The Effects of Four, Commercial
Ceruminolytic Agents on the Middle Ear

Four, commercially available ceruminolytic agents and physiological saline were
screened for ototoxic and inflammatory reactions on the middle ear mucosae of
guinea pigs (n=38) and dogs (n=24). Each solution was injected transtympanically in
anesthetized animals. The effects were assessed by brain stem auditory evoked
response (BAER) lests to evaluate hearing function and by histological examination
of the middle ear structures. Varying degrees of hearing loss and inflammation were
observed in some guinea pigs and dogs treated with solutions A, C, and D, whereas
no abnormal finding was associated with solution B or saline.
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Philip D. Mansfield, DVM Introduction

Janet E. Steiss, DVM, PhD Topical otic preparations containing a variety of substances are used
' ' routinely in the treatment of animals with otitis externa. It has been
Timothy R. Boosinger, DVM, PhD reported that the tympanum is ruptured in 50% of dogs affected with

chronic otitis externa.! When rupture of the tympanic membrane
occurs (secondary to infection, inflammation, or both; when a myrin-
gotomy is performed; or if accidental perforation occurs), topically

applied substances can enter into the middle ear cavity and be ab-

O sorbed by the mucosa and submucosa.? Many of these substances are

potentially ototoxic.”” These preparations may cause inflammation
that can result in conductive hearing loss, or they may pass through
the cochlear (i.e., round) window into the inner ear and cause sensori-
neural hearing loss, injury to sensory cells of the vestibular appara-
tus, or both.2? Regardless of the site of injury, risk may be associated
with the use of topical agents in the external ear canal when the
tympanic membrane is not intact.

Examination of the external meatus and tympanic membrane of the
inflamed ear cannot be completed, and effective treatment cannot be
accomplished if the canal is occluded with cerumen or exudate. Clean-
ing often is performed using agents that contain surface-active sub-
stances which soften and emulsify the wax and lipids in the ear canal.
The application of these ceruminolytic agents to the external ear
canal has been reported to be contraindicated if the tympanic mem-
brane has been perforated.g‘g Although no safety studies of
ceruminolytic agents have been published, some manufacturers warn
that their products should not be used if the tympanic membrane is
perforated. A warning accompanies two of the four commercial solu-
tions selected for this study.

Ingredients of ceruminolytic agents differ among manufacturers
but generally consist of squalene, dioctyl sodium sulfosuccinate,
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study was on the elfects of these solutions on changes
in the brain stem auditory evoked response (BAER)
and on the mucosal lining of the middle ear.

The BAER is an objective electrodiagnostic test
which can be used to evaluvate the functional integrity
of the auditory nerve (hence, cochlear structures) and
the brain stem auditory pathways. The threshold for
the BAER correlates with behavioral hearing thresh-
olds."" Therefore, an elevated BAER threshold pro-
vides a reasonable indication of an elevated hearing
threshold. Partial hearing loss results in increased
thresholds and response latencies and in characteris-
tic shifts in latency-intensity curves of the BAER.
Severe or complete hearing loss results in the absence
of a response.

Materials and Methods

Thirty-eight young, healthy, white, male guinea pigs
(weighing 300 to 350 g) were obtained from a labora-
tory animal source. Before being assigned randomly
to treatment groups, the auditory function of each
animal was assessed by BAER performed under anes-
thesia (as described below). Only animals judged to
exhibit a normal BAER were selected.

The guinea pigs were divided randomly into five
groups. One ear of each guinea pig was treated with
solution A* (n=12), solution B® (n=6), solution C®
{n=6), solution DY (n=6), or sterile 0.9% saline (n=8).
The saline-treated ears served as controls. The con-
tralateral ear of each guinea pig (n=38) was nol
treated. All solutions were cultured at the beginning
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and end of the study to assure that they were free of
contaminating bacteria.

The guinea pigs were anesthetized by intramuscu-
lar (IM) injection of fentanyl (0.4 mg/ml) and
droperidol® (20 mg/ml) at a dose of 0.5 ml/kg body
weight. This was followed in five minutes by atropine
sulfate (0.04 mg/kg body weight, IM) and an intra-
peritoneal injection of pentobarbital sodium (25 mg/kg
body weight). The tympanic membrane of one ran-
domly selected ear of each animal was visualized
using a 3-mm otoscopic speculum. A 22-gauge, 6.35-
cm sterife needle’ was passed through the speculum,
the pars tensa was perforated, and 0.2 ml of one of the
test solutions was instilied into the tympanic cavity.

