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Abstract
Novel drug release microimplants (0.8 ! 1.14 mm; cus-
tom-made by Leiras, now Schering OY, Finland) of slow-
and fast-release types containing either 0.9 mg beclo-
methasone or no drug at all were placed unilaterally onto
the round-window membrane (RWM) of 45 guinea pigs
for a maximum duration of 28 days. The following
parameters were tested on days 1, 14 and 28 after
implantation: threshold levels of beclomethasone in the
perilymph of the scala tympani, auditory brain stem
responses (ABR thresholds and ABR threshold shifts),
RWM morphology and hair cell loss (cytocochleograms).
None of the animals in the non-implanted control group
(n = 5) or placebo implant group (n = 15), but all animals
in the slow-release-type implant group (n = 15) and fast-
release-type implant group (n = 15) revealed the pres-
ence of beclomethasone on day 1 (34.9 and 64.3 pg/Ìl,

respectively), day 14 (43.8 and 46.9 pg/Ìl, respectively)
and day 28 after implantation (4.7 and 60.5 pg/Ìl, respec-
tively). Histology of the RWMs appeared normal, and
cytocochleograms revealed no inner hair cell loss and
outer hair cell loss within normal ranges (from 0.5 B 0.4
to 0.8 B 0.2% per cochlea) in both ears in all experimen-
tal groups at any time during examination (days 1, 14
and 28). Initial values of ABR thresholds at 3, 6, 9 and
12 kHz did not differ significantly in any of the experi-
mental groups. In non-implanted controls, no significant
differences of ABR thresholds were observed in all fre-
quencies tested in either ear on days 1, 14 and 28 com-
pared to initial values, and ABR threshold shifts ranged
from –3 B 5 dB (min.) to +5 B 7 dB (max.). On day 28
after implantation, there were no significant differences
of ABR threshold shifts between this and the implant
groups, except for 6 kHz of the slow-release device.
Therefore, the placebo implants, the slow-release and
the fast-release beclomethasone implants appear suit-
able for further experiments.
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Introduction

There has recently been increasing interest in local
drug delivery systems to the inner ear to achieve efficient
therapeutic drug concentrations in cochlear tissues and to
minimize or even obviate systemic side-effects. Of the
various methods used, such as transtympanic injections
or placement of a small drug-absorbing MicroWick [Sil-
verstein, 1999] through a ventilation tube, drug-soaked
gelfoam pledgets [Husmann et al., 1998] or fibrin-based
sustained-release vehicles [Hoffer et al., 1997, 1999,
2001; Balough et al., 1998] placed onto the round-window
membrane (RWM), osmotic pumps [Brown et al., 1993;
Prieskorn and Miller, 2000] or bone-anchored totally
implantable drug delivery systems [Lehner et al., 1997;
Praetorius et al., 2001] connected with a microcatheter
placed in the RW niche allow stable continuous or on-
demand delivery of drugs penetrating the RWM [for a
recent review, see Jackson and Silverstein, 2002]. In
humans, however, transtympanic endoscopy, i.e. the use
of a microendoscope [Plontke et al., 2002] and, if neces-
sary, surgical removal of tissue overlying the RWM, is
mandatory to achieve drug penetration through the
RWM. According to studies in temporal bones [Nomura
et al., 1983; Nomura, 1984; Proctor et al., 1986; Alzamil
and Linthicum, 2000] and direct observation in vivo [Sil-
verstein et al., 1997], the RW niche is completely covered
by an extraneous (false) RWM (known as the RW niche
membrane) in 13–21% and partially covered by a perfo-
rated RW niche membrane in 57% of all patients.

In the present study, novel sustained-release vehicles
consisting of two types of siloxane-based polymers which
differ in the daily release rate of the active ingredient (cus-
tom-made by Leiras, now Schering OY, Finland) were
placed unilaterally onto the RWM of 45 guinea pigs. The
slow- and fast-type drug release microimplants and the
microimplants containing no drug at all (placebo im-
plants) remained in vivo for a maximum of 28 days. The
size of the microimplants (0.8 ! 1.14 mm) was chosen
according to quantitative anatomical data of the RW
niche and membrane in guinea pigs [Fernandez, 1952;
Nomura et al., 1983; Nomura, 1984; Ghiz et al., 2001].
The microimplants were filled with the beclomethasone
glucocorticoid for the following reasons:

In vitro permeation tests performed by Leiras (now
Schering) had previously shown that the release of beclo-
methasone from cylindrical implants of 5 mm length and
1.2–1.5 mm diameter was 15–20 Ìg per day for the low-
dose or slow-release-type device and approximately 50 Ìg
per day for the high-dose or fast-release-type implants.

