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Abstract
Objective: To assess the effect of pomegranate extract on acute inflammation due to myringotomy.

Design: Prospective, randomised study.
Subjects: Thirty Sprague–Dawley rats were divided into three groups. Group one constituted controls. Group two

underwent myringotomy. Group three underwent myringotomy and also received 100 μl/day pomegranate extract,
via gavage, one day before and two days after surgery. Following sacrifice 48 hours after myringotomy, the animals’
right ears were used to determine the concentration of reactive oxygen species, using the chemiluminescence
method; left ears were used for histological study.

Results: Reactive oxygen species levels were significantly decreased in group three compared with group two
(p< 0.01). The density of inflammatory cells in group three was significantly less than that in group two (p<
0.01). Lamina propria thickness and vessel density were also significantly decreased in group three compared
with group two (p< 0.01).

Conclusion: Our results indicate that oral pomegranate extract decreases reactive oxygen species concentration
and acute inflammation in the tympanic membrane after myringotomy.
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Introduction
Myringotomy is most often used to treat recurrent acute
otitis media and chronic otitis media with effusion.1

The most common sequela of myringotomy is myrin-
gosclerosis.2 It has recently been shown that the devel-
opment of myringosclerosis after myringotomy occurs
concomitantly with an increased concentration of reac-
tive oxygen species in the middle-ear cavity and an
inflammatory reaction in the tympanic membrane.3,4

The protective mechanisms against reactive oxygen
species and inflammation comprise enzymatic and
nonenzymatic free radical scavengers.5 Previous reports
have shown that, following experimental myringotomy,
the development of acute inflammation and myringo-
sclerosis can be reduced by the topical application of
various free radical scavengers such as vitamin E,
ascorbic acid, L-carnitine and N-acetylcysteine.6–9

Pomegranate has been used for centuries to confer
health benefits in a number of inflammatory diseases.
It has been reported that consumption of pomegranate
extract may lower cholesterol and mitigate the effects
of atherogenesis and urolithiasis.10–12 Pomegranate

extract is a rich source of potent polyphenolic and fla-
vonoid antioxidants.13 The soluble polyphenol content
of pomegranate extract varies between 0.2 and 1.0 per
cent, depending on the horticultural variety, and
includes mainly anthocyanins, catechins, tannins, and
gallic and ellagic acids.14

The first aim of the current study was to assess the
level of reactive oxygen species in the tympanic mem-
brane of rats following myringotomy, using the chemi-
luminescence method. The second aim was to assess
the protective effect of pomegranate extract on rat tym-
panic membrane following myringotomy, including
the assessment of any tympanic membrane histopatho-
logical changes.

Materials and methods

Experimental design

The study was approved by the animal ethics commit-
tee of the Istanbul University Medical Faculty.
Thirty healthy Sprague–Dawley rats (weight,

250–300 g) were used. All animals had been kept in
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a 14-hour light/10-hour dark cycle with free access to
food and water.
The animals were anaesthetised with 50 mg/kg keta-

mine hydrochloride intraperitoneally. They were then
examined and assessed otoscopically for evidence of
ear disease. Any animal showing signs of ear disease
was excluded from the study.
The animals were randomly assigned to three groups

of 10 animals each.
In groups two and three, myringotomy was per-

formed in the upper posterior quadrant of the tympanic
membrane in both ears, with a sterile myringotomy
lancet and aural speculum, under otomicroscopy (S1,
300 mm lens; Carl Zeiss, Oberkochen, Germany) and
using a sterile technique.
The group two rats received no pre- or post-myrin-

gotomy treatment. However, the group three rats
received 100 μl/day pomegranate extract via gavage
for one day pre-myringotomy and two days post-
myringotomy.
The group one rats constituted the control group, and

did not receive myringotomy or any other treatment.
Forty-eight hours after myringotomy, all animals

were sacrificed via injection with a lethal dose of keta-
mine hydrochloride intraperitoneally. The temporal
bones were harvested and the tympanic bullae
cracked with scissors. Under a dissecting microscope,
the middle-ear mucosa and tympanic membrane were
peeled off the underlying bone. The right tympanic
membrane of each animal was used for luminol-
enhanced chemiluminescence measurements, while
the left tympanic membrane was used for histological
study.