On days zero, two, seven, 14, and 28 after treat-
ment, a modified neurological examination was per-
formed which included assessment of gait, head tilt,
spontaneous and positional nystagmus, and righting
and postural responses.

On days zero, 14, and 28 after treatment, the guinea
pigs again were anesthetized using the previously
described protocol, and BAER tests were performed.
The recording procedure was based on methods pre-
viously described for the dog.'* The click stimulus
was applied through ear insert tubes. Signal-averaged
responses® were recorded from each ear starting with
the highest intensity level of 90 decibels sound pres-
sure level (dB SPL), which was decreased stepwise
by 20 decibels (dB) to the observed response thresh-
old (defined as the first appearance of wave V). The
threshold then was determined to be within 10 dB
SPL. Latencies for waves I through V were measured
with an antomatic curser display on the moanitor.

On day 29, the animals were anesthetized with
pentobarbital sodium and exsanguinated. The petro-
sal and squamous parts of the temporal bone were cut
with a bone saw; the middle and inner ears were
removed; and the tympanic bullae of both ears were
opened. If inflammation in the middle ear was not
severe encugh to prevent identification of the stapes,
this structure was removed to open the vestibular
(i.e., oval) window. A second opening was made at
the apex of the cochlea. Through these openings, each
inner ear was perfused with Bouin’s solution. The
tissues were fixed, decalcified with ethylenediaminetet-
raacetic acid (EDTA), embedded in paraffin wax, sec-
tioned at 7 um, stained with hematoxylin and eosin
stain, and examined by light microscopy. The treated
ear was compared to the contralateral untreated ear
from the same animal.

For the second phase of the study, 24 (14 males
and 10 females) healthy, adult, random-source, mixed-
breed dogs were selected on the basis of normal oto-
scopic examinations and normal BAER tests
performed under anesthesia using {entanyl-droperidol
(0.1 ml/kg body weight, IM), pentobarbital sodium

(25 mg/kg body weight, intravenously [IV]), and at-
ropine (0.04 mg/kg body weight, IM). They were
divided randomly into four treatment groups with each
group (n=6) receiving one of the same solutions used
in the guinea pig trials [Table 1]. The dogs were
treated and evaluated in the manner described for the
guinea pigs, with the [ollowing exceptions:
1) Within each treatment group, half of
the animals were treated in the con-
tralateral ear with sterile .9% saline
and the remaining half were untreated
controls.
2) One ml of test solution was instiiled in
the perforated middle ear.

Results

Saline-Treated Controls

Brain stem auditory evoked response thresholds
ranged from 10 to 30 dB SPL for the eight guinea pig
ears and the 12 canine ears except for one dog that
exhibited a threshold response of 50 dB SPL on day
28. All saline-treated ears were grossly and micro-
scopically normal on day 29. No inflammatory reac-
tion was assoctated with the method of treatment.

Untreated Controls

Throughout the portion of the study using guinea
pigs, 31 of the 38 contralateral ears that served as
untreated controls exhibited normal BAERs. Seven
had increased BAER thresholds of 50 dB SPL on day
28. Of these seven ears, two were from guinea pigs
treated with solution A, four were from guinea pigs
treated with solution B, and one was from a guinea
pig treated with saline. No gross or microscopic ab-
normalities were observed in any of the 38 untreated
ears.

All untreated canine ears remained normal through-
out the study, except for one dog which exhibited a
threshold that was elevated to 50 dB SPL on day 28.

Solution A-Treated Guinea Pigs

On day two after treatment, eight of 12 guinea pigs
cach exhibited a head tilt toward the treated side.
Five of these animals had head tilts on day seven, but
only one had the head tilt on days 14 and 28. Five of
the animals that had head tilts on day two also exhib-
ited nystagmus. Spontaneous horizontal movement
was present in one; four others demonstrated horizon-
tal nystagmus when positioned on their backs. In each
case, the fast phase was directed away from the treated
side. Nyslagmus was notf present on subsequent ex-
aminations. No other neurological abnormality was
observed.

