNQ-
channel blockers, linopirdine (100 uM) and XE991 (10 uM), but was insensitive to both I blocker, tet-
raethylammonium (TEA), and I s blocker, 4-aminopyridine (4-AP). There was no significant difference
in the size of Iy,, between the apical and basal turn IHCs.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In the mammalian cochlea, there are two types of hair cells that
subserve distinct functions and receive characteristic patterns of
innervations. Inner hair cells (IHCs) receive nearly all the afferent
innervations and are primary acoustic transducers. The three IHC
potassium currents are distinguishable by their pharmacology
and their activation Kinetics (Kros and Crawford, 1990; Marcotti
et al., 2003). The fast activating current, Igy, is blocked by TEA
but resistant to 4-AP. Iy is activated more slowly on depolariza-
tion and is blocked by 4-AP but not by TEA. Another potassium cur-
rent, I, is already activated at the resting potential of the cell and
thus determines the membrane potential and membrane constant
(Housley and Ashmore, 1992; Nakagawa et al., 1994; Marcotti and
Kros, 1999). Initially I, was identified in outer hair cells (OHCs)
(Housley and Ashmore, 1992). Although theére is no detectable
expression of KCNQ4, which is thought to constitute the major
conductance Ix,, in IHCs (Beisel et al., 2000; Kharkovets et al,,
2000), a recent article suggested that KCNQ4 is expressed in IHCs
(Oliver et al., 2003). This current has recently been implicated in
developmental changes in IHCs during the postnatal days just pre-
ceding functional maturation of hearing in mice (Kros et al., 1998;
Marcotti et al., 2003).

Abbreviations: IHC, inner hair cell; OHC, outer hair cell; TEA, tetraethylammo-
nium; 4-AP, 4-aminopyridine; CAP, compound action potential
* Corresponding author. Tel.: +81 92 642 5668; fax: +81 92 642 5685.
E-mail address: kimitaka@qent.med.kyushu-u.ac.jp (T. Kimitsuki).

0378-5955/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.heares.2010.01.002
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Ik in IHCs has been identified and characterized in mice previ-
ously (Oliver et al,, 2003; Marcotti et al., 2003), however, it is
important to confirm this current in guinea-pig, which is a com-
monly used model. In the present study, we isolated the IHCs from
mature guinea-pig cochlea and investigated the properties of Iy,
such as the K blocker effect and the activation properties. Tono-
topic differences of I, in the cochlear turn were also investigated.

2. Material and methods
2.1. Preparation of isolated IHCs

An adult albino guinea-pig (200-350 g, 3-6 weeks) was killed
by rapid cervical dislocation, both bullae were removed and the co-
chlea exposed. The cochlea, fused to the bulla, was placed in a Ca®*-
free external solution (mM: 142 NaCl, 4 KCl, 3 MgCly, 2 NaH,POy,, 8
Na,HPO,, adjusted to pH 7.4 with NaOH). The otic capsule was
opened, allowing removal of the organ of Corti attached to the
modiolus. THCs were isolated by micro-dissecting a selected turn
of the organ of Corti; from turn 1-2 (basal portion) and turn 4 (api-
cal portion). The organ of Corti was treated with trypsin (0.5 mg/
ml, T-4665, Sigma) for 12 min, and gentle mechanical trituration
was carried out. Trypsin was rinsed from the specimen by super-
fusing with a standard external solution (mM: 142 NaCl, 4 KCl, 2
MgCl,, 1 CaCl,, 2 NaH,P0,4, 8 NayHPO4, adjusted to pH 7.4 with
NaOH) for at least 10 min before starting any experiments. The
most important landmarks for identifying IHCs are a tight neck
and angle between the cuticular plate and the axis of the cell as
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described previously (He et al., 2000; Yang et al., 2002; Kimitsuki
et al., 2009).

2.2. Recording procedures

Membrane currents were measured by conventional whole-cell
voltage-clamp recordings using an EPC-10 (HEKA, Lambrecht, Ger-
many). Data acquisition was controlled by the software PatchMas-
ter (HEKA, Lambrecht, Germany). Recording electrodes were pulled
on a two-stage vertical puller (PP830 Narishige, Tokyo, Japan)
using 1.2 mm outside diameter borosilicate glass (GC-1.2, Narishi-
ge, Tokyo) filled with an internal solution (mM: 144 KCl; 2 MgCly;
1 NaH,PO4; 8 NayHPO,; 2 ATP; 3 p-glucose; 0.5 EGTA; adjusted to
pH 7.4 with KOH.). Pipettes showed a resistance of 4-8 MQ in the
bath and were coated with ski wax (Tour-DIA, DIAWax, Otaru,
Japan) to minimize capacitance. The cell’s capacitance was 9.6 +
3.0 pF (mean £ SD) and the series resistance was 16.4 6.1 MQ
(n=16). Tetraethylammonium (TEA, T-2265, Sigma), 4-aminopyri-
dine (4-AP, A-0152, Sigma), Linopirdine (L-134, Sigma), XE991 (No.
2000, Tocris), replacing an equivalent amount of NaCl in the stan-
dard external solution, was applied under pressure (Pressure mi-
cro-injector: PMI-200, Dagan, Minneapolis) using pipettes with a
tip diameter of 2-4 pm positioned around 50 pm from the IHCs.
Cells were continuously perfused with external saline and all
experiments were performed at room temperature (20-25 °C).

2.3. Animal care

The experimental design was reviewed and approved (Acces-
sion No. A19-104-0) by the Animal Care and Use Committee, Kyu-
shu University. All procedures were conducted in accordance with
the Guidelines for Animal Care and Use Committee, Kyushu
University.

3. Results
3.1. Ix, activated at resting potentials

Currents in response to hyperpolarizing and depolarizing volt-
age steps from a holding potential of —60 mV were recorded from
IHCs. Typical current records are shown in Fig. 1A. IHCs had out-
wardly rectifying currents (I¢) in response to depolarizing voltage
pulses, with only a slight inward current when hyperpolarized.

+110mV

—
—
e
-~
-
o

__J 1nA

10ms

T

T. Kimitsuki et al. /Hearing Research 261 (2010) 57-62

Fig. 1B demonstrated the inward components by enlarging the
scale. Sizeable currents were detected as decaying inward currents
that commenced instantaneously when the membrane was
stepped below —90 mV. At hyperpolarized potentials the decay
time of the transient, indicating the channel deactivation, varied
considerably depending on membrane potentials. These deactivat-
ing inward currents corresponded to I, previously found in OHCs
(Housley and Ashmore, 1992; Nakagawa et al., 1994; Marcotti and
Kros, 1999) and immature [HCs (Kros et al., 1998; Marcotti et al.,
2003) already activated at resting potentials.

