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Background: Leukotrienes are the major factors in the formation of edema and mucus, as well as development of tuba
Eustachii dysfunction in acute otitis media. We developed an experimental acute suppurative otitis media mod-
el and compared the responses of rats to penicillin and combinations of leukotriene antagonist with respect to
histopathological observations conducted in early and late phases.

Material/Methods: A total of 83 ears from 56 Wistar rats were used in this study. Pneumococcus suspension was injected trans-
tympanically into all rats. Subjects were classified into 4 different groups with 14 rats in each. In Group A, in-
tramuscular penicillin G was injected for a period of 5 days. In Group B, intraperitoneal montelukast was in-
jected for 21 days in addition to penicillin. In Group C, intraperitoneal montelukast isotonic NaCl in Group D
was injected into rats for 21 days.

Results: No significant difference was found between the groups, except for mucosal vascularization with respect to
mucosal and TM parameters in early phases. Furthermore, considerable deviations were observed for the re-
cuperation of TM and mucosal inflammation for groups in which subjects were injected with montelukast as
compared to other groups of the study in the late phases.

Conclusions: When the parameters of inflammation in the rat middle ear were compared with each other, most of these pa-
rameters did not show any statistically significant beneficial effects in montelukast and penicillin groups.
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Background

Otitis media (OM) is an inflammatory response of the middle
ear (ME) caused by multiple factors such as infection and eu-
stachian tube dysfunction [1]. Acute otitis media (AOM) is one
of the commonest pediatric diseases [2-4]. Streptococcus pneu-
monia and Haemophilus influenzae are the most common caus-
ative microorganisms for AOM [5-7]. Patients with AOM pres-
ent with 2 important problems — infection and effusion. The
infection is usually under control within a few days with suc-
cessful antibiotic treatment. However, the middle ear effusion
lasts for months [4]. In most cases, AOM is a self-limiting dis-
ease, and it has been argued that untreated infections might
promote the production of antibodies and thus strengthen the
immune response and improve resistance in cases of repeated
exposure. Furthermore, development of bacterial resistance to
common antibiotics is an increasing problem in some parts of
the world, which could be limited by strict indications and pre-
scription of narrow-spectrum antibiotics. However, risk of po-
tentially life-threatening complications clearly justifies the use
of antibiotics [8]. Earlier studies of pneumococcal otitis media
in the rat demonstrated that the clinical course of pneumococ-
cal AOM in the rat resembles that in human beings. Mucosal
changes were shown to be present during the acute phase of
infection, but these changes persisted throughout the study
period [7]. Mucosal alterations have been suggested to be of
importance for the subsequent development of secretory oti-
tis media, and of recurrent episodes of AOM [5].

The pathogenesis of effusion in AOM is extraordinarily complex.
Viral, bacterial, and/or inert respiratory antigens stimulate a com-
plicated interaction between macrophages, mast cells, eosino-
phils, and neutrophils [9]. The cells produce a cascade of many
types of inflammatory mediators, which result in damage by
causing epithelial shedding, plasma leakage, edema, and mucus
formation [4]. Of the numerous inflammatory mediators found
in a MEE, leukotrienes have been shown to be a major cause
of edema, mucus production, and eustachian tube dysfunction
[10-12]. LT C4 and LTD4 stimulate mucus production in human
airway cells in vitro and have been shown to depressive activi-
ty of human nasal cilia [4,13]. Cysteinyl leukotrienes are prod-
ucts of arachidonic acid metabolism and are released by various
cells that are involved in the inflammatory cascade. Arachidonic
acid metabolites are important in the pathogenesis of middle
ear effusion and may even be responsible for the sensorineu-
ral hearing loss that is occasionally observed with OME [4,14].

Montelukast sodium (MK) is a selective and orally active leukot-
riene receptor antagonist. It seemed appropriate to investigate
the possibility that MK might be beneficial in an experimental rat
model [4]. Although montelukast has long been used in clinical
practice, this drug has rarely been of interest in terms of exper-
imental rat models seeking effectiveness for AOM therapy [15].

ANIMAL STUDIES

The aim of this study was to compare the effects of penicillin
and montelukast in treatment of acute and chronic acute otitis.

