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RWM under direct vision was shown in the Table |. The
transtympanic microendoscopic approach enabled visuali-
zation of the RWM in all the specimens (Fig. 3). In three
specimens, the RWM was totally observed (Fig. 4a). We
used the incuidostapedial joint as a landmark to identify the
location of the round window niche and the tip of the mic-
roendoscope was safely oriented to the RWM. No hazard-
ous events such as ossicular dislocation or disruption of the
tympanic membrane occurred. In contrast to the transtym-
panic microendoscopic approach, a transtympanic approach
using a microscope provided visualization of the RWM in
only three specimens (Fig. 3). Even in those three speci-
mens, the view of the RWM was very limited (Fig. 4¢). In
the other seven specimens, the RWM was not observed, as
the overhang of the round window niche was an obstacle
for visualization. The visibility of the RWM through the
transtympanic microendoscopic approach was significantly
superior to that through transtympanic microscopic
approach (Fig. 3, P < 0.01, Wilcoxon matched-pair signed-
rank test).

In all the specimens, the transmastoid approach provided
an excellent view of the RWM using either microendo-
scope (Fig. 4b) or microscope (Fig. 4d). The transmastoid
microendoscopic approach provided a wide view of the
middle ear cavity; for instance more than 70% of the tym-
panic membrane was visible in nine (microendoscopic),
and seven (microscopic) specimens.

Discussion

The present results demonstrate that a microendoscope pro-
vided a satisfactory view of the RWM through a transtym-
panic approach with only a 2-mm incision on the tympanic
membrane. Although the transmastoid microscopic
approach provides an excellent view and favorable access
to the RWM, this approach requires mastoidectomy and 1s

E 3 O Grade LI
| I | @ Grade II
|8 Grade I

10 ——

Number of ears

Mi d pic M pic M doscopic Microscopic
Transtympanic Transmastoid

Fig. 3 The visibility of the RWM for four approaches. Grade [ as no
or little visualization of the RWM (<20%), Grade 11 as defined by
>20%. and Grade 111 as defined by >70%. The wisibility through the
ranstympanic microendoscopic approach was better than that with
transtympamic microscopic approach

not adequate for local drug application for treatment of
SNHL. In contrast, the transtympanic microendoscopic
approach requires only a small fenestration in the tympanic
membrane. Therefore, the transtympanic microendoscopic
approach may be applicable for office-based treatment.
Conventional endoscopes with 30° provide good visuali-
zation of the RWM [9, 10). However, endoscopes with
attached CCD cameras are not easy to handle. In office-
based usage, the endoscope is usually placed just outside of
the tympanic membrane [11], and tools used for drug appli-
cation can hinder the view. The outer diameter is 1.7 mm or
larger, requiring larger myringotomy, In addition, use of a
conventional endoscope for drug delivery onto the RWM
requires another channel for drug application, resulting in

Table 1 The percentage of the

ifhiTe sraa oEtha.round wandiw No Side Transtympanic Transmastoid

membrane using four approach Microendoscope (%) Microscope (%) Microendoscope (%) Microscope (%)

es
| Left 80.2 0.0 9.6 0.1
2 Left 545 0.0 78.1 72.0
3 Left 78.8 23.0 87.3 79.6
4 Left 59.1 0.0 733 4.8
5 Left 48.2 14.6 94.8 71.6
6 Right 49.7 0.0 80.7 613
7 Right 79.9 0.0 87.6 753
B Right 395 0.0 66.2 423
9 Right 62.0 20.1 849 83.2
10 Right 56.9 0.0 82.8 65.4
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Transmastoid

Transtympanic

Microendoscope

Fig. 4 The RWM of bone three observed through four approaches (ar-
row heads). The wranstympanic microendoscopic approach (a), trans-
mastoid microendoscopic approach (b), and transmastoid microscopic
approach (d) provided good views. In the transtympanic microscopic
approach (¢), only a small part of the RWM was observed with the mid
of a curved needle

increase of surgical invasion on the tympanic membrane.
This means that enlargement of the size of tympanotomy or
making additional tympanotomy site is necessary. Conven-
tional microendoscopes are made for the inspection of the
nasolacrymal ducts, and their tips are straight. The external
auditory canal is S-shaped [12], and it is difficult 1o direct
straight microendoscope to the RWM. The modified mic-
roendoscope used in the current study is quite smaller than
conventional ones, and is connected to a CCD camera sys-
tem via a cable. The curved tip fitted the external auditory
canal. This configuration provides excellent handling of
equipment for drug delivery. In addition, the microendo-
scope used in this study has a working channel that can be
utilized for application of substrates onto the RWM.

The aim of the current study was to evaluate the accurate
RWM drug application efficacy of a microendoscope with
angles modified to ease RWM access. For clinical use of
previously developed local drug delivery systems [3, 8],
safe and stable visualization of the RWM through the tym-
panic membrane is necessary. In this manuscnpt, we com-
pared the transtympanic microendoscopic approach with
the transmastoid microscopic approach, since it is the most
common procedure to access the RWM. The transmastoid
microscopic approach is the most reliable approach for
observation of the RWM, and additional removal of the
round window niche enabled measurement of the total area
of the RWM, which was indispensable for quantitative
analysis in the present study. The view provided by a

@ Springer

microendoscope is enough to deliver drugs or biomaterials
incorporating drugs onto the RWM, aithough it is not satis-
factory for precise surgical procedures. Previous studies
have demonstrated the efficacy of biodegradable gelatin
hydrogels for local application of brain-derived neurotro-
phic factor [6] and insulin-like growth factor 1 [7, 13]. The
present findings resolve the problem of how to place a
hydrogel onto the RWM in the clinic.

This study also found some drawbacks for this instru-
ment. The resolution of the microendoscope is not as high
as that of conventional microscopes, which may impede the
differentiation of the false membrane from the RWM [14].
Sufficient understanding of the surgical anatomy of the
middle ear is necessary for appropriate use of the microen-
doscope in drug delivery onto the RWM. However, we con-
sider that refinement of the quality of view provided by
microendoscopes may resolve this problem.