Compared to the endogenous cortisol, the relative anti-
inflammatory potency of dexamethasone or beclometha-
sone and prednisolone glucocorticoids is 25 and 4, respec-
tively [Schimmer and Parker, 1996]. The duration of
action (i.e. the biological half-life) of cortisol is 8–12 h,
whereas dexamethasone, beclomethasone and predniso-
lone have long-term effects (36–72 h biological half-life)
[Schimmer and Parker, 1996]. Since prednisolone is not
stable for more than 48 h at 37°C, it is not suitable for use
in implanted long-term drug delivery systems [personal
information, Merck KgaA, Germany].

After only a single application to the RWM, glucocorti-
coids were found to penetrate into the perilymph and
endolymph in guinea pigs [Parnes et al., 1999; Chandra-
sekhar et al., 2000; Chandrasekhar, 2001; Bachmann et
al., 2001].

Experimental and clinical studies on the therapeutic
effect of systemic or intratympanic application of gluco-
corticoids in various inner ear diseases and tinnitus are
promising [Lamm and Arnold, 1998, 1999a, b; Lamm et
al., 1998].

The following parameters were tested in both ears on
days 1, 14 and 28 after unilateral implantation: beclo-
methasone threshold levels in the perilymph of the scala
tympani, auditory brain stem responses (ABR thresholds
and ABR threshold shifts), RWM morphology and hair
cell loss (cytocochleograms).

Material and Methods

Subjects
A total of 50 pigmented male guinea pigs were used (Charles Riv-

er WIGA GmbH, Sulzfeld, Germany) that weighed between 270 and
370 g and exhibited normal Preyer’s reflexes. The study was per-
formed in accordance with the PHS Policy on Human Care and Use
of Laboratory Animals, the NIH Guide for the Care and Use of Labo-
ratory Animals and the Animal Welfare Act (NIH Publication No.
86-23, revised 1985). The protocol permitting the use of animals was
approved by the Government of Oberbayern (Munich) in accordance
with the Animal Welfare Act (BGBI I, revised 5-25-1998) on March
21, 2002 (protocol No. 209.1/211-2531-16/02).

Anaesthesia and Analgesia
The animals were anaesthetized according to Erhardt et al. [2002]

by intramuscular injection of a mixture containing 0.025 mg/kg fen-
tanyl (Fentanyl® 0.5 mg, Curamed Pharma), 1.0 mg/kg midazolam
(Midazolam-Ratiopharm® 15 mg/3 ml, Ratiopharm) and 0.2 mg/kg
medetomidine (Domitor®, Pfizer). The anaesthesia was antagonized
according to Erhardt et al. [2002] by a subcutaneous injection of a
mixture containing 0.03 mg/kg naloxone (Naloselect® 0.4 mg/ml,
Pharmaselect), 0.1 mg/kg flumazenile (Anexate® 0.5, Roche) and
1 mg/kg atipamezole (Antisedan®, Pfizer). The animals were anal-
gized 4 days postoperatively by peroral administration of 0.2 ml
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Fig. 1. a Microimplant (0.8 ! 1.14 mm,
custom-made by Leiras) containing no drug
(placebo implant) placed onto the RW in
vivo. b A slow-release beclomethasone im-
plant. c A placebo implant after removal of
the temporal bone on day 28 after implanta-
tion. Arrows indicate the burr hole in the lat-
eral wall of the scala tympani made in order
to sample perilymph before decapitation.

metamizol sodium (Novaminsulfon-Ratiopharm® 500 mg/1 ml, Ra-
tiopharm). Prophylaxis against infection was given intraoperatively
and on the 1st postoperative day by administering enrofloxacin
(7 mg/kg, Baytril® 2.5%, Bayer) as a broad-spectrum antibiotic.

Surgery and Preparation
Core temperature was maintained at 37.5°C using a heated blan-

ket and infrared lamp. It was monitored using a rectal probe linked to
a thermal sensor and universal monitor (Vicom SMU 612, Hellige).
The electrocardiogram (ECG) was recorded continuously on the uni-
versal monitor (Vicom SMU 612, Hellige).