Material and Methods

The animals used in the present study were supervised and
handled according to the Dokuz Eyliil University Medical School
Guidelines for Care and Use of laboratory animals. Fifty-six
healthy female rats weighing 200-250 g were used in this study.
The experimental animals were housed in plastic cages under
laboratory conditions of 28°C temperature with 75% relative hu-
midity and a photoperiod of 12-h light/dark cycle. The rats were
given standard pelleted diet and water ad libitum. The animals
were anesthetized with intraperitoneal injections of 50 mg/kg
ketamine hydrochloride (Ketalar®, Park-Davis, Turkey) and xyl-
azine hydrocloride combination. All procedures were performed
under sterile conditions. In all rats, 2 ears and tympanic mem-
branes were examined under an otomicroscope and the ears
in which otitis media with effusion was observed were exclud-
ed. We administered 0.03 ml suspension of type 3 Pneumococci
(ATCC 49619), at a concentration of 10° CFU/ml) via 26-gauge
needle through the healthy tympanic membranes into the middle
ear cavities of all animals. All tympanic membranes and middle
ears were examined by otomicroscopic examination 48 hours
after pneumococci suspension injection. Acute otitis media was
confirmed in 84 middle ears of 56 rats. The animals with AOM
were divided into 4 groups with 14 rats in each group.

In Group A (Antibiotic-treated group, n=20), 14 animals (20 ears)
were treated with intramuscular penicillin G (Penicillin-G®, Pfizer
Warner Lambert, ABD) 160.000 U/kg once daily for 5 days.

In Group B (Antibiotic and montelukast co-treated group n=23),
14 animals (23 ears) were treated with penicillin G 160.000 U/kg
once daily for 5 days and Montelukast Na (Singulair®, Merck
Sharp Dohme, ABD) (10 mg/kg/day) for 21 days intraperitoneally.

In Group C (montelukast-treated group, n=21), 14 animals (21
ears), were treated with Montelukast Na (10 mg/kg/day) for
21 days intraperitoneally.

In Group D (placebo group, n=20), 14 rats (20 ears), were not
given any medication, only 2 cc phosphate-buffered saline

intraperitoneally.

Two rats died - 1 in the antibiotic and montelukast co-treatment
group and 1 infected control — and were excluded from the study.

Histologic preparation

On days 7 and 21, 7 rats from each group were otomicroscopi-
cally examined under general anesthesia with an intramuscular
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injection of 50 mg/kg of ketamine hydrochloride and 50 mg/kg
of xylazine. They were then killed by intraperitoneal injection
of 80 mg/kg pentobarbital. Their temporal bones were re-
moved, fixed in 10% formalin for 1 day, and decalcified with
formic acid for 2 days.

Morphologic examination

Specimens of middle ear, including the promontory, bulla, and
tympanic membrane, were divided into 2 equal parts. Incisions
passed through the tympanic membrane and bull and speci-
mens were embedded in paraffin following a dehydration pro-
cedure and sectioned serially by a microtome for light micros-
copy (0.5 um). Hemotoksilen & Eosin and Alcian blue staining
was performed for morphologic examination.

The histopathologic specimens were than blindly evaluated with
light microscopy by the same pathologist. Seven measurements
were performed for each specimen: tympanic membrane pa-
rameters (thickness, vascularization, and inflammation) and mu-
cosal parameters of tympanic bulla (thickness, vascularization,
inflammation, and goblet cell metaplasia) were evaluated sep-
arately [5] (Olympus BX50, Olympus Optical Co, Tokyo, Japan).

The average value was recorded to increase reproducibility so
that changes were graded as 0 if unchanged (as compared to
the controls), 1 when mild, 2 when moderate, and 3 when se-
vere for the following variables:

Mucosa and tympanic membrane thickness was graded as 1
when it had increased by >10% but <25%, as 2 when it had in-
creased >25% but <50%, and as 3 when it had increased by >75%.

Vascular changes of mucosa and tympanic membrane were
graded as 1 when the vascular lumen seen in 1 field had in-
creased by >10% but <25%, as 2 when it had increased by
>25% but <50%, and as 3 when it had increased by >50%.