3.2. voltage-dependent activation of I,

The voltage-dependent activation of I, was examined by ana-
lyzing the peak of the tail currents at a fixed membrane potential of
—-160 mV, following depolarizing and hyperpolarizing voltage
steps. In most cases, the tail currents observed from large hyperpo-
larizing steps (—140 to —160 mV) overlapped, suggesting that I,
was fully turned off at these negative potentials. Conversely, there
was overlap of the traces when the pre-pulse was greater than
—20 mV, which is interpreted as complete activation of the current.
Fig. 2 shows an activation curve derived for I n, fitted by first-order
Boltzmann equation:

I/]max = ]/[] + exp((vhalf - V)/S)]

where V.5 is the potential of half-maximal activation, V is
the membrane potential of the preceding voltage step and S de-
scribes the voltage sensitivity of activation. Fitting was performed
by using the average values (filled squares) at various membrane
potentials in 10 cells. Vy, and S were —84.5mV and 25.3 mV,
respectively.

3.3. K channel blocker effect to I,

The fast activating current, Ik, is blocked by TEA and slow acti-
vating current, I, is blocked by 4-AP. The effects of 25 mM TEA
(Fig. 3A) and 30 mM 4-AP (Fig. 3B) were investigated. Both K chan-
nel blockers reduced the amplitude of outward-going currents (in-
sets in Fig. 3A showed the TEA block onto the fast activating Iy )
but did not affect the inward currents, suggesting that I, is insen-
sitive to TEA and 4-AP. KCNQ4 channel has been identified as the
molecular correlate of the Iy, in OHCs (Marcotti and Kros, 1999)

B

e J 200pA
10ms

Fig. 1. Iy, activated at resting potentials. Currents in response to hyperpolarizing and depolarizing voltage steps from a holding potential of —~60 mV (A, lower panel). Voltage
protocol (A, upper panel). The inward component of the currents by enlarging the scale (B).
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Fig. 2. Voltage-dependent activation of Ii.,. The voltage-dependent activation was
evaluated by analyzing the tail currents at a fixed membrane potential of —160 mV,
following depolarizing and hyperpolarizing voltage steps (inset). An activation
curve derived from I, fitted by first-order Boltzmann equation: I/Ina =
1/[1 + exp((Vrar — V)/5)). Vhair and S were —84.5 mV and 25.3 mV, respectively.

and [HCs (Oliver et al., 2003), so we used the KCNQ-channel block-
er linopirdine and XE991 to examine whether they block the cur-
rents. Inward currents were obviously blocked by 100 pM
linopirdine (Fig. 4A) and 10 pM XE991 (Fig. 4B). In contrast, out-
ward currents were not changed by either linopirdine or XE991,
suggesting that only inward currents consist of I ,. In linopirdine
solutions, four out of five cells showed the inward current depres-
sion, and in XE991 solutions, three out of four cells showed the in-
ward current depression.

3.4. Amplitude of Iy, in apical and basal turn IHCs

A comparison of the amplitude of I, recorded from apical and
basal turn IHCs is shown in Fig. 5. The amplitudes of inward cur-

A control

B control

rents at —130 mV were measured from seven apical cells and five
basal cells, and shown as a boxplot. Minimum value (x), 25th per-
centile line, median line, 75th percentile line and maximum value
(x) were shown. Mean (open square) + standard deviation were
377 £192 pA and 338 £ 113 pA in apical and basal IHCs, respec-
tively, showing that there was no difference between apical and
basal turn IHCs in Ix, amplitude (P = 0.65 in analysis of variance:
ANOVA). The cell capacitances were 9.3 +3.0 pF and 9.0 + 3.5 pF
in apical and basal IHCs, respectively, suggesting that current den-
sity is not different for the two tonotopic locations. Maximum cur-
rents from tails (fixed at —160 mV) were compared to avoid the
influence of open probability. Mean + standard deviation were
146 + 62 pA (n=4) and 154 + 66 pA (n = 3) in apical and basal turn,
respectively, suggesting that the voltage dependence of this cur-
rent is independent of tonotopic location.

4. Discussion

Using whole-cell voltage-clamp recordings, we studied the I,
in acutely isolate [HCs of guinea-pig cochlea. Iy , was 70% activated
at around the resting potential of —60 mV and deactivated on
hyperpolarization (Fig. 2). Ik, was blocked by the KCNQ-channel
blockers linopirdine and XE991 but was insensitive to TEA and 4-
AP (Figs. 3 and 4). There was no significant difference in the size
of I, between the apical turn and basal turn.

Recently, mutations in the KCNQ4 K™ channel gene have been
shown to underlie the progressive autosomal dominant hearing
loss classified as DFNA2 (Kubisch et al., 1999). KCNQ4 is expressed
in the basolateral membrane of cochlear outer hair cells (OHCs)
and is thought to constitute the major OHC K* conductance I,
(Housley and Ashmore, 1992; Marcotti and Kros, 1999; Kharkovets
et al., 2000). To date, expression of KCNQ4 has been thought to be
restricted to cochlear OHCs, vestibular hair cells, and central audi-
tory neurons (Kubisch et al., 1999; Kharkovets et al., 2000). How-
ever, recent reports demonstrated the expression of KCNQ4 in
IHCs of mice using immunofluorescence (Oliver et al., 2003) or
in situ hybridization and RT-PCR analysis (Beisel et al., 2000). The

Ik

ims

4-AP

N [ 0.5nA

10ms

Fig. 3. TEA and 4-AP effects on Ik, The outward currents were blocked by 25 mM TEA (A) and 30 mM 4-AP (B). Inward currents were insensitive to both TEA and 4-AP
(arrows). Insets in Fig. 3A showed the expanded time scale in the activating phase of the currents. TEA blocked the fast activating outward Iy .
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Fig. 4. Linopirdine and XE991 effects to Iy . Inward currents were blocked by the KCNQ-channel blocker 100 M linopirdine (A) and 10 uM XE991 (B). Inward currents are
shown by enlarging scale (right panel). Gray traces indicate control currents and black traces indicate I, with linopirdine or XE991. Insets showed the linopirdine- or XE991-

sensitive currents by subtracting blocker traces from controls.
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Fig. 5. Comparison between the amplitudes of Iy, in apical and basal turn IHCs. The
amplitudes of inward currents at —130 mV were compared. Minimum value (x),
25th percentile line, median line, 75th percentile line and maximum value (x) were
shown. Open squares indicate the mean values in the apical (377 pA) and basal turn
(338 pA).

size of Iy , of IHCs was 45% of that of OHCs on comparison of 264 pA
in IHCs (at a membrane potential of —124 mV: Marcotti et al.,
2003) and 584 pA in OHCs (Marcotti and Kros, 1999). The ampli-
tude of Iy, at —130 mV was 358 pA (Fig. 5, n=12) in the present
data, which is slightly larger than that in the previous report. The
size of I, of IHCs was 61% of that of OHC, that is matching the
respective sizes of the transducer conductance of IHCs and OHCs
(Kros et al., 1992).

In the present study, trypsin was used and mechanical tritur-
ation was carried out to isolate the IHCs. Trypsin diminished the
inactivation of BK channel (Kimitsuki et al., 2005) by attacking
the N-terminal cytosolic hydrophobic peptide segments of

auxiliary B subunit (Zhang et al., 2009). However, I, from the iso-
lated IHCs, which is similar to that from the semi-intact prepara-
tion (Marcotti et al., 2003; Oliver et al, 2003), suggested that
trypsin and trituration is inconsequential.

