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Background and Objectives Auditory neuropathy is a hearing disorder characterized by
the absence or the marked impairment of the auditory brainstem responses with the preserva-
tion of the cochlear microphonics (CMs) and otoacoustic emissions. This suggests that outer hair
cell (OHC) function is normal but proximal auditory function to OHCs is impaired. It is assumed
that the lesion is localized at the level of the inner hair cells (IHCs), auditory nerve fibers, or the
synapse between them. This study was aimed to observe the change of hearing threshold and pa-
thology of spiral ganglion cell induced by ouabain application, and present basic data to explain
the auditory neuropathy.
Materials and Method Twenty ears of twenty normal hearing cats were used in this study.
Cats were treated with 100 uL ouabain (1 mM) applied on the round window. After three days,
compound action potential (CAP) and CM were measured and the cochlea was obtained. Patho-
logic change of spiral ganglion cell was evaluated under light microscope after H&E stain. Nor-
mal saline was injected for the control group.
Results In the ouabain group, CAP threshold was increased in all tested frequencies (p<
0.001) and the difference of CM threshold was not significant in all frequencies (p>0.05). There
was significant difference between CAP and CM threshold shift (p<0.001). In the control group,
there was no significant difference in CAP and CM thresholds. Light microscopic findings
show that the condensed chromatin and nuclear fragments of spiral ganglion cells of an ear was
exposed to ouabain, and outer hair cell and inner hair cell were not damaged.
Conclusion This study shows that the CAP threshold was significantly increased but the CM
threshold was not changed in the ouabain group. Ouabain induced damage of spiral ganglion
cells. This study is not sufficient to explain auditory neuropathy because threshold shift of CAP
is not obvious, but it would be helpful to explain that selective damage of spiral ganglion cell would
be the mechanism of auditory neuropathy.
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window(version 10.0, SPSS Inc., Chicago, IL, USA)E ©]& CM9 dx|F4+EFH }% Table 19] Zf2}+ 2t} Ouabain

stoict. 2 Rolapr] 4, 59 CAP 929] Bisk BE Fuhsol
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Table 1. CAP and CM thresholds (+standard deviation) of cats treated with ouabain or normal saline

Frequency (kHz,
Thresholds+SD (dB) g y (kHz)

0.5 1 2 4 8

Ouabain

Pre-CAP 47.3+8.83 32.6+8.84 14+7.37 9.33+£5.94 0

Post-CAP 78+5.07 72.6£13.9 60+17.7 52+16.6 42+8.62

Pre-CM 44+11.2 29.3+12.8 15.3+£7.43 12.7+4.58 0

Post-CM 53.3x11.7 42.6+£17.9 23.3%£11.1 14.7+13.6 4+5.07
Normal saline

Pre-CAP 44+8.94 28+8.37 14+8.37 12+13.4 0

Post-CAP 38+8.37 32+8.37 18+13.1 16+8.94 2+4.47

Pre-CM 34+18.2 8+8.37 6+£5.48 2+4.47 2+4.48

Post-CM 42+11.0 18+4.47 14+5.48 8+4.47 4+5.48

CAP: compound action potfential, CM: cochlea microphonics
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Fig. 1. CAP and CM thresholds of cats treated with ouabain. Open circles and squares, before treatment with ouabain. Solid circles and
squares, after treatment with ouabain. CAP thresholds (A). CM thresholds (B). *p<0.001. CAP: compound action potential, CM: cochlea
microphonics.
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Fig. 2. CAP and CM thresholds of cats treated with normal saline. Open circles and squares, before treatment with normal saline. Solid
circles and squares, after treatment with normal saline. CAP thresholds (A). CM thresholds (B). CAP: compound action potential, CM:
cochlea microphonics.
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Table 2. CAP and CM threshold shifts (+standard deviation) of cats treated with ouabain or normal saline

Frequency (kHz)

Threshold shifts+SD (dB)

0.5 1 2 4 8
Ouabain
CAP 30+11.3 40+15.1 46+17.7 42.7+16.7 42+8.62
CM 8.67+17.7 13.3+18.8 8+15.2 10.7£14.4 4+5.07
Normal saline
CAP —-4+11.0 4+5.48 4+5.48 4+11.0 2+4.47
CM 2+4.47 8+4.47 8+8.37 6+5.48 4+5.48

CAP: compound action potential, CM: cochlea microphonics
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Fig. 3. CAP and CM threshold shifts of cats treated with ouabain or
normal saline. CAP and CM threshold shifts of cat treated with oua-
bain (A). CAP threshold shifts of cats treated with ouabain or normal
saline (B). CM threshold shifts of cat treated with ouabain or normal
saline (C). *p<0.001. CAP: compound action potential, CM: cochlea
microphonics.
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42+8.61 dB, 4 kHzoll Al 42.67+16.7 dB, 2 kHzoIA] 46+177
dB, 1 kHzollA] 40+15.1 dB, 0.5 kHzollA 30+11.3 dBoI31
I, CM 9]¢ Z7FeFe 8 kHzo A 4+5.07 dB, 4 kHzollA]
107+10.7 dB, 2 kHzollA] 8+15.2 dB, 1 kHzollA 13.3+18.8
dB, 0.5 kHzo|A] 8.67+17.7 dBe]JtHTable 2).

Al da Bof A, T CAP 99| S713-8 8 kHzollA 2
+447 dB, 4 kHzolA 4114 dB, 2 kHzolA 4+548 dB, 1
kHzo A 4+548 dB, 0.5 kHzollA -4+11.4 dBe|3l1, CM
o x]9] Z7}eFS 8 kHzol| A 44548 dB, 4 kHzoll A 6+548
dB, 2 kHzollA] 8+£8.37 dB, 1 kHzollA] 8+4.47 dB, 0.5 kHz
oA 2+4.48 dBo|{T}H(Table 2).
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<0.001)(Fig. 3A).
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(p>0.05)(Fig. 3C).
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Damage of Spiral Ganglion Cell Induced by Ouabain I Kim BY, et al.

Fig. 4. Light microscopic findings.
Spiral ganglion cells and organ of
Corti treated with ouabain (A) and
normal saline (B)(H&E, x100). The
chromatin condensation is observed
. in spiral ganglion cells treated with
ouabain (C), but no damaged find-
ings are observed in group treated
with normal saline (D)(H&E, x200).
Organ of Corti treated with ouabain
(E) and normal saline (F) are not dam-
aged (H&E, x200).
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