After local anaesthesia using 0.25 ml mepivacaine (Mecain® 1%,
Curasan), the right bulla was exposed and opened via a retro-auricu-
lar approach under an operation microscope (Universal S2, Zeiss).

The bony limb above the RW niche was carefully removed in order
to gain free access to the RWM. Once the microimplant (see the fol-
lowing section) had been placed carefully onto the RW (fig. 1a–c), the
bulla was surgically closed.

Slow- and Fast-Type Drug Release Microimplants
The slow- and fast-type drug release microimplants 0.8 mm in

length and 1.14 mm in diameter (custom-made by Leiras, now Sche-
ring) consist of two types of siloxane-based polymers which differ in
their daily release rate of active ingredient. The microimplants con-
tained either 0.9 mg beclomethasone or no drug at all (fig. 1a–c). In
vitro permeation tests performed by Leiras had previously shown
that the release of beclomethasone from cylindrical implants of 5 mm
length and 1.2–1.5 mm diameter was 15–20 Ìg/day for the slow-
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release device and approximately 50 Ìg/day for the fast-release
device.

Evaluation of Auditory Function
Acoustic stimulation and measurements of ABRs were per-

formed using an electrophysiological recording system (ZLE-System-
technik) in an electrically shielded, sound-proof chamber (Industrial
Acoustics Company) according to the method proposed by Steinhoff
et al. [1995]. The stimuli (1.2-ms tone bursts with a rise and fall time
of 0.2 ms each) that exist as a list in the memory of the 2-channel
stimulator (UST/040, ZLE-Systemtechnik) were emitted via a 14-bit
DAC at a rate of 85 kHz. Two ER-2 microphones (Etymotic
Research) connected to a silicone tube 1 mm in diameter and 26 cm
in length were used as the electroacoustic transducer. The distal ends
of the tube were positioned in the entrance to the auditory canals on
both sides. The bilateral deviation was derived using needle elec-
trodes placed subcutaneously over the vertex (+) and mastoid process
(–). The reference electrode was attached to the right rear extremity.
The electrodes were connected to the measuring instrument via an
electrode connector box featuring integrated electrode impedance
measurement (EB 100-4, ZLE-Systemtechnik). The dual-channel
data acquisition system (DAS 100/16, ZLE-Systemtechnik) regulated
the stimulus response amplification controlled by the measuring pro-
gramme, the signal filter and analog-digital conversion. Whereas
supraliminal potentials were recorded in 10-dB steps, near-threshold
potentials were recorded in 5-dB steps. The stimulus response thresh-
olds were detected for the following frequencies: 3, 6, 9 and 12 kHz.

Qualitative and Quantitative Assays of Beclomethasone in the
Perilymph
At the conclusion of the experiments, a small hole was burred in

all animals 2–3 mm below the RWM on each side in order to sample
10 Ìl of perilymph using a reference pipette (Eppendorf, Germany)
connected to a microloader of 0.5–20 Ìl volume (Eppendorf). Sam-
ples were centrifuged at 13000 g for 2 min (5415 C, Eppendorf), filled
in PCR tubes (FT PP 0.2 ml, Treff Lab, Switzerland) and stored at
–80°C.

The qualitative (present or not) and quantitative assays of
beclomethasone in the perilymph samples were performed by As-
ter Cephac (Saint-Benoît, France) using liquid chromatography-
mass spectrometry. The high-performance liquid chromatography
(HPLC) system consisted of a 200 series autosampler (Perkin-Elmer,
Foster City, Calif., USA) and a Zorbax Eclipse XDB C18, 3.5-Ìm
column (Agilent technologie, Massy Palaiseau, France). The mobile
phase was a mixture of methanol/water that was supplied at a flow
rate of 1 ml/min at room temperature. Mass spectrometry determi-
nation was carried out using an API-365 triple-quadruple instrument
(Sciex, Concord, Canada), equipped with a heated nebulisator
source. Nitrogen was employed as auxiliary and nebuliser gas. The
system was monitored by a personal computer running on a analyst
1.1 software. The chemicals used (beclomethasone and internal stan-
dard dexamethasone) were supplied by Sigma (Isle d’Abeau, France).
Methanol and HPLC-grade water were purchased from Merck (No-
gent-sur-Marne, France) and BDH (Chelles, France), respectively.
Standard solutions were prepared by diluting beclomethasone and
dexamethasone in methanol. Since it was difficult to obtain a blank
matrix of perilymph samples, human cerebrospinal fluid was chosen
to prepare the blank, negative samples and positive samples. The
limit of detection was set at 2.25 pg/Ìl. Two calibration curves from
2.25 to 900 pg/Ìl were added before and after the study samples to

estimate the beclomethasone concentration in the event of positive
identification.

