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Objective; Tympanosclerosis is a common sequela of tympanoplasty operations causing hearing disability. It is
associated with an increased production of free radicals (also known as reactive oxygen species) after trauma.
Vitamin E is a scavenger of different free radicals by working as an antioxidant. The aim of the present study was
to evaluate the effect of vitamin E-soaked absorbable gelatin sponge placement to the middle ears at quantity of
free radicals in rat middle ear.

Materials & Methods; This prospective, controlled animal study consisted of Sprague-Dawley rats divided into
two groups of 8 animals each. Middle ear trauma was applied following myringotomy to the right ears of the first
group and vitamin E-soaked absorbable gelatin sponge were placed to the middle ear of the right ears of the
second group. The left ears were used as controls. Then, the animals were killed and chemiluminescence
measurements were made for middle ear tissues.

Results; Reactive oxygen species levels were significantly increased in right ears of the first group when
compared with the control ears (p < .0001), and the levels were significantly decreased in right ears of the second
group as compared with the operated ears of the first group (p < .005). The free radical levels of right and left
ears in the second group were similar.

Conclusion; Our results indicate that vitamin E- soaked absorbable gelatin sponge placement to the middle ear
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decreases the quantity of reactive oxygen species after trauma.
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Tympanosclerosis (TS) is a pathologic degenerative
condition that is characterized by calcification of
connective tissue in the middle ear and tympanic
membrane (TM). It is seen as white plaques of
sclerotic material in the initial stages and becomes a
harder, bony material by accumulation of calcium and

1,2

phosphorus " * at the later stages. The most common

localization of the process in TM is called
myringosclerosis and typically involves lamina propria
P, Histologically there is an increase in collagen fibers

as well as hyaline degeneration within the lamina

propria ¥

. When the process involves ossicles, patients
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develop hearing loss. Since the surgery has low
success rates and high recurrence rates " °, the
preventive modalities seem to be more logical.

Tympanosclerosis often occurs in patients who
underwent tympanoplasty and had ventilation tubes
(VT) inserted . The etiology of this condition is
unknown, but it has been suggested that
tympanosclerosis is caused by an immunological
hypersensitivity reaction, infection, inflammation,
genetic tendency, or trauma """, Recent studies have
established the relationship between the reactive
oxygen species (ROS) and the development of
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myringosclerosis after tympanic membrane trauma

[

and/or VT insertion """, Additionally, some studies

have reported the preventive effect of different

antioxidants both in animals and in humans."*"”

Free radicals are highly reactive molecular species
with one or more unpaired outer orbital electrons that
cause tissue damage by chemically modifying cellular
lipids, proteins, carbohydrates and DNA. ROS are
produced by normal oxidative metabolism and also
may result from inflammation, trauma, oxygen
toxicity, perfusion injury, and radiation. Under normal
conditions, the enzyme systems present in the living
organism protect it against the damage, but in disease
states, the antioxidant defense system is weakened and
increased ROS levels may contribute to the tissue
injury 7. Strong evidence is present in the literature to

[11,12,13]

support the relationship between ROS and TS.

Chemiluminescence is the production of light generated
from chemical sources. It may be used as a direct
method for measuring reactive oxygen species .
Chemiluminescence is a universal property of organic
substances that are able to undergo an oxidation reaction
sufficiently exothermic to produce an emitting state "
Investigators have introduced the use of enhancer
compounds, such as luminol, because of limitations
with potential variability and the low intensity of native
chemiluminescence *”. These compounds were selected
primarily because of their high quantum efficiency after
oxidation. These compounds function as bystander
substrates for oxygenation and form high levels of
excited state products and chemiluminescence when

added to an in vitro biologic system.

Trauma occurs in the middle ear tissue during
tympanoplasties, and this is a possible etiologic factor
for TS after surgery. An antioxidant material soaked in
an absorbent gelatin sponge and placed in the middle
ear cavity could prevent TS. So the aim of the study
was to quantify ROS levels in middle ear tissue of rats
by measuring luminol amplified chemiluminescence
and evaluating changes in ROS levels following
middle ear trauma, with and without concurrent
vitamin E treatment.

The aim of the present study was to evaluate the effect
of vitamin E-soaked absorbable gelatin sponge
placement to the middle ears at quantity of free
radicals in rat middle ear.

