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Table 1. Gene-specific primers for PCR of rat transient receptor po-
tential cation channel superfamily V type 1 (TRPV1) and -2 micro-
globulin (B2m)

TRPV1 (accession no. NM_031982)
Forward primer 5'-ACTCCTGACGGCAAGGATGAC-3'
Reverse primer 5'-ACCCACATTGGTGTTCCAGGTAG-3'
Estimated size 81 bp

B2m (accession no. NM_012512)
Forward primer 5'-CCTGGCTCACACACTGAATTCACAC-3’
Reverse primer 5'-AACCGGATCTGGAGTTAAACTGGTC-3'
Estimated size 163 bp

0.8 ul of each gene-specific primer (5 pM), 6.8 ul of dH20, 0.4 pl
of 50x ROX Reference Dye and 2 ul of cDNA (250 ng) in a final
volume of 20 ul. The conditions used were 95 °C for 10 s, 40 cycles
at 95 °C for 5s and 60 °C for 30 s, 95 °C for 15 s, 60 °C for 1 min and
95 °C for 15 s. The amplification plots from fluorescent emission data
collected during PCR were constructed using the ABI7900 model
software (Applied Biosystems).

The number of PCR cycles was recorded until the fluores-
cence intensity exceeded the pre-determined threshold. The
quantification of the initial amounts of template molecules relied
on this number of PCR cycles, which is termed the cycle threshold
(CT). The dCT represents the CT of the target gene normalized to
the rat endogenous B2m (dCT=CT\,4erCTa2m). Relative quan-
tification of the mRNA levels of target genes (=fold range) was
calculated using the 29T method, where ddCT=(CTarger
CTa2m)A—(CT iarger~CTp2m)B (Schmittgen et al., 2000). For exam-
ple, changes in gene expression of TRPV1 among groups CONT,
SA2H, SA12H, SA24H and SA72H (GROUP,) within each region
were quantified as the fold range: 27997 (ddCT=(CTrrpvi—
CTBZ m)GROUPx_(CTTRPV1—CTBZm) CONT) *

Protein examination

TRPV1 protein levels were assayed using standard western blot-
ting techniques (Kitahara et al., 2005a,b). Briefly, tissues of each
region (SG, DCN, BRCXx) were obtained from a saline i.p. injection
control group, a 2 h post-salicylate i.p. injection group and a 24 h
post-salicylate injection group (n=8 in each group) through the
same procedure for real-time PCR in the present study. Then, the
tissues were added to lysis buffer (1% NP-40, 150 mM NaCl, 1
mM EDTA, 10 mM PBS (pH 7.4), 0.25 mM DTT, 1 mM phenyl-
methylsulfonyl fluaride, 10 pg/ml aprotinin, 10 pg/mi leupeptin)
and homogenized gently on ice using a Polytron tissue homoge-
nizer (Brinkmann Instruments, Westbury, NY, USA). The samples
were boiled for 1 min, transferred to clean Eppendorf tubes on ice
and centrifuged at 10,000 g for 30 min. Supernatant was trans-
ferred to clean tubes, and protein concentration was determined
using a protein assay kit (Pierce, Rockford, IL, USA). The protein
extracts (20 ug for each lane) were subjected to 12% SDS-
polyacrylamide gel electrophoresis and transferred to nitrocellu-
lose filters (Amersham Biosciences, Piscataway, NJ, USA) at 500
mA for 1 h. The filters were pre-blocked in 0.1 M PBS containing
0.2% Tween 20 and 5% non-fat dried milk for 3 h at room tem-
perature (RT), probed overnight with TRPV1 primary antibody
(anti-rabbit polyclonal; diluted 1:1000; Alpha Diagnostic Interna-
tional, San Antonio, TX, USA) and then washed with Blotto solu-
tion (50 mM Tris (pH 7.4), 0.9% NaCl, 0.5% Tween 20) for 1 h.
Filters were then incubated with HRP-conjugated secondary an-
tibody (Dako, Carpenteria, CA, USA) for 1 h and washed with
Blotto solution for 1 h. Protein bands were visualized using Su-
persignal Ultra chemiluminescence substrate (Pierce), assessed
on ECL film (Amersham Biosciences) and quantified by laser
densitometry (Quantity One Software, Bio-Rad Lab, Hercules, CA,
USA). The density of staining with anti-g actin monoclonal anti-

body (Oncogene Research Products, Boston, MA, USA: diluted
1:500) was used to normalize the TRPV1 densitometric determi-
nation of each sample.

