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ORIGINAL ARTICLE
Efficiency of Bioflavonoids in the Prevention of Experimental Myringosclerosis
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Objectives/Hypothesis: It has been noted that some materials with anti-inflammatory and antioxidant effects decrease
sclerotic lesions in experimental myringosclerosis. Our purpose in this study is to investigate the effect of micronized purified
flavonoid fraction (MPFF), an antioxidant with anti-inflammatory effects, in experimental myringosclerosis in guinea pigs.

Materials and Methods: Two study groups were formed. The first group was administered 100mg/kg/day MPFF by catheter
for five days before myringotomy and 10 days after myringotomy, while the second group was administered distilled water by
the same method, before and after myringotomy. On the 15th day of the study, after the tympanic membranes were examined
otomicroscopically for myringosclerosis, they were removed by dissection together with the bone annulus, for histochemical
and immunohistochemical examinations.

Results: In the MPFF group, the otomicroscopical sclerosis score, inflammation score and tympanic membrane thickness were
significantly less than those in the untreated group (p<0.05). It was also determined that the immunoactivity of the anti-VEGF,
anti-TGF-beta, anti-eNOS, anti-iNOS, and anti-IL1-beta primary antibodies, which are known to have an important role in
angiogenesis and inflammation, significantly decreased in the MPFF group (p<0.05).

Conclusion: In conclusion, this study shows that orally administered MPFF can be efficient in the prevention of experimental
myringosclerosis in guinea pigs.
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Introduction Micronized purified flavonoid fractions (MPFF)
prevent the synthesis of free oxygen radicals causing
tissue defects during inflammation and thus decrease
the damage . At the same time, by decreasing the
serum complement (Clq, C3) level which is effective
on vascular permeability and chemotaxis and by
inhibiting the synthesis of inflammatory mediators
which have vasodilatation effects such as PGE2, PGF2
and TXB2, MPFFs decrease the inflammatory

response [,

Tympanosclerosis and myringosclerosis (MS) is a
condition characterized with clinically calcareous
plaque formation as a result of the thickening of the
collagen fibrils and the accumulation of calcium
phosphate crystals in the middle ear mucosa and in the
tympanic membrane after a period of inflammation .
Although the aetiology and pathogenesis of
tympanosclerosis cannot be defined exactly, among
the causes proposed are infection, trauma,

myringotomy,  ventilation  tube  application, The aim of this study is to investigate the effect of

immunological reaction and genetic susceptibility .

Despite the fact that tympanosclerosis can be treated
surgically, a similar process accompanying
hyalinization and calcification is generally repeated
after the surgery. Thus, studies performed to determine
a treatment method in order to prevent the formation of
this period show that some materials with anti-
inflammatory and antioxidant effects decrease
sclerotic lesions in experimental MS &4,
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MPFF in the experimental MS model in guinea pigs.
Materials and Methods

The study was performed in the Animal Laboratory of
Izmir Atatiirk Training and Research Hospital after
receiving the approval of the Ethics Council of Izmir
Atatiirk Training and Research Hospital. The trial was
performed on 10 healthy female guinea pigs whose
weights varied between 300-400 grams. They were
kept under standard laboratory and cage conditions. In
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addition, a guinea pig was used for histopathological
comparison. The animals were separated into two
groups; a S-animal study group (Ist group) and a 5-
animal control group (2nd group). First, 50 mg/kg
Ketamine (Ketalar, Eczacibasi, Warner Lambert,
Istanbul, Turkey) and 5 mg/kg Xylasine (Basilazin,
aniMedica GmbH, Senden-Bosensell, Germany)
anaesthesia were intraperitoneally administered to the
animals in both groups. Then, perforation was
achieved through myringotomy on the posterior-
superior quadrant of the right and left tympanic
membranes under an otomicroscope. The first group
received Daflon 500 tb (S 5682, Servier, France)
including two separate MPFF (%90 Diosmin, %10
hesperidin), which started orogastrically with a
100mg/kg/day dose 5 days before myringotomy and
continued for 10 days after the myringotomy whereas
the second group was administered distilled water
before and after myringotomy in the same way.

Otomicroscopy

On the 15th day of the study, the tympanic membranes
were examined otomicroscopically in terms of MS. In
this examination, a 4-score scale was used for MS.
Otomicroscopical findings were scored as follows: if
there was no visible sclerotic lesion, this was scored as
(0). If the sclerotic lesion was only on the malleus arm
or adjacent to it, this was scored as (+). If the sclerotic
lesion was adjacent to the malleus arm and on the
upper frontal part of the pars tensa, this was scored as
(++). If the sclerotic lesion was adjacent to the malleus
and continued through the annulus, this was scored as
(+++) B,

Histopathology

After  otomicroscopical examination, for
histochemical and immunohistochemical examination,
the subjects were sacrificed with a high dose (80
mg/kg) of intraperitoneal thiopental sodium injection,
and their tympanic membranes together with the bone
annulus were dissected under the otomicroscope.

