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INTRODUCTION
Tinnitus is the perception of sound within the
hun ear m the absence %of corresponding external
noli o iseéase, but rather a symptom
rlying causes. It can be a
ati nts because it can lead to
severe depressmn with negative effects on the activities
of daily life. Tinnitus is encountered by otolaryngologists
worldwide; however, at present, only limited treatment
options are available. Many different drugs have been
used for the treatment of tinnitus, but with little sue-
cess. One of the major obstacles to developing efficient
treatments for tinnitus is the fact that tinnitus has vari-
ous forms and underlying mechanisms. Theories about
tinnitus pathophysiology emphasize abnormal peripheral
or central neural activity in the auditory system.?
Several studies have reported on the efficacy of the
local or systemic administration of lidocaine,>* which is
the most commonly used local anesthetic and is also
employed as an antiarrhythmic agent. Various reports
have suggested the cochlea, auditory nerve, and central
auditory pathway as sites of lidocaine action on tinni-
us.®> Several studies have shown that the systemic
application of lidocaine can alleviate tinnitus; however,
this effect has only limited duration, and the treatment
carries a risk of serious side effects, including cardiac
arrhythmia and central nervous system excitation or
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depression.? The local application of lidocaine into the
intratympanic space can avmd such systemic toxicity,
but causes vertigo or dizziness.* Tinnitus suppressmn by
local lidocaine application also has limited duration.?
Rapid recent technological progression has made
possible the sustained and/or targeted delivery of drugs.
We have developed a local system for the sustained
delivery of growth factors for the treatment of inner ear
disorders.® Local application can eliminate systemic side
effects and deliver drugs to targeted organs at high con-
centrations. The use of drug-delivery systems in local
treatment prolongs the therapeutic effects, and is some-
times necessary to achieve biological effects. We
proposed that the use of drug-delivery systems for local
lidocaine application could help to prolong the suppres-
sion of tinnitus caused by cochlear dysfunction. The
current study thus aimed to develop a system for the
sustained delivery of lidocaine to the cochlea, and to
examine the possible adverse effects. Poly lactic/glycolic
acid (PLGA), which is a material used for absorbable
sutures, was investigated as a biomaterial for the sus-
tained delivery of lidocaine. PLGA microparticles
encapsulating lidocaine were produced, and their release

profiles were examined both in vitro and im vivo. The

effects on hearing, vestibular function, and histology of
the middle ear mucosa were determined to evaluate the
risk of adverse effects.

MATERIALS AND METHODS

Animals
Hartley guinea pigs (female; weight, 300-500 g; N = 74)
were purchased from Japan SLC Inc. (Shizuocka, ‘Japan). The

Animal Research Committee of the Graduate School of Medi--

cine, Kyoto University, Kyoto, Japan, approved all experimental

protocols. Animal care was supervised by the Institute of Labo- -

ratory Animals of the Graduate School of Medicine, Kyoto
University. All experimental ¢
cordance with the National Iz
the Care and Use of Laborat :

Preparation of Lidocaine-Loaded
PLGA Microparticles

© PLGA with a lactic/glyeolic acid ratio of 70:30 (molecular
weight, 10,000 Daltons) was obtained from Polysciences Inc,
(Wartington, PA), Polyvinyl alcohol (PVA), UP180 (degree of po-
lymerization, 1,800), and UMR10H (degree of polymerization,
250} were purchased from Japan Vam & Plval Co., Ltd. (Osaka,
Japan). Lidocaine powder and phosphate buffered saline (PBS)
were purchased from Nakarai Tesque (Kyoto, Japan). Acetoni-
trile and Tween-80 were purchased from Tokyo Chemical
Industry Ce., Ltd. (Tokyo, Japan). Dichloromethane (DCM) was
pwrchased from Fisher Scientific (Tokyo, Japan). All solvents
were high-performance liquid chromatography (HPLC) grade.