Tissue preparation procedures for immunohistochemistry
have already been described in our previous papers (Kitahara
et al., 2005a,b). Temporal bones were obtained from two adult
male rats from each of a saline i.p. injection control group and
a 2 h post-salicylate i.p. injection group. The animals were
euthanized with sodium pentobarbital (100 mg/kg i.p.) and per-
fused transcardially with 0.1 M PBS, followed by paraformalde-
hyde-lysine-periodate fixative. Temporal bones were post-fixed in
4% paraformaldehyde for 24 h at RT, decalcified in 10% formic
acid, neutralized overnight in 5% sodium sulfate, infiltrated with
OCT compound and sectioned on a cryostat at 5 um in a plane that
produces mid-modiolar sections. The sections were thaw mounted
on slides. The 5 um cryostat sections were incubated sequentially in
the following solutions at RT: 0.1% TritonX-100 and 2% bovine
serum albumin (BSA) in 0.1 M PBS for 2 h; antisera against TRPV1
(anti-rabbit polyclonal; diluted 1:1000; Alpha Diagnostic Intemational)
in the above solution for 48 h; 0.1 M PBS for 15 min; biotinylated goat
anti-rabbit 1gG (diluted 1:250; Vector Laboratories, Burlingame, CA,
USA) in 2% BSA in 0.1 M PBS for 24 h; 0.1 M PBS for 156 min;
Vectastain ABC reagent (Vector Laboratories) for 1 h; 0.1 M PBS for
15 min; 5 mg/ml diaminobenzidine tetrahydrochloride (DAB)/0.01%
H,0, in 0.05 M Tris buffer for 5 min. Sections were then examined
under a light microscope. For negative controls, primary antibodies
were either pre-absorbed with each control peptide (1:50) or the
primary antibody was omitted.

Antagonist treatment

To elucidate the direct involvement of TRPV1 in the mechanism of
tinnitus generation, a specific antagonist of TRPV1, capsazepine
(Sigma) and its vehicle, 50% dimetyl sulfoxide (DMSO) (Sigma)
were used. Group | was a saline+DMSO group, group |l was a
salicylate+DMSO group, group lll was a salicylate+capsazepine
group and group IV was a saline+capsazepine group. DMSO or
capsazepine was administrated 0.5 h after the first injection of
saline or salicylate. Effects of capsazepine within the dose range
of 0=10 mg/kg (De Schepper et al., 2008) were evaluated behav-
iorally by counting false positive responses (cf. 2.1 in Experimen-
tal Procedures) and morphologically by real-time PCR (cf. 2.3 in
Experimental Procedures).

Statistical analysis

In the present paper, the statistical significance of changes among
groups was analyzed using one-way ANOVA with Bonferroni f-test
except for capsazepine treatment. Two-way ANOVA with Bonfer-
roni t-test was used to test the hypotheses that salicylate effect is
blocked by capsazepine. All the data were presented as
mean=SE and P-values under 0.05 were considered significant
(SPSS Inc., Chicago, IL, USA).

RESULTS
Behavioral assessment

In pilot experiments, animals were divided into four groups
(n=6 in each group) according to conditioned stimuli of 4,
10, 16 or 40 kHz (60 dB SPL), and false positive responses
were measured on the third day after salicylate injection.
Each number of false positive responses was 0.6+0.4 (4
kHz), 2.8=0.8 (10 kHz), 4.2+0.9 (16 kHz), or 0.6+0.4 (40
kHz) and increased significantly when the conditioned
stimulus was 16 kHz (* P=0.004) (Fig. 2A). Then, animals
were also divided into three groups (n=6 in each group)
according to conditioned stimuli of 20, 60 or 80 dB SPL (16
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Fig. 2. The most appropriate kHz and dB sound pressure level (SPL) for the conditioning stimulus in the rat salicylate-induced tinnitus model. (A)
Animals were divided into four groups (n=6 in each group) according to conditioning stimuli of 4, 10, 16 or 40 kHz (60 dB SPL). The number of false
positives were measured on the third day after salicylate injection and increased significantly when the conditioning stimulus was 16 kHz (* P<0.005).
(B) Animals were divided into three groups (n=6 in each group) according to conditioning stimuli of 20, 60 or 80 dB SPL (16 kHz). The number of false
positives between these groups on the third day after salicylate injection increased significantly when the conditioning stimulus was at 60 dB SPL
(* P<0.05). (C) The percentage of correct responses (score %) to sound of 20, 60 or 80 dB SPL (16 kHz) (active avoidance score). There were no
significant differences between all three groups.