After the tympanic membrane samples were
embedded in 10% formalin for 24-48 hours, they were
put in fresh EDTA solution every other day for 3
weeks in order to decalcify the bony tissue. After
sufficient tissue smoothness was obtained, the samples
were washed under running water, dehydrated with
gradually graded ethyl alcohol series and then
embedded in paraffin and cleared with xylene.
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Histopathological findings were evaluated by a doctor
who was blinded to the groups. For histological
evaluation, sections 5 pm in thickness were taken from
the blocks and deparaffinised for an hour in xylene and
for one night in an 60 °C incubator and then were
stained in accordance with the hematoxilene-eosine
(Surgipath, 01562E, 01602E, Peterborough, UK)
histochemistry staining procedure by applying
dehydration process with gradually degraded ethyl
alcohol series.

The 5-pm- section moved from the same blocks to the
poly-lysine covered laminas was prepared for indirect
immunohistochemical staining by using the avidin-
biotin peroxidase method. The preparations to be
immunohistochemically stained were kept in a 60 °C
incubator an overnight and were left in xylene for 1
hour and the deparafinisation process was completed.
The sections became ready for the distilled water stage
after passing through the gradually degraded ethyl
alcohol series. The sections were embedded in Dako
Pen (Dako, Glostrup, Denmark) and then the sections
treated with trypsin were washed with PBS (Phosphate
Buffer Solution), and 3% hydrogen peroxidase was
applied in order to inhibit peroxidase activity in the
tissue. The sections washed with PBS were kept in a
“’non-immune blocking’’ solution for an hour and then
incubated in a +4°C moist environment for 18 hours
together with anti-VEGF and anti-TGF-beta, anti-e-
NOS, anti-iNOS and anti IL1-beta, primary antibodies
(in 1/100 dilutions). An avidine-biotine peroxidase
system was used as a secondary kit. The sections
washed with PBS were incubated for 30 minutes with
a biotine-marked hydrogen peroxidase secondary
antibody. The sections washed with PBS were treated
with streptavidine for 30 minutes. To observe the
immunoreactivity, sections treated with DAB
(diaminobenzidine) were mounted with mounting
medium after having been counterstained with
Mayer’s hematoxylin.

In order to test whether the immunoreactivities were
specific, one section from each block was separated
for control staining, and IgG, similar to primary
antibodies, was used without primary antibodies in the
identical manner.

The sections stained with histochemical and
immunohistochemical methods were examined with
an Olympus BX40 (Olympus, Tokyo, Japan) light
microscope. The tympanic membrane thicknesses of
the sections taken from the sections stained with HE
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were measured with an ocular micrometer. The
inflammation score, the presence of leukocyte with
polymorphic nuclei and the vein widths were evaluated
and scored as 1 (normal structure), 2(mild
inflammation) and 3 (severe inflammation). The
immunohistochemistry staining strengths were semi-
quantitatively evaluated as + (light), ++ (moderate),
+++ (severe).

The statistical evaluation was performed with a Mann-
Whitney U test and those with p values less than 0.05
were accepted as statistically significant.

Results
Otomicroscopical findings

The tympanic membranes were otomicroscopically
examined in terms of MS, and the otomicroscopical
findings are shown in Table 1. In this examination, it
was observed that MS development was less in the
MPFF group than in the untreated group (p =0.018).

Histochemical Findings

The sections evaluated with hematoxylene-ecosine
(HE) staining were examined by indirect
immunohistochemical staining with anti-VEGF, anti-
TGF-beta, anti-e-NOS, anti-INOS and anti-IL1-beta
primary antibodies.