Conclusion

The transtympanic microendoscopic approach provided
satisfactory visualization of the RWM through the tym-
panic membrane, indicating that the microendoscope 1s a
useful tool for placing drugs or drug-containing materials
onto the RWM.,
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Potential of Embryonic Stem Cell-Derived
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Recent studies have indicated that embryonic stem
cells (ESCs) can be a source for the replacement of
spiral ganglion neurons (SGNs), auditory primary neu-
rons, and neurite projections from ESC-derived neurons
to auditory sensory epithelia. However, the potential of
ESC-derived neurons for synapse formation with audi-
tory hair cells (HCs) has not been elucidated. The pres-
ent study therefore aimed to examine the ability of
ESC-derived neurons to form synaptic connections
with HCs in vitro. Mouse ESC-derived neural progeni-
tors expressing enhanced green fluorescence protein
(EGFP) were cocultured with explants of cochlea sen-
sory epithelia obtained from postnatal day 3 mice. After
a 7-day culture, neurites of ESC-derived neurons pre-
dominantly elongated toward Inner hair cells (IHCs),
which play a crucial role in sound transmission to
SGNs. Immunohistochemical analyses revealed the
expression of synapsin 1 and synaptophysin in the
nerve endings of ESC-derived neurons adjacent to
IHCs, indicating the formation of synaptic connections.
Transmission electron microscopy demonstrated syn-
aptic contacts between nerve endings of ESC-derived
neurons and IHCs. The present findings show that
ESC-derived neurons can make synaptic connections
with IHCs. © 2008 Wiley-Liss, Inc.

Key words: embryonic stem cell; hair cell; cochlea;
transplantation; spiral ganglion neuron

Sensorineural hearing loss (SNHL) 15 one of the
most common disabiities in our soaety today, but,
because mammalian inner ear cells have limited regenera-
tive activity, weatment options are limited to cochlear
implants and the use of heanng aids. Spiral ganglion neu-
rons (SGNs) located in the bony axis (modiolus) of the
cochlea are bipolar auditory primary neurons that make
synaptc connections with auditory hair cells (HCs) and
the cochlear nucleus in the bramnstem. They consist of
two types of neurons: type | neurons making synaptc

€ 2008 Wiley-Liss, Inc.

connections with inner hair cells (IHCs) that play a pre-
dominant role in the transducton of sound sumuli o
neural stmuli, and type Il neurons making synapric con-
nections with outer hair cells (OHCs) that assist in con-
trolling the sensitvity of regions of the auditory epithelia
to specific sound sumuli (Spoendlin, 1987; Rubel and
Fritzsch, 2002). The loss of SGNs therefore compromises
auditory functon. SGN degeneration resulting in SNHL
occurs during the aging process (Keithley et al., 1989),
and can also be caused by several ototoxic agents (Lee
et al., 2003) or acoustic trauma (Pujol and Puel, 1999). It
compromises the clinical benefits of cochlear implants
(Nadol et al., 1989), which rely on direct stimulation of
SGNs to improve impaired hearing.

Recent investigations have indicated the potential
for SGN regeneration using cell transplantation into the
cochlea. Several candidates are available as a source of
wransplant; previous studies have demonstrated the sur-
vival and neurite outgrowth of neural stem cells (Tamura
et al.,, 2004; Hu et al,, 2005b) and dorsal ganglion neurons
(Hu er al., 2005a) after transplantation into the cochlea.
Bone marrow-stromal cells have also shown the capacity
for settlement and differennation nto neuronal cells after
engraftment into the cochlea (Naito er al., 2004). More
recently, the survival of bone marrow stromal cell-derived
neurons in the cochlear modiolus has been reported
{Matsuoka et al., 2006). Embryonic stem cells (ESCs) are
another possible transplant source with the ability to dif-
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ferentiate into neurons, and several neural-imducing
methods have been established for this cell type. ESC-
derived neural progenitors have a high potenual for sur-
vival and differentiation into neurons after transplantation
into the cochlear modiolus where they were previously
shown ro massively elongate their neurites toward the pe-
nipheral and central auditory systems, reaching host SGNs
and the osseous spiral lamina, which is located berween
SGNs and auditory sensory epithelia (Okano et al., 2005;
Corrales et al., 2006). In addinon, tansplantaton of
ESC-denved neurons into the cochlear modiolus contrib-
utes to the recovery of SGN functions, as monitored by
electrically evoked auditory brainstem responses (Okano
et al., 2005). In vitro analyses such as coculture studies of
ESC-dernived neural progenitors with cochlear or vestibu-
lar sensory epithelia have demonstrated their differentia-
tion into bipalar neurons (Coleman et al,, 2007) and neu-
nite outgrowth that attaches to sensory HCs and expresses
synaptophysin at the attachment site (Kim et al., 2005;
Martsumoto et al., 2005).

Although there was no direct evidence of synapses
establishment, there was functional evidence to indicate
the establishment of funcdoning neural connection
(Okano et al., 2005). The aim of the present study was
therefore to determine the synapse formation ability of
ESC-denved neurons with auditory HCs. In the coch-
lea, there are the afferent synapses between the penph-
cral fibers of spiral ganglion neurons and sensory HCs
(Sobkowicz, 1992) and the efferent synapses, both axo-
somatic with the sensory HCs and axodendntic with the
penipheral afferents (Sobkowicz et al., 1997, 2002). We
cocultured mouse ESC-derived neural progenitors with
explants of mouse auditory sensory epithelia and mor-
phologically examined the neural connections that arose
berween ESC-derived neurons and HCs.

MATERIALS AND METHODS

The Animal Research Commuttee, Graduate School of
Mediane, Kyoto University, approved all expenmental proto-
cols. Ammal care was under the supervision of the Insutute of
Laboratory Ammals, Graduate School of Medicine, Kyoto
University, All experimental procedures were performed in
accordance with the NIH Guide for the care and use of labaratory
animals.

ESCs and Neural Induction

We used the mouse ESCs G4-2 (generously donated by
Dr Hitosh1 Niwa of Riken CDB, Kobe, Japan), denved from
the El4tg2a ESC line (Hooper et al., 1987) and carrying the
EGFP gene driven by a ubiquitous strong promorter (CAG
promoter), because our previous experiments demonstrated
the potennal of neurons denived from this cell line for neunte
outgrowth toward inner ear HCs (Kim et al., 2005; Matsu-
moto et al., 2005). Stromal cell-inducing actvity (SDIA) was
used for the neural induction of ESCs (Kawasaki et al., 2000)
Briefly, ESCs were cultured to form differentiated colonies on
a feeder layer of PA6 stromal cells derived from newbom
mouse calvaria (RCB1127; RTKEN Cell Bank, Japan) in Glas-

gow’s modified Eagle’s medium (GMEM: Invitrogen, Carls-
bad, CA) supplemented with 5% knockout serum replacement
(KSR; Invitrogen), | mM pyruvate (Sigma, St. Louis, MO),
0.1 mM nonessential amino acids (Invirrogen), and 0.2 mM
2-mercaptoethanol (2-ME; Wako, Osaka, Japan). Colonies
that formed on the PA6 monolayer after 6 days of culture
were isolated by incubation with collagenase B (Roche Diag-
nostics, Tokyo, Japan) for 3 min at room temperature (RT).