The first sign of Iy , was seen at postnatal day 12 (P12) in mouse
IHCs (Marcotti et al., 2003), when the one-to-one axosomatic con-
figuration between afferent fibers and IHCs found in mature syn-
apses is established and the hearing onset occurs. The amplitude
of Iy, increased and reached the maximum level at around P20.
In the immunofluorescence study, KCNQ4 expression was ob-
served initially around embryonic day 18.5 (E18.5) in the basal
turn and proceeded longitudinally toward the apex (Beisel et al.,
2000). At P8, the basal hook region showed the adult expression
pattern and developmental upregulation had reached the apical
turn. At P21, all hair cells, except those in the apical tip, had ac-
quired the adult pattern. In the present study, Ix, was recorded
from adult guinea-pigs, so the amplitude was slightly larger com-
pared to the previous report (Marcotti et al., 2003).

There was a significant difference in the size of I, between the
apical and basal turn [HCs in mice, showing larger Ik , in apical IHCs
than that in basal IHCs (Marcotti et al., 2003). However, the resting
membrane potential, that is mainly established by Ix ,, was similar
in apical and basal IHCs. In contrast, the highest expression levels
of KCNQ4 were found in the basal turn (Beisel et al., 2000), those
findings contradicted the electrophysiological findings (Marcotti
et al,, 2003). Beisel et al. observed the longitudinal expression in
the KCNQ4 protein by immunofluorescence technique, but they
could not clarify the function of KCNQ4 K* channel. In the present
study, there were no significant differences in I, amplitude be-
tween apical and basal turn IHCs (Fig. 5). This discrepancy might
be due to the difference of species.

KCNQ K*-channel blocker linopirdine has been a useful tool to
define heterologous and native KCNQ currents (Wang et al,
1998; Kubisch et al., 1999; Lerche et al., 2000; Schroeder et al,,
2000). The inward currents were insensitive to TEA and 4-AP but
obviously blocked by the linopirdine (Fig. 4A) and XE991
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(Fig. 4B). In mouse IHCs, blockage of Iy, by linopirdine was dose-
dependent and slowly reversible with an ICsq of 0.58 uM (Oliver
et al,, 2003) or 0.56 pM (Marcotti et al., 2003). The concentration
used in the present study was sufficient to block I, completely.
In vivo study for guinea-pig, linopirdine significantly increased
the threshold of the compound action potential (CAP) with an
ICs0 of 101 uM (Nouvian et al., 2003). They indicated that there
was no recovery of CAP threshold after rinsing the cochlea with
control artificial perilymph solutions. The blocking effect of an-
other KCNQ-channel blocker XE991 for I, was described in mouse
IHCs (Oliver et al., 2003). Sensitivity to XE991 was even higher
than that to linopirdine because 100 nM blocked 77% of the cur-
rent, and XE991-induced inhibition was irreversible contrary to
the effect of linopirdine. XE991 block for KCNQ-channel was
clearly demonstrated in OHCs in wild mouse (Kcng4”" but
XE991-sensitive component was significantly reduced in Kcng4*/~
mice and was completely abolished in Kcng4~/~ mice (Kharkovets
et al,, 2006).

I n although small compared to the other outward currents ¢
and I, plays an important role close to the resting membrane po-
tential because it showed around 70% activity in the present study
(Fig. 2). I, provides a large K* conductance at the resting potential,
and thus determines the membrane potential and membrane time
constant (Housley and Ashmore, 1992; Marcotti and Kros, 1999).
Although the Iy ¢ blocker TEA did not change the resting potential
(Oliver et al., 2003; Kros and Crawford, 1990) and the I blocker
4-AP slightly shifted the resting potentials (Kros and Crawford,
1990), the I, blocker linopirdine markedly shifted the resting
potentials toward a depolarization direction (Marcotti et al,
2003). Thus, I, sets the resting membrane potential and conse-
quently maintains the intracellular Ca®* at a low level by keeping
the Ca®* channels on closed state (Oliver et al., 2003). Another role
of Iy, is the efflux route of K* ions to the perilymphatic space and
prevention of K* accumulation in the cells. In OHCs, Ik, channels
are located at the basolateral membrane facing the perilymphatic
space (Nakagawa et al, 1994). Loss of this conductance in
KCNQ4/DFNA2 patients is considered to impair K* efflux from
OHCs, leading to degeneration of OHCs (Jentsch, 2000; Kharkovets
et al., 2000). I, may also be important in IHCs to provide an exit
route for K" ions entering through the mechano-electrical trans-
ducer channels.

KCNQ4 channels have been associated with the nonsyndromic
dominant deafness DFNA2 (Kubisch et al, 1999; Talebizadeh
et al., 1999; Van Hauwe et al., 2000; Van Camp et al., 2002). DFNA2
is characterized by a slowly progressive hearing loss that develops
from high to low frequencies and finally leads to severe deafness
(Marres et al., 1997; De Leenheer et al.,, 2002). In knockout and
knock-in mouse, the hearing loss in DFNA2 is predominantly
caused by the slow degeneration of OHCs due to chronic depolar-
ization (Kharkovets et al., 2006), but complete loss of OHCs will
ultimately reduce the hearing threshold by 40-50 dB (Ryan and
Dallos, 1975). Although the loss of OHCs is compatible with
DFNA2 hearing loss in its early stages, profound hearing loss in
DFNA2 at the later age is insufficiently explained by nonfunc-
tional OHCs. There might be an additional impairment of IHCs
at the age when presbyacusis sets in. Destabilization of the rest-
ing potential and increase intracellular Ca**, which may be caused
by impaired KCNQ4 function in [HCs, may promote the progres-
sive hearing loss observed in DFNA2 patients. KCNQ4 is also ex-
pressed in spiral ganglion neurons (Beisel et al., 2005), and the
nuclei of many neurons in the central auditory pathway, e.g., in
the cochlear nuclei, nuclei of the lateral lemniscus, and the infe-
rior colliculus (Kharkovets et al.,, 2000). The profound deafness
in DFNA2 patients may be due to the later dysfunction of the
KCNQ4 channels expressed in the nuclei and tracts of the central
auditory pathway.
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Effect of hydmgan peroxide on pafass:um currents
in inner hair cells 1saiatad fmm guinea pig cochlea

Takashi Kimitsuki, Noritaka Komune
Mitsuru Ohashi and Shizuo Komune

Hydrogen peroxide ii-izﬁg isa abiqmteas reactive oxygen
species that can induce several inner ear :Eisarziexs in this
study; we recorded the: potassium (K} currents in ‘acutely
isolated inner hair ::eils of guinea ;:«ig ‘cochlea, and
investigated the effects of Hgﬁz« We also observed the
margshcigg;cﬁ changes in inner hair cells induced by i—ig{?g
in the H,0; solutions, the ampiitu&a of autward K eurrests
Ueonnd (P glearly decre .Eﬁaﬁ after gegﬁ usion for
approximately 15min. ﬁesgiiﬁ the decrease in outward
currents, small inward currents {i;g.& did not show any
reduction. Ha0, iﬁdumed mcrphaiagmal eﬁanges inthe
inner haircells. All i%ts inner hair cells in the. i‘ig{}g s&i&:ﬁaﬁs
showed shrinkage and gtanniarity of the. cei! body and led
to loss of viabi%:ty “These results showad the s:uinerab:lity

Introduction

Reactive t}xygeﬁ species (RGS} have been postu lated to
be m?ﬂi‘?ﬁd it disorders of the inner car, such as ischemic
impairment [1], ps{:sb?mzseﬁz 2], acoustic trauma [3], and
labyrinthitis [4]. ROS are also involved in éwgqnémf:é
hearing impairment. Gentamicin, an aminoglycoside anti-
biotic, produced ROS, and free radicals were derected
in auditory hair cells after gentamicin treatment [5].