The evaluation of the sections obtained from the
normal tympanic membrane and stained with HE
under the light microscope for histopathological
comparison revealed that the tympanic membrane had
the normal histological structure, the external ear
epithelia was located in the outer side, the fibroblasts
were in their normal structures and they were
composed of the fibrous connective tissue layer and
the middle ear mucosa inside (Figure 1). The
inflammation score was evaluated as 1 (normal
structure) in both samples. When the sections obtained
from the myringotomy group and stained with HE
under the light microscope were evaluated, separations
in the membrane structure, an increase in its thickness,
thickening in the lamina propria, an increase in active
fibroblasts and collagen fibrils, vasodilatation and
inflammatory cell infiltration in the sub-epithelial
layer were observed (Figure 2) and the inflammation
score was determined as 3 on average. The evaluation
of the sections obtained from the myringotomy and
MPFF group and stained with HE under the light
microscope showed that the membrane thickness
decreased, the active fibroblasts and collagen fibrils
decreased, vasodilatation decreased, inflammatory

L]
. d
Figure 1. Light microscopic images of normal tympanic
membrane (X 400). In the evaluation of the sections stained with
hematoxylene-eosine, it was observed that the tympanic
membrane had the normal histological structure, that the
external ear epithelia was located in the outer side, and that he
tympanic membrane was composed of the fibrous connective
tissue layer in which the fibroblasts had normal structures and of
the middle ear mucosa inside. Immunohistochemical staining
strengths for anti-VEGF, anti-TGF-beta, anti-eNOS, anti-iNOS
and anti-lL1-beta were + (mild). Mec=middle ear cavity;
ec=external ear; me=mucosal epihelium; mt=membrane
thickness; e=epitehelium.

ringotomy HE

Figure 2. Light microscopic images of the sections of tympanic
membrane obtained from the myringotomy group (X 400). In the
evaluation of the sections stained with hematoxylene-eosine,
separations in the membrane structure, an increase in its
thickness, thickening in the lamina propria, an increase in active
fibroblasts and collagen fibrils, vasodilatation and inflammatory
cell infiltration in the sub-epithelial layer were observed. The
immune staining strengths for the anti-VEGF, anti-TGF-beta,
anti-eNOS, anti-iINOS, and anti-IL1-beta were ++ (moderate),
+++ (severe). ec=external canal; mt=membrane thickness; V=
vascularization; J= junctional degeneration; f=fibroblast
proliferation; i= inflammatory cells.

cells decreased compared to those in the myringotomy
group (Figure 3) and the inflammation score was
determined as 2 on average. The inflammation scores
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Figure 3. Light microscopic images of the sections of tympanic
membrane obtained from the myringotomy and MPFF group (X
400). In the evaluation of the sections stained with
hematoxylene-eosine, it was observed that the membrane
thickness, the active fibroblasts and collagen fibrils,
vasodilatation and inflammatory cells decreased compared to
those in the myringotomy group. The immune staining strengths
for anti-VEGF, anti-TGF-beta, anti-eNOS, anti-iNOS, and anti-
IL1-beta were + (mild), ++ (moderate). Cf= collagen fibers;
f=fibroblast; mt=membrane thickness

obtained from the myringotomy group and the MPFF
group after myringotomy are shown in Table 2. A
statistically significant difference was determined (p =
0.044) when inflammation scores between the MPFF
group and the untreated group were compared.

Table 1. Otomicroscopical Findings

The thicknesses of the tympanic membranes obtained
from the normal tympanic membrane used for
histopathological comparison were determined as
0.035 mm and 0.036 mm. The tympanic membrane
thicknesses obtained from the myringotomy group and
the MPFF group after myringotomy are shown in
Table 3. A statistically significant difference was
determined (p = 0.000) when the tympanic membrane
thicknesses between the MPFF group and the
untreated group were compared.

Immunohistochemical Findings

The evaluation of the normal tympanic membranes
used in histopathological comparison and the
tympanic membranes obtained from the myringotomy,
myringotomy and MPFF groups by indirect
immunohistochemical method shows that different
strengths of staining appeared in the epithelial and
endothelial cells of the veins and the fibroblasts. The
immune staining (Figures 1-3) strengths related to the
distribution of the anti-VEGF, anti-TGF-beta, anti-
eNOS, anti-INOS, and anti-IL1-beta primary
antibodies in the tympanic membrane, which play an
important role in angiogenesis and inflammation, are
shown in Table 4.

When the tympanic membranes obtained from the
myringotomy, and myringotomy and MPFF groups

Numerical distribution of otomicroscopical sclerosis scores

Group Number of subjects (n) 0 + ++ +++
Myringotomy+ MPFF 10 1 6 2
Myringotomy 10 2 3 5

MPFF= micronized purified flavonoid fraction

Table 2. Histopathological inflammation scores

Numerical distribution of inflammation scores

Group Number of subjects (n) 1 (Normal) 2 (Moderate) 3 (Severe)
Myringotomy+ MPFF 10 2 6 2
Myringotomy 10 4 6
MPFF= micronized purified flavonoid fraction
Table 3. The thicknesses of the tympanic membranes

Thicknesses of the tympanic membranes of subjects (mm)
Group 1 2 3 4 5 6 7 8 9 10
Myringotomy+ MPFF 0.058 0.056 0.055 0,050 0.050 0.049 0,047 0.058 0.072 0.070
Myringotomy 0.104 0.103 0.102 0.102 0.100 0.100 0.092 0.090 0.080 0.095

MPFF= micronized purified flavonoid fraction
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and evaluated by the indirect immunohistochemical
method were compared, it was observed that the
immunoreactivity was significantly decreased in the
MPFF group, and the statistical values are given in
Table 5.