Pomegranate extract processing

Fresh pomegranates were washed, crushed and
squeezed, and then treated enzymatically with pectinase
to yield pomegranate extract and by-products, which
included the inner and outer peels and seeds.
(Pectinase hydrolyses α-1,4-galacturonide bonds in
pectin, and thus improves extraction and filtration and
prevents the formation of pectin gels.) The pomegranate
extract was filtered, pasteurised, concentrated and stored
at −18°C as described previously.11,14 Concentrated
pomegranate extract was diluted in water (20 ml of con-
centrated extract in 500 ml of distilledwater). Therefore,
a standardised average of 2.5 ml of the resulting solution
contained 100 μl pomegranate extract, equivalent to 2.8
μmol total polyphenol.

Chemiluminescence

The tympanic membranes were washed with ice-cold
saline solution and analysed immediately. After 10
minutes, the specimens were assessed for reactive
oxygen species, using luminol chemiluminescence
as described previously.6 Chemiluminescence was
measured at room temperature using a Mini Lumat
LB 9506 luminometer (EG & G Berthold, Germany)
in the presence of 0.2 mmol/l luminol containing

phosphate-buffered saline 4-(2-hydroxyethyl)-1-piper-
azine-ethanesulfonic acid buffer (0.5 mol/l phos-
phate-buffered saline containing 20 mmol/l 4-(2-
hydroxyethyl)-1-piperazine-ethanesulfonic acid).
Counts were obtained at 5-second intervals over a
period of 5 minutes. Results were recorded using rela-
tive light area per mg of tissue (rlu/mg) as the unit of
measurement, expressed as the area under the curve
for the 5-minute counting period.
Tissue specimens were drained and weighed at the

end of each assessment. The average specimen
weight was approximately 1–2 mg.

Histology

For histological study, temporal bones were fixed in 10
per cent formalin for four days. Specimens were then
decalcified in 10 per cent formaldehyde for five days.
Specimens were subsequently washed for 3 hours to
remove acidity.
A tracking process was then performed for 13 hours

using an automatic tissue tracking machine. After this
processing, the specimens were embedded in paraffin,
sectioned to a thickness of 3 μm with a microtome,
and stained with haematoxylin and eosin. The sections
were evaluated by a blinded pathologist using a
light microscope (Olympus Bx-50, Olympus Optical,
Hamburg, Germany).
On light microscopic examination, the inflammatory

cell density, lamina propria thickness and tympanic
membrane vessel density were evaluated semiquantita-
tively using the following grading system: 0= absent,
1= slightly increased, 2=moderately increased and
3= severely increased.

Statistical analysis

The NCSS 2007 and PASS 2008 statistical software
programs (Kaysville, Utah, USA) were used for statisti-
cal analysis. Relevance of data to the standard distri-
bution was determined by the Kolmogorov–Smirnov
test. The significance of differences between exper-
imental groups was analysed using the one-way analy-
sis of variance test and the Tukey HSD (Honestly
Significant Differences) test. The chi-square test was
used to analyse qualitative data. Differences were con-
sidered significant when the probability was p < 0.05.

Results

Chemiluminescence

The mean luminol chemiluminescence level± stan-
dard deviation (SD) of the tympanic membrane tissue
specimens was 31.37± 3.63 rlu/mg in group one
and 56.35± 7.08 rlu/mg in group two (p < 0.01)
(Table I). In group three, the mean luminol chemilumi-
nescence level± SD was 44.69± 7.07 rlu/mg tissue;
this was significantly lower than that of group two
(p< 0.01). There was also a statistically significant
difference between the mean chemiluminescence
levels of groups three and one (p< 0.01) (Figure 1).
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Histology

In the tympanic membrane specimens from group one
animals, the observed structure of the tympanic mem-
brane was normal, with an inner mucosal layer and a
thin lamina propria, without inflammatory cells or
angioneogenesis (Figure 2). In the group two tympanic

membrane specimens, the lamina propria was oedema-
tous, the number of tympanic membrane vessels had
increased (Figure 3), and the tympanic membrane per-
foration edges showed a dense infiltration of inflamma-
tory cells, especially neutrophils (Figure 4). However,
this inflammatory infiltrate was greatly reduced in the
group three specimens, compared with group two
specimens (Figure 5).
In group three, the ratio of absent or slightly

increased inflammatory cell density was found to be
high. Conversely, in group two the ratio of severly
increased inflammatory cell density was significantly
high (p < 0.01)
In group three, absentor slightly increased inflamma-

tory cell density was found. Conversely, severely
increased inflammatory cell density was significantly
high in group two (p< 0.01).