Since the implants were not exactly of the same size and therefore
would not contain exactly the same quantities of beclomethasone, the
assay had not been validated, and only a threshold level was defined.
Conclusions on the exact concentration levels can therefore not be
drawn.

Histology of the RWM and Cytocochleograms
After perilymph sampling, the anaesthetized animals were decap-

itated and the temporal bones removed. For histological examina-
tions of the RWM, the cochleae were fixed in 4% formaldehyde with
0.1% glutaraldehyde, decalcified with 10% EDTA, dehydrated (Hy-
percenter XP, Shandon), embedded in paraffin wax (Tissue-Tek II,
Vogel), sliced into a series of sections 5 Ìm thick using a microtome
(HM 355, Microm), stained with haemalum-eosin and examined
under a light microscope (Axiovert 135 TV, Zeiss).

For cytocochleograms, the organs of Corti were prepared accord-
ing to the method proposed by Canlon and Fransson [1995] and then
microsected into 8 regions. The specimens were rinsed with 0.01 M
PBS, permeabilized with 0.3% Triton X-100 for 10 min, rinsed again
with PBS and then incubated with rhodamine-phalloidin (TRITC
1:50, Molecular Probes) for 50 min. Inner and outer hair cell loss was
calculated in each specimen using a fluorescence microscope (Axio-
vert 135 TV, Zeiss) equipped with a CCD camera (AT 200, Photo-
metrics Ltd., USA) connected to image-processing software (3.0,
PMISTM, USA).

Experimental Groups and Time Schedule for Data Collection
The animals were divided into four experimental groups: (1) the

non-implanted controls (group 1, n = 5); (2) the placebo implant
group (group 2, n = 15) received microimplants containing no drug;
(3) the slow-release beclomethasone implant group (group 3, n = 15)
received the slower-release microimplant containing 0.9 mg beclo-
methasone; (4) the fast-release beclomethasone implant group (group
4, n = 15) received the faster-release microimplant containing 0.9 mg
beclomethasone.

The implant groups (groups 2–4) were subjected to ABR mea-
surement 1 day pre-operatively (to establish initial values) and post-
operatively on days 1, 14 and 28. The same procedure was used for
the non-implanted control group (group 1) as well. Perilymph sam-
ples were taken postoperatively from 5 animals each in the implant
groups (groups 2–4) on days 1, 14 and 28. Histological examination
of the RWM was performed postoperatively on days 1, 14 and 28 in
3 animals each and cytocochleograms in 2 animals each of the
implant groups (groups 2–4). In the case of the non-implanted con-
trol group (group 1), perilymph was sampled on day 28, and 3 ani-
mals were prepared for histological examination of the RWM, while
2 animals were prepared for cytocochleograms.

Statistical Analysis
In a first step, descriptive statistics – means, standard deviations

(SDs), median, range – were calculated for all parameters of interest
and all factors involved. Secondly, inductive statistics were per-
formed separately for the levels of beclomethasone and ABRs. The
following non-parametric analyses were performed for the levels of
beclomethasone: (1) exact Kruskal-Wallis test to compare the four
groups (controls, placebo, slow, fast) for each time point (day 1, 14,
28). In case of significant differences (p ! 0.05 – no alpha correction
was performed, as different animals were considered for each time
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point) we continued by (2) pairwise comparisons using the exact Wil-
coxon test for unpaired samples. Here a Bonferroni correction was
used to adjust for the multiple test situation.

The significance of the differences in ABR thresholds of the non-
implanted control group was tested as follows: values for each fre-
quency on days 1, 14 and 28 were compared to initial values using
the paired Student’s t test. Initial values of mean ABR thresholds for
each frequency and both ears of the four groups were compared using
one-way analysis of variance (ANOVA). For ABR threshold shifts,
we performed a multifactorial ANOVA, using the factors group (4
levels, groups 1–4), side (2 levels: right/left), frequency (4 levels: 3, 6,
9, 12 kHz) and time (3 levels: day 1, day 14, day 28). In addition, the
groups were compared for each of the remaining 24 factor combina-
tions starting with an overall exact Kruskal-Wallis test. In case of
significant differences (p ! 0.05) pairwise comparisons were per-
formed using the exact Wilcoxon test.