Nine of 12 guinea pigs treated with solution A had
absent BAERs from the treated ears on day 14. Eleven
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Figure 1—Histograms for thresholds (decibels sound pressure
level [dB SPL]) for the brain stem auditory evoked responses
recorded from the ears of guinea pigs which received
transtympanic treatment with test solution {soln} A, B, C, or D or
with sterile physiological saline. Day zero is pretreatment; days
14 and 28 are posttreatment. Normal thresholds, as measured
on day zero, ranged up to 30 dB SPL. "Elevated threshold” is
defined as increased above the pretreatment value but present
within the stimulus intensity range tested. “Absent response” is
defined as no response to any intensity up fo and including the
maximum of 90 dB SPL. .

had no response from the treated ears on day 28, and
the remaining animal had an elevated BAER thresh-
old from the treated ear on day 28 [Figure 1, Solution A].

On necropsy, all guinea pigs treated with solution
A had gross morphological changes in the treated
ears. In [0 animals, the osseous bullae were thick-
ened markedly on the treated sides, and the tympanic
cavities were filled completely with thick, mucoid-
like secretions [Figure 2]. No secretions were present
in the tympanic cavities of two animals, but the audi-
tory ossicles in these ears appeared to be fused and
covered with granulation tissue.

Inflammation in the bullae was characterized by
necrotic, cellular debris and neutrophils that filled the
tympanic cavities. Fibrous connective tissue lined the
cavities of the middle ear. Fibroblasts and leukocytes
extended into adjacent bone, consistent with chronic
osteomyelitis. Small bacterial colonies were present
in some of the inflamed bullae. No remarkable
microscopic changes were present in one solution
A-treated ear.

Figure 2—Solution A-treated guinea pig ear (right) shown with
contralateral untreated controf. Identical cuis have been made
in the osseous bullae in order to provide the same exposure 1o
the tympanic cavity of each ear. The cochlea of the control ear
can be seen (arrow) in its normal position as it protrudes into the
cavity of the middle ear.

The cochlea of the guinea pig is not embedded
deeply in the temporal bone as it is in other species.
Instead, it protrudes into the cavity of the middle ear.
Consequently, the outer surfaces of the cochleae in
the inflamed ears were covered by exudate. Only one
solution A-treated ear exhibited inflammation within
the cochlea. The neurosensory linings of all cochleae
were intact and morphelogically normal.

Solution A-Treated Dogs

On day two after treatment, one of six dogs had a
slight ipsilateral head tile. This sign was absent on
day seven. No other neurological abnormality was
observed.

In two of the six solution A-treated ears, the BAER
thresholds were elevated above 30 dB SPL on days
14 and 28, indicating partial hearing loss. One dog
had no response at the highest intensity tested in the
treated ear on days 14 and 28 [Figure 3, Solution Al].

All six ears exhibited gross morphological changes
within the middle ear at necropsy. The osseous bullae
had marked thickenings, and the tympanic cavities
were filled with fibrous tissue and mucoid-like secretions.

Microscopically, severe inflammatory reaction and
associated morphological changes were observed in
these ears [Figures 4A, 4B]. Lymphocyte and mac-
rophage infiltration resulted in near complete efface-
ment of all middle and inner ear structures. The
changes were complicated further by severe inflam-
mation of approximately 2 mm of bone surrounding
the middle ear. The osteomyelitis was characterized
by a zone of fibrous tissue proliferation plus the
presence of macrophages, lymphocytes, and osteoclasts.

Solution B-Treated Guinea Pigs

None of the six guinea pigs treated with solution B
had any abnormality on neurological or histological
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Figure 3—Histograms for threshelds {decibels sound pressure
level [dB SPL]) for the brain stem auditory evoked responses
recorded from the ears of dogs which received transtympanic
treatment with test solution (scin) A, B, G, or D or from the
controf ears which received either sterile physiological saline or
no treatment. Day zero is pretreatment; days 14 and 28 are
posttreatment. Normal thresholds, as measured on day zero,
ranged up to 30 dB SPL. “Elevated threshold” is defined as
increased above the pretreatment value but present within the
stimulus intensity range tested. “Absent response” is defined
as no response o any intensity up to and including the maxi-
mum of 90 dB SPL.

examination. One of these animals had an increased
BAER threshold in the treated ear on day 28 [Figure
1, Solution B], but this animal and three others in this
treatment group had similar BAER threshold changes
in their contralateral untreated ears. The reason for
this is unknown.