FIG. 3

Photomicrograph of tympanic membrane specimen from group two
rat, showing perforation edges (arrow) with increased lamina propria
thickness due to inflammatory cell infiltrate. (H&E; original magni-

fication ×40)

FIG. 4

Higher magnification photomicrograph of the same tissue section
shown in Figure 2, showing a myringotomised tympanic membrane
with dense infiltration of inflammatory cells, especially neutrophils.

(arrow)

FIG. 2

Photomicrograph of tympanic membrane specimen from group one
(non-myringotomised) rat, showing a normal tympanic membrane,
with inner mucosal layer and thin lamina propria and without
inflammatory cells or angioneogenesis. (H&E; original magnifi-

cation ×40)

TABLE I

LUMINOL-AMPLIFIED CHEMILUMINESCENCE VALUES

Rat no Group 1 Group 2 Group 3

1 32.7 48.9 37.5
2 35.8 49.9 31.8
3 30.1 62.9 42.1
4 35.4 53.9 45.9
5 34.7 51.6 41.7
6 30.0 49.4 43.1
7 31.1 69.3 63.7
8 27.7 53.3 50.9
9 32.1 54.2 56.0
10 24.1 60.1 51.2
Mean± SD 31.37± 3.63 56.35± 7.08 44.69± 7.07

Data represent relative light units per mg tissue. No= number;
SD= standard deviation

FIG. 1

Comparison of luminol chemiluminescence (representing reactive
oxygen species concentration) for the three groups (mean± std).

V KAHYA, A MERIC, M YAZICI et al.372

https://doi.org/10.1017/S002221511000263X Published online by Cambridge University Press

https://doi.org/10.1017/S002221511000263X


In group three, normal or slightly increased lamina-
propria thickness was found. Conversely, moderately
increased laminapropria thickness was significantly
high in group two (p< 0.01).
Table II compares the histological changes observed

in the three groups.

Discussion
Our study findings indicated that oral administration of
pomegranate extract before and after myringotomy
resulted in a reduction in reactive oxygen species
levels and acute inflammation in the tympanic mem-
branes of myringotomised rats, compared with the tym-
panic membranes of myringotomised rats not thus
treated. To the best of our knowledge, the current
study represents the first published report evaluating
the effectiveness of pomegranate extract in reducing

acute tympanic membrane inflammation following
myringotomy.
The oxygen concentration in the middle-ear cavity is

approximately 5.5–12.1 per cent, much lower than that
of ambient air.15 Myringotomy permits passage of
ambient air into the middle-ear cavity, resulting in rela-
tive hyperoxia.16 This hyperoxia increases the for-
mation of reactive oxygen species in mitochondria
and endoplasmic reticulum. A previous study showed
that myringotomy is associated with increased levels
of reactive oxygen species.5 Increased reactive
oxygen species and impaired antioxidant defence
mechanisms have been postulated to be causative
factors in inflammatory disease.17 Increased production
of reactive oxygen species may also be the first stage in
the accumulation and aggregation of calcium and phos-
phorus, forming sclerotic deposits and eventually
causing myringosclerosis.4

Pomegranates can easily be obtained. They are rich
in antioxidants of the polyphenolic class, which
includes tannins and anthocyanins.13 These antioxi-
dants are more potent, on a molar basis, than many
other antioxidants, including vitamins C and E, coen-
zyme Q-10, and α-lipoic acid. The antioxidant level
in pomegranates has been found to be higher than that
in other fruits such as blueberries, cranberries, oranges
and grapes.18 Anthocyanins have been shown to be
effective inhibitors of lipid peroxidation, inducible nitric
oxide synthase (iNOS) and therefore of nitrous oxide.19