Cisplatin damaﬁfss hair cells hy lowering the anti-
oxidant defense system of the inner ear [6]. In humans,
the production of sup&mméc in inner ear perilymph has
recently beer. reported in prafﬁumf hearmg loss {?}

Hydrogen gst:mxnét: (H;0,) is a ubiquitous ROS that can
easily penetrate the cell membranes and i is: converted to
the hydroxyl radical in the presence of Fe*+
to the :rans;mn of hydroxyl radical fmmaﬁc:nz an intra-

Ialarf“ * was elevated [8], which has been suggested
tzs be mwiv&d in H0, toxicity [9]. ﬂaﬁw‘lﬂ{ii&ﬁ@é
mmg:kei:}gmi {:hanges,‘ mﬁﬁmimg bi&h fa..

é&as b:zm; si;s&rve:i in imtix c‘:mhie&r hmr cei 5 [Ii} Eli :md
vestibular hair cells [12].

In the mammalian cochlea, inner hair cells receive nearly
all the afferent innervations and are primary acoustic
transducers. Several ion channels. Are involved in the

inner haireell ?um;tma, that is, receiving the mechanical

displacement of stereocilia on the - apmai surface of the
cells generates transmitter release onto auditory nerve
endings at the basal pole of the cells. The potassium
{K) currents are largest and possess the most robust

0959-4965 € 2010 Waoltsrs Kluwer Health | Lippincott Williams & Wilking

n addition

;fTeppe; Neda, Kazutaka Takaiwa,

of inner hair cells to reactive oxygen species-induced inner
ear disorders. NeuroReport 21:1045-1048 © 2010 Wolters
Kluwer Health | Lippincott Williams & Wilkins.

NeuroReport 2010, 21:1045-1049

Keywords: inner ear, ion current, mma@g organ of cort], redctive oxygen
species.

'ﬁ@aﬁmi of Ololarvngalcgy, Graduate Schiool of Medical Seiences, Faculty
of Medicing, Kyushv University, Fukuioka,-Japan

Correspondance to Dr Takashi Kimitsukd, Depanment of Otolaryngology,

Graduate School of Medical Scierices, Facully of Medicine, Kyushu unsvers:iy;
3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

Tel: +81 9% 642 5668; fax: +81 92 647 5665;

e-mail iﬁmmks@qsﬁtme&%ya&hu $AGHH :

Received 12 July 2010 accepted 23 August 2010

properties compared with other fon currents, such as
mecﬁanwl&etrma transducer currents and voltage-gated
Catt currents. Potassium currents, which determine
the resting membrane potentials and allow the cells 1o
perform high-frequency transduction by skmmmng the
membrane time constant [13], are crucial for maintaining
the cell physiological functions.

In this study. we isolated the inner hair cell from guinea.
pig cochlea nd identified K currents 1o evaluate the
influence of H;0, on membrane ion channels in inner
hair cells. The morphological changes in the inner hair
cells by Ho0; were also investigated.

Materials and methods

Adult albino guinea pigs (200-350 g) with normal Preyer
feflex were killed by rapid cervical dislocation, both
bullae were: femwed and the cochlea was e::st;}rssed The
cochlea, fused to the bulla, was placed in a Ca® " free
external salumm (in mM: 142 NaCl, 4 KCI, 3 MgCl,,
2 %aﬁ;?i& 8 Na;HPO;, zﬁ;us&:ﬁ 1w ;:}5% 74 with
NaOH). The otic capsule was opened, allowing removal
of the organ of Corti atrached to the modiolus. The organ
of Corti was treated with trypsin {i?amg{mt T-4663;
S;gm»ékinc \, Missouri, USA) for 12min, and gentle
mechanical trituration was carried out. Trypsin was ﬁﬂsc&
from the specimen b‘g perfusing with a standard external
solution (in mM: 142 NaCl, 4 KCl, 2 MgCl, 1 CaCly,
2 NalPOy 8 NasHPO,, ad}i&smd to pH 74 with
NaOH) for at least 10 min before starting any experiment.

DOk 10,1087/ WNR.0b0 13832833fcb56
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The most important Iagéma;ks for identifying inner hair
cells are a tight neck and the ang,i&t between the cuticular
plate and the axis of the cell.

Membrane currents were measured hfz conventional Whi}b«

cell voltage-clamp recordings using an EPC-10 (HEKA,
Lambrecht, Germany). Data acquisition was controlled by

the software ParchMaster (HEKA). i{smrdmg electrodes
were pulled with a two-stage vertical puller {PP830,
Narishige, Tokyo, Japan) using a. borosili zcate gim of an
outer diameter of 15mm (GC hige, Tok

Japan) fil led with an internal solt
2 MgCly; 1 NaH,POy; 8 NaHPOy 2  D-glucose; 0.5
EGTA; adjusted to pi"i 7.4 with K(if*i‘) ?zpz:ties shwsd @
resistance of 4-8MEQ in the bath and were coated with
ski wax (Tour-DIA, DIAWax, Otaru, Japan) to minimize
capacitance. The capacitance of the cell was 11.3 %+ 3.2 pF
[mean + standard deviation (SD)| and the series resistance
was 16:3254MQ (z=19). Hydrogen p&méﬁ (H20,,
H1009, Merck, Darmstadr, Germany) was applied under
pressure {Fressufﬁ micra-injector: PMI-200, Dagan, Min-
neapolis) using pipettes with 4 tip diameter of 2-4pm

positioned approsimately 50 pm from the inner hair cells.

These cells were continuousty geffusﬁd with external
saline and all experiments were performed ar room
temperature (20-25°C).

Isglated inner hair eells were observed wader an inverted
microscope (TE2000-U, Nikon, Tokyo, Japan) using a
CCD' video camera (Sony, XC-ST70/ST70CE, Tokyo,
Japan) and images were captured into the video frames
(Sony DCR HC62). '

The experimental design was reviewed and approved
(aceéssion number: A21-085-0) by the Animal Care and
Use Clommittee, Kyushu ﬁsxversgzy All procedures were
conducted in accordance with the {‘Zsuxéeimﬁs for Animal
Care aad Use Commirtee, Ryu@ﬁu L?nxvmzty

Results

Membrane currents in response to hyperpolarizing and
depolarizing voltage steps from a h@iﬁmg potential of
~60mV were recarded from inner hair cells. Typical
current records in standard solutions are shown in Fig. 1a.