Solution B-Treated Dogs

. Nomne of the dogs treated with solution B exhibited func-
tional or morphological changes [Figure 3, Solution B].

Solution C-Treated Guinea Pigs

None of the six solution C-treated guinea pigs had a
neurological abnormality, On day 14, three animals each
had increased BAER thresholds in the treated ears, On
day 28, one of these had advanced to a total absence of

Figure 4B

Figures 4A, 4B—(A) A photomicrogragh of a normal canine
middle ear cavity (MEC) including the tympanic membrane
(delineated by black arrows) from an untreated control (Hema-
toxylin and eosin stain, 50X; bar=0.5 mm). {B) A photomicro-
graph of a site-matched section from a canine ear treated
transtympanicaily with solution A. Squamcus epithelium of the
middle ear is separated from underlying bone by a diffuse zone
of leukocytes and neovascularization. The middle ear cavity
{delfineated by white arrows) is filled with keratin and leuko-
cytes. The tympanic membrane could not be identified {(Hema-
toxylin and eosin stain, 50X; bar=0.5 mm).

BAER,; two of the three guinea pigs continued to exhibit
increased thresholds; and a fourth had an increased
BAER threshoid [Figure 1, Solution CJ.

Three of the treated ears had thickened bullae; in
one of these, an infiltration of leukocytes filled the
middle ear cavity. No microscopic lesions were iden-
tified in five solution C-treated specimens.

Solution C-Treated Dogs

On day two after treatment, one solution C-treated
dog exhibited a severe ipsilateral head tilt, with spon-
taneous horizontal nystagmus which markedly in-
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Figure 5A

Figures 5A, 5B—(A) A photomicrograph of a normal guinea pig
cochlea from an untreated conirol (Hematoxylin and eosin stain,
25X; bar=1.0 mm}. (B} A photomicrograph of a site-matched
section from a guinea pig ear treated transtympanically with
solution D. The inflamed cochlea partially is filled with and
surrounded by diffuse sheets of leukocytes and cellular debris
{Hematoxylin and eosin stain, 25X; bar=1.0 mm).

creased when the animal was positioned in dorsal
recumbency. The dog could nol maintain balance
when the postural reactions were tested. These neuro-
logical abnormalities remained constant throughout
the study. The BAER thresholds for this dog’s treated
ear were 50 and 70 dB SPL on days 14 and 28,
respectively. Histologically, mild otitis media was
identified, but there was no osteomyelitis nor remark-
able changes in the inner ear.

On day 14, the BAER thresholds were increased
above 30 dB SPL in three of the solution C-treated
cars and BAER was absent in one of the ears. On day
28, the BAER was normal in one of the ears that
previously had shown an increased threshold. In the
ear that previously had shown no response, the BAER
was present at an increased threshold. On day 28,
three dogs had elevated BAER thresholds and three
had normal BAERs [Figure 3, Solution C].

On necropsy, gross morphological changes were
evident in all six treated ears. In one ear, the auditory
ossicles were sclerotic; they were so altered as to
make their identification impossible. The osseous
bulla of another ear was thickened markedly, and the
cavity of the middle ear was filled with a caseous
material. The changes observed in four other ears
consisted of what appeared to be fibrous tissue lining
the tympanic cavities and covering the ossicles. The
microscopic lesions affecting all the solution C-
treated canine ears consisted of mild inflammatory
changes characterized by proliferation of fibrous con-
nective tissue and lymphocytic infiltration.

Selution D-Treated Guinea Pigs

On days two, seven, and 14, one guinea pig treated
with solution D had an ipsilateral head tilt. On day

Figure 5B

two, nystagmus was observed when this animal was
positioned in dorsal recumbency. No other neurclogi-
cal abnormality was observed, and the animal ap-
peared behaviorally normal on day 28.

On days [4 and 28, two of the animals in this
treatment group had absent BAERs in the treated
ears. Three others had increased BAER thresholds on
day 14, and there were no BAERs from the treated
ears on day 28. One animal in this treatment group
maintained a normal BAER [Figure 1, Solution D].

On necropsy, three of the ears had marked thicken-
ings of the osseous bullae, and the tympanic cavities
were filled with thick, mucoid-like material. The re-
maining three ears appeared to have minor bony
changes affecting the bullae and the auditory ossicles.