A previous study has reported increased nitrous oxide
levels in tympanic membrane samples taken on the first
day after myringotomy. 20 Nitrous oxide may play a role
in the inflammatory response of the middle ear and also
in the formation of myringosclerosis.21 As demonstrated
recently, ascorbic acid and gingko biloba extract can sca-
venge nitrous oxide and inhibit its production by (iNOS)
inducible nitrous oxide synthase.7,22 In the current study,
rats receiving oral pomegranate extract before and after
myringotomy showed significantly lower levels of reac-
tive oxygen species and acute inflammation, compared
with myringotomised rats not treated with pomegranate
extract. This may be due to a direct effect of pomegra-
nate extract in reducing nitrous oxide levels, or to an
effect on inducible nitrous oxide synthase resulting in
increased nitrous oxide scavenging.
The level of reactive oxygen species in the tympanic

membrane is known to increase following myringot-
omy.6 Furthermore, in injured tissue free radical sca-
vengers have been shown to prevent the concentration
of reactive oxygen species from increasing.3 Using
chemiluminescence analysis, Polat et al. showed that
systemic application of vitamin E decreases the concen-
tration of reactive oxygen species in the middle-ear
mucosa and tympanic membrane.6 To the best of our
knowledge, the current study is the first to show that
oral administration of pomegranate extract causes a sig-
nificant decrease in the level of reactive oxygen species
in the tympanic membrane, as shown by chemilumi-
nescence analysis.

FIG. 5

Photomicrograph of tympanic membrane specimen from group
three rat, showing slight inflammatory cell infiltration and mini-

mally increased lamina propria thickness. (arrow)

TABLE II

GRADED HISTOLOGICAL CHANGES

Grade Grp 2 (n (%)) Grp 3 (n (%))

Infl cell density
1 0 (0) 4 (40)
2 0 (0) 3 (30)
3 1 (10) 1 (10)
4 9 (90) 2 (20)
LP thickness
1 0 (0) 5 (50)
2 0 (0) 3 (30)
3 8 (80) 2 (20)
4 2 (20) 0 (0)
TM vessel density
1 0 (0) 7 (70)
2 0 (0) 2 (20)
3 9 (90) 1 (10)
4 1 (10) 0 (0)

Grade 1= normal; 2= slightly increased; 3=moderately
increased; 4= severely increased. Grp= group; infl= inflamma-
tory; LP= lamina propria; TM= tympanic membrane
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Following tympanic membrane perforation, the
wound healing process starts immediately, with the
proliferation and migration of inflammatory cells.23

Inflammatory cells are thought to be involved in the
tissue formation and remodelling phases, in addition
to their known role in cleaning the area around the
wound. Schiff et al. believe that myringosclerosis
may be triggered by exposure of damaged collagen to
an intense inflammatory cell infiltrate.24 During myrin-
gosclerosis, angioneogenesis occurs along the handle
of the malleus and the annulus region to enable
increased blood flow, which increases myringosclerotic
plaque formation.25 In the current study, we observed
decreased inflammatory cell density, lamina propria
thickness and tympanic membrane vascular density in
myringotomised rats treated with pomegranate extract,
compared with myringotomised rats not thus treated.
These findings suggest that oral administration of
pomegranate extract may reduce acute tympanic mem-
brane inflammation, and may also decrease the for-
mation of myringosclerosis, following myringotomy.
Polat et al. observed that topical vitamin E appli-

cation to perforated rat tympanic membrane was associ-
ated with a significant reduction in reactive oxygen
species levels and myringosclerotic deposits.6 Oral
application of vitamin E has also been found to
decrease reactive oxygen species levels, although the
observed reduction was lower than that following
topical application.6

• This study examined the effect of oral
pomegranate extract on the inflammatory
effect of myringotomy in rats

• Reactive oxygen species was measured by
chemiluminescence and inflammation
assessed by histological study, 48 hours post-
myringotomy

• Reactive oxygen species levels, lamina propria
thickness and inflammatory infiltrate density
were significantly decreased in rats receiving
pomegranate extract

• Oral pomegranate extract treatment
decreases reactive oxygen species and acute
inflammation in the rat tympanic membrane
following myringotomy

In the current study, we treated rats with oral pomegra-
nate extract before and after myringotomy, and found
lower levels of tympanic membrane reactive oxygen
species, compared with non-treated myringotomised
rats.

Conclusion
To the best of our knowledge, this study is the first to
evaluate the effect of oral pomegranate extract on
acute tympanic membrane inflammation due to myrin-
gotomy. Our findings indicate that pomegranate

extract may be useful in this clinical setting. Small
dietary changes may help reduce the complications of
myringotomy. However, further studies on indications
and dosages are needed before clinical application
becomes possible.
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