An inflammatory cell count of mucosa and tympanic mem-
brane <5 cells/ field at 200x magnification was designated as
1, a count of »5 cells/field but <10 cells/field was designat-
ed as 2, and a count of >10 cells/field was designated as 3.

Goblet cell metaplasia was defined as the transformation of
the normally flat epithelium to goblet cells. The changes are
graded as 1 when the transformed cells accounted for < 50%
of the cells observed, and as 2 when the transformed cells ac-
counted for >50% of the cells observed [5].

Statistical analyses

All statical analyses were performed using SPSS v11.00 soft-
ware. Results are expressed as mean * standard deviation
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(SD). The Kruskall-Wallis test was used to compare the vari-
ables. Bonferroni correction was used to calculate p values
and a p value less than 0.01 was considered statistically sig-
nificant. Comparisons of 2 different data were conducted us-
ing the Mann-Whitney U test and a p value less than 0.05 was
considered statistically significant.

Results

Otomicroscopic findings

On day 7, in all groups, inflammatory response was as severe
as in the control group, drum vessels were dilated, and tym-
panic membranes were thick and inflamed.

On day 21, in the antibiotic-treated group, in 8 ears of 7 rats,
inflammatory response was less severe than in the infected
groups, but more severe than in the antibiotic-montelukast
co-treated and montelukast-treated groups.

In the antibiotic-montelukast co-treated group, in 9 ears of 6
rats, inflammatory response was least severe than in the in-
fected groups and the antibiotic-only — treated group. Six ears
showed no inflammatory sign on their tympanic membrane
and 1 showed myringosclerosis.

In the montelukast-treated group, in 9 ears of 7 rats, inflammato-
ry response was less severe than in the infected groups and the
antibiotic-only — treated group. Six ears showed no inflammatory
sign on their tympanic membrane and 3 ears showed effusion.

In the infected controls, in 9 ears of 6 rats, inflammatory re-
sponse was as severe as on day 7. Tympanic membranes of
6 rats showed effusion, 2 of them showed retraction of TM,
and only 1 was normal.

Histological findings

In several areas of the middle ear and bulla, the inflammato-
ry response of the mucosa showed a similar pattern and the
degree of inflammatory response were recorded.

On day 7, 43 ears of 28 animals were histopathologically examined
for 7 parameters: tympanic membrane thickness, vascularization,
inflammation, mucosal thickness, vascularization, inflammation
and secretory metaplasia. All groups had decreased mucosal vas-
cularization when compared with the placebo group, but in other
parameters, all groups showed similar changes (Tables 1 and 2).

When treated groups were compared with each other accord-
ing to mucosal vascularization, there was not statistically sig-
nificant difference between them (Table 3).
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Table 1. For all parameters in the early period of the average scores obtained from four groups.

Findings Group A Group B Group C Group D

TM thickness 1.20+1.22 0.91+1.13 0.86+1.21 1.33+0.86
TMvascularization 010:031 0271064 0431078 0561052
M inflammation 130:116 osasill 0861121 1331086
Mucosal thickness 200610 1751086 078:120 1781066
 Mucosalvascularization 0ss:052 0751062 0671086 167t050
 Mucosalinflammation 1821075 1581066 144£104 1781066
 Mucosal secretory metaplasia 064067 0921028 0s6:052 0781044

Data are presented as mean +SD. TM — tympanic membrane.

Table 2. Differences between groups in the early period parameters.

TM thickn. TM vascul. TM inflam. Muco. thick. Muco vascul. Muco inflam. Muc metapl.

0.631 0.196 0.467 0.068* 0.005** 0.619 0.299

* p<0.05; ** p<0.01; TM — tympanic membrane.

In the early phase of inflammation, polymorphonuclear leuco- Table 3. Early period to compare the groups in terms of mucosal
cytes were the dominant cells of inflammation. vascularization.

On day 21, 38 ears of 26 animals were histopathologically ex-

amined for 7 parameters; tympanic membrane thickness, vas-

o . . o Grups A-B 0.438
cularization, inflammation, mucosal thickness, vascularization,
inflammation, and secretory metaplasia (Table 4). e LeEm
Grup A-D 0.001*
In all groups, no significant difference was found in tympanic =~
Grup B-C 0.642

membrane inflammation, tympanic membrane vascularization, >~ °~- =R
and mucosal secretory metaplasia data (Table 5). In all groups, Grup B-D 0.004*

chronic inflammatory cells in the middle ear and fibrosis of T e
tympanic membrane were observed, but in the control group,
acute inflammatory cells were still observed in submucosal * p<0.05.