Discussion

So far, some drugs with anti-inflammatory and
antioxidant effects used to prevent tympanosclerosis
and MS formation have been researched in several
empirical studies. In one of the studies performed to
examine the effect of glucocorticoids in MS
development, it was found that, in rats,
intraperitoneally applied dexamethsone decreased MS,
an inflammatory process P. In an empirical study
performed with different application doses of
fenspiride, an anti-inflammatory drug, it was
determined that fenspiride decreased the MS
development . In a study performed with caffeic acid
phenethyl ester, an anti-inflammatory and antioxidant
drug, it was determined that sclerosis development was
histopathologically less in the treatment group than in
the control group and the tympanic membrane
thickness was thinner in the caffeic acid phenethyl
ester applied group than in the untreated group . It
was determined that intraperitoneally applied L-
carnitine prevented MS development in myringotomy-
performed rats and fibroblastic development was less

Table 4. Immunoreactivity scores

than in the untreated group, and the tympanic
membrane thickness is thinner in the caffeic acid
phenethyl ester applied group than in the control
group. And it was stated that intraperitoneally applied
L-carnitine can be used to prevent MS development in
cases to undergo the ventilation tube of L-carnitine or
myringotomy application ©.

Although, there are not any studies indicating that
MPFFs are used in MS models in the literature, there
are some studies on anti-inflammatory and antioxidant
effects of MPFFs. It has been shown that hesperidin,
an MPFF, is effective in MS formation and inhibits the
inducible isoforms of COX-2 and NOS and this can be
related to the antioxidant, anti-inflammatory and anti-
carcinogenic effects of hesperidin "?. Infection is also
one of the important factors of MS and TS
development. It was shown that the systemic and
topical application of MPFF heals the injuries of the
infected wounds developed in the guinea pigs better
and faster and that this effect might be due to the anti-
inflammatory antioxidant effects of MPFF and its
ability to decrease oedema or to regulate
microcirculation on the wound ™. In one study
performed on the ischemia/reperfusion models
developed in rats, it was shown that MPFF is an
important agent which protects the tissues from
ischemic defects by decreasing free oxygen formation

Numerical distribution of immunoreactivity scores in the groups

Immunohistochemistry Normal tympanic Myringotomy Myringotomy+MPFF
membranes (n=2) (n=10) (n=10)
+ ++ ++ ++ ++ + ++ +++
VEGF 2 1 9 2 8
TGF-beta 2 9 1 9 1
e-NOS 2 9 1 8 2
i-NOS 2 1 9 3 7
IL-18 2 9 1 9 1
MPFF= micronized purified flavonoid fraction
Table 5. Statistical comparison of immunoreactivity scores
Myringotomy group Myringotomy+MPFF group
(n=10) (n=10)
Immunohistochemistry Meanz Standard deviation Meanz Standard deviation p Value
VEGF 2.900+0.316 1.800+0.422 .000
TGF-beta 2.100+0.316 1.100+0.316 .000
e-NOS 2.100+0.316 1.200+0.422 .000
i-NOS 2.900+0.316 1.700+0.483 .000
IL-1 B 2.100+0.316 1.100+0.316 .000

MPFF= micronized purified flavonoid fraction
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due to ischemia and by decreasing the leukocyte
infiltration in the perivascular area 4. A clinical study
showed that plasma VEGF levels were higher in
chronic venous disease patients with skin findings than
in patients with no skin findings, and that after MPFF
treatment, the plasma VEGF level decreased in
chronic venous disease patients with skin findings .

In our study performed on guinea pigs, it was observed
that the sclerosis score, inflammation score and
membrane thicknesses decreased in the myringotomy
group which underwent myringotomy and to which
MPFF was administered orally compared to the group
which only underwent myringotomy. It was also
determined that VEGF, TGF-beta, eNOS, iNOS, ve
IL1-beta, which have an important role in
angiogenesis and inflammation, showed less
immunoreactivity in the MPFF group than in the
untreated group. As a result, we concluded that per os
MPFF can be effective in the prevention of MS
developed experimentally in guinea pigs.
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