Materials & Methods

The present study was approved by the Animal Ethics
Committee of the Marmara University School of
Medicine (Istanbul, Turkey). Sixteen healthy Sprague-
Dawley rats (weight, 280-400 g) were used. All
animals had been kept in ordinary cages with free
access to food and water. The animals were
anesthetized with 50 mg/kg ketamine hydrochloride
(Ketalar, Eczacibasi, Warner Lambert, Istanbul,
Turkey) and 10 mg/kg xylazine (Rompun, Bayer,
Istanbul, Turkey) by intraperitoneal injection. Animals
were examined and assessed otoscopically for
evidence of an ear disease, and any animal that showed
signs of any ear disease before or after surgery was
excluded from the study. The animals were randomly
assigned into two groups of eight each. In both groups,
middle ear mucosal trauma was performed with a
lancet following myringotomy to the right ears (8
ears), through an aural speculum under otomicroscopy
(S1; Zeiss, Jena, Germany, with a 300-mm objective
lens) with a sterile technique. The left ears in both
groups constituted the control group and an
intervention was not applied. Vitamin E soaked
absorbable gelatin sponges (Spongostan, Johnson &
Johnson Medical Limited, Gargrave, Skipton, UK),
were put in the middle ear of the right ears in group 2
(8 ears) after the surgical procedure. Saline soaked
Spongostans were put in the middle ear of the right
ears in group 1 (8 ears) after the surgical procedure.

Twenty-four hours after myringotomy, the rats were
killed with an overdose of ketamine injected
intraperitoneally. For chemiluminescence
measurements, tympanic bullae were cracked with
scissors. Under a dissecting microscope, the middle
ear mucosa was peeled off. The tissues were washed in
an ice-cold saline solution and analyzed as described
later in this section. After ten minutes, the specimens
detect ROS

were studied to levels with

chemiluminescence.
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Chemiluminescence measurements were made at room
temperature using a Mini Lumat LB 9506 luminometer
(EG&G Berthold) in the presence of 0.2 mmol/L
Iuminol. Counts were obtained at 5-second intervals and
the results were given as the area under curve (AUC) for
a luminol chemiluminescence counting period of 5
minutes. Counts were corrected for wet tissue weight
(rlu, or relative light unit, per milligram of tissue).

SPSS 16 for Windows software package was used to
perform the statistical analysis. Bonferroni Multiple
Comparisons Test was used to compare the means of
groups. The differences were considered statistically
significant when the probability was P < 0.05.

Results

Luminol-amplified chemiluminescence levels in rat
middle ear tissues of all groups are shown in Table 1
and the statistical analysis is summarized in Table 2
and 3. Mean luminol chemiluminescence level was
found as 5667+837.81 RLU/mg tissue in the left
middle ear tissue and 7881.5+1172 RLU/mg tissue in
the right middle ear tissue in the first group. In this
group, trauma to the right middle ear caused a
statistically significant increase in ROS as measured
by luminol chemiluminescence (P< 0.0001) (Fig. 1).

Free Radical Amount ( Meant501)

Chemilumingseenee levels (rhawmg)

Insertion of Vitamin E soaked Spongostan into the
right middle ears of the second group caused a
significant in ROS
5982.1+£690.5) when compared with saline soaked
Spongostan within the middle ear (P< 0.005, Fig. 1).
Nonetheless, statistically significant differences were

decrease levels (mean,

not found in terms of ROS levels between the right and
left ears of the second group and the un-operated ears
of the first group (Table 3).

Discussion

In the present study, specimens from traumatized middle
ear tissues have been investigated in respect to ROS
levels. ROS levels measured in the specimens from the
middle ear were higher in the saline treated group when
compared with the Vitamin E treated group. Vitamin E
caused a significant decrease of free oxygen radicals
which was responsible for tissue damage.

The term TS is used to describe a sclerotic or a hyaline
degeneration of the fibrous and elastic fibers in the
lamina propria of the TM and middle ear mucosa. It
appears to be a sequela of acute or chronic ear
infection and it appears to occur after ventilation tube

insertion or tympanoplasties 21,221

. Right Ears
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Figure 1. Comparison of mean+SD values for free radical amount. Chemiluminescence levels in middle ear tissues are shown to be
significantly higher in right ears of the first group compared with the control ears. Placement of vitamin E-soaked gelatin sponges (group
2-right ears) statistically significantly decreases the reaction oxygen species levels compared with the right ears of the first group.
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Table 1. Luminol-amplified chemiluminescence values in rats middle ear mucosa (rlu [relative light unit] per Milligram Tissue).

