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Abstract

Inner ear sensory cells are very susceptible to injuries
and recovery after damage is very difficult. Recently sev-
eral drugs including neurotrophic factors have been re-
ported to protect against inner ear injury. The purpose
of this experimental study is to find new methods for ap-
plying drugs to the inner ear that effectively protect
against inner ear damage. Biodegradable hydrogel was
used as a carrier for application of brain-derived neuro-
trophic factor (BDNF) into the inner ear of guinea pigs
through the round window membrane. After application
of BDNF the number of surviving spiral ganglion neu-
rons increased following injury of inner ear hair cells and
spiral ganglion neurons by ototoxic treatment. This re-
sult indicates that BDNF provides effective protection
against inner ear damage and that biodegradable hydro-
gel is useful for application of drugs to the inner ear.
- Copyright © 2005 S. Karger AG, Basel

introduction

There are more than 300,000 deaf or highly hearing-
impaired subjects in Japan. To provide effective treat-
ment for this population is a great challenge in the field
of otolaryngology. A major problem of developing thera-
peutic strategies for the treatment of inner ear diseases
such as sensorineural hearing loss is the difficulty of ap-
plication of effective drugs to the inner ear. One possible
reason for this difficulty is limited blood supply to the in-
ner ear and another is limited transportation of molecules
from blood to inner ear tissues as well as to the brain.
Sustained delivery of therapeutic molecules is another
critical issue for the treatment of inner ear damage, be-
cause bioactive molecules usually require a certain dura-
tion for their pharmacological actions.

Neurotrophic factors or some other chemicals protect
inner ear hair cells and spiral ganglion neurons (SGNs)
from ototoxic drugs and aging [, 2]. However, no viable
way to apply drugs to the inner ear is established [3].
There are some reports describing the use of an osmotic
mini-pump, but it requires middle and inner ear surgery.
The use of virus vectors for drug application is also an
effective way, however, the risk of virus toxicity is still a
major problem for clinical use.
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Fig. 1. Concentrations of BDNF in the peri-
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The purpose of this study is to establish an effective
drug delivery system for the inner ear. In this study we
used biodegradable hydrogel as a carrier of therapeutic
drugs [4]. Biodegradable hydrogel is made from ordinary
hydro-gelatin. Biodegradable hydrogel is made from por-
cine skin type I collagen and is cationized by ethylenedi-
amine and carbodiimide hydrochloride salt. Biodegrad-
able hydrogel is harmless and the velocity of drug release
as well as the drug concentration can easily be controlled.
As there is no need for an extracorporeal device, it is al-
ready clinically used in the fields of bone regeneration and
cartilage regeneration [5].

The aim of this study is to confirm the permeability of
a neurotrophic factor (in this study we used brain-derived
neurotrophic factor, BDNF) using biodegradable hydro-
gel through the round window membrane (RWM) and to
estimate the protective effect of BDNF to the inner ear
against ototoxic treatments using biodegradable hydro-
gel.

Materials and Methods

Experiment 1: Assessment of the Permeability of BDNF Using

Biodegradable Hydrogel through RWM

Adult guinea pigs served as experimental animals. They were
divided into three expcrimental groups. In the BDNF-hydrogel
group, a piece of biodegradable hydrogel immersed in 84 pg BDNF
was placed on the RWM. In another group, the same amount of
BDNF was directly injected into the perilymph through the RWM.
In the control group hydrogel immersed in physiologic saline was
placed on the RWM. Three or 7 days postoperatively, BDNF con-
centration in the perilymph was measured by ELISA.

Drug Application to the Inner Ear

Experiment 2: Assessment of SGN-Protective Effect of

Biodegradable Hydrogel Immersed in BDNF

Adult guinea pigs deafened by kanamycin (400 mg/kg, i.m.)and
ethacrynic acid (25 mg/kg, i.v.) were used as experimental animals.
Protective effects of SGNs against ototoxic treatments were inves-
tigated histologically and functionally. Histological analysis was
performed by counting the number of SGNs in mid-modiolus fro-
zen sections. Functional assessment was performed using electri-
cally stimulated auditory brain stem response (EABR). On day 0,
ototoxic drugs were applied. On day 18, hydrogel with BDNF was
placed on the RWM. EABR was measured on days 21 and 24.

Results

Experiment 1: Assessment of the Permeability of

BDNF Using Biodegradable Hydrogel through RWM

BDNF concentrations in the perilymph of BDNF-hy-
drogel animals 3 and 7 days after drug application, of
animals receiving a single BDNF injection and of non-
treated animals are shown in figure 1. High concentra-
tions of BDNF in the perilymph were detected in the
BDNF-hydrogel group, whereas very little BDNF was de-
tected in the direct injection or control groups. Differ-
ences in BDNF concentrations of the perilymph between
control and hydrogel groups, and between direct injection
and hydrogel groups are significant. Biodegradable hy-
drogel permits the sustained delivery of BDNF into the
inner ear.
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Fig. 2. Histological evaluation of the degeneration of SGNs in each turn of the cochlea 7 days after treatment with
a hydrogel immersed in a BDNF solution or physiological saline alone. Hematoxylin-cosin staining.

Experiment 2: Assessment of Protective Effect
mA 2 Control [ BDNF on SGNs against Ototoxic Treatments Using
1,400 Yo <005 Biodegradable Hydrogel through RWM
1,200 : Figurc 2 shows the histological evaluation of SGN de-
1,000 - generation in each turn of the cochlea 7 days after treat-
800 4f g L E ment with a hydrogel immersed in BDNF solution or
600 L physiological saline alone. There are significant differ-
ences in the number of surviving SGNs between control
(saline) and BDNF groups in each turn. Degencration of
cells in Roscnthal’s canal is apparent in control specimens
5 days after compared with BDNF specimens. Figure 3 shows the
numbers of surviving SGNs per unit arca. There arc sig-
nificant differences between both groups. However, in the
Fig. 3. Functional assessment of protective basal turn, the differences between both groups are very
effects of BDNF application by hydrogel us- small.
EEB%\?]&C;&C d?&t‘xgi ggg;ra;;%n;a)f F}mcFional assessment of proFcctivc eﬁ“ccts' of BDNF
line groups is significant 3 and 5 days after application by the hydrogel against consecutive degen-
BDNF application. eration of SGNs was estimated by EABR. The difference
in alteration in EABR thresholds between the BDNF and
control (saline) groups is significant.

400 -
200 e

3 days after
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Discussion

Efforts to reduce inner ear damage, especially to inner
ear hair cells and SGNs, will result in the recovery from
sensorineural hearing disturbance and balance disorders.
How to deliver drugs to the inner ear has been a major
problem in the development of treatments for inner ear
degeneration. The systemic application of drugs may be
associated with side effects. The blood-inner ear barrier
inhibits the transport of drugs from the serum to the in-
ner ear [3]. The inner ear tissues are isolated from the
surrounding organs by a bony construction, which makes
drug application to the inner ear difficult. The inner ear
is connected to the middle ear cavity by the RWM, and
drug application through the RWM has therefore been
considered as a possible route of drug application.

Some neurotrophic factors have been reported to pro-
tect against inner ear damage [1, 3]. To apply these chem-
icals to the inner ear an osmotic mini-pump [6] or a gene
transfer method [7] by virus vectors was used. An osmot-
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