Inner hair cells showed outwardly rectifying K currents (g

and Ig,) in response to depolarizing voltage pulses, with
only a slight inward eurrent (Ig,.) when hyperpolarized.
After 15min, the K currents did not show noticeable
ehang&a in either amplitude or shape (Fig. 1a in right
panel). In the solution of 10mM H;0;, the amghttﬁ{iﬁ of K
current decreased after gz&rf“usmn for 15min (Fig. 1b).
Despite the decrease in outward currents, small inward
currents did not show any reduction. The activating
kinetics in each voltage-dependent outward K current
preserved a fast rising rate (lower exﬁaizge{i seale in Fig, 1b).
Morphological changes in inner hair cells were observed
after the application of 10mM H&}g with the depression

of K currents (Fig. 2). ﬁgﬁg induced shrinkage and
graﬁulamy of the cell body after apgmxxm&taly 10 min
and led to Joss of viability: All four inner hair cells were
unable to survive in 10 mM H,0; solutions for ED min.

A €(}K¥§}ﬁﬂ3f&§} of the am;}kmdg of ourward K i.uxtcnu
recorded in control solutions and 10 mM Hg{}s solutions
is shown in Fig. 3. The amplitudes of outward K currents
at +110mV were measured after the a;}pimama of
standard ‘or H;O, solutions for 5, 10, and 15min and

_amplitudes relative to those at 0 min were shown from 15

inner hair cells in control and four inner hair cells in H,0,

~solutions. Five minutes after a;apimamﬁng mean 2 SDs

were 0.97 £ 0.16 and 0.76 = 0.09 for control and Hy(s
solutions, respectively, showing a significant difference
(£ <0.05). After 10min, mean £ SDs were 0.91 +0.14

and 0.66 % 0.10 for control and I"i'}(jg solutions, respec-

tively, showing a mgntﬁeaﬁz difference (P < 0.05). After
15 min, mean = SDs were 0.90  0.09 and 0.45 =+ 0.12 for

conirol and H@Gz solutions, resgeet;vef?, also showing

a significant difference (P < 0.01).

Discussion ‘
The effects of H,0; on the K channels in cochlear inner
hair cells were studied. Hz0; inhibited channel activi ity
and decreased the current amphtud% within® 15 min.
There was no. change in the amzfagmg kmetms of the
channel (Fig. 1b). Hz{*}g hy itself is not sufficiently
reactive to oxidize organic molecules in an agueous
environment. Nevertheless, H,0, has the ability to gen-
erate hzghi}* reactive hycirw@ei@ € 1 ﬁii‘ﬁi& ﬂsmugh xts
interaction with redox-active transitional meealy (Fe®*

Cu™*, Fenton reaction’). iiyémxgi-«free radicals Qxx:;i;ze
cell membrana lipids and alter cell

membrane. &smymes
and receptors, leadmg, to changes in membrane perme-
ability and the ionic gradient [14]. Although H0; is
a gh@siﬁlﬁgxﬁaiig ubiquitous ROS, 4n excess production of

superoxide in human ;mmiymph of the inner ear with

g;mfouné hearing loss was established by spectrophoto-
metric analyses [7].

In addition m fhe: ‘?@ntﬁn maz:tmn an increase in the
eytosolic Ca®* concentration [Ca®* |; has been sug-
gesz"fzé to be involved in H,0; toxicity i§} Esﬂz»ménwé
[Ca®* elevation was reported o be in a concentration-

dﬁp&néeﬁt manner [8]. Protection by the ﬁair,:zum

channel blocker, ﬁxfﬁdaymm of the ﬂ«,«(}a induced outer
hair cell dﬁaih 111}, :«,aggmm the Qarthpazmﬁ of voltage-
gared Ca®" channels in HyOpinduced [Ca®™J; eleva-
tion. An increase of cytosolic &aicmm izaa been shown to
be involved in the intracellular Ca® st@res {91, wﬁmh
was independent of ?ﬁximg&gaﬁﬁ C " channels [15].

The reduction of K channel activity in this study showed
1 sseizages«;né@snﬁeﬁz behavior {?g, 1b),. szfggestmg the
contribution of Ca®™ stores. A rise of [Ca®™ [; has been
associated with cvtotokic eﬁeﬁm} stich as destiuction of
the cytgmkeima, membrane injury, DNA fragmentation,
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Fig. v
()
B0 MY -
O min
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{b} 0 min

e

15 i

Camned 108
Ty

Effects of hydrogen peroxide (H,0,) on potassium (K} currents in inner hair cells. {a} K currents in control solutions at 0 and 15 min. The upper panel
shows the voltage step protocol. (b} K currents in 10 mM HsOy solutions at Oand 15 min after application, The Tower insets show the-initial activating

phase i expanded time scales.

and damage to cell organelles such as mitochondria [16].
Exposure of the cells to HyO: results in an inereased
formation of oxidized protein sulfhydryl groups. The
redox state of protein sulfhydryl groups also affects Ca®
homeostasis il?} Antioxidants, such as glutathione and
N«a{tesifyis?smmc, suppressed the continuous increase of
cytosolic Ca®* and protected against HpO3-induced cell
damage [18].

Oxidative stress is related o swelling of the cell body,
bleb formation, and shortening of the neck region in
vestibular hair cells [12], formation of cytoplasmic blebs
at the infranuclear pole; and the diminution of outer hair
¢ells [10]. These morphological changes were concentra-
tion-dependent. Although a concentration of 10 mM

H,0; is sufficient to produce the morphological changes
in the cells, inner hair cells in this study did not show any
bleb formations or shortening of the ﬁéli& but showed
shrinkage and granularity of the cell body. Bleb formation
in the cell membrane is considered as the response to

altered membrane i integrity in the absence of aym&k*ziemi

support elements [10,12). The cortical lartice is one of
the cytoskeletal support elements and has a nerwork of
actin filaments with colocation of spectrin [19]. Gamma-
actin was particularly associated with the lateral wall of
the outer and inner hair cells, but became sparse in areas
in which the cortical lattice terminates below the region
of the nucleus [20]. The amount and distribution of the
cortical lattice are different between the outer and inner
hair cells [21], so the aleeration of the membrane
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Fig. 2

Morphological changes of i inner hair cell saﬁar the application of 10 mM hydrogen peroxide (Ha04). The lower records show the potassium currents
before and 18 min after the HyOy application. Hj;{}g induced shrinkage and granularity of the cell bady.

Fig. &

0.5+

Relative K-currents

Tima {miﬁ)

lmm -Haai '

Compatison of the amplitude change in outward potassium (K) currents

between control and 10 mM hydrogen peroxide solutions. Test pulse
voltage was +110mV. EPLO05, FBHPCO01.

intﬁgi‘fi{? by H;0, might alse be different, causing differ-

ences in the pattern of morphological changes between

the oumr and inner hair cells.

In the inner hair cells, three types of potassium.currents
Uye lgs and li,) were distinguishable [13]. The
fasia«acmatmg current, s was blocked by tetraethylam-
monium but was resistant to 4-aminopyridine. The
properties of Iy; in the inner hair cells resémble the
Ca®*-activated K* [big potassium (K), BK] currents
because of their kinetics and pharmacol ogy [22], and the
K" currents in the inner hair cells are potentiated by

268

increasing intracellular Ca®* 23], Ca® *-activated K*
channels ﬁ}ipm&%ﬁé in Xe::a}bzx oocyres were inhibited by
oxidation with H20, [24,25]. They reported thar H.,0,
decreased both the open channel gr{;bat}tiaty and the
ﬁumﬁer of active cfumaz:?s based on noise analysis of
macmsm;xc currents. HoOs did not affect channel
activity when added ro the exeracellular side, pmmitﬁg
evidence for an intracellular site of i‘ig{}g action [24].
%%gi?g also accelerated the rate of channel ‘run-down’
125]. In this study, the channel accivity inhibited by FL ;04
was mmc:wds;madaar {F“g, 3), which mughs: represent the
time course of H,0; uptake into the cell or represent the
process of K channel ‘run-down’.