kHz) and false positive responses were measured as experiments, a 16 kHz and 60 dB SPL pure tone sound
above. Each number of false positive responses was was adopted as the most appropriate conditioned stimulus
1.3%0.5 (20 dB SPL), 4.2+0.9 (60 dB SPL), or 1.0+0.2 for the present Wistar rat study.
(80 dB SPL) and increased significantly when the condi- Animals in the control group showed no significant
tioned stimulus was 60 dB SPL (* P=0.013) (Fig. 2B). The change either in the active avoidance score (Fig. 3A) or in
active avoidance score showed no significant change the false positive responses (Fig. 3B) from day 0 to day 4.
among all these groups, though (Fig. 2C). From these The active avoidance scores of control and experimental
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Fig. 3. The active avoidance score (A) and false positive responses (B) in salicylate-treated rats. (A) The percentage of correct responses to sound
(active avoidance score %) measured before (day 0), during (day 1-3), and after injections of saline or salicylate (400 mg/kg i.p.) (day 4). The active
avoidance score % remained stable (=80%) in both groups during the experimental period. (B) The number of abnarmal responses during silent
periods (false positives). Injections of salicylate significantly increased the number of false positives on the third day (day 3) (* P<0.005). A complete
recovery was seen when the treatment was stopped on the fourth day (day 4).
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animals remained stable (=80%) during the whole period
of saline and salicylate administration. This suggests that
salicylate application did not cause any obvious functional
damage to cochlear endo-organs. False positive re-
sponses increased gradually after salicylate treatment with
amaximum at day 3 (day 1: 0.2=0.2, day 2: 1.7+0.7, day
3:4.2+0.9, day 4: 0.5+0.3, * P=0.002) and returned to the
control value at day 4. This suggests that salicylate
treatment caused a phantom sound sensation or “tinni-
tus” in rats, with a maximum at day 3 that endured for
one day at most.

ABR assessment

We examined if the salicylate induced the inner ear dysfunc-
tion by means of ABR. We used the lll wave in the measure-
ment of ABR threshold, because this was most detectable at
lower-intensity stimuli reference. No remarkable differences
were observed between mean ABR threshold of control and
salicylate-treated rats (data not shown). This suggests that
salicylate treatment did not cause any obvious functional
damage to cochlear endo-organs.

Morphological assessment

Neither hair cells nor SG cells showed any remarkable
changes between control and salicylate-treated rats (data not
shown). This suggests that salicylate treatment did not cause
any obvious morphological damage to cochlear endo-organs.

Expression of TRPV1 in the auditory pathway
and BRCx

TRPV1 mRNA levels in the SG were significantly upregu-
lated 2 h (2.39+0.18 fold: * P=0.0005), returned to control
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levels 12 h (0.81+0.02 fold: P=0.105), significantly sup-
pressed 24 h (0.35+0.03 fold: ** P=0.0002) and returned
to control levels 72 h post-treatment (0.91+0.05 fold:
P=0.130) (Fig. 4A). TRPV1 mRNA levels in the DCN were
significantly suppressed 2 h (0.53+0.03 fold: * P=0.0001)
and 12 h (0.64+0.03 fold: * P=0.0001) post-treatment,
respectively and returned to control levels 24 h post-treat-
ment (1.01x0.05 fold: P=0.810) (Fig. 4B). TRPV1 mRNA
levels in the BRCx did not show any significant change
after salicylate treatment (Fig. 4C).

TRPV1 protein levels in the inner ear

Fig. 5 illustrates western blot results for TRPV1 and the
relative protein levels (TRPV4/actin in CONT=1) in the rat
SG, DCN and BRCx. Similar to the results for mRNA
levels, TRPV1 protein levels in the SG were significantly
increased 2 h after salicylate treatment (2.94+0.72: * P=
0.022) and returned to control levels 24 h after salicylate
treatment (0.89:0.65: P=0.068) (Fig. 5A). In spite of a
slight reduction 2 h after salicylate treatment (0.61+0.48:
* P=0.044), TRPV1 protein levels in the DCN were signif-
icantly increased 24 h after salicylate treatment (1.56=*
0.60: ** P=0.038) (Fig. 5C). TRPV1 protein levels in the
BRCx did not show any significant change after salicylate
treatment (Fig. 5D).