Table 4. Groups for all parameters mean values obtained in the late period.

Group A Group B Group C Group D

TM thickness 1.00+0.00 0.88+0.64 0.82+0.60 2.00+0.70

M secretory Metaplasia 0.71£0.48 0.63+0.51 0.92+0.51 0.89+0.60

Data are presented as mean +SD; TM — tympanic membrane.
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Table 5. Differences between groups in the late period parameters.

TM thick.

TM vaskiila. TM enflam.

Mucosa thick.
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Mucos. vask. Mukos. Enfla. Mucos. metapl.

0.003** 0.944 0.054

0.007**

0.015* 0.036* 0.611

* p<0.05; ** p<0.01; TM — tympanic membrane.

Figure 1. Microscopic appearances of the middle ears from different groups at 21t day of the experiment. (A) Penicillin-treated group:
mild inflammation; (B) penicillin and montelukast co-treated group: minimal inflammation; (C) montelukast treated group:
almost nearly no inflammation; (D) placebo group: severe inflammation. TM is thick. (: inflammation).

sections. Mucosal and tympanic membrane changes were
found on day 21 in all groups (Figure 1).

All groups showed significant decrease in tympanic membrane
thickness when compared with the control group (group A —
p=0.010, group B — p=0.007, group C — p=0.002). But when
antibiotic-treated, antibiotic and montelukast co-treated, and
montelukast-treated groups were compared with each other,
no significant difference was found (Table 6).

The antibiotic and montelukast co-treated group and the mon-
telukast-treated group showed significant decreases in muco-
sal thickness when compared with the control group (p=0.007,
p=0.002). In antibiotic-treated group, no significant difference
was found when compared with the control group (p=0.361)
(Table 6). But when all 3 treated groups were compared with each
other, no significant differences were found in mucosal thickness.

In mucosal vascularization, there was a significant decrease in
the montelukast-only- treated group when compared with the
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Table 6. The groups differed significantly in terms indicating parameters compared to late periods.

TM thickness

Mucosa thickness

Mucosa vasculari. Mucosa inflammation

antibiotic-only- treated group and the control group (p=0.010
and p=0.005, respectively). No significant difference in mucosal
vascularization was found between the antibiotic-only treat-
ment and the antibiotic-montelukast co-treatment groups,
between the antibiotic-montelukast co-treatment and mon-
telukast treatment groups, and between the antibiotic-mon-
telukast co-treatment group and the control group.

In mucosal inflammation, there was a significant decrease in
antibiotic-montelukast co-treatment and montelukast treat-
ment group when compared with the control group (p=0.025
and p=0.009, respectively). There was no significant difference
in the antibiotic-only treatment group when compared with
the control group (p=0.358) (Table 6). When the 3 treatment
groups were compared with each other, no significant differ-
ence was found. When all groups were compared with each
other and with placebo on day 7 and 21, no significant differ-
ence was found in goblet cell metaplasia.

Discussion

As reported previously [7,16], untreated experimental pneu-
mococcal AOM in rats causes changes in the middle ear muco-
sa that persist for at least 6 months. The histological changes
include a thickened mucosa, an increased number of glands,
and the occurrence of ciliated cells. Beneficial effects on the
mucosal changes were reported in experimental pneumococ-
cal AOM when penicillin V was given prophylactically or used
as an early treatment [8,17,18].