Conclusion

In cochlear inner hair cells, H;Oy, a ubiquitous ROS,
inhibited the activation of ourward K currents after
perfusion of apgrﬁxsmamly 15 min. Hx0; induced acute
morphological changes in inner hair cells such as
shrinkage and granularity of the cell body, leaémg to loss
of viability. Inner ear disorders involving ROS could be

: mmzﬂig: elicited by functional an{i merphaingac&% changes

in the inner hair cell.
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* ROPHEEEE SRR - e vy —
(T 105-8470 HIHTHRHEIX R 7 P 2~2-2)

66%, 3) 39BN 85%, # L THiEA 735 689%
Thotz, Thbt, HO—HHEEILIZ 16% T
Hotehs, WRAL “—HEETEME" & 311%
THbh, ERIICIXERTH 3,

II. HRO—AEER{GED FIHEnELE

PUToHBEDS S, 3EAMEKENL, »D
BADFEDHFYRICIR 7 7 I BFHOBIE
LLTw3,

1) B IREOLFER RS & B

HDOEMN VB EH B,

2) BEHIME CRAUSEIMERN Y - %
AL, »50~60 dB OREF CHERUREL D
ETHH5,

3) FREFRHRATAUMBEATHY, 22
EiE EORENSH 5

4) FOHEBBET LTS,

5) BET COMEEDEIBETL WS,

1) oM, EFEOBDET L, ESFEHAE
HITIHEY, Wb 3 stiffness curve % 24 2 —fi
MBIk, TRAEEREMIEL, BRVTHEANSE
% iAtr floating footplate DEPHEZ LU R TV
HTH D,

2) &, TOFESEBERXFEE L ~LICHEY L,
T OETEERD O ORFEMICHEL 5.2 5
LTH 5B,

3) i, PIRTEMERTHY, HTEBEEML
M, ARCAEFTATERA2 - EEREEL
EWELUT 5,

4), 5) koW Tid, Hol Vi3, —fltkEE®
I (LEEHOFETES L b8 53 dB O —{HIEE
T HEE 13 EEHD AR 2T L, miog
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WAEZEH 40 dB Y EOFESI T FRIREHMET L 7=
ERELTw 3,

£/, HOoRAUBHBLBHEEFSH TOERY
& DEEE T MEREMEIATE speech recognition thresh-
old test (SRT, 50% DFEH T HERE % A ¢ 55BN
LUV R RS BT DT iR, mIEEE
TR TH SRT D320 dB TH B DKL
T, s o—fltEEEFEREERE ClRRED
SRT {fi»3 268~420dB (F¥#32dB) &% D, il
WIEHEEL D 12dB LR L2 LBRT W13,

X & I EHIIE A2 & 65dBSPL DBE AN %2 &5
Z 7B e, R T, #5930 dB © SRT 14
FAPETIZERRE L, Thbh, —fi#
R IR A b R I35 18 C O REE RN EE HME
T35, BETHLEDIZEMEW v, K
L, BEFAFNRCEAMAERLT L 23 2 & Wil
ENns,

IR FERICBHIAEBRIEARE, K10k
5 BRI AET, BFERRA GBS TORRR L
FE AN SRT HE21T 5, BFAMKO SRT
HOEIC &> T, BEDBEOHEMRICHES
MESZINETE, FHCBEADEREDLTHO
W&,

LEbck, M EoMEE L CHEL, E5IER
OFEMFEHCFAZE I N BEL T2 RMMEEE L
T3,

. FEABEDHOHRAXE

—E T, B MR I ARSI IR
COHKEEITI D, bThrRENRD-THMK
tr, ¥72, BIEDICOWTH Ih &AM HEE
LzwZ EZ2MBELEETH S, LT,
WETIC -+ 2 B Z XCECIT, AZEBLLET
FEM%ETH, BERYKTOTHPALHTD—H %18
Wy 5,

(TR 2iTo e HiciE, KDL REERLRE
THEELESH O 9

1) EMiiloTORES—FNICEbo7 Y T

b L ERA,

2) TTIHERZREIB LT, HTLHE
ZhET, oMM~ AMREEZ SNE
Th, EAZEMH O T,

M) BERESTOBREAFELAESE
THE

3) HEHO—FRHLMMINE 550 L
Fh, £, FNEIHOCFEELH®bD 2R
FEolRI > Tws b, FRIMNICEcR
WEENEEA, HHEL, 30%~40% LD
TRIUELRDLNET, M z2BBL ko
JeZ ECHEDWRIRES R RBEVIS
bLET,

4) 200~300 iz 1 FloM& <, ME & KR
D7 EETHEORII, AL 2 7 ool
WRPFELTOAHEENH L ET, 0
EIIX, FMTT7 7 S BERICAARERT -
iz, 440 R ESTRALH B IR SEPHE &
LTHREL, THERECLDIALT7IE
EANDZ EBTERLAY, BHOME
BELV, HEVEBCETEIEBHH 2
£,

5) ALOBZREWETH»S, [§E fAsHo
EMEGERITHEELH D 29,

6) ALOBTFEML RO D, HkEd
ABloTdNABROFLEESHCALKRS
by ThRdb A, EEFLOHETEY
$, FRTOMS & Qg% 3 & 3 wibs
TT &,

V. FHeRRCRNSEZLHORI2
—{fE T REEBARICITS 2 LA, W
DFEL EICEREN 2,

1. FRREOEIR
SO TATAZICEBRBERETIITI,
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® 2 FEFOMNARF7IREHOFIR
a: RIFUBRFCHELCT7IRENEBET Y, b: ¥R % - 77 IHHBEMIE 7 72 B L300
B, c: F7RVER FREA

ZFOMEL LT, HEHONv XV IDEL, 4
Dy RDORHPER b BEEOARE S B, i
HORTR - BELEETH Y,

2. SNEEYR - BIEAE

whtcik, BIEFSEEAEBERTITY., B
LD OHENICT T IEEERR TV, R4V
M RO EE TR A B ERIBETT S -
LTH 5B, BERAEOTNIZL L BA, FEMuL
LbWwitkw, 20X EDMETTI Z & MIFE
Thb,

3. INEBRFIZBFMR

77 I EHELEERET 5 total stapedectomy
(TS) & 77 S BEI/NEAZE % T 5 small fenestra
stapedectomy (SFS) 3 %%, #iT#lat, itk
DB FHDIR, METRCHELR E 2 RT3
BHED T, Y ORIED S A REYIC SFS 217
Jo