Severe otitis media and interna were evidenl mi-
croscopically [Figures 5A, 5B]; osteomyelitis affected
two ears. Moderate olitis media was observed in one
ear; mild inflammatory changes were seen in lwo
ears; and no morphological change was seen in one
ear.

Solution D-Treated Dogs

No neurological abnormalities were observed in this
group of dogs. One of the ears had an increased BAER
threshold on day 28 [Figure 3, Solution D].

Two of the canine ears treated with solution D
were grossly normal at necropsy. The osseous bullae
of four ears were thickened, and the cavities con-
tained a thick, mucoid-like material {Figure 6].

Microscopically, severe otitis and osteomyelitis
were evident in one treated ear. Four others were
characterized by mild-to-moderately severe, diffuse
olitis, and one specimen showed no remarkable
change.

Discussion

This study demonstrated that some commercially pro-
duced ceruminolytic agents cause inflammation and
partial-to-complete loss of cochlear function when
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Figure 6—Soelution D-treated canine ear {right} shown with the
contralateral untreated control, Identical cuts have been made
in the ossecus bullae in order to provide the same exposure to
the tympanic cavity of each ear,

used under conditions that permit their entry into the
middle ear cavity. This information has practical rel-
evance because ceruminolytic agents commonly are
used in cleaning the ear canal that is occluded with
cerumen or exudate. The occlusion prevents adequate
examination of the tympanic membrane, Even when
the tympanic membrane can be visualized with an
otoscope, assessment is difficult. One cannot be cer-
tain that the tympanic membrane ts intact unless pneu-
matic otoscopy or tympanometry is performed.

Topical preparations that are used in the external ear
canal should be tested for inflammatory properties and
for ototoxicity which might lead to changes in morphol-
ogy or function of the middle ear, inner ear, or both. No
such tests have been reported on the effects of the solu-
tions used in this study. However, other agents and
some components of the solutions tested in this study
have been reported to have inflammatory effects on
middle ear mucosa.>’ For example, propylene glycol, a
component of solutions C and D (and currently an ingre-
dient of the reformulated solution A}, has been reported
to induce inflammation of the middle ear mucosa and to
cause neurosensory cell loss.>®7 On the basis of the
current study, one cannot say whether the propylene
glycol or other components of these solutions were re-
sponsible for the inflammatory changes observed.

Inflammation of the middle ear generally is known
to cause a conductive hearing loss; however, some
clinical studies have reported sensorineural hearing
loss following otitis media.>’ If severe middle ear
inflammation persists, combined conductive and sen-
sorineural deafness may result.? In the inner ear, fi-
brotic changes may occur,'” but the primary effect of
ototoxic drugs is injury or destruction of the sensory
receptors (i.e., hair cells) of the cochlea and vestibu-
lar apparatus.*= Injury to neurosensory cells was not
documented in this study.

It was reported in a previous study that a single
puncture of the tympanic membrane, such as that
used to instilf the test solutions into the tympanic
cavity, resulted in no elevation in BAER threshold in
dogs.'* The BAER threshold changes that occurred in
this study could be explained by inflammation in the
middle ear causing conductive losses, but total ab-
sence of a BAER at 90 dB SPL as scen in several of
the test animals was suggestive of a loss of cochlear
function. Inner ear changes are the subject of further
study.

An explanation cannot be provided for the in-
creased BAER thresholds that occurred in seven of
the guinea pig ears that served as untreated controls.
It is improbable that the elevated threshold resulted
from the absorption of treatment agents applied to the
contralateral ear. The anesthetic agents were the only
other substances administered to any animal, and these
drugs were chosen because they have been reported
to have no olotoxic effects in guinea pigs.'” No mor-
phological evidence of spontaneously cccurring otitis
was observed in these ears. Also, one guinea pig
treated with solution A, one treated with solution B,
and three treated with solution C had elevated BAER
thresholds with no evidence of morphological changes
in the middle ear cavity.

Conclusion

Inflammatory changes were observed in the ears
treated transtympanically with solutions A, C, and D.
These inflammatory reactions in the middle ear were
associated with adverse effects on the BAER. Both
guinea pigs and dogs were affected similarly, sug-
gesting that animals of different species are at risk of
adverse effects on hearing if these substances gain
entry into the middle ear. These ceruminolytic agents
should not be applied to the external ear canal when
the tympanic membrane may be perforated.
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