Microparticles were prepared using emulsification by the

homogenization-solvent evaporation method. Briefly, an organic
phase was prepared consisting of the polymer (PLGA) and the
drug (lidocaine), dissolved in an organic solvent (DCM). The or-
ganic phase was added to an aqueous phase containing a
surfactant (PVA) to form an emulsion. This was broken down
into microdroplets by applying external energy, and the droplets
formed microparticles on solvent evaporation.
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The effect of lidocaine loading on the release profile was
examined in two kinds of PLGA microparticles. The micropar-
ticles were produced using 2 g PLGA or 2 g lidocaine dissolved in
5.5 mL DCM, or 500 mg PLGA or 500 mg lidocaine dissolved in
5 mL DCM, respectively. The organic phase was then mixed with
50 mL of 1% (wt/wt) PVA solution, and 50 mL of 1% (wt/wt) PVA
solution was added as the aqueous phase. This was followed by
stirring at 5,000 rpm for § minutes, and evaporation of the solvent
for 3 days. The microparticles were collected by centrifugation at
5,000 rpm and 4°C, and then freeze dried. The lidocaine-free
microparticles were prepared using a similar method, but in the
absence of lidocaine. The surface morphology and average particle
diameters of the microparticles were examined by scanning elec-
tron microscopy (SEM). The average size was estimated from the
diameter of 100 randomly selected microparticles, Finally, lido-
caine-loaded large (Lido-L) microparticles and lidocaine-loaded
small (Lido-8) microparticles were prepared.

The lidocaine loading contents of the Lido-L and Lido-S
microparticles were analyzed by the method reported previ-
ously.” The concentration of lidocaine in the supernatant was
measured by an ultraviolet (UV} detector (wavelength, 263 nm),
and the total amount of lidocaine in the particles was
determined. The lidocaine contents (%) were calculated as
follows: (weight of lidocaine in microparticles)/(total weight of
microparticles)x 100, Three independent measurements were
performed for each condition,

In Vitro-Release Profile

The' lidocaine-release profiles of the Lido-L and Lido-S
mlcropartxcles ‘were determined in vitro. A 2.5-mg sample of the
microparticles was incubated in a tube containing 1.5 mL PBS
(pH 7.4) withi0.2% (wt/wt) Tween-80 buffer. The samples were

then-placed in a shaken water bath regulated at 30 rpm and

37¢C. Sampling of 1 mL of the buffer was performed at 1, 2, 4,
6, and 12 hours, and 4, 7, 14, 21, 28, and 32 days after incuba-
tion, followed by replacement with 1 mL of fresh buffer. The
concentration of lidocaine in the samples was determined using
a UV detector (wavelength, 263 nm). The cumiilative amount of
lidacaine released was calculated for each time point. The lido-

“lidocaine released)/(total lido-
Il untsiof released lidocaine per hour
wers-also caloulatedifor théxﬂ)llowmg time points: 0 to 1 hour, 1
to 2 hours, 2 to 4 hours, 4 to 6 hours, 6 to 12 hours, 12 hours to
4 days, 4 to 7 days, 7 to 14 days, and 14 to 21 days. Three inde-
pendent measurements were performed for each condition.

In Vivo-Release Profile

The lidocaine concentration in the perilymph was meas-
ured on days 1, 3, 7, and 14 after the application of 2.5 mg
Lido-L microparticles to the round-window membrane (RWM) of
the guinea pigs (n = 18). The animals were anesthetized with
an intramuscular injection of midazolam (5 mg/kg; Astellas Co.,
Tokyo, Japan), medetomidine (18.5 ug/kg; Zenoac, Fukushima,
Japan), and butorphanol tarirate (0.25 mg/kg; Bristol-Myers,
KK, Tokyo, Japan). A small hole was made in the bulla to ex-
pose the cochlea, and Lido-L: microparticles were placed on the
RWM. To measure the lidocaine concentrations in the peril-
yraph, the cochleae were excised from the temporal bones under
general anesthesiaonday 1 (n=7),day 3 (n = 4), day 7 (n =
6), and day 14 (n = 4). Each cochlea was punctured at the api-
cal portion, and 3 4L perilymph was aspirated using a 30-gange
needle (BD and Company, Fukuoka, Japan). The perilymph
samples collected from the animals on day 1 after the sham-
operation (n = 4) were used as a negative control.
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AQ5 Fig. 1. Histopathology of the middle ear mucosa 7 days after local application of Lido-L microparticles (Lido-L) or sham-operation {sham-
op). (&) The dotted line indicates the evaluated area of the middle ear mucosa. The arrow shows the RWM. (b) The middle ear mucosa
treated with Lido-L microparticles showed a few lymphocytes (arrowheads) and a neutrophil {an arrow). {c) A few lymphocytes (arrowheads)

AQ2

were found in a sham-operated specimen.