HEAOEBWETE, 77 IBESH,
FEEREDEEC, SFSE2EHLTL7 7 I BY
DY EDHBICH Y, BRSEIND, A5
REEL 2D, RN TSIKEX 5% 2 0Hlhs
BRSO EPREIN TS, ThEifEiT3
FEEE LT,

1) 77X BRIOVIEAE
BEWET77IBHUAOEHL Twieds, F1E
PlEDAZBEL, BRIMHEZ-TLE S HH

HH, BEZEAL VY, EBEEBEZF YL
HrVEFL—-Folo k2T RED 5, BHOL
T, BANUSHIEGEOMIL, 77 S BHOE
IR 2 T RAVICEET 5 2 EDSHE Lo,

2) RFGRBTHECT 7IBENERE

Rz 7 72 BEROBZEE, ioBsssF
MEhapcd, M2k, 77IBBFR
FEI L2 h LEEI T BIRE TR
BT B, Z0H, 77BN, 1S BETHERT,
JHEIHE, AP YIBEAL VI FRETHRL, L
H35 T safety hole ERVI &V, ORI AL, 73
—, TOHBOT 7 BHVINEREL & CERASE
BtieoTh, SFS OMASHATIEER L T A1C
bbb, LELZOFESHEELORETWEDT
EHH L, DOT77TIBEMICL>T? 7S BE
BRIN TV 3/4 DEFD) KRS,
Rzeoficly, BEED, £3°7 7 2 FiLeT,
IS REgnEsT, JHEIWT, 2 L C/hBZEL v FET
w(,

Fish¥ 234208 L= & 9 ic, SeicBEsss, Ebic
A B UIBRARET LT, BT ISBIER & 7 7
SELERMERHEZTI L), BAFVFAK
TSESHH 2, Y v RORERMEDHEADRE
RiED D, MHEODEFVLRPPEENINETO
FERRTIRBPIBETH - Y, 2EL,
EA b rEEBORWEN OB LERR, Y
B LTzl R EEL W,

F7EBEONREBCEELLZFY LT
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y:

B3 F7ZREREHBHEORMR &0
518)

ERAA (A) THH#S B) LUBMEE

TOERIEN S, ERES TOREN &

HRETH B,

{, HRABREBEZTRNETHE, “hiclEA
F-E =AY FE—A(GYRUS #:3Y Diego Dis-
sector System), A¥—%—F Y (Medtronic
XOMED #:8 XPS3000 System) 7 & DO{EEIRE
RBEFILSHZ0EL—F =7 E03d 508, BIRD
B, MmRREREESS 20T L - — Dk
TRIERL, FULVDAEBEETH S, BEIRH
HAEYA Ly OEZRES0Zmm D F Y L 28R 2,

10 A LR OEBHEBRLE» S, PLAE
OORMBOHNRIFLREN 2 MG TED LEX
5. EliEEE L THEY A A2 RO 2D —k
TH 5,

3) ERBRIBBONE

FAEEREETH S, BSItRT LI,
T2 D1%, BREESERICTCAREESS
h, BIRTH 2, hRdbIZwidHEE, Thbt
posterior half ZBFHF 2 Z £ BHEE L v, B4R 7T
TIBMWMETHS Causse d, EAPVIZEBA
HARB 28T B /2 9 121X posterior half stapedec-
tomy HIR & RT3

4, EXLEIR

—RE AP —ERA by (R4-a) DIFTEHh
THEAZNTWE, V4AP—ERA L VIEZEOAT
YL ZADOHHEIE SUS3L6 ThH b, IhIFIERMET
HB, DD MRIBGETHE E DORGEIZZ W

M4 FVAYIAT—ERbY (@) EF70Y
2k (b)

® 5 O KURZ#FYVEERNY
a : K-piston, b : Soft Clip Piston

B, DAY —N— TSRO BEL ELTRE N
WHEEEL, P HUDLE I EMBMRIA—H—IC k>
THERRE N T B, FF¥ VYA L VIBRTE
WEMRIRE DL ARETH D, At TcicaET
ERZPTHEEDIAY—EA L VIERD LD L
LTHEREN TS,

EEIIGYRUSHOY ¥ 7 MR 06 mm D F 7
orEAby (B4-b), HrwizEEREI A
Y7 FEOAmm O KURZ #1582 b
v K-piston % Soft Clip Piston (B{EIXEARA
DAE, B5) R AL TS, HESHVD,
RN ARRE T BH CRBEAE G /N E (FR, 4T
MEIC S >+ 7 P O TERTS 5,

TT7TIFEISF X YEETOERES0S5 mm
NN TH B,
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E6 77O0YERrvORY
IV CREAE

5. EARYDRUI T EEA

7A ¥R b AN REICEOTEA
YO rFBEOIRwEwIEREH B, VS
BT TRADIC Y, Benkdicyy
7O EEE X A THIRIETIRL, ¥ X ¥ BORIA
~NOWEREFOINY —TML, ER b 5GH
BB AN, Vv S OURRAHS %2
¥ X ERMICED» > THIHFICE(MLRATZ &
TERBICHEERETHE, 20k, ) r/RAER
IHfE 3, |ERAMEOF X FFRMAL Y-
ARV AR EHTFEACTH 3,

Z O AF BRI o Soft Clip Piston TH [
eedhbh, SBWEHLEEEZS,
EASVMIBE LY, ¥X/BTIREROLE
gL, 773822 0EE, CALVREHA
T57 7 IBRENHEABEN (B7) SEMENT
Hs, BEHFD APRLIY, 77 EHETEE
T ELERP LSRR APICEmeEcdH 3z, 77
L, 2Flc3EfTcE ot t, 77380K
B, EXN YU IRBEEOMBLD O F
X BHEUA~EE) L CEECX 28T, cnds
HAB L 2 MBERICHREZEChvd, TR
BERBDAR=APBHNDT, T IHBUHEEL
muLp I ERPED, REOHEBERL M-
Tw3,

6. MROAY Y INEOFES
BbLKELHIRSFSELRS 2RI D) 5, #f
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B7 @xxA7 728
REFENEBT
B3 0

BOLY VORI TH B, D7 DI BREL
EER ORI R P 2 L7 4 — &,
MR 2B 2 EOFHNEEITS, Fic7 7
SEEICY A A TIBE L SIGENTHY 8
WPET B LWIcdHD, BT PHABEEHL
THEARETH S, 74 7Y VHllgHicEE
X o TS LUind o -{iEofsssh b, {E
AL Twinw,

BHHIC

HE{WEOMAREOECILEE, MiHLdic
KE WY, PN RFORCT S #llRFMcd
D, AV rREeT 7 IEERDMAL EDEH
Lk o TR H 2 VRTENZEIBSX 2D
%, — B C TR i ARSI RS &
DI EITH DT, FERBLETHD, BE
DY IRE, FHERE R, WE OB L B
ERBAEMICERBLC, MEKRETARE LEL
%,

X #

1) Hol MKS, Snilk AFM, Mytanus EAM : Does the bone-
anchored hearing aid have a complementary effect
on audiological and subjective outcomes in patients
with unilateral conductive hearing loss? Audiology
and Neurotology 10 : 159-168, 2005,

2) TOHGEREE, MENEZ, b BREFEicsz Y o
7w AZ (LMA ProSeal) il HHABEY
47 1 49-52, 2004.
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Otol 9 112-117, 1982. 6) Causse ]B, Causse JR, Wiet'RJ > Complications of