Isolation of Auditory Epithelia and Coculture

Postnatal day (P) 3 ICR mice were deeply anestherized
with diethy] ether and decapitated. The temporal bones were
dissected, and the cochleae were freed from surrounding tis-
sues in 0.01 M phosphate-buffered sabine (PBS) at pH 7.4,
supplemented with (.2% glucose. After removal of cochlear
lateral walle, anditory epitheha were dissected from the coch-
lear modiolus. SGNs were carefully removed from the
explants using fine forceps as descnbed previonsly (Matsumoto
et al., 2005), resulung m complete removal of neural clements
from explant culres (Fig. 1), Auditory epithelin were
explanted mntact on a sterile membrane (Falcon BD Bioscien-
ces, San Jose, CA) into MEM (Gibeo, Grand lsland, NY) sup-
plemented with 0.3% glucose in 24-well culture plates. Cul-
tures were incubated at 37°C in a humidified atmosphere of
95% air and 5% CO; for 24 hr. The caltured explants were
then provided for coculture with ESC-derived neural progen-
itors. Explants including SGNs were excluded from analysis.
Finally, 20 explants were provided for coculture with SDIA-
weated ESCs, and an addivonal four explants cultured alone
in the same medium were used as controls.

Culrured auditory epithelia were transferred into GMEM
supplemented with 5% KSR, 1 mM pyruvate, 0.1 mM nones-
sential amino acids, and 0.2 mM 2-ME. Cell suspensions of
SDIA-treated ESCs (2 pl, 1 X 10° cells/pl GMEM) were
placed inside cultured auditory cpithelia, where SGNs are
nommally located, using 4 Hamilton syringe (Hamilton, Reno,
NV). The medium was changed daily, and cultures were
mamtuned for 7 days.

Tissue Preparation

Histological analysis was performed on whole mounts or
cryostat sections. After the culture period, whole mounts (co-
cultures n = 5; controls n = 2) were fixed in 4% paraformal-
dehyde in PBS for 15 mumn at RT. Cryostat sections (cocul-
tures n = 15; controls n = 2) were fixed in 4% paraformalde-
hyde with 0.1% glutaraldehyde in PBS for 30 min and then
cryprotected by immersion in 30% sucrose in PBS at 4°C
overnight. Specimens were mounted in OCT compound
(Tissue-Tek, Sakura, Tokyo, Japan) and cut at 15 pm using a
cryostat,

Immunochistochemistry

Whole-mount specimens were doubly immunostained
for myosin Vlla and BIIl tubulin to identfy the locanon of
HCs in the auditory epithelia and ESC-derived neurons and
their neurites, respectively. The latter location was also deter-
mined by EGFP expression. We focused on neunite extension
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Expression of Synapsin 1, Synaptophysin,
GAP43, Ctbp2/Ribeye, and Calretinin in
ESC-Derived Neurons
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synapsin 1 and synaptophysin are markers for small syn-
aptic vesicles, which are usually located in the presynap-
nc compartments. In additon, the neuntes of ESC-
derived neurons were neganve for calrenmin, which 1s
expressed in mature SGN and their neurites (Dechesne
et al., 1994), However, previous studies have observed
expression of synap and synaptophysin in afferent
growth cones (De Canulli ec al, 1988). Immarure affer-
ent dendntes of SGNs are lack -al “XPression
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(Dechesne et al., 1994), Moreover, recent findings using
cocultures of auditory epithelia explants and primary
SGN cultures found that the processes from SGNs adja-
cent to HCs express markers for presynaptic fibers (Mar-
tinez-Monedero et al., 2006).

In addition, coincident
with synaptophysin and GAP-43 immunoreactivity in
SGNs, outer spiral bundle fibers (OSB) exhibit i -
noreactivity for synaptophysin on P2 but not P4
(Knipper et al., 1995), suggesting the localization of syn-
aptophysin in the afferent growth cones of immature
SGNs. Morphologically, immature efferent fibers are
practically indistinguishable from those of afferent pro-
cesses (Sobkowicz, | Therefore, determining the
rype of synaptic contacts berween ESC derived neurons
and ITHCs will require further examinations
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CONCLUSIONS

The present findings demonstrate that ESC-derived
neurons project neurites toward HCs in the auditory ep-
ithelium and have the ability to form new synapuc con-
tacts with IHCs. In future experiments, we will mvesti-
gate the maturation process of ESC-derived neurons
after the tormation of synaptic conmcts with HCs
and elucidate HC-denived guidance cues for neunte
projection.
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Local Drug Delivery to Inner Ear for Treatment of Hearing Loss

Takayuki Nakagawa and Juichi Ito

Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Kyoto University, Kyoto, Japan

Abstract: Sensorineural hearing loss (SNHL) is one of the most common disabilities in our society. Experimentally
many can.didates for use as therapeutic molecules have been discovered. However, a considerable obstacle to clinical ap:
plication is the lack of an effective method for drug delivery to the cochlea, In order to overcome this obstacle, there needs
to be development of a local cochlear drug delivery system. Advances in pharmacological technology have provided vari-
ous drug delivery systems that use biomaterials, and which can be utilized for local drug delivery to the cochlea Indeed,
recent studies have demonstrated the potential of synthetic and natural biomaterials for local drug delivery to the cochlea,
indicating that the clinical application of such local drug delivery systems could be used in the near future for therapeutic
treatments. Recent progress in cell therapy research also offers a novel drug delivery method for the cochlea. In addition.
transplantation of stem cells into the cochlea has been demonstrated to provide protective effects for the auditory function.
Transplantation of genetically engineered cells has also resulted in the sustained delivery of aimed therapeutic molecules
within the inner ear. Although problems involving clinical application still need to be resolved, these drug delivery sys-
tems for the inner ear may hold the future therapeutic options for treatment of SNHL.

Key Words: Drug delivery system, cochlea, biodegradable polymer, cell transplantation, gene therapy.

THERAPEUTIC TARGETS FOR TREATMENT OF
HEARING LOSS

Sensorineural hearing loss (SNHL) is one of the most
prevalent disabilities in our society. Sound stimuli are re-
ceived by auditory hair cells (HCs) in the bony, snail-shaped
cochlea, followed by transduction of the sound stimuli by the
HCs to neural signals. Spiral ganglion neurons (SGNs),
which are auditory primary neurons, are located in the cen-
tral bony axis of the cochlea and responsible for transmitting
auditory signals to the central auditory system. Excessive
noise, ototoxic drugs, genetic disorders and aging all con-
tribute to the causes of SNHL. Severe to profound SNHL
affects 1 in 1000 newborns, and another 1 in 2000 children
before they reach adulthood. About 60% of individuals older
than 70 years will manifest SNHL. Previous studies on hu-
man temporal bones have demonstrated that the loss of HCs
and/or SGNs is a major cause of SNHL [1]. Protecting HCs
and SGNs from irreversible degeneration is therefore a pri-
mary objective due to the limited regeneration capacity of
these cells. Acute SNHL sometimes responds to drug treat-
ment: however, there are no therapeutic options for chronic
SNHL except for hearing aids and cochlear implants, which
are small devices that are surgically implanted into the coch-
lea in order to stimulate SGNs. However, the success of co-
chlear implants depends on the remaining SGNs and with
their loss, this severely compromises the efficacy of this
technique. HCs and SGNs are therefore the major targets for
the treatment of SNHL.

WHY IS LOCAL DRUG DELIVERY REQUIRED FOR
THE INNER EAR?

Based on the backgrounds described above, studies are
being conducted with the hopes of providing an alternative
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means of biological therapy. Thus far, research has identified
a number of candidates for use as therapeutic molecules.
Experimentally, protective effects of neurotrophins have
been demonstrated [2,3], and inhibitors of apoptosis and glu-
tamate antagonists have also been shown to have the ability
to promote HC survival [4-6]. Recently, it has been found
that local application of genes by virus vectors induces HC
regeneration in the mammalian auditory epithelium [7.8],
and additionally, by silencing the mutant gene via RNA in-
terference, can restore hearing loss in the genetic mouse
model [9]. These therapeutic strategies are attractive and
promising for the restoration of SNHL. However, clinical
application is still quite limited. The problem of how to de-
liver such therapeutic molecules to the inner ear has been a
considerable obstacle in the development of treatments for
SNHL. One of the reasons for the difficulty of drug delivery
involves the limited blood flow to the cochlea [10]. In addi-
tion, the blood—inner ear barrier, which inhibits the transport
of drugs from serum to the inner ear, represents a fundamen-
tal obstacle to the use of systemic applications [11]. The in-
ner ear tissues are isolated from the surrounding organs by a
bony construction, which allows for the topical introduction
of drugs or genes. Based on these considerations, local appli-
cation has generally been the preferred method for drug ad-
ministration to the inner ear. The sustained delivery of thera-
peutic molecules is also critical for the efficient treatment of
the cochlea, as bioactive molecules usually require a period
of minutes or hours over which they produce their pharma-
cological actions. Consequently, a number of researchers are
currently working to solve these problems and develop
methods for the local direct application of these molecules
into the cochlea [12].

STRATEGIES FOR LOCAL DRUG DELIVERY

The cochlea is connected to the tympanic cavity by the
round window membrane (RWM). When substances are
applied intratympanically, the assumption is that they will
enter the scala tympani through the RWM and then be dis-
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tributed throughout the cochlear fluids. The idea of using a
topical application of medicine to the inner ear is not new, as
local anesthetics and aminoglycosides were applied decades
ago, with the compounds passing through the tympanic
membrane into the tympanic cavity during the treatment of
the inner ear disorders [13,14]. Intratympanic injections have
been used for local application of aminoglycosides or ster-
oids during therapy for Méniére's disease and sudden hear-
ing loss. There are a number of clinical reports showing the
efficacy of intratympanic injections of these drugs [see re-
view in reference 12]. However, it is very difficult to predict
the amounts of drugs that will actually reach the cochlear
fluid space. Some reports have indicated that this method can
lead to varying results during therapeutic treatment of Mé-
niére's disease [15-17). While intratympanic injection is a
simple and easy method to perform, unfortunately, a con-
trolled and sustained release of drugs cannot be achieved
using this method. The pharmacokinetics of drug entry into
cochlear fluids is crucial to determine the efficacy of the
method for drug delivery into cochlear fluids [12]. Salt and
Plontke have indicated importance of sustained delivery of
drugs on the RWM by means of perilymph sampling from
various regions of the cochlea [18] and computer simulation

[9).

Implantable mini-pumps have also frequently been used
for local drug delivery to the cochlea in animal experiments
[20]. Several clinical reports have described the efficacy of
local glucocorticoid application when using a semi-
implantable mini-pump [21,22]. However, the use of an im-
plantable mini-pump has not been widely adopted, given the
need for surgical procedures similar to tympanoplasty that
must be done in order to place the mini-pump. The use of a
local viral gene transfer as a sustained treatment of the inner
ear can provide sufficient protection from noise, drug toxic-
ity and re-perfusion injury [23-28]. Today, adenoviral vec-
tors or adeno-associated viral vectors are the most widely
used for cochlear gene transfer, because of the high effi-
ciency for the transfection, the availability of high titers, and
the case of production. However, their use can potentially
initiate an immune response that results in the destruction of
the recipient’s cochlear cells.

The use of biomaterials for local drug delivery has re-
cently gained attention as an alternative to the implantable
mini-pumps or gene transfer using virus vectors. In general,
biodegradable polymers containing therapeutic molecules are
placed on the RWM, with the therapeutic molecules released
into the cochlear fluids from the polymers in a controlled
manner via the RWM [12.28].

DRUG DELIVERY V/4 BIOMATERIALS

In the past decade, pharmaceutical technologists have
paid increasing attention to controlled or sustained releasc
technology using biomaterials for the delivery of drugs in
order to avoid side effects and achieve sufficient drug levels
in tissues. In an effort to develop a controlled-release system,
a variety of methods using synthetic and natural materials
have been undertaken. Recent publications have reported the
use of a controlled-release system for local drug delivery to
the inner ear. Two synthetic materials, siloxane-based poly-
mers [29] and polylactic/glycolic acid (PLGA) polymers

Nakagawa and Ito

[39]. and several natural materials, which include hyaluronic
acid [31] and gelatin [32-34], have been used for this pur-
pose.

Siloxane-based polymers have been used for years in
medical applications that involve contact with the human
body. In the clinic, silicone-transdermal patches have been
widely used. In this system, drug release is controlled by its
diffusion through the silicone network [35]. The actual re-
lease rate is determined by the composition of the polymer.
This system is particularly suitable for application of lipo-
philic and low-molecular weight molecules. Arnold er al.
{29] have utilized this system for local application of beclo-
methasone into the cochlear fluids. When using this system,
the silicone microimplant remains on the RWM, although it
does not induce functional and histological damage in the
cochlea, Therefore, repeated treatments require that there is
extirpation of the material used during the procedure.

Encapsulating bioactive molecules in PLGA or polylactic
acid (PLA) particles has been also used as a method of con-
trolled-release application. Water-insoluble, low-molecular
weight agents have been encapsulated in PLGA or PLA mi-
croparticles and nanoparticles [36,37]. PLGA and PLA are
familiar substances to surgeons, as they are the materials that
make up absorbable sutures. Tamura ef a/. [30] examined the
potential of PLGA nanoparticles for drug delivery to the
cochlea using guinea pigs. To evaluate the use of PLGA
nanoparticles (140 to 180 nm in diameter) in the cochlea,
rhodamine, which is a red fluorescent dye, was encapsulated
and then following local application onto the RWM, its
overall distribution was evaluated. PLGA nanoparticles con-
taining rhodamine were observed in the cochlea, indicating
that PLGA nanoparticles can penetrate through the RWM,
Rhodamine is released from PLGA nanoparticles after pene-
tration of the particles through the RWM. Compared to a
silicone microimplant, PLGA nanoparticles have the advan-
tage of being able to be repeatedly applied, as the PLGA is
dissolved by hydrolysis. However, there is a limitation with
regard to the variation of the drugs that can be applied, since
the process of encapsulation in the PLGA particles requires
that compounds must be dissolved in acetone. Therefore, this
method is not suitable for the delivery of proteins or pep-
tides.

GELATIN HYDROGEL

Gelatin is a commonly used natural polymer that is de-
rived from collagen. In the clinic, gelatin polymers have
been widely used as hemostats. Recently, gelatin-based con-
trolled-release systems have been developed [38]. During the
fabrication process, the isoelectric point of gelatin can be
modified to yield either a negatively charged acidic gelatin
or a positively charged basic gelatin. This allows for electro-
static interactions to take place between charged therapeutic
molecules and gelatin of the opposite charge, leading to the
formation of polyion complexes. The significance of such a
system is that it provides the ability for application of water-
soluble, comparatively high-molecular weight proteins and
peptides. Additionally, this method is also capable of being
used for the delivery of plasmid DNA [39]. In this system,
therapeutic molecules are released by enzymatic degradation
of gelatin polymers, for which the rates can be determined
based on the crosslinking density of the gelatin polymers,
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_ The potential use of the gelatin hydrogel system was ini-
tially investigated for cochlear delivery of brain-derived neu-
rotrophic factor (BDNF) [32]. BDNF plays a crucial role in
the development of the inner ears [38] and in the mainte-
nance of the auditory function [41]. In addition, previous
studiﬁ have demonstrated the effects of local BDNF appli-
cation when using an osmotic mini pump [3] or adenovirus
[26]. We measured BDNF concentrations in the cochlear
fluid after placing a gelatin hydrogel that contained this
agent onto the RWM [32] The results revealed a sustained
delivery of BDNF into the cochlear fluid via the hydrogel
over a seven-day period. The functional and histological
protection of the SGNs by BDNF that was applied through
the gelatin hydrogel was then examined using a guinea pig
model of SGN degeneration. The measurement of electri-
cally evoked auditory-brainstem responses, which reflect
SGN function, demonstrated that BDNF delivered via gelatin
hydrogels was able to significantly reduce the threshold ele-
vation [32]. Histological analysis demonstrated an increased
survival of SGNs due to BDNF application through gelatin
hydrogels These findings indicate that gelatin hydrogel can
be utilized for drug delivery to the cochlea

Subsequently, we examined the efficacy of cochlear de-
livery of insulin-like growth factor-1 (IGF1) for the protec-
tion of auditory HCs against acoustic trauma [33]. IGF 1 is a
mitogenic peptide that plays essential roles in the regulation
of growth and development in the inner ear [42]. In addition,
previous studies on the inner ear have suggested the possibil-
ity of inner ear protection by IGF1 [43,44]. Moreover, re-
combinant human IGF-1 (rhIGF1) has already been ap-
proved for clinical use. Therefore, we selected rhlGF1 as a
suitable trophic factor for local cochlear application using a
gelatin hydrogel. Local rhIGF1 application through the gela-
tin hydrogel prior to noise exposure has been shown to effi-
ciently protect the hearing from noise trauma Additionally,
histological analysis also revealed that local rhIGF-1 treat-
ment ameliorated the loss of HCs [33]

Our ultimate goal is the clinical use of a local rhIGFI
application using gelatin hydrogel as a therapeutic option for
the treatment of SNHL. Therefore, we examined whether
post-traumatic application of thIGF1 to the cochlea via gela-
tin hydrogels could attenuate noise-induced hearing loss. The
results demonstrated that functional and histological efficacy
of local rhIGFl treatment on the attenuation of noise-
induced hearing loss occurred in a dose-dependent manner
[34]. We also measured IGF1 concentrations in the cochlear
fluid. cerebrospinal fluid (CSF) and serum after placing a
gelatin hydrogel containing rhIGF1 onto the RWM of guinea
pigs. The results demonstrated that there was sustained de-
livery of rhiIGF1 into the cochlear fluid, in addition to no
alterations of the IGF1 levels in CSF and serum [34]. There
were also no adverse effects due to local rhIGF1 treatment
found in any of the experimental animals. These findings
document both the effectiveness and the safety of local
thIGF1 treatment using gelatin hydrogels for noise-induced
hearing loss.

CELL TRANSPLANTATION

Chronic SNHL is usually incurable because of the loss of
HCs and SGNs, and which at the present time is irreversible

Current Drug Therapy, 1008, Vol 3, No. 2 145

Thereforc. an alternative means of biological therapy, includ-
ing cell therapy is required. Indeed, recent studies have indi-
cated that cell therapy could be utilized to regenerate HCs
[45) and SGNs [46]. In contrast, cell transplantation is an
alternative that can be used as a method for drug delivery
where the transplanted cells for this purpose have the ability
to survive and generate therapeutic agents. Several stem cells
have been reported to have the ability tw secrete rophic fac-
tors (47-49]. Cell ransplantation has been used as a means of
delivering peptides or proteins into the central nervous sys-
tem, demonsirating its viable use as a delivery vehicle for
therapeutic molecules [50,51].

lguchi et al. have reported on the ability of neural stem
cell-derived cells being used for the production of BDNF and
glial cell line-derived neurotrophic factor (GDNF) after en-
graftment into the cochlea [47]. In addition, transplantation
of neural stem cells into the cochlea has the potential of be-
ing able to attenuate HC damages due to transient ischemia
of the cochlea [48). Bone marrow derived cells also have the
potential for secreting trophic factors. Implantation of bone
marrow stromal cells has been reported to contribute to func-
tional recovery of the brain [52] and spinal cord [53] by
means of producing trophic factors. Furthermore, previous
studies have revealed the potential of bone marrow derived
cells surviving in the cochlea [54,55]. Yoshida ef al. have
demonstrated a significant increase in the protein level of
GDNF in cochlear specimens and the prevention of HC
death due to transient cochlear ischemia by engraftment of
hematopoietic stem cells [49]. These findings indicate that
cell transplantation into the cochlea may be a novel strategy
for treatment of SNHL by providing a means for local appli-
cation of trophic factors within the cochlea.

Transplantation of cells that have been genctically ma-
nipulated ex vivo has been used as a means of delivering
peptides or proteins into the central nervous system [56-38]
In comparison with the stem cell transplantation that has
been described above, this strategy has an advantage in that
aimed gene-encodcd products are applicable. In addition, use
of non-viral vectors for ex vivo gene transfer potentially
could resolve the problem of viral vector toxicity in cochlear
gene therapy Therefore, we conducted an exam ination of the
efficacy of cell-gene delivery in the application of therapeu-
tic molecules into the cochlea [59]. NIH3T3 cells were cho-
sen as a delivery vehicle for the gene, NIH3T3 cells are a
well-established fibroblast cell line, thus, it is easy to opti-
mize conditions for gene wansfer and 10 select gene-
expressing cells for use in vitro. In addition, such fibroblasts
are available from various human sources. which may be
advantageous for extending future clinical investigations.
NIH3T3 cells were transfected with the BDNF gene using
lipofection, with the cells expressing the BDNF gene be@ng
selected for use. We examined the potential for transplanting
transfected NIH3T3 cells into the inner ear of the mouse.
Immunochistochemistry and Western blotting demonstrated
the survival of the grafted cells within the cochlea, and 2
BDNE-specific enzyme-linked immunosorbent assay re-
vealed a significant increase in BDNF production in the in-
ner ear following cell transplantations [59]. These findings
indicate that cell-gene delivery with non-viral vectors may
be applicable for the local, sustained delivery of therapeutic
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molecules into the cochlea. Cell-gene delivery of therapeutic
molecules into the inner ear is suitable for protection of inner
ear cells against gradually progressive degeneration. Presby-
cusis, which is an age-related hearing loss, may also need to
be included as one of the targets for cell-gene therapy.
BDNF application via cell-gene delivery could be an effec-
tive strategy for survival promotion of SGNs in cases involv-
ing cochlear implants, which require the opening of the
cochlea for the purpose of inserting an electrode.

CONCLUSIONS

The lack of effective methods for drug delivery to the
cochlea has been a considerable obstacle with regard to de-
veloping novel therapeutic strategies for SNHL. However,
recent findings in studies examining drug delivery systems
using biomaterials and cell therapy demonstrate the efficacy
of these strategies for cochlear drug delivery, which in the
future may contribute to the establishment of novel therapeu-
tic strategies for SNHL.

ACKNOWLEDGEMENTS

This study was supported by a Grant-in-Aid for Regen-
erative Medicine Realization, a Grant-in-Aid for Scientific
Research and a Grant from the 21st Century COE program
from the Ministry of Education, Science, Sports, Culture and
Technology of Japan, and by a Grant-in-Aid for Researches
on Sensory and Communicative Disorders from the Japanese
Ministry of Health, Labour and Welfare,

REFERENCES

m Schuknecht HF Pathology of the ear Cambridge, MA: Harvard
University press; 1974

2] Miller JM, Chi DH, O'Keeffe LJ, Kruszka P, Raphael Y,
Altschuler RA. Neurotrophins can enhance spiral ganglion cell sur-
vival after inner hair cell loss. Int ) Dev Neurosci 1997, 1563143

3] Shinohara T, Bredberg G, Ulfendahl M, e al Neurotrophic factor
interventi ditory function in deafened animals. Proc
Natl Acad Sci USA 2002, 99: 1657-60,

14] Nakagawa T, Kim TS, Murai N, er al. A novel technique for induc-
ing local inner ear damage Hear Res 2003, 176 122.7

151 Cunningham LL, Cheng AG, Rubel EW. Caspase activation in haw
cells of the mouse utricle exposed to neomyein. J Neurosct 2002,
22 853240

[6] Duan ML, Ulfendahl M, Laurell G, et al. Protection and treatment
of sensorineural hearing disorders caused by exogenous factors:

i I find and p ial clinical application. Hear Res

ot e L Lals

2002; 169: 169-78.

(7] Ka K, Ishi S, Minoda R, Brough DE, Raphacl ¥
Math1 gene transfer generates new cochlear hair cells in mature
guinea pigs in vivo. ) Neurosei 2003, 23 4395-400,

(8] fzumikawa M, Minoda R, Kawamoto K, ef al. Auditory hair cell
replacement and hearing improvement by Atchl gene therapy n
deaf mammals. Nat Med 2005; 11: 271-6.

19] Maeda Y, Fukushima K, Nishizaki K, Smith RJ. /n vitro and in
vive suppression of GIB2 exp by RMA interference. Hum
Mal Genet 2005, 14: 1641-1650.

{10)  Angelborg C, Hillerdal M, Hultcrantz E, Larsen HC. The micro-
sphere method for studies of inner ear blood flow. ORL J Otorhino-
laryngol Relat Spec 1998; 50: 355-62.

{1t]  Juhn SK, Rybak LP. Labyrinthine barricrs and cochlear homeosta-
sis. Acta Otolaryngol 1981, 91: 529-534.

[12]  Salt AN, Plontke S. Local inner-car drug delivery and pharmacoki-
netics. Drug Discov Today 2005, 10: 1299- 1306

[13]  Ersner MS. Transtympanic injection of anesthetics for the treat-
ment of Meniére's Syndrome. Arch Otorhinolaryngol 1951, 43-52,

(18]  Schuknecht HF. Ablation therapy for the relief of Meniere’s dis-
ease. Laryngoscope 1956, 66. §59-70

(1s]

(6]

(17

(18]

[19]

(20

21]

(221

123]

[24]

125)

[26]

[27]

(28]

[29]

[30]

31]

(32]

133

[34]

1351

136l
(371

_55_

Nakagawa and Ito

Lange G, Maurer J, Mann W. Long-term results after interval ther-
apy with mtratymy -4 for Meniere's d
scope 2004; 114: 102-5.
Thomsen J, Charabi S, Tos M. Preliminary results of a new deliv-
ery system for gentamicin 1o the wner ear i patients with
Meniere's disease. Eur Arch Otorhinolaryngel 2000, 257: 362-5
Schoendorf J, Neugeb P, Michel O. Continuous intratympanic
s d

Laryngo-

" of g in via a mi in M
Otolaryngol Head Meck Surg 2001; 124: 203-207

Salt AN, Hale SA, Plonkte SK. Perilymph sampling from the co-
chlear apex: a reliable method to obtain higher purity perilymph
samples from scala tympani. ] Neurosci Methods 2006, 153: 121-9
Plontke SK, Salt AN, Simulation of application strategies for local
drug delivery to the inner car. ORL J Otorhinolaryngol Relat Spec
2006, 68: 386-92

Takemura K, Komeda M, Yagi M, ef al. Direct inner ear infusion
of dexamethasone attenuates noise-induced trauma in guinea pig
Hear Res 2004, 196: 58-68.

Lefebvre PP, Staccker H Steroid perfusion of the mner ear for
sudden sensorineural hearing loss after failure of conventional ther-
apy: a pilot study. Acta Otolaryngol 2002; 122: 698-702.

Plontke S, Lowenheim H, Preyer S, ef al. Outcomes rescarch
analysis of continuous intratympanic gl ricoid delivery in pa-
trents with acute severe to profound hearing loss: basis for planning
randomized controlled trials. Acta Otolaryngol 2005, 125 §30-39
Yagi M, Magal E, Sheng Z, Ang KA, Raphael Y. Hair cell protec-
tion  from glycosid icity by adenovirus-mediatcd
overexpression of glial cell line-derived neurotrophic factor. Hum
Gene Ther 1999, 10: 813-23

Staecker H, Li D, O'Malley Jr BW, Van De Water TR. Gene ex-
pression in the mammalian cochlea: a study of multiple vector sys-
tems, Acta Otolaryngol 2001; 121: 157-63.

Luebke AE, Foster PK, Muller CD, Peel AL, Cochlear function and
transgene expression in the guinea pig cochiea, using adenovirus-
and adeno iated virus-di d gene fer. Hum Gene Ther
2001; 12: 773-B1.

Nakaizumi T, Kawamoto K, Mmmoda R, Raphael Y. Adenovirus-
Mediated expression of brain-derived neurotrophic factor protects
SGNs from ic damage. Audiol N tol 2004, 9: 135-143.
Hakuba N, Watabe K, Hyodo J, ef al Adenovirus-mediated over-
expression of a gene prevents hearing loss and progressive inner
hair cell loss after i hlear ischemia in gerbils. Gene Ther
2003, 10: 426-33

Nakagawa T, Ito J. Drug delivery systems for the treatment of
sensorineural hearing loss. Acta Otolaryngol 2007, Suppl 557 30-
5

Arnold W, Senn P, Hennig M, et a/ Novel slow- and fast-type drug

release round-window microimplants for local drug application to

the cochlea: An experimental study in guinea pigs. Audiol Neurotol

2005; 10: 53-63.

Tamura T, Kita T, Nakagawa T, ef a/. Drug delivery to the cochlea

using PLGA nanoparticles. Laryngoscope 2005; 115: 2000-5

Wang J, Ruel J, Ladrech §, ef al. Inhibition of the c-Jun N-terminal

kinasc-mediated mitochondrial cell death pathway restores auditory

function in sound-exposed animals. Mol Pharmacol 2007; 71 654-

66

Endo T, Nakagawa T, Kia T, eral. A novel strategy for treatment

of inner cars using a biodegradable gel. Laryng 2005; 115

2000-5.

Iwai K, Nakagawa T, Endo T, er al. Cochlear protection by local
IGF-1 application using biodeg dable hydrogel. Laryngoscope
2006; 116: 526-33.

Lee KY, Nakagawa T, Okano T, et al. Novel therapy for hearing
loss: Delivery of insulin-like growth factor-1 10 the cochlea using
gelatin hydrogel. Otol Neurotol 2007, 28: 976-81.

Colas A Silicones in pharmaceutical applications. DowComing
Healthcare Industries hll‘p:fhnrww.dowcummg.com.’conwnl!pub—
lishedlit/51-993a-01 pdf

Okada [, Yamamoto M, Heya Y, et al. Drug delivery using biode-
gradable microspheres. J Control Release 1994, 28. 121-9

Niwa T, Takeuchi H, Hino T, Kunou N, Kawashima Y. Preparation
of biodegradabl pheres of water-soluble and insoluble drugs
with D L-lactide/glycolide copolymer by a novel spontaneous
emulsification solvent diffusion method, and the drug release be-
havior. ) Control Release 1993, 25: 89-98.




Local Drug Delivery to Inner Ear for Treatment of Hearing Loss

3]

[39]

(40)

141]

[42)

143

(44]

[45]

146]

[47)

148]

[49]

Young S, Wong M, Tabata Y, Mikos AG. Gelatin as a delivery
vehicle for the controlled release of bioactive molecules. J Control
Release 2005, 109: 256-74.

Kushibiki T, Matsumoto K, Makamura T, Tabata Y Suppression of
wmor metastasis by NK4 plasmid DNA relcased from cationized
gelatin. Gene Ther 2004, 11 1205-14

Fritzsch B, Tessarollo L, Coppola E, Reichardt LF. Neurotrophins
i the ear. thew roles in sensory neuron survival and fiber guidance
Prog Brain Res 2004; 146: 265-78.

Tan I, Rumger L, Panford-Walsh R, e/ al. Tinnitus behavior and
hearing function correlate with the rectprocal expression patterns of
BONF and Argd l/arc in audnory following

wrauma. Neuroscience 2007, 145: 715-26.

Varela-Nieto I, Morales-Garcia JA, Vigil P, er al. Trophic effects
of insulin-like growth factor-I (IGF-I) in the inner ear. Hear Res
2004; 196 19-25

Staecker H, Van De Water TR. Factors controlling haur-cell regen-
cration/repair in the inner ear. Curr Opin Neurobiol 1998; 8: 480-7

Malgrange B, Rigo JM, Coucke P, ef al ldentfication of factors
that mawmtain mammalian outer haw cells i adult organ of Corti
explants. Hear Res 2002; 170: 48.58

Tateya |, Nakagawa T, lguchi F, e al Fate of neural stem cells
grafted into injured inner ears of mice. Neuroreport 2003, 14.
1677-81,

Okano T, Nakagawa T, Endo T, ef a/. Engraftment of embryonic
stem cell-derived neurons into the cochlear modiolus, Neuroreport
2005, 16 1919-22

Iguchi F, Nakagawa T, Tateya |, ef al. Trophic support of mouse
inner ear by neural stem cell transplantation. Neurorepont 2003, 14
77-80

Hakuba N, Hata R, Morizane [, ef al. Neural stem cells suppress the
hearing threshold shift d by hlear ischermia. Neuroreport
2005, 16: 545-9

Yoshida T, Hakuba N, Morizane |, e al. Hematopoietic stem cells
prevent hair cell death after transient cochlear ischemia through
paracrine effects, Neuroscience 2007, 145 923-30.

[30]

[51]

[52]

(53]

(54]

[33]

[56]

(571

(58]

[59]

Current Drug Therapy, 2008, Vol 3, No. 2 147

Shingo T, Date |, Yoshida H, Ohmoto T. Neuroprotective and
restorative effects of intrastriatal grafting of encapsulated GDNF-
producing cells in & ral model of Parkinson's disease. ] Neurosci
Res 2002; 69: 9456-54,

Ostenfeld T, Tai YT, Martin P, Deglon N, Acbischer P, Svendsen
CN. Neurospheres modified to produce glal cell line-derived neu-
rotrophic factor increase the survival of transplanted dopammne neu-
rons. J Neurosci Res 2002, 69: 955-965.

Chopp M, Li Y. Treatment of neural injury with marrow stromal
cells. Lancet Neurol 2002; 1: 92-100

Ohta M, Suzuki Y, Noda T, e/ a/. Bone marrow stromal cells in-
fused nto the cercbrospmal fluid promote functional recovery of
the injured rat spinal cord with reduced cavity formation. Exp Neu-
rol 2004; 187: 266-78.

Naito Y, Nakamura T, Nakagawa T, er al. Transplantation of bone
marrow stromal cells into the cochlea of chinchillas. Neuroreport
2004, 15 14

Sharif 5, Nakagawa T, Ohno T, er al. The potential use of bone
marrow stromal cells for cochlear cell therapy. Neuroreport 2007,
18:351-354

Cejas PJ, Martinez M, Karmally S, ef al Lumbar transplant of
neurons genetically modified to secrete brain-derived neurotrophic
factor attenuates allodynia and hyperalgesia afier sciatic nerve con-
striction, Pain 2000, 86 195-210.

Cao L, Liu L, Chen ZY, et al Olfactory cnsheathing cells genct-
cally modified to secrete GDNF 1o promote spinal cord repair
Brain 2004, 127: 535-49,

Girard C, Bemelmans AP, Dufour N, ef al. Grafts of brain-denived
neurotrophic  factor and  neurotrophin 3 luced pnimate
Schwann cells lead to functional recovery of the demyelinated
mouse spinal cord. ] Neurosci 2005; 25: 7924-33

Okano T, Nakagawa T, Kita T, Endo T, Ito J. Cell-gene delivery of
brain-derived neurotrophic factor to the mouse nner ear. Mol Ther
2006; 14: 866-T1

Received: August 21, 2007

Revised: January 02, 2008

_56_

Accepted: January 11, 2008



BES

111—655

HEM 111: 655-663, 2008

(#1090 B FH REEHESME S > KT 7 4]
BB OMME & 00 S L T8 O i AT

EEHEL RLHEORVWEEERETH), FLOBRENRECHT 28E
EOMHIE/ . ZO0EMIATHEL L ETERT A/ AFERTRFLVE
BMEOMREN DS 225, BMpRE L bk LA WA 7 R0 B 58 13 B A B 78
CEFPEoTWD, BREEBEHMBIMATIMRERRCLERILVLON
H2H, EREACRV OPORBTRIHBEIREZATVE. £OD LD
2, WARLTHFCERZIE 2230w MBS L. WEHOREI,
MBS0 R MM T 5 Z LT AT, W 22O EERARRE
BEGHINAZEAMBETE S, bhbhid, ZoMBICHToMRi: L
T, SAERIEEHEACANEREDES AT ATMBLE. GREELRET
A4 HMIMES PP EFMNSCERL, ARCEREERLIS LT2L0T
B3, BABOBFT (#8287 FF) CHLEEORROHRL LT
SFrR)e—, Bk, EFFOEH (A7FofFe) Fhdr) 2RET2
HERELTHEY) 72— LABCHE L, AE~OEDREICMT 2 H2EEW
B, WSoOhOBPEBRETo. R, EFF A v 2R
EFLHBMRETAATCRRT A LA TE, GHNYRTRETL LN
Fahs. BY XV a-LiEEHVAFETE, FRIVMMEEHE LY F
H 4 v OBER~OGRICED LT, €3F RN —2RVEAE~DA X2
DU REREERT 1 £51, IRASEAEREZMAHOEOREZAZORK
BAET, AF04 FEOeMEEREE T o8 1 -THEREBEZT- T
wh, S, BEREAESOIEDS EERIC, NEBELENY LBRED
MERFES RT3 SEOHARRL RO TV E, Fo2EEFRBERMEY

x—0—F: BREEE, EAT €372, EWERE BRER
Keywords: Sensorineural hearing loss, Round window,
Gelatin, sustained release, Clinical trial

Pl Rz
R OREMBIS
R KF R REEH A
B SOOGS0 4
BAERIC 1 BB CREL.
@LBK

EEREEI, RLHEOHEVSERENDE2TH
5 BEREELANVOBEBEEEINIAADD, 65
FEULEOWBEDN%IIRZALPOBRTRENELET
B2EERTWS, LaLids, —BBELA-EHET
LEYHERL. BhoBLR, BEBREECBVT
REOZVHRLPLFOHAIHROBHLERL, %
HEBEI L TOHAEFEEL L TRERBELL
ARtk BE, UEBEREICHLTRE,

_57_

ATHEREAvbRA LI 2D, SRAMROR
ViEMEE LTHESATVvA. ATAETHLIDE
Hit, BRCEEL DL VREZLOTHLY, 0
HEEIHFELA TS L) T L3, BEREN
EFEORICS 2 2EBFCPEREVLOPERRLT
w3, BiETR, —BEELABERECHTAERE
LTIk, RESCAIAEZCORTFRACESSILY
v, SREERELEDTLBREFREINTIA)
REMEFZ LWL, TOFKCHTIBEORD,