The means and SDs were calculated for inner and outer hair cell
loss in each experimental group for each of the 8 cochlear regions at
the times indicated in the preceding section. Groups were compared
using one-way ANOVA.

The histological findings of the RWM in each experimental group
at the examination times were described qualitatively.

All calculations were performed using the software package
SPSS®, version 11.0.

Results

Qualitative and Quantitative Assays of
Beclomethasone in the Perilymph
No beclomethasone was detected in the perilymph

samples at any time during sample collection in any co-
chleae in the non-implanted control group (group 1) or
placebo implant group (group 2).

Beclomethasone was detected qualitatively in the peri-
lymph samples drawn from the implanted (right) ear on
days 1, 14 and 28 in all but 1 animal in the slow-release
beclomethasone implant group (group 3) and in all ani-
mals in the fast-release beclomethasone implant group
(group 4). No beclomethasone was detected on day 28 in 1
of the 5 animals provided with the slow-release device.

Individual perilymphatic beclomethasone levels
ranged on day 1 after implantation from 16.6 pg/Ìl (min.)
to 262 pg/Ìl (max.) in group 3, and from 43 pg/Ìl (min.) to
193 pg/Ìl (max.) in group 4. Similarly, on day 14 after
implantation, data ranged from 2.9 pg/Ìl (min.) to 101
pg/Ìl (max.) in group 3, and from 7.6 pg/Ìl (min.) to 121
pg/Ìl (max.) in group 4. The largest variation was ob-
tained on day 28 after implantation, when data ranged
from 0.0 pg/Ìl (min.) to 172 pg/Ìl (max.) in group 3, and
from 10.3 pg/Ìl (min.) to 731 pg/Ìl (max.) in group 4.

Means, SDs and medians are listed in table 1.
Comparing the concentration of beclomethasone with-

in the four groups for each time point there were signifi-

Table 1. Beclomethasone threshold levels (pg/Ìl)

Day 1 Day 14 Day 28

Slow-release implant
n 5 5 5
Mean 83.8 43.0 40.4
SD 101.9 40.7 74.0
SE 45.6 18.2 33.1
Median 34.9 43.8 4.7
Minimum 16.6 2.9 0.0
Maximum 262.0 101.0 172.0

Fast-release implant
n 5 5 5
Mean 90.5 57.8 286.1
SD 60.6 45.5 350.7
SE 27.1 20.3 156.8
Median 64.3 46.9 60.5
Minimum 43.0 7.6 10.3
Maximum 193.0 121.0 731.0

Mean values, SD, standard errors (SE), median values and mini-
mum and maximum values of beclomethasone threshold levels in the
perilymph of the scala tympani on day 1, 14 and 28 after implanta-
tion of the slow-release beclomethasone implant (group 3) and of the
fast-release beclomethasone implant (group 4). n = Number of sam-
ples.

cant differences on all days (day 1: p = 0.001, day 14: p =
0.001, day 28: p ! 0.0001). According to the pairwise
comparisons on days 1 and 14 there were significant dif-
ferences between groups 4 and 2 and between groups 3
and 2 (border = 0.05/3; p = 0.008). On day 28 there were
significant differences between groups 4 and 2 (border =
0.05/6; p = 0.002) and between groups 4 and 1 (border =
0.05/6; p = 0.008).

No beclomethasone was detected in the perilymph of
the contralateral non-implanted (left) ear except for 1 ani-
mal in group 3 on day 28. The value in this case amounted
to 2.9 pg/Ìl; however, this was only slightly above the
detection limit (2.25 pg/Ìl).