Group | Group I
Animal Number Right ear Left ear Right ear Left ear
1 9554 6887 6402 7012
2 7943 5416 4997 6281
3 7103 5213 5128 4985
4 8221 6675 5912 4639
5 8554 5102 7032 5543
6 6753 4378 6514 4761
7 8879 6061 6119 5998
8 6045 5604 5753 6107

Group 1 right ear, Vitamin-E treated group; Group 2 right ear, saline treated group; Left ears, control groups.

Table 2. Descriptive Statistical Summary of Middle Ear ROS Levels.

Group | Group I
Right ear Left ear Right ear Left ear
Median (Min-Max) 8082 (6045.0-9554.0) 5510 (4378-6887) 6015.5 (4997-7032) 5770.5 (4639-7012)
Mean+ Standard Deviation = 7881.5+1172 5667+837.81 5982.1+690.5 5665.8+832.15
Standard Error Mean (SEM) 414.38 296.21 24413 294 .21
95% Confidence Interval 6901.5-8861.5 4966.5-6367.5 5404.8-6559.5 4969.9-6361.6
Size 8 8 8 8

Group 1 right ear, Vitamin-E treated group; Group 2 right ear, saline treated group; Left ears, control groups

Table 3. The Comparison of Reactive Oxygen Species Levels in Middle Ear Tissues of Rats (Mean+Standard Deviation [SD]).

Right Ears (Mean+SD) Left Ears (Mean+SD) p Value
Group 1 7881.5£1172 5667+837.81 0.0007*
Group 2 5982.1+690.5 5665.8+832.15 NS
P Value 0.0015* NS

*Bonferroni Multiple Comparisons Test (p< .005 was significant).
NS: not significant (p>0.05).

The irreversible calcification involving the ossicular
chain results in conductive or mixed hearing loss.
Surgical removal of the calcified lesion, followed by
reconstruction of the sound conduction mechanism, is
the only way to restore hearing. However,
postoperative hearing

satisfactory, particularly when the stapes is involved
[21, 23, 24]

results are not always

and fixed in the sclerotic lesion

One of the possible etiologic factors for TS is
tympanoplasty operations. Middle ear trauma can happen
during these surgeries. Some absorbable gelatin sponges

are placed in the middle ear to support the graft material.
Theoretically, soaking sponges with an antioxidant
material would prevent the development of TS.

In an animal study, Mattsson et al. """ determined that an
increased oxygen concentration in the atmosphere of the
ear is associated with an increased myringosclerosis
development of traumatized tympanic membranes.
Similarly Dawes et al. * hypothesized that the risk of
development of MS is increased where there is
traumatic tube insertion, hemorrhage, or excessive
aspiration of middle ear fluid.
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In recent studies, some antioxidant enzymes and
elements were used to reduce oxidative damage in
myringotomized tympanic membranes. Polat et al. '
directly measured the levels of ROS in the tympanic

13]

membrane and middle ear mucosa in myringotomized
rats and also showed that Vitamin E is effective in
[15

" reported
insertion  both

decreasing the levels of ROS. Uneri et al.
that Vitamin E-coated tube
experimentally and clinically decreases the quantity of
reactive oxygen species in tympanic membrane after
myringotomy and tympanostomy tube insertion. The
topical with copper

dismutase plus catalase and deferoxamine was found to
[12]

treatment zinc-superoxide
decrease the development of myringosclerosis
Spratley et al. " used topical ascorbic acid as a free
radical scavenger in myringotomized rat ears and
demonstrated that ascorbic acid application reduces the
occurrence of myringosclerosis. Ozcan et al. " applied
N-acetylcysteine topically to myringotomized rat
tympanic membranes and found that N-acetylcysteine is
effective in the prevention of sclerotic lesions. Karlidag

et al."”

observed that in chronic otitis media patients,
nitric oxide and malondialdehyde levels were higher
and catalase activity levels were lower in patients with
tympanosclerosis compared to patients without

tympanosclerosis.

ROS have extremely brief half-lives; therefore, free
radical production is difficult to identify and quantify.
A study by Mattson et al. ™"
myringosclerosis develops within nine hours of
myringotomy, and inflammatory reaction is most

revealed that

intense in the first twenty-four hours after
myringotomy. This is why we measured ROS levels
twenty-four hours after myringotomy.

Conclusion

Our results showed that middle ear trauma increases
ROS levels, and placement of Vitamin E soaked
Spongostan can decrease ROS levels in the middle ear.
This can help to prevent the development of TS, which
results from tympanoplasty operations. We believe
that further clinical studies should concentrate on the
effects of Vitamin E or other antioxidants on TS
development after tympanoplasty operations.
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