The concentration of lidocaine in the perilymph was meas-
ured by reverse-phase (RP)}-HPLC wusing the Shiseido
Nanospace SI-2 system (Shiseido, Tokyo, Japan). The lidocaine
was separated on a Cosmosil Ciz-AR-II reverse-phase column
(5 um, 4.6 mm LD, x 150 mm; Nacalai Tesque, Kyoto, Japan)
at 35°C. The mobile phase consisted of water (0.1 M NaH,PO,/
NaHPOQOy, pH adjusted to 4.5) and methanol at a volume ratio
of 40:60. The flow rate was 0.3 mL/minute. The detector poten-
tial was maintained at +1.0 V. ,

Effects on Auditory Function

To assess the effects of the local apphca’aon of leo-L
microparticles on the auditory function, the auditory brainstem
response (ABR) was recorded. Lido-L microparticles (2.5 mg)
were placed on the left RWM of guinea pigs (n = 4) under gen-
eral anesthesia. Lidocaine-free PLGA particles were applied to
the controls (n = 4). ABR measurements were performed preop-

.eratively (day 0), and on days 1, 8, 7, and 14 after applxcatlon,;
according to previous studies.®

Effects on Vestibular Functton
Vestibular dysfunction
nystagmus after the local app
ticles (n = 18) or a piece of gelatin’sp
of 0.5%, 1%, 2%, or 4% lidocaine hydrochloride (Astra Zeneca
KK, Osaka, Japan; n = 2 for each concentration of lidocaine).
The Lido-L microparticles (2.5 mg) or pieces of gelatin sponge
immersed with lidocaine hydrochloride were placed on the
RWM of the right ear under general anesthesia with sevoflur-
ane (Abbott Japan Co., Lid., Tokyo, Japan). The direction and
the duration of nystagmus were recorded using an infrared
video system in a dark room for 2 hours, In addition, for the
Lido-L microparticle-treated animals, the occurrence of nystag-
mus was evaluated on days 1, 3, and 7 after application. The
concentrations of lidocaine in the perilymph were also measured
5 minutes after the local application of 1% or 2% lidocaine
hydrochloride (n = 4 for each concentration of lidocaine), The
concentration of lidocaine was analyzed using the method
described for the in vivo-release profile,

Inflammatory Responses

The inflammatory responses in the middle ear following
the local application of Lido-L. microparticles were estimated
histologically. On day 7 after the local application of Lido-L
microparticles (2.5 mg) to the RWM of guinea pigs, the temporal
bones were collected and fixed with 4% paraformaldehyde in
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PBS at pH 7.4 for 3 hours at room temperature (n = 4). Speci-
mens obtained from sham-operated animals (n = 4), which
underwent surgical procedures without substances being
applied to the RWM, served as controls, The paraffin-embedded
tissues were processed into 8 pm sections, and stained with he-
matoxylin and eosin. Two midmodiolar sections from each
cochlea were subjected to quantitative analyses. The numbers
of lymphocytes, neutrophils, and plasmacytes in the middle ear
mucosa were counted in five randomly selected fields located
within 1 mm of the edge of the RWM under a x40 objective
lens for each section (Fig. 1a). The distance from the edge of the

.~ RWM was measured using Image J software (http://www.nist.-
. gov/lispix/imlab/prelim/dnld.html). Cell counting was performed
" in a blind manner. The average cell number in five fields was

used for each animal in the analysis.

Statistical Analyses

The differences in lidocaine concentrations among time
points aftér Lido-L microparticle application were examined by
analysis of variance (ANOVA) with the Tukey-Kramer test. The
overall effect of the local application of Lido-L or lidocaine-free
AB hresholds was examined by
nieractions were significant,
17 npari k Tukey-Kramer test were per-
formed for pair-wisé comparisons. The numbers of infiltrated
cells in the middle ear mucosa of the Lido-L. microparticle-
treated animals were compared with those in the sham-oper-
ated animals using the unpaired ¢ test. A P value <0.05 was
considered statistically significant. All data are represented as
the mean + standard error.

RESULTS

In Vitro-Release Profile

SEM demonstrated that the Lido-L and Lido-S
microparticles had a smooth and round surface morphol-
ogy (Fig. 2). The average outer diameter of the Lido-L
microparticles was 100.0 + 3.0 um, and that of the Lido-
S microparticles was 5.0 = 0.5 ym, indicating their stable
production. The loading contents of lidocaine were 41.8%
+ 1.1% for the Lido-L microparticles and 6.0% + 0.1% for
the Lido-S microparticles. In general, the drug-release
profiles of PLGA particles are partitioned into four
phases: an initial burst period (phase 1), an induction pe-
riod (phase 2), a slow-release period (phase 3), and a
final release period (phase 4). The cumulative release
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Fig. 2. Surface morphology of lidocaine-loaded microparticles.
The scale bar represents 20 um.