Thomasen et al. [8,17,18] demonstrated that penicillin clear-
ly prevented epithelial cells from differentiating into goblet
cells. The increased goblet cell density is conceivably a result
of both hyperplasia (involving cell division) and metaplasia
(involving cell differentiation). To our knowledge, few mid-
dle ear data exist on these aspects, but when the tracheo-
bronchial epithelium is exposed to various noxious stimu-
li, new and perhaps pre-existing goblet cells proliferate by

division, and basal and indeterminate epithelial cells differ-
entiate into goblet cells. The mechanisms leading to goblet
cell hyperplasia, an epithelial cell metaplasia, are compar-
atively unknown, although several strong indications exist.
Airway infection is accompanied by hypersecretion of mu-
cus from goblet cells. In turn, loss of intracellular mucus to
a critical level stimulates goblet cells to enter the cell cycle.
Mediators of the inflammatory response to bacterial coloni-
zation also play a role, as elucidated by stimulation of goblet
cell hyperplasia by neutrophil lysates, inhibition by cortico-
steroids and NSAIDs, and administration of antibiotics during
middle ear infection. Specific mechanisms underlying these
findings are partly due to products and metabolites of the cy-
clooxygenase and lipoxygenase pathways of arachidonic acid.
These are activated through cell membrane release, induced
by noxious and other agents released during inflammation.
Prostaglandin E and eicosanoids are examples of such prod-
ucts, which have been shown to induce differentiation of ep-
ithelial cells to goblet cells and the release of mucous glyco-
proteins, possibly through a regulatory mechanism mediated
by cyclic adenosine monophosphate. But in our study, gob-
let cell metaplasia in mucosa was not statically significant in
any group compared with infected controls.

Although clinical trials proving the efficiency of this combina-
tion therapy in inflammatory diseases have been reported in
the literature, the effect of combination therapy with antibi-
otics and montelukast in experimental AOM has not yet been
investigated. Cumbs et al. [4] demonstrated that combination
treatment with antibiotics and montelukast in clinical treat-
ment showed a significantly beneficial effect on acute otitis
media, compared with an antibiotic-treated group.

Cysteinyl leukotrienes (CysLTs) are being increasingly implicat-
ed in the etiology of acute and chronic inflammatory diseas-
es of nonallergic origin, including cardiovascular diseases, au-
toimmune diseases, and certain malignancies. The spectrum
of proinflammatory activities of CysLTs may therefore extend
beyond eosinophils, monocytes/macrophages, type 2 helper
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T (Th2) lymphocytes, and airway smooth muscle cells, to oth-
er types of inflammatory cells such as neutrophils.

Montelukast inhibits physiological actions of LTD4 at the
CysLT1 receptor without any agonist activity. It also exerts a
substantial and apparently direct inhibitory effect on 5-lipox-
ygenase activity in vitro. Thus, montelukast decreases vascu-
lar permeability, inhibits inflammatory cell activation, smooth
muscle proliferation, and bronchoconstriction and activates
mucociliary clearance.

Ganbo et al. [12] showed that in guinea pigs, LTD4 progressive-
ly inhibits ciliary activity, but PGE2 promoted it. Leukotriene
C4 also induced ciliary inhibition. This may be another means
by which montelukast decreases the duration of middle ear
effusion after AOM.

The results of this study indicate that montelukast may have
a place in the medical management of AOM. Acute otitis me-
dia commonly presents with only a partial effusion, and spon-
taneous resolution of the effusion generally occurs in about
50% of ears within 1 month. Full effusion occurs only about
30% of the time. A full effusion is not only more durable than
a partial effusion; it is also more predictive of a clinically im-
portant conductive hearing impairment. Unilateral conduc-
tive hearing loss is not nearly as debilitating as a bilateral
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impairment. Montelukast may prove to be most appropriate
and cost effective for a small subset of AOM patients with bi-
lateral disease and full effusions.

Conclusions

The present study was performed in rats. Thus, it is not possible
to generalize these findings to humans. However, it is obvious
that earlier studies did not show effects of penicillin or mon-
telukast different from placebo. This agrees with the results of
previous studies. This is probably related to the fact that the
accumulating effects of the antibiotic, as well as the leukot-
riene antagonist (montelukast sodium), become beneficial 7
to 10 days after the inoculation (inflammation). However, the
results of this study clearly show that the beneficial effects of
the antibiotic (penicillin), as well as the leukotriene antagonist
(montelukast), are statistically different from those of placebo
in AOM in rats. When the parameters of inflammation in the
rat middle ear were compared with each other, most of these
parameters did not show any statistically different beneficial
effects in montelukast and penicillin groups.
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