Histology of the RWM and Cytocochleograms
The RWM of all implanted animals appeared histolog-

ically normal on days 1, 14 and 28 after implantation, as
was seen in the non-implanted control group on day 28
(fig. 2a–d). There were no signs of any defects, scars or
inflammatory tissue changes with subsequent membrane
thickening due to the implantation. However, all mi-
croimplants were encapsulated by a thin mucous layer
(fig. 2c, d).
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Fig. 2. Histological findings of the RWM in non-implanted controls
(a), 28 days after implantation of the microimplants containing no
drug (b), 28 days after implantation of the slow-release beclometha-
sone implant (c) and 28 days after implantation of the fast-release
beclomethasone implant (d). There were no signs of any defects,
scars or inflammatory tissue changes with subsequent membrane
thickening. All microimplants, however, were encapsulated by a thin

mucous layer (arrows). e Normal cytocochleogram of 1 out of 8 co-
chlea specimens corresponding to the 12- to 5-kHz region obtained
from a non-implanted control animal on day 28. The arrow indicates
1 lost outer hair cell in the second row (OHC-2), while no inner hair
cells (IHC) were missing. Similar results were obtained in both ears
in all experimental groups at any time during examination (days 1,
14 and 28).
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Fig. 3. Mean (BSD) frequency-specific (3,
6, 9 and 12 kHz) ABR threshold shifts (dB)
in non-implanted controls (group 1, n = 5) on
days 1, 14 and 28 compared to initial values.
Compared to the slow-release beclometha-
sone implant (group 3) there were significant
differences of ABR threshold shifts for 9 kHz
on day 1 (p = 0.006) and for 6 kHz on day 28
(p = 0.024) (fig. 5). Compared to the fast-
release beclomethasone implant (group 4)
there were significant differences of ABR
threshold shifts for 6 kHz on day 28 (p =
0.044) (fig. 6). For absolute initial values of
ABR thresholds, see the Results.

The cytocochleograms obtained from the right cochlea
revealed no inner hair cell loss and a mean outer hair cell
loss of 0.8 B 0.2% in the non-implanted control group
(group 1), of 0.7 B 0.8% in the placebo implant group
(group 2), of 0.5 B 0.4% in the slow-release beclometha-
sone implant group (group 3) and of 0.5 B 0.3% in the
fast-release beclomethasone implant group (group 4) in all
of the 8 cochlear specimens corresponding to the regions
of 126 kHz, 26–12 kHz, 12–5 kHz, 5–3 kHz, 3–1.5 kHz,
1.5–0.8 kHz, 0.8–0.4 kHz and !0.4 kHz on day 28
(fig. 2e). There was no statistically significant difference
between the right and left cochleae in any of the experi-
mental groups at each time of collection. Similarly, there
were no statistically significant differences between data
obtained from group 1 on day 28 compared to that
obtained from group 2, group 3 and group 4 on day 1, 14
and 28 after implantation.

ABR Thresholds and ABR Threshold Shifts
Initial Values of ABR Thresholds. Initial values of

mean ABR thresholds obtained from the right ear in the
non-implanted control group (group 1) were 26 B 4 dB
SPL at 3 kHz, 26 B 7 dB SPL at 6 kHz, 20 B 5 dB SPL at
9 kHz and 26 B 7 dB SPL at 12 kHz. There was no signif-
icant difference compared to the values obtained on days
1, 14 and 28 in this group. In the placebo implant group
(group 2), initial values of mean ABR thresholds obtained
from the right (implanted) ear were 27 B 10 dB SPL at
3 kHz, 24 B 7 dB SPL at 6 kHz, 21 B 9 dB SPL at 9 kHz
and 27 B 8 dB SPL at 12 kHz. In the slow-release beclo-
methasone implant group (group 3), ABR thresholds were

24 B 5 dB SPL at 3 kHz, 23 B 6 dB SPL at 6 kHz, 21 B
6 dB SPL at 9 kHz and 24 B 4 dB SPL at 12 kHz, and in
the fast-release beclomethasone implant group (group 4)
data averaged 29 B 4 dB SPL at 3 kHz, 27 B 7 dB SPL at
6 kHz, 19 B 6 dB SPL at 9 kHz and 24 B 7 dB SPL at
12 kHz.

There was no significant difference of initial ABR
thresholds between all four groups and between the right
and left ears for all frequencies tested.

ABR Threshold Shifts. In the non-implanted control
group (group 1) mean ABR threshold shifts (difference
between initial values to those obtained on days 1, 14 and
28) varied in the right ear in all frequencies tested from
–2.5 B 5 dB SPL (min.) to +5.0 B 7 dB (max.) (fig. 3), in
the placebo implant group (group 2) from –3.3 B 3 dB
(min.) to +10.6 B 14 dB (max.) (fig. 4), in the slow-release
beclomethasone implant group (group 3) from +7.2 B
11 dB (min.) to +17.5 B 9 dB (max.) (fig. 5) and in the
fast-release beclomethasone implant group (group 4) from
+1.4 B 11 dB (min.) to +9.1 B 14 dB (max.) (fig. 6).