TRPV1 immunoreactivity in the salicylate-treated
group was clearly enhanced in almost all SG cells com-
pared with that in the saline-control group (Fig. 5B). The
dense immunoreactivity extended beyond the perinuclear
region and into the somata of ganglion cells. All TRPV1
immunoreactivity was eliminated by pre-absorption with an
excess of blocking peptide (data not shown).
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Fig. 4. Salicylate-induced changes in transient receptor potential cation channel superfamily V-1 (TRPV1) mRNA levels in the rat spiral ganglion (SG)
(A), dorsal cochlear nucleus (DCN) (B) and brain cortex (BRCXx) (C). (A) TRPV1 mRNA levels in SG were significantly upregulated 2 h (* P<0.001),
returned to control levels 12 h, significantly suppressed 24 h (** P<0.0005) and returned to control levels 72 h post-treatment. (B) TRPV1 mRNA levels
in the DCN were significantly suppressed at the 2 and 12 h post-treatment (* P<0.0005) and had returned to control levels 24 h post-treatment. (C)
TRPV1 mRNA levels in the BRCx did not show any significant change after salicylate treatment.
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Fig. 5. Western blot analysis (A, C, D) and immunohistochemistry (B) of salicylate-induced changes in TRPV1 protein levels in the rat SG, DCN and
BRCx. (A) TRPV1 protein levels in SG were significantly increased 2 h after salicylate treatment (SA2H) (* P<0.05) and had returned to control levels
(CONT) 24 h after salicylate treatment (SA24H). (B) TRPV1-like immunoreactivity (LIR) in the salicylate-treated group (SA2H) was clearly enhanced
in almost all SG cells compared with that in the saline-control group (CONT). (C) In spite of a slight reduction 2 h after salicylate freatment (SA2H)
(* P<0.05), TRPV1 protein levels in the DCN were significantly increased 24 h after salicylate treatment (SA24H) (** P<0.05). (D) TRPV1 protein
levels in the BRCx did not show any significant change after salicylate treatment.

Effect of TRPV1 antagonist

Behavioral assessment showed that false positive re-
sponses were increased 2 h post-treatment in group Il
(salicylate+DMSO) (3.7+1.2 responses) compared with
control group | and that this increase was significantly
suppressed in group |l (salicylate+capsazepine)
(0.8+0.5 responses, * P=0.015) (Fig. 6A). Examination

of TRPV1 mRNA levels in the SG showed that mRNA
was upregulated 2 h post-treatment in group |l
(salicylate+DMSO) (3.38+1.13 fold) compared with the
control group | and that this upregulation was signifi-
cantly suppressed in group lll (salicylate+ capsazepine)
(0.85%0.07 fold, * P=0.020) (Fig. 6B). Capsazepine
suppressed the salicylate-induced molecular changes in the
SG in a dose dependent manner (Fig. 6C).
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Fig. 6. Capsazepine (CPZ) blocked both the salicylate-induced increase of false positives and upregulation of TRPV1 mRNA in the rat SG. Dimethyl
sulfoxide (DMSO) or CPZ (10 mg/kg i.p.) was administrated 0.5 h after the first injection of saline or salicylate. (A) False positives were increased 2 h
post-treatment in group Il (salicylate+-DMSO) and this increase was significantly suppressed in group llI (salicylate+CPZ) (* P<0.05). (B) TRPV1
mRNA was upregulated in the SG 2 h post-treatment in group I (salicylate+DMSO) and this upregulation was significantly suppressed in group il
(salicylate+CPZ) (* P<0.05). (C) CPZ (0-10 mg/kg) suppressed the salicylate-induced upregulation of TRPV1 mRNA in the SG in a dose dependent

manner (* P<0.05).

DISCUSSION

One of the reasons why it is still so hard for clinicians to
cure intractable tinnitus is that appropriate animal mod-
els of tinnitus have not yet been established. To over-
come this deficiency, we present here an animal behav-
ioral model of tinnitus. Validating a behavioral procedure
in animals to assess the presence of tinnitus is an
unusual and difficult task to which many research
groups have devoted many years. Among these groups,
Jastreboff and Sasaki (1994) proposed an animal model
based on an active avoidance paradigm; animals were
conditioned by electrical footshock to drink water when
hearing a sound. Recently, Guitton et al. (2003) demon-
strated an animal model involving escape to a climbing
pole to avoid electrical footshock when hearing a sound.
In the present study, we further developed Guitton’s
model with modifications of a much easier active avoid-
ance task of escaping to the next room instead. Adult or
even aged animals were able to quickly step over the
wall to move to the other side of the box. The condition-
ing box should also be set in a soundproof room, be-

cause it was important for animals to clearly hear both
the conditioned sound and salicylate-induced phantom
sound.

Previous studies in tinnitus kHz have revealed that
salicylate induces an acute, relatively high frequency and
transient type of tinnitus. It ranges from 10 to 16 kHz
(Bauer et al., 1999; Guitton et al., 2003; Zheng et al., 2006;
Yang et al.,, 2007). In the present study, false positive
responses increased significantly when the conditioned
stimulus was 16 kHz compared with 4, 10 and 40 kHz.
Previous studies in tinnitus dB SPL have also shown that
salicylate caused tinnitus of around 60 dB SPL (Bauer et
al., 1999; Guitton et al., 2003; Rittiger et al., 2003; Zheng
et al., 2006; Yang et al., 2007). In the present study, false
positive responses also increased significantly when the
conditioned stimulus was 60 dB SPL compared with 20 dB
SPL and 80 dB SPL. Judging from these pilot experi-
ments, together with previous papers, 16 kHz and 60 dB
SPL pure tone sound was the most similar to the sound
of 400 mg/kg salicylate-induced tinnitus in the present
Wistar rat study.
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Another reason why it is still so hard for clinicians to
cure intractable tinnitus is that the molecular mechanism of
tinnitus generation in the auditory pathway has not yet
been clarified. We therefore aimed to establish such a
molecular marker. The history of TRP channels in hearing
and balance is characterized at great length by the hunt for
the elusive transduction channel of sensory hair cells.
Such pursuit has not resulted in unequivocal identification
of the transduction channel, but nevertheless revealed a
number of candidates, such as TRPV4, TRPN1, TRPA1,
and TRPML3. Based on mutations in the corresponding
mouse genes, TRPV4 (Tabuchi et al., 2005; Cuajungco et
al., 2007) and TRPML3 (van Aken et al., 2008) are possi-
ble candidates for human hearing, and potentially also
balance disorders. In the present study, we focused espe-
cially on TRPV1, a member of the non-specific cation ion
channel receptor family, which responds to various kinds
of noxious pain, such as capsaicin, inflammation, heat, low
pH and hypo-osmolarity (Caterina et al., 1997; Benham et
al., 2003), because it is expressed in the mouse inner ear
ganglia and is upregulated by noxious challenges of kana-
mycin (Kitahara et al., 2005a). Interestingly, tinnitus is the
sensation of a sound in the ear without an external source,
similar to phantom pain (Bartels et al., 2007).

In the present study, TRPV1 mRNA levels in the SG
were significantly upregulated 2 h post-treatment, signifi-
cantly downregulated 12-24 h post-treatment and had
returned to control levels by 72 h post-treatment. The
reasons of discrepancy in these molecular results of
mRNA and protein level could be explained by the time lag
between mRNA and protein synthesis and/or different sen-
sitivity in mRNA and protein experiments. According to the
animal behavioral model of tinnitus, salicylate-induced tin-
nitus was maximal 2 h post-injection and had disap-
peared by 24 h post-injection. Furthermore, capsaz-
epine, a TRPV1 antagonist, demonstrated a significant
suppression of false positive response increase and of
TRPV1 mRNA upregulation in the SG. Taken together,
these data suggest that tinnitus in salicylate-treated ani-
mals could be caused through the activation of the noci-
ceptive receptor, TRPV1 in the SG. Therefore, we hypoth-
esize that tinnitus is a type of phantom pain sensation in
the inner ear (Bartels et al., 2007). The mechanism of
TRPV1 regulation in the SG has not been cdlarified yet.
However, TRPV1 is auto-regulated via neurotrophic factors in
damaged dorsal root ganglia (Acheson et al., 1995; Anand et
al., 2006; Szallasi et al., 2006). In the present study, the
blockade of salicylate-induced TRPV1 upregulation in the SG
by capsazepine suggests that TRPV1 was also auto-regu-
lated via neurotrophic factors in the salicylate-treated SG
(Hansen et al., 2001; Zha et al., 2001; Shepherd et al., 2005;
Kitahara et al., 2006). Known TRPV1 antagonists (capsaz-
epine, BCTC and thio-BCTC) were also able to block the
response of TRPM8 (Behrendt et al., 2004), which shares
many functional and pharmacological properties with TRPV1
(Weil et al., 2005). Although TRPM8 has never been reported
to be located in the inner ear, the possible role of TRPM8 in
hearing and/or tinnitus should be discussed after further stud-
ies of TRPM8 in the inner ear.

The following mechanisms of salicylate-induced TRPV1
activation and tinnitus generation are suggested: TRPV1
and 5-lipoxygenase are co-expressed by SG cells in the
inner ear (Balaban et al., 2003). Salicylate, an active com-
ponent of aspirin, inhibits cyclo-oxygenase activity (Christie et
al., 1998) and this cyclo-oxygenase inhibition leads to an
excess of intracellular arachidonic acid, which is metabo-
lized by 5-lipoxygenase pathways (Fosslien, 1998). These
findings suggest that the resultant increase in arachidonic
acid products, such as hydroperoxyeicosatetraenoic acid
and hydroxyeicosatetraenoic acid, has the potential to de-
polarize SG cells by activation of TRPV1 (Hwang et al.,
2000). This may either lower their threshold for spike gen-
eration or increase their sensitivity to suprathreshold acti-
vation and mimic the discharge pattern during low level
natural stimulation. Actually, a couple of physiological
studies of TRPV1 in the cochlea were reported. Zheng et
al. revealed that activation of TRPV1 increases the thresh-
old of the cochlear action potential, but decreases both
cochlear microphonic and electrically-evoked otoacoustic
emissions (Zheng et al., 2003). Zhou et al. demonstrated
that perfusion with capsaicin alone produced a dose-de-
pendent increase of the 900 Hz peak ratio (power normal-
ized re the overall spectrum) of the ensemble background
activity (Zhou et al., 2006). The capsaicin effect was atten-
uated during concurrent perfusion with capsazepine. These
findings are consistent with the hypothesis that TRPV1 acti-
vation increases background activity of SG cells and sup-
port a role of TRPV1 in gating spontaneous and evoked
auditory nerve excitability.

In contrast, the peak TRPV1 protein levels in the DCN
were delayed relative to the peak levels in SG cells. This
delay might indicate the mechanism for the alteration from
peripheral tinnitus to central tinnitus and/or the mechanism
of chronic tinnitus. There is an interesting case of a patient
with intractable chronic tinnitus, who underwent temporal
bone removal surgery, however, this treatment failed to
cure the tinnitus (House, 1964). It is extremely difficult to
identify the site of chronic tinnitus, because it may alternate
between the periphery and the CNS, like phantom pain
sensation. Further studies addressing the mechanisms of
central tinnitus and/or chronic tinnitus are needed.

According to the morphological data, salicylate treatment
caused no obvious morphological damage to cachlear hair
cells or SG cells. Furthermore, from the behavioral study, the
active avoidance score remained stable during the whole
period of salicylate injections. Together with the ABR data,
this suggests that salicylate application caused no obvious
functional damage to the auditory system. However, Guitton
et al. (2005) reported that administering salicylate led to
transient hearing loss by means of compound action potential
(CAP) threshold shifts, directional preponderance of oto-
acoustic emission (DPOAE) recordings and score measure-
ments. This hearing loss was evaluated around 40 dB SPL at
16 kHz (Cazals, 2000; Guitton et al., 2005) and might not be
comparable to the results in the present study, which used 60
dB SPL and 16 kHz sound stimuli.
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CONCLUSION

In conclusion, we developed a rat behavioral model of
salicylate-induced tinnitus and identified a molecular
marker of salicylate-induced tinnitus in the rat auditory
pathway. These findings could make “phantom tinnitus”
clearly observable and easily accessible. We believe that
these findings are important for understanding the mech-
anism of tinnitus generation and for elucidating de novo
treatments for intractable tinnitus.
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