4) )= HIGEE. 45 HOBREE 2000, 902 H, stapedectomies. American Journal of Otology 4 : 275~
BESEiRBE, JUE, 2000, 280, 1983,

5) IFkiskt, FEMHEE, FHXA :BERE BRSE7 b 7) WA W, FESRE, B, {6 BEtE07 7
7 A—JBE L EHIUE—, B3R, 177H, a7y 2 EMARERET 7 S EFN. Otology Japan 14 :
H— - PyvEl, BE, 2008, 450, 2004,

¢ 5 *

Eg}\ﬁgiﬁgﬁﬁ %39 BE 12 8 (2000 & 12 A )

% TIRBIERIGE DR CH 5 —HREBICHE TS L Sik—

Y RANEET @eMRAFRAEESIEFEESFED
# B (b EER B IEE (AAENAZBIENE)

(L EERFEEE(L
LIRS & RRANEZE{L

HBRIEDEIT & SIERB
HFVRHRIC A SN DM O 3 A2y F LREMGELELERIE /2 F 2V vEHERE 7 P I BRE L
P A AREMICET S AIDS

BETRBLL TR
PR A BRI E ¥ £ v C REZJE/MIETHEL 2 EORYE LHA
BHE L DE

EMBaELtEy v D %% L sleep apnea
Eileic & 3%F (REEHRE) OXk
t b OBRNE ML & BT E R H A /IR EE R R ML R BE A YR Y v o
v Fo—A TSR B 2 REMEME OB AL FR & IR, 7 o BE - RERA OHESE
REESRH RS TEL 03-3265-3551(t) FAX 03-3265-2750
L E-mail : hanbai@tokyo-igakusha.co.jp URL: htlp:l/www.tokyo-igakusha.cf.—jp_l
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BEEmEE A 75 ¥ b

gENE= RExREY f#r B maxz
Kozo KUMAKAWA Hidehiko TAKEDA Megumi IBA Fumiai KUMAGA!
FEEXY BAHBBEY B ERNY WE &Y
Hirofumi NAKATOM! Masaaki USU! Yojiro SEKI Yasushi NAITO

@ Key Words @E5tEkintr > 75 > b, B40ER. TES

BJRUSIT

HWE L b & & i chiR ORENR el e & RS
B2 TR ATHETLEBRES Moz
BB 2 Z Ed8TE RV, 20 &S 2BEAERH
FDHEREDAFERE E LT, Wb G
e = — 0 rOPpiifk) oRM LICEE
PEOT, IhRERCESIM L THEEEED
RTALMBSHEIN TV, ZNEEEmm
4 > 7%+ (auditory brainstem implant, BAF
ABI EWET) TH 5,

[. BEEEEROMSEERT

MERCEBOERWLETEEB LR L2, WE
DA THF IR o ERH R EFICER I h,
[FHIZERE o ki < & 5 M4 (cochlear
nucleus : CN} 2@ ¢, Z 2o oM & RO
AV =T araT, MR EfTL, S
DT B (inferior colliculus : IC) o THHEX #,
AR 2 - ¢, REBERFELoNS,
Z 2T, ABIIZ CN it 3, ABLIZAERW
THDCON EBRBENTHEYRIERL, @
R EEMEL 65 DTEBDOERER
WK2WTREBELAE ED KV,

II. BEEKEKBDYRT L

ABLIZO A7 ¥ =L Ac®H % House EfL%
TEERT o I+ BLE Hitselberger 12 & » THEEX

B 1 ERENREoitiemal

1, 1979 £F 1 iRl o TEFMEIGNS & 4 § 5 e iaE
IEAESE 2 T (neurofibromatosis type 2, BAF NF2)
DEEICE L IR OMDRAR TR T bLY,
% DIRFHA I EME O B S IRERHE T % 2 House 48
ATAERZZR LR LEEFRRETHD, AT
WE & ABLIE, HORALMET 282, AR
Z BN L UBRE ST 2 LI HiEo
b LRI UK TR E Nt & EERE Y,

ABIL 3 %%, BF v+ Y 2N THokd, ZO
#, ATAEOHR L LHREF v FHE
bidz, BAE, Cochlear #:8¥ Nuclues 24 ABI (24
F ¥ v 3 V) & MED-EL f:#8 Pulser100 ABI (12
FrvFN) O2BEHH B, bPETE, 72
RFERA R EI Ty,

U ROPYESEARER - Bl vy —, 2 B SR (T 105-8470 BRHRIEX R / P 2-2-2)
O YRAFIHEREIAESS, VR HER e ¥ 5 — il RS E SN
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E 2 ABI® 2 WEOEE
a: Cochleart Bl ABI 24 F v > % Jlo b :
MED-EL #8 ABl. 12 F+ > XL HARIL
BIELBOEKXERT),

EBOBBEOLRYATFLARALNE AT
H5H, A\LREIFAE (B4) cHE»iEhs
DIAL, ABLIEE 5Bz & 2 Mg o4
M cochlear nucleus (CN) OFE@EICE»PN S
(M), 20k, ALHEDY v IREHKREE
7 b, Cochlear #:48 Nuclues 24 ABI ® i B2
3X8mm DEHET, T2 2FDF 4 ATIR
EENEF LTS, —F, MED-EL Pulser100
ABI O SEiBEEIX 55X 30 mm T 12 B O EHE B
¢ 1 fEOREEERSTA TS (K2),

B RRRAR P B T b FEHIRRI RERUIC L
72555 T tono-topical IZARFIL TR D, EHEI &
DYy FRIVPUETHZ, CNZHALT7 2
Wer MEREEBR D, R X FLARATIHE
LERRTH B,

II. ABI DEIEE

ABI O 5EEEHE O 6 R PR D TERNEIEET o
BEICL-TEEQMIEE R 2ATHD, BE
AMEWRNE2THS, R E U CHERE R
CEERMDAAFMET S, EEIKE NSO
EHROHITE, WEOBEUEOAL 2
7HICERBEFNE L ¢, BROBEDRAATERL
EIMIVIEELHBY,
iz, HRELAE, BEEZEOBRATO/N

834

277

B 3 Afllo@fmEe s orhaoml
MR EREEL, EVNEE*8HEHPSRS,
DON : s34 ¥ {il4%, VON : EIIEfH%, VI
VI, X SRR

E 4 ABI BIBORE
SERTEAE % YMAIRE DM lateral recess DIEED
CHEMEZEEICEE, LY —/NAF4
Ll — 2 BEFEMTEET S

B, SMETIEAME DI X NBA, BBV,
TRNBEoS2E{LEEbHBISE 2, ATHE
WG XN OIEFIOREFM & L TORERFE
RUEENIEZ SN B,

HywFA 7 BIREITIHE CN OmREiEssHd
T 3D BiIFh PR WEREYNS 5
B, Folk JHIRE INR VDT TR,

HERREE I N BRI EEEE 2o T
b AT HERBRTEC X - C REF5 ESTEaERE o
N3 EBTTIRREINTVWRY0T, 0B
Ak, ATHEBRRZELTIRETH S,
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