Only 17 (out of 52) animals with a complete set of
observations could be included in the multifactorial
ANOVA. Here the side (right vs. left) turned out to be a
significant (p = 0.029) factor. In addition, there was a sig-
nificant (p ! 0.0001) difference between the four groups.
Comparing the groups with an exact Kruskal-Wallis test,
the following factor combinations resulted in a significant
difference between the four groups: 6 kHz, right side, day
28 (p = 0.009, exact)/9 kHz, right side, day 1 (p = 0.033 –
asymptotic only due to memory limitations of the PC). In
the pairwise comparisons, significant differences could be
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Fig. 4. Mean (BSD) frequency-specific (3,
6, 9 and 12 kHz) ABR threshold shifts (dB)
on days 1 (n = 15), 14 (n = 10) and 28 (n = 5)
after implantation of the microimplants con-
taining no drug at all (placebo implants,
group 2). There was no significant difference
of ABR threshold shifts between this and the
other groups, except for 6 kHz on day 28
after implantation of the slow-release device
(fig. 5). For absolute initial values of ABR
thresholds, see the Results.

Fig. 5. Mean (BSD) frequency-specific (3,
6, 9 and 12 kHz) ABR threshold shifts (dB)
on days 1 (n = 15), 14 (n = 10) and 28 (n = 5)
after implantation of the slow-release be-
clomethasone implant (group 3). Compared
to the non-implanted controls (group 1)
there were significant differences of ABR
threshold shifts for 9 kHz on day 1 (p =
0.006) and for 6 kHz on day 28 (p = 0.024).
Compared to the placebo implants (group 2)
there were significant differences of ABR
threshold shifts for 6 kHz on day 28 (p =
0.005). For absolute initial values of ABR
thresholds, see the Results.

Fig. 6. Mean (BSD) frequency-specific (3,
6, 9 and 12 kHz) ABR threshold shifts (dB)
on days 1 (n = 15), 14 (n = 10) and 28 (n = 5)
after implantation of the fast-release beclo-
methasone implant (group 4). Compared to
the non-implanted controls (group 1) there
were significant differences of ABR thresh-
old shifts for 9 kHz on day 1 (p = 0.044). For
absolute initial values of ABR thresholds,
see the Results.
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seen at 6 kHz on day 28 on the right side between the
non-implanted control group and the slow-release be-
clomethasone implant group (p = 0.024) and between the
placebo implant group and the slow-release beclometha-
sone implant group (p = 0.005). In addition, significant
differences could be seen at 9 kHz on day 1 on the right
side between the non-implanted control group and the
fast-release beclomethasone implant group (p = 0.044)
and between the non-implanted control group and the
slow-release beclomethasone implant group (p = 0.006).

Discussion

Compared to previous methods used to apply drugs to
the RWM as described in the Introduction, the novel drug
release RW microimplants presented here have major
advantages both for short-term and for prolonged treat-
ment regimens. Surgical intervention (tympanotomy) is
minor, placing the microimplant into the RW niche is
easy, the tympanic membrane is not perforated, and tech-
nical problems, such as change of position or obliteration
of the microcatheter tip or dysfunction of micropumps,
are avoided. Furthermore, the drug level which ought to
be achieved in the inner ear within a given time, i.e. the
daily release rate, may be varied by using different types
of siloxane-based polymers. In vitro permeation tests per-
formed by Leiras had previously shown that the release of
beclomethasone from cylindrical implants of 5 mm length
and 1.2–1.5 mm diameter was 15–20 Ìg/day for the low-
dose or slow-release device and approximately 50 Ìg/day
for the high-dose or fast-release implants.