profiles of lidocaine from the Lido-L and Lido-S micropar-
ticles are shown in Figure 3a. A burst period (phase 1)
was observed for both types of microparticle at 24 hours,
which was followed by phase 2. The Lido-L micropar-
ticles released 77.3% =+ 2.3% of the lidocaine contents
during phases 1 and 2 (days 0-7), By the end of phase 3
(days 7-56), 82.7% -+ 3.3% of the lidocaine had been
released. A final release period was not observed during
the experimental period. The Lide-S microparticles
released 76.6% + 1.0% of the lidocaine during phases 1
and 2 (days 0-7). By the end of phase 3 (days 7-21),
94.7% + 0.9% of the lidocaine had been released, and by
the end of phase 4 (days 21-56) the amounts reached up

to 98.9% + 0.9%. The amounts of lidocaine released per -
hour from the Lido-L and Lido-S microparticles are-

shown in Figure 8b. The Lido-L microparticles exhibited
the stable release of lidocaing:.during the initial 12 hours.
In the first hour, lidocai ( L5 ¥
microparticles at a rate
6 hours, over 200 pugfiour¥

whereas the rate fell to 79.7 yg/hour between 6 and 12

hours. Lidocaine was released at a rate of 10.5 ug/hour
between 12 hours and 4 days, and this decreased to
2.4 pg/hour between 4 and 7 days. By contrast, the Lido-
S microparticles released lidocaine at a rate below 80 ug/
hour, even between 1 and 2 hours. These findings indi-
cated that the Lido-S microparticles released the
majority of the loaded lidocaine in an initial burst, which
was not advantageous for sustained release. By contrast,
the Lido-L microparticles showed the continuous release
of comparatively large amounts of lidocaine during the
initial 12 hours, indicating that local application might
maintain high concentrations of lidocaine in the cochlear
fluid for a few days. We therefore used Lido-L micropar-
ticles in the subsequent experiments.

In Vivo-Release Profile

RP-HPLC analyses demonstrated measurable con-
centrations of lidocaine in the perilymph samples
collected from the cochleae 1 to 14 days after Lido-L
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microparticle application to the RWM (Fig. 4). The lido-
caine concentrations were 744.0 & 176.9 ng/mL on day
1, and 863.3 + 366.3 ng/mL on day 8. The values
decreased to 87.2 + 27.2 ng/mL on day 7, and were
maintained at 30.3 &+ 13.6 ng/mL on day 14. The differ-
ence in lidocaine concentrations between days 8 and 7
was statistically significant (Tukey-Kramer test). These
findings demonstrated that the lidocaine released from
Lido-L microparticles was transferred into the perilymph
through the RWM, and that high concentrations of lido-
caine in the perilymph were maintained for at least 8
days, which was consistent with the in vitro-release pro-
files of the Lido-L microparticies.

Effects on Auditory Function
The ABR thresholds after the application of Lido-L
or lidocaine-free microparticles are shown in Figure 5.
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Fig. 3. In vitro-release profiles of lidocaine from Lido-L and Lido-S
microparticles. The closed squares show the data for Lido-S
microparticles, and the closed diamonds show the data for
Lido-L. microparticles. {(a) Cumulative amounts of lidocaine
released from Lido-L or Lido-8 microparticles at each time point.
The value (%) was calculated as follows: (cumulative amount of
lidocaine released)/{total lidocaine content)x100. (b) The amount
of lidocaine released per hour at the following time points; 0 to
1 hour, 1 to 2 hours, 2 to 4 hours, 4 to 6 hours, 6 to 12 hours,
12 hours to 4 days, 4 to 7 days, 7 to 14 days, and 14 to 21 days.
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Lidocaine concentration

Time after application (days)

Fig. 4. Lidocaine concentrations in the perilymph following local
application of Lido-L. micropartticles. The bars represent the stand-
ard errors. *Indicates a significant difference by analysls of var-
iance with the Tukey-Kramer test.

Interestingly, the animals treated with Lido-L micropar-
ticles showed a temporal elevation of the ABR
thresholds on day 7 at each frequency, although the lido-
caine concentration in the perilymph decreased
significantly at this time point. The overall effects of
Lido-L microparticle application on the ABR thresholds
were statistically significant in comparison with those in
animals treated with lidocaine-free particles (4 kHz, P =
.0295; 8 kHz, P = .0016; and 16 kHz, P =.001). In the
Lido-L: microparticle-treated animals, pair-wise compari-
sons demonstrated significant differences’ in the ABR
thresholds between day 7 and before or day 1 or 14 at
4 and 8 kHz, and between day 7 and before or day 1 at
16 kHz (Fig. 5). By contrast, the animals administered
lidocaine-free particles showed no significant differences

among the time points. The differences in the ABR.

thresholds between the Lido-L microparticle-treated and
lidocaine-free particle-treated animals were significant
on day 7 at all tested frequentc

Effects on Vestibular Function

Before testing the Lido-L microparticles, we meas-
ured the duration of nystagmus following the local
application of lidocaine hydrochloride at various concen-
trations, and the lidocaine concentration in the
perilymph 15 minutes after the local application of 1%
or 2% lidocaine hydrochloride, to examine the efficacy of
our system for the estimation of nystagmus. The local
application of 0.5% lidocaine hydrochloride did not cause
nystagmus. However, nystagmus was induced in the
animals treated with 1%, 2%, or 4% lidocaine hydro-
chloride. The latency time was 2 minutes with 1%, 2%,
or 4% lidocaine hydrochloride treatment, and nystagmus
with horizontal components developed toward the
treated side for approximately 10 minutes. The nystag-
mus then gradually disappeared in the animals treated
with 1% lidocaine hydrochloride. In those treated with
2% or 4% lidocaine hydrochloride, paralytic nystagmus
with horizontal components developed toward the oppo-
site side and persisted for over 2 hours. RT-HPLC
analyses showed that the lidocaine concentrations in the
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perilymph were 10,708 & 4,606 ng/mL after the applica-
tion of 1% lidocaine hydrochloride and 17,384 + 4,027
ng/mL after the application of 2% lidocaine hydrochlor-
ide. These findings confirmed that our system detected
the nystagmus induced by lidocaine delivered into the
cochlear fluid. We then examined the occurrence of nys-
tagmus following local Lido-I. microparticle application
in 16 animals. Nystagmus and abnormal behaviors indi-
cating vestibular dysfunction were not observed in any
of these guineéa pigs.

Inflammatory Responses

No severe inflammatory responses, including effu-
sion or swelling of the mucosa, were identified in either
Lido-L - microparticle-treated or sham-operated ears.
However, inflammatory cells were present in the middle
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Flg. 5. Auditory brainstem response (ABR) thresholds 4, 8, and 16
kHz before and after local application of Lido-L microparticles or
lidocaine-free poly lactic/glycolic acid microparticles. The closed
diamonds show the data for Lido-L. microparticles {Lido-L), and
the closed squares show the data for lidocaine-free particles
(Lido-free). “Indicates significant differences according to the
Tukey-Kramer test.
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ear mucosa of both groups (Fig. 1b, 1¢). The numbers of
lymphocytes, neutrophils, and plasmacytes in the Lido-L
microparticle-treated specimens were 15.3 4 3.6, 2.8 +
1.2, and 6.8 + 1.3, and those in the sham-operated speci-
mens were 16.0 £ 2.8, 48 + 1.1, and 7.3 + 25,
respectively. There were no significant differences in the
numbers of lymphocytes, neutrophils, or plasmacytes
between the Lido-L microparticle-treated and sham-
operated specimens.

DISCUSSION

The analyses of the in vitro-release profiles demon-
strated that the Lido-L microparticles released lidocaine
in a typical sustained-release fashion, whereas the
Lide-S microparticles released the majority of the loaded
lidocaine during an initial burst. The lidocaine concen-
trations in the perilymph after the local application of
Lido-L microparticles to the guinea pig cochleae demon-
strated sustained delivery into the cochlear fluid. High
amounts of lidocaine in the perilymph were found a cou-
ple of days after the local application, and measurable

concentrations were still present after 14 days. These

findings demonstrated that Lido-L microparticles were
capable of sustained lidocaine delivery into the peril-
ymph after application to the guinea pig RWM.

Local lidocaine application has the advantage of the
elimination of systemic side effects compared with sys:

temic lidocaine application. However, local application |

has side effects including vestibular dysfunction. We
examined the occurrence of nystagmus to evaluate the
risk of vestibular dysfunction following the local applica-
tion of Lido-L microparticles. Nystagmus was not
observed after the local application of Lido-L micropar-
ticles to guinea pigs, although the local application of
2% or 4% lidocaine hydrochloride caused severe nystag-
mus, as previously reported m rats.®_ The deficit of
nystagmus after local a h i
ticles may be due to a lov
the perilymph than that
on vestibular peripheral systems. We also examined the
inflammatory responses in the middle ear mucosa of
guinea pigs following the local application of Lido-L
microparticles. No significant infiltration of inflamma-
tory cells was observed in the Lido-L microparticle-
treated specimens compared with the sham-operated
specimens. Local application using lidocaine-loaded
PLGA microparticles, therefore, appeared to be a safe
strategy for the sustained delivery of lidocaine into the
cochlear fluid.

The present study demonstrated interesting effects
of the local application of Lido-L microparticles on hear-
ing. ABR recordings showed a temporal elevation of
thresholds on day 7 after application, but no permanent
threshold shifts. Histological analyses revealed no signif-
icant damage to the middle ear mucosa on day 7 after
the local application of Lido-1, microparticles, indicating
that the observed ABR threshold shifts were not conduc-
tive hearing loss. In the ABR recording experiments,
lidocaine-free PLGA particles were applied locally to con-
trol animals, which showed no significant alterations in

Laryngoscepe 000: Month 2009
8

Page: 6

the ABR thresholds. The temporal elevation of ABR
thresholds observed on day 7 might have been caused by
the effects of sustained lidocaine delivery into the coch-
lear fluid on the auditory pathway. These findings
demonstrate that the local application of Lido-L. micro-
particles have certain effects on the auditory system,
which can be associated with a beneficial (silencing tin-
nitus), or an adverse effect (progression of hearing
impairment). We should precisely examine the risk for
progression of hearing impairment by local application
of Lido-L microparticles before clinical application.

The therapeutic effects of lidocaine on the Purkinje
fibers in the heart are generally associated with plasma
levels of 6 to 25 M (1.5-6 ug freebase per mL).? In gen-
eral, the suppression of tinnitus by systemic lidocaine
application has occurred at equal or lower plasma levels
of lidocaine. The present findings demonstrated that the
lidocaine concentrations in the perilymph during the
initial 3 days after application were maintained at
approximately 0.8 ug freebase per mL. We therefore pro-
pose that the concentrations of lidocaine in the
perilymph after the local application of Lido-L micropar-
ticles might be sufficient for tinnitus suppression if the

. targets are located in the cochlea. Experimental studies

have 1nd1cated that the spiral ganglion neurons might
be one origin of tinnitus in the cochlea,’® Lidocaine is
known to. cause the failure of depolarization in neurons
by blocking\ sodium channels, resulting in anesthetic
effects. The ‘anesthetic effects of lidocaine on the spiral
ganglion neurons require local lidocaine application at a
concentration of over 40 mM (1% lidocaine hydrochlor-
ide)."! In the present study, 15 minutes after the local
application of 1% lidocaine hydrochloride, the concentra-
tion of lidocaine in the perilymph reached 10 pg/mlL,
which was higher than the maxiroum concentration of
lidocaine following local Lido-L microparticle application.
-lidocaine demonstrated the
the cochlear modiolus,
e‘ ns are located, after the
“lidocaine. 12 It is therefore possi-
ble that locally apphed lidocaine accumulates in the
spiral ganglion neurons, which could explain the tempo-
ral threshold shifts observed on day 7 in the present
study. However, lidocaine also affects various types of
channel and receptor, including potassium channels and
N-methyl-D-aspartic acid (NMDA) receptors.® The block-
ing of potassium currents by lidocaine occurs in the
outer hair cells, leading to the reduection of cochlear
microphonics.’® The involvement of NMDA receptors in
the generation of peripheral tinnitus has also been indi-
cated in an animal model.'* Hence, further studies are
needed to elucidate the mechanisms of lidocaine action
in the cochlea.

CONCLUSION

We produced lidocaine-loaded PLGA microparticles
that were capable of the sustained delivery of lidocaine
into the cochlea after local application to the RWM. The
local application of lidocaine-loaded PL.GA microparticles
had no significant adverse effects, including vertigo and
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otitis media, although the ABR thresholds were tempo-
rally elevated. These findings suggest a potential use of
lidocaine-loaded PLGA microparticles for the attenuation
of peripheral tinnitus. The established animal models of
tinnitus'® could be used to test the efficacy of lidocaine-
loaded PLGA microparticles for the attenuation of pe-
ripheral tinnitus. In addition, it is also crucial to develop
methods for diagnosis of peripheral tinnitus before clini-
cal application.
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