The purpose of the present study was to confirm the
release of beclomethasone into the perilymph of the scala
tympani from both the slow-release and the fast-release
microimplants adapted to the dimensions of the RW
niche in guinea pigs (0.8 ! 1.14 mm) in a yes-or-no fash-
ion. This limitation was due to the fact that because of
cutting imprecision, implants were not exactly of the
same size and therefore would not contain exactly the
same quantities of the drug. For this reason, the beclo-
methasone assay had not been validated, and only a
threshold level was defined. The limit of detection was set
at 2.25 pg/Ìl. Conclusions on the concentration levels can
therefore not been drawn. This may explain the variabili-
ty of individual perilymphatic beclomethasone threshold
levels. However, on day 1 after implantation of the slow-
release and the fast-release microimplant the median
averaged 34.9 and 64.3 pg/Ìl, respectively, on day 14 af-
ter implantation 43.8 and 46.9 pg/Ìl, and at the end of

the experiments on day 28 after implantation 4.7 and
60.5 pg/Ìl, respectively. A comparison of our data with
endolymphatic and perilymphatic glucocorticoid concen-
trations or glucocorticoid tissue levels in the cochlea mea-
sured previously [Parnes et al., 1999; Chandrasekhar et
al., 2000; Chandrasekhar, 2001; Bachmann et al., 2001;
Tobita et al., 2002] is not possible, since these data were
obtained after a single intratympanic injection.

However, whether or not the glucocorticoid levels
achieved in these previous studies after a single applica-
tion or the levels obtained in the present study using con-
tinuous sustained-release vehicles are efficient to treat
various inner ear disorders must remain the subject of
future experimental examination and clinical testing.

A toxic effect due to continuous long-term local admin-
istration of beclomethasone was excluded in the present
study. The RWM appeared normal without any signs of
defects, scars or inflammatory tissue alterations with sub-
sequent membrane thickening. Similarly, cytocochleo-
grams revealed no inner hair cell loss and an outer hair
cell loss within normal ranges (from 0.5 B 0.4 to 0.8 B
0.2% per cochlea) in all experimental groups (non-im-
planted controls, placebo implant group, slow-release and
fast-release beclomethasone implant groups) in both ears
at any time of examination. Furthermore, on day 28 after
implantation a significant difference of ABR threshold
shifts remained only at 6 kHz in the slow-release type. In
previous investigations, no changes of compound action
potential thresholds, amplitudes and latencies were regis-
tered in chinchillas after intratympanic injection of triam-
cinolone [Ikeda and Morizono, 1991]. Similarly, trans-
tympanal injection of dexamethasone caused no histologi-
cal or ABR threshold changes in guinea pigs [Shirwany et
al., 1998] or rats [Takeuchi and Anniko, 2000]. In addi-
tion, ultra-high doses (100 mg/kg) of intravenously ad-
ministered prednisolone did not induce any changes in
cochlear blood flow, cochlear microphonics, compound
action potentials and ABRs in guinea pigs [Lamm and
Arnold, 1998].

Furthermore, current experimental studies have
shown significant beneficial prophylactic and therapeutic
effects of glucocorticoids in immune-mediated progres-
sive sensorineural hearing loss, viral and bacterial labyrin-
thitis, development of cholesteatoma, cochlear nerve inju-
ry, salicylate- and kanamycin-induced hearing loss, pho-
tochemically induced cochlear ischaemia, transient as-
phyxia and noise-induced cochlear damage and hearing
loss [for reviews, see Lamm and Arnold, 1998, 1999b]. In
clinical trials, positive experience with systemic or intra-
tympanic glucocorticoid treatment was reported in im-
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mune-mediated cochleovestibular diseases, Ménière’s
disease, sudden sensorineural hearing loss and tinnitus
[for reviews, see Lamm et al., 1998; Lamm and Arnold,
1999b; Michel et al., 2000; Alexiou et al., 2001].

In summary, experimental and clinical studies have
shown promising prophylactic and therapeutic effects of
systemic and local application of glucocorticoids to the
RWM in many cochlear disorders and potentially in tin-
nitus due to various underlying inner ear diseases. How-
ever, administration of a minimum of 250 mg glucocorti-
coids is required to achieve detectable drug levels in the
perilymph of humans [Niedermeyer et al., 2003]. This can
only be accomplished by intravenous infusion, not by oral
administration. In contrast, local delivery methods re-
quire significantly less glucocorticoid doses and result in a
significantly elevated inner ear drug level [Parnes et al.,

1999; Chandrasekhar et al., 2000; Chandrasekhar, 2001;
Bachmann et al., 2001; Tobita et al., 2002]. Therefore,
introduction into clinical practice of the novel drug
release RW microimplants presented here may be reason-
able since they have certain advantages over previous
methods and devices for short- and long-term